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1. Incepraris npucBsYeHa onTuMisaLii PyHKIiOHaJIPHUX MOB IIPOIPaMyBaHHs, HA OCHOBI METO/iB IITYYHOTO
iHTeJIeKTy, 110 € CKJIaHOIO Ta BXKJIMBOIO 33/1auelo 3 6araTbma npobjiemaMu Ta BUKIMKaMU. B nucepranii
POBIJISIHYTO JIIMO4a-4MCJIEHHS SIK IIPUKJIaZ, BilHOCHO NPOCTOi penpes3eHTalii (yHKIiOHaJIbHUX MOB
IIPOrpaMyBaHHs, IO [03BOJISIE [T0KA3aTH IPOLECU KOMIILIALII Ta iHTeprpeTauii (pyHKLiOHAIbHUX MOB
IIpOrpamMyBaHHs LJISIXOM peayKiii 1sM6a-TepMiB. Y nepiioMy po3fisi OMCcaHO TEOPETUYHY YaCTUHY
mocuipxeHHs. OnyucaHo nnepeBary (PyHKLioHAIbHUX IIPOrpaMm, Taki SK IPOCTOTa TECTYBAaHHS Ta HaAilHICTb Kogy, a
TaKOX iX HeJI0JIiK, OCHOBHUM 3 SIKMX € HU3bKa MPOOYKTUBHICTb. [10SCHIOETHCSI MOXKJIMBICTD IIEPEXOLY Bif, pob0TU 3
dyHKILIOHATBPHMMY MOBaMU ITPOrpaMyBaHHs [10 JSIMOTa-qucyeHHs. JJasi npencrasieHi nigxonu s onTumisarii
19M0Ja-4MCJIEHHS, OCHOBHUM i3 SIKMX € yIOCKOHaJIEHHSI cTpaTerid peaykuii 1samoéaa-repmis. Jlasi Tekct
3arn6JI0ETHCS B 3B'I30K MiXK JISIMOAa-4UCIeHHSIM i Bepudikaliielo mporpaM B KOHTEKCTi NTapasieIbHOTO
nporpamyBaHHs. ONMCaHO BaXJIMBICTh (POPMasIbHOI IEPEBIPKU /1Jis TapaJlesIbHUX IPOTrpam, 0COOJIMBO 3 OISy Ha

IOTEHLiNHI CKIIaAHOCTI Ta [IpobJIeMH, TIOB'SI3aHi 3 OJJHOYACHMM BUKOHAHHSIM. Y Ipyromy po3piji [pencTraBieHnl



mizgxizg oo onTUMisauii crpaTeriv peyKuii, o 6a3yeTbcs Ha 3MilllyBaHHI cTpaTerid Ta BUKOPUCTaHHI
paHJoMiz0BaHUX cTpaTeriv. OnucaHi pesysbTaTy, O [10Ka3yTh e(PEeKTUBHICTh JaHOTO MiAX0y, Ta MOXJINBICTD
3aMiHM YMCTHUX CTpaTeriy 3MilllaHMMHU, 1110 JO3BOJISIIOTH 30€pErTH iCHYIOUY ITPOYKTUBHICTb, IPOTE MifBUILIATH
3arajibHy BipOTiHICTb YCIIITHOrO pelyKyBaHHS TepMiB. [lasi y po3zisi 6ysia po3risiHyTa KOHLEILis
00YNCIII0BAIbHOI HEPIBHO3HAYHOCTI PeEeKCiB JIIMO1a-TEPMIB, 110 € KJIII0YOBUMHU TOYKAMU y BUOOPI cTparerii
penykuii. HepiBHO3HauyHiCTb OyJ1a OljiHEHa 3 BUKOPMCTAHHSIM METO/IiB MalITHHOTO HaBYaHHS [J1s1 BUPIillleHHs 3aay4i
perpecii. Llinto perpecii 6ysa oLiHKa Yacy BUKOHAHHS onepallii peaykiii AJ1s1 JaHOoro pefeKcy 1o napamerpam
TepMy, 1O Bifl06pakaloTh HOTO IEePEBHY CTPYKTYPY. B pe3ysbTarti 6ys10 OTPMMAHO BiIXMJIEHHS Bill O4iKyBaHOTO
sorapudmy vacy B 0.28 111 perpeciiHoi Mojiesti Ha 6a3i ITy4HOI HeHpoHHOI Mepeski Ta B 0.28 s JiHikHOi
perpecii. Y TpeTboMy po3aisi 6ysa nepeBipeHa MOXKJIMBICTb OLIIHKY KiJIbKOCTi KPOKIB penyKuii J1sIM6a-TepMiB 3a
33/1aHOI0 CTPATETI€I0 i3 3aCTOCYBaHHSIM METO/IiB ITIMOMHHOTrO HaBYaHHS. AHaJIi3 IPOBOIMBCS 3 BUKOPUCTAHHSIM
METO/IiB IIIMOMHHOTIO HaBYaHHS /1JIs1 aHaJli3y NociigoBHOCTe!. [T0Ka3aHo, 0 TOYHUX Pe3yJIbTaTiB OL[iHKHA MOXKJINBO
IOCSITU NpY Bu3HaueHHi 0-2 KpokiB penykiiii mpoTe i3 36iblIIeHHSIM 04iKyBaHUX KPOKiB peyKliii 3pocTtasna
IIOMUJIKA B OLiHL{. [lai 6yJI0 1OCIiI>)KeHO MOXKJINBICTh BUKOPHCTAHHS BOYJOBYBaHb /11 pellpe3eHTallii pisHulli B
penykiuii 1simM61a TepMiB pisHUMU cTparterismu. I71s 1boro 6yJ10 po3rissHyTO YoTUpU Mozeni LLM nys reHepatii
BOYJJOBYBaHb 3 TEKCTOBUX IIPEICTABJIEHD JISIMOZa-TepMiB. 3reHepoBaHi BOYJOBYBaHHS Oy BUKOPUCTaHI 17151
CTBOPEHHS BOCbMU HAa0OPiB JaHUX 11711 KOXXHOI PO3riIsiHyTol Mozei LLM Ta fs ctparerid peaykuii Tepmis LO Ta
RI. In1s1 oLiHKM SIKOCTi penpeseHTauii inpopmaliii y BOy1oByBaHHsIX Oy BUKOpUCTaHi mogei IITHM, mo
BUpillyBasy npobaemy Kiaacudikauii BinHocHO KpokiB penykuii Bin O no 30. Jani HaBueHi mogesni LITHM 6ynu
OLliHEHI 3 IOKa3HMKaMHU [J11 OLIIHKY TOYHOCTI perpecii MAE, RMSE. Pe3ysibraTl BKa3yroTh Ha Te, IO KO, i 3arajbHi
LLM MOXXyTb JOIIOMOI'TU OTPUMATH iHpoOpMaLLio 3 19MOa-TEPMIB i BUKOPUCTOBYBATH 110 iHPoOpMaliiio 1151 BUOOPY
ONTUMAJIbHOI CTpaTerii peAyKuii. Y 4eTBepTOMy po3isi 1sambaa-Tepmu 6yJiu IEPETBOPEH] B yCepeqHEHI BEKTOPU
BOYZIOBYBaHb PO3MipoM 768, 10 6y OTPUMaHi B pe3ysbTaTi 3aCTOCyBaHHS NolepegHboHaBYeHoi Mmogeri [ITHM
L7151 337124 [TOB's13aHMX i3 aHasi3oM nporpamHoro koay Microsoft CodeBERT Ta nopasnpiioi o06po6Ku BUXOIiB
cepelHix piBHiB Li€i Mozesli 32 MPUHLUIIOM 06'€JHAHHS CJIiB y 3Hauylli BekTopu Word2Vec. Jani 6yso gociigxeHe
dhopmMyBaHH# KJIaCTepiB AaHUX i3 3acTocyBaHHIM MeTomy DBSCAN, 1m0 BUKOPUCTOBYE SIK €BKJIIZIOBY, TaK i
KOCHMHYCHY METPHKY, OKPiM METOJly arJloMepaTUBHOI KjlacTepu3allii 3 BAKOPUCTAHHSM €BKJIiZJOBOi, KOCUHYCHOI, L1 1
L2 merpuxku. Lli 3ycumnis 3 knacrepusalii ninkpecaunu edpextusHicTs moaesi CodeBERT y BusydyeHHi 3Hauymux
XapaKTePUCTHUK i3 JsIMOa-TepMmiB. Takoxk 6yJ10 MPOLOBXKEHO ifeto TpaHcdopMaliii 1simM6ga-TepMiB y BEKTOPU
BOYZIOBYBaHb 3 BUKOPUCTaHHSIM Mogesierd OpenAl 3 poamipom BekTopis 1536, Ta 3072. [lani BexTOpu Oysin Tak caMmo
[IpOaHaJIi30BaHi 3 3acTocyBaHHAM MeTogiB PCA Ta t-SNE 114 Bisyasisanii Hux BeKTOpiB. B HACTYIHIN YaCTHHI
YETBEPTOrO PO3[iay NPEeACTABIEHO MifXif 0711 BUKOpUCTaHHS LLM 6e3rnocepeiHbo 411 IPOBELIEHHS IPOLeCy
penykuii 1am61a-TepMiB. Pe3ysibTaTul 110Ka3asu, o BUKOpucTaHHsa LLM a1g BupilneHHs 1i€l 3aa4i He € JOCTaTHbO
epexkTuBHUM. [lani npecTaBieHo MOXKJIMBUN BapiaHT iMIJIeMeHTallii Ol1CcaHuX MeTOMIB JJisl BAKOPUCTAHHS Y
KOMIIIJIATOPAxX AJis MiABUILIEHHS iX NPOAYKTUBHOCTI. CyKYyIIHICTh PE3yJIbTaTiB, BUKJIAJEHUX Y JUCEPTaLlii, pa3oM i3
HiATBEPAKEHOIO0 HAYKOBOIO Ta MPAKTUYHOIO aKTYaJIbHICTIO IEMOHCTPYIOTh TOCSATHEHHS [1I0CTABJIEHOI METH 1010

onTuMizalii PyHKIiOHAJIPHUX MOB IIPOrPaMyBaHHS Ha 6a3i METOIiB ITYYHOTO iHTEJIEKTY.

2. The dissertation is devoted to the optimization of functional programming languages based on artificial
intelligence methods, which is a complex and important task with many problems and challenges. The thesis
examines lambda calculus as an example of a relatively simple representation of functional programming
languages, which allows us to show the processes of compilation and interpretation of functional programming
languages by reducing lambda terms. The first chapter describes the theoretical part of the research. The
advantages of functional programs, such as ease of testing and code reliability, are described, as well as their
disadvantages, the main of which is low performance. The possibility of transition from working with functional
programming languages to lambda calculus is explained. Next, approaches for optimizing the lambda calculus are
presented, the main of which is the improvement of strategies for the reduction of lambda terms. Later in this
section, the text delves into the connection between lambda calculus and program verification in the context of
parallel programming. This includes verifying properties such as safety, liveness, and correctness in various



execution scenarios. The second chapter presents an approach to optimization of reduction strategies based on
mixing strategies and using randomized strategies. The results are described, showing the effectiveness of this
approach and the possibility of replacing pure strategies with mixed ones, which allow maintaining the existing
performance, but increasing the overall probability of successful term reduction. Further in the section, the
concept of computational inequality of lambda-term redexes, which are key points in choosing a reduction
strategy, was considered. The disparity was estimated using machine learning techniques to solve the regression
problem. The purpose of the regression was to estimate the time of the reduction operation for a given redex
based on the parameters of the term reflecting its tree structure. In the third chapter, the possibility of estimating
the number of lambda term reduction steps according to a given strategy using deep learning methods was tested.
The analysis was carried out using deep learning methods for sequence analysis. It is shown that accurate
estimation results can be achieved when determining 0-2 reduction steps, however, with the increase of the
expected reduction steps, the error in the estimation increased. Next, the possibility of using embeddings to
represent the difference in the reduction of lambda terms by different strategies was investigated. For this, four
LLM models were considered for generating embeddings from text representations of lambda terms. The
generated embeddings were used to generate eight datasets for each LLM model considered and for the LO and RI
term reduction strategies. ANN models were used to assess the quality of information representation in
embeddings, which solved the classification problem with respect to reduction steps from 0 to 30. Next, the
trained ANN models were evaluated with indicators for assessing the accuracy of regression MAE, RMSE. Such
results indicate that the code and general LLMs can help extract information from lambda terms and use this
information to select an optimal reduction strategy. In the fourth chapter, lambda terms were transformed into
averaged embedding vectors of size 768, which were obtained as a result of applying a pre-trained ANN model for
tasks related to the analysis of Microsoft CodeBERT software code and further processing of the outputs of the
average levels of this model according to the principle of combining words in significant Word2Vec vectors.
Therefore, the formation of data clusters using the DBSCAN method using both Euclidean and cosine metrics, in
addition to the agglomerative clustering method using Euclidean, cosine, L1 and L2 metrics, was further
investigated. This clustering effort highlighted the effectiveness of the CodeBERT model in extracting meaningful
features from lambda terms. The idea of transforming lambda terms into embedding vectors was also continued
using OpenAl models with vector sizes of 1536 and 3072. These vectors were also analyzed using PCA and t-SNE
methods to visualize these vectors. The next part of the fourth chapter presents an approach for using the LLM
directly to perform the lambda term reduction process. The last chapter of the dissertation presents a possible
implementation option. The set of results presented in the dissertation, together with the confirmed scientific and
practical relevance, demonstrate the achievement of the set goal of optimizing functional programming languages
based on artificial intelligence methods.
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