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Pedepar:

1. Inceprarnis npucBsyeHa oNTUMi3aLlii PyHKIiIOHAJIbHMX MOB IPOIPaMyBaHHs, HA OCHOBI METO/iB IITYYHOTO
iHTeJIeKTy, 10 € CKJIAIHOIO Ta BaXKJIMBOIO 33/1aUelo 3 baraTbMa MpobjieMaMu Ta BUKJIMKaMU. B nuceprauii
POS3IJISIHYTO JISIMOJJa-YMCIIEHHS SIK IPUKJIAT, BiTHOCHO NMPOCTOi penpe3eHTalii GyHKLIiOHAJIbHUX MOB
IIporpamyBaHHs, 10 J103BOJIsI€ [10Ka3aTH NPOLeCH KOMIiAL|i Ta inTeprnpeTalii pyHKLIiOHATbHUX MOB
[IPOrpaMyBaHHs LJISIXOM PeAYyKIi 1sIMO6a-TepMiB. Y epHomMy po3Jisi ONMCaHO TEOPETUYHY YaCTUHY
nocuigxeHHs. OnKMcaHo NnepeBary (PyHKLiOHAIbHUX IIPOrPaM, TaKi SIK IPOCTOTA TECTYBAaHHS Ta HaAiMHICTb KOAy, a
TaKOX iX HeJJ0JIiKY, OCHOBHUM 3 SIKUX € HU3bKa IIPOYKTUBHICTb. [10SICHIOETHCSI MOSKJIMBICTD IIEPEXOY Bill po60THU 3
(YHKLiOHAJIBHMMY MOBaMU ITPOTrPaMyBaHHsI [10 JIIMOIa-4ucyeHHs. Jlasi npencrasieHi nigxoau Jjst onTuMisarii

JNIM0OIa-4MCJIEHHS, OCHOBHUM i3 SKUX € yIOCKOHAJIEHHS CTpaTeril penykiiii 1amona-tepmis. JJasi Tekct



3araM6III0€ThCS B 3B'SI30K MiIXK JIIMOJIa-UMCIIEHHSIM i Beprikallielo Iporpam B KOHTEKCTi IIapasieIbHOTO
nporpamyBaHHs. ONMCaHO BaXIMBICTh GOPMasIbHOI ITepeBipKU 1715 IapajeibHUX IIPorpam, 0COGIMBO 3 OISy Ha
IOTEHLiNHi CKIaAHOCTI Ta [Ipo6JIeMU, TIOB'SI3aHi 3 OJHOYACHMM BUKOHAHHSIM. Y IpYyroMy po3iji [pencTraBieHul
niaxin go onTuMmisatii cTpareriv penykuii, mo 6a3yeTbCs Ha 3MilllyBaHHI CTpaTerid Ta BUKOPUCTaHHI
paHpoMizoBaHuX cTpareriv. OnucaHi pe3ysbTaTH, WO [10Ka3yITh e(PEKTUBHICTD JaHOTO MiAX0Y, Ta MOXJINBICTD
3aMiHM YMCTHUX CTpaTeriy 3MilllaHMMHU, 1110 JO3BOJISIIOTH 30€perTH iCHYIOUYy IPOLYKTUBHICTD, IPOTE MifBUILIATH
3arajibHy BipOTiJHICTb YCHIITHOrO pelyKyBaHHS TepMiB. [Jasi y po3zii 6ysia po3risiHyTa KOHLEeILis
06YNCIII0OBAIbHOI HEPIBHO3HAYHOCTI PeeKCiB JIIM61a-TEPMIB, 110 € KJIII0YOBUMHU TOYKAMU y BUOOPI cTparerii
penykuii. HepiBHO3Ha4yHiCTb OyJ1a OljiHEHA 3 BUKOPHUCTAHHSIM METO/IiB MalIHHOTO HaBYaHHS [J1s1 BUPIilleHHs 3a1ad4i
perpecii. Ilinto perpecii 6ysa oLiHKa Yacy BUKOHaHHS onepallii peaykiii AJ1s1 1aHOoro pefeKcy 10 IapameTpam
TEPMY, 110 BiZl06pa)kaloTh KOT0 JI€PEBHY CTPYKTYPY. B pesysibraTi 6yJ10 OTPMMAHO BiIXMJIEHHS Bif] 04iKyBaHOTI'O
snorapudmy vacy B 0.28 111 perpeciiiHoi Mogiesi Ha 6a3i ITy4HOI HeHpOoHHOI Mepexxi Ta B 0.28 s iHiHOI
perpecii. Y TpeTboMy po3aisi 6ysa nepeBipeHa MOKJIMBICTb OLIIHKY KiJIbKOCTi KPOKIB penyKiii JsiM6ia-TepMiB 3a
33/1aHOI0 CTpAaTeTi€lo i3 3aCTOCYBaHHSIM METO/IiB ITIMOVHHOTIO HaBYaHHS. AHaIi3 IPOBOJMBCS 3 BUKOPUCTAaHHSIM
METO/iB IMIMOMHHOTO HaBYaHHS /J1s1 aHaJli3y MOCIiIOBHOCTEN. [I0Ka3aHOo, 1110 TOYHUX Pe3yJIbTaTiB OL[iHKU MO>KJINBO
IOCAITU NpY Bu3HaueHHi 0-2 KpokiB penykiii mpoTe i3 36ibLIIeHHIM 04iKyBaHUX KPOKIB penyKIiii 3pocTtasna
IIOMMJIKA B OLiHL{. [lai 6yJI0 1OCiI>)KeHO MOXKJINBICTh BUKOPHCTaHHS BOYJOBYBaHb /1J1s pelipe3eHTallii pisHulli B
penyKuUii 1sIMO[1a TEPMIB pPi3HMMU CTpaTerisMu. [t 1bOro 6yJo po3ryIsiHyTo YoTupu Mogesi LLM ns reHepatii
BOYZIOBYBaHb 3 TEKCTOBUX IIPEACTaBIIEHb JSIMOa-TepMiB. 3reHepoBaHi BOyLOByBaHHS 0y BUKOPUCTaHI AJIs
CTBOPEHHS BOCbMU HabOpiB JaHUX [1J1 KOXXHOI PO3IJIsiHyTOl Mozesi LLM Ta s ctparerid pepykuii Tepmis LO Ta
RI. Ins1 oLiHKM sIKOCTi penpe3eHTauii iHpopmaliii y BOyoByBaHHsIX Oy BUKOpUCTaHi moaei IITHM, mo
BUpillyBanu npobsiemy kinacudikauii BigHOCHO KpokKiB penykuii Bin 0 1o 30. Jani HaByeHi momeni IITHM 6ynn
OLliHEHI 3 IOKa3HMKaMHU [J11 OLIiHKU TOYHOCTI perpecii MAE, RMSE. Pe3ysibTraTul BKa3yroTh Ha Te, IO KO, i 3arajbHi
LLM MOXXyTb JOIIOMOI'TU OTPUMATH iHpOpMaLLiio 3 1IMOJa-TEePMIB i BUKOPUCTOBYBATH 1110 iHPopMaliiio 1si BUOOpy
ONTUMAJIbHOI cTpaTerii peAyKuji. ¥ yeTBepTOMy po3aisi 1sambaa-Tepmu 6yJiu IEPETBOPEH] B yCcepeqHEHI BEKTOPU
BOYZIOBYBaHb PO3MipoM 768, 1o 6y OTpUMaHi B pe3ysbTaTi 3aCTOCyBaHHS NoNepegHboOHaBYeHoi mogeri [ITHM
L7151 337124 [IOB's13aHMX 13 aHai3oM rporpamHoro koay Microsoft CodeBERT Ta nopasnpiioi o6poOKu BUXOIIB
cepeiHix piBHiB Li€l Mozesli 32 MPUHLUIIOM 06'€JHaHHS CJIiB y 3Hauylli BekTopu Word2Vec. [lani 6yso gociigxeHe
(opMyBaHHS KJIACTEPiB JaHUX i3 3acToCcyBaHHAIM MeToay DBSCAN, 1110 BUKOPUCTOBYE K €BKJIiJIOBY, TaK i
KOCUHYCHY METPHKY, OKPiM METOJly arJloMepaTUBHOI KjlacTepu3allii 3 BAKOPUCTAHHSM €BKJIiJOBOi, KOCUHYCHOI, L1 i
L2 merpuku. Lli 3ycunis 3 knacrepusalii ninkpecaunu edpextusHicTs moaesi CodeBERT y BusydyeHHi 3Hauymux
XapaKTEPUCTHK i3 1sIM61a-TepMiB. Takox 6yJ10 IPOJOBKEHO ifelo TpaHcpopmaliii 1IMO61a-TePMiB Y BEKTOPU
BOYJJOBYBaHb 3 BUKOPUCTAHHIM Mogeser OpenAl 3 poamipom BekTopiB 1536, Ta 3072. [JaHi BeKTOpU OyJIM TaK CaMo
IIpOaHaJIi30BaHi 3 3acTocyBaHHAIM MeTogiB PCA Ta t-SNE 114 Bisyasisanii nux BeKTOpiB. B HACTYINHIN 4YaCTHHI
YETBEPTOrO PO3[iay NPeACTaBIEHO MifXif 071l BUKOpUCTaHHS LLM 6e3rocepeiHbo 151 IPOBELIEHHS IPOLIECy
penykuii 19M6aa-TepMiB. PesynbTaTy nmokasany, 1o BUKoprucTaHHg LLM nJis BupileHHs 1j€i 3a1adi He € JOCTaTHbO
eexkTuBHUM. [lasi mpeCcTaBieHo MOXKJIMBUN BapiaHT iMIJIEMEHTallii ONMCaHNX METOMIB JJ1s1 BAKOPUCTAHHS Y
KOMIIJIITOpax AJ1s MigBUILEHHS iX IPOLYKTUBHOCTI. CYKYyIIHICTh PE€3yJIbTaTiB, BUKJIALEHUX Y AUCEPTaLlii, pa3oM i3
HiATBEPAKEHOI0 HAYKOBOIO T MPAKTUYHOIO aKTYaJIbHICTIO IEMOHCTPYIOTh TOCSATHEHHS [1I0CTABJIEHOI METH 1010

onrtumisauii pyHKIiOHAIbHUX MOB IPOrpaMyBaHHs Ha 6a3i METO/IiB LITYYHOTO 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.

Jep>kaBHHH peecTpaniliHuil Homep JiP:
IIpiopuTeTHHI HaNIpsIM PO3BUTKY HayKH i TEXHIKHU: [HdopmauiiiHi Ta KoMyHiKawiiiHi TexHOMOTii

CrpareriyHuii NpiopUTEeTHUH HaNPSIM iIHHOBAaLLiMHOI JAis1JIBHOCTI: PO3BUTOK CydacHUX

iHopmaniiiHUX, KOMYHIKALiTHUX TEXHOJIOTii1, pOOOTOTEXHIKN
ITiZCcyMKH BOCIiIKEHHS: HoBe BUpIlIEHHS aKTyaIbHOTO HAYKOBOTO 3aBIAHHS
Iyo6sikarrii:

¢ Deineha, O., Donets, V., & Zholtkevych, G. (2024). The approach development of data extraction from lambda
terms. Eastern-European Journal of Enterprise Technologies.



e Deineha, O. (2024). Supervised data extraction from transformer representation of Lambda-terms.
Radioelectronic and Computer Systems, 2024(2), 19-29.

¢ Deineha O. The Clustering of Lambda Terms by Using Embeddings. BicHuk XapkiBCcbKOro HallioOHaJbHOTO
yHiBepcuTeTy imeHi B.H. Kapasina, cep. «kMaremaTudsne mozenoBaHHs. IHGopMalifiHi TeXHOJIOTrIi.
ABTOMaTU30BaHi cuCTEMH ynpaBiiHHa». 2023. Bul. 59. C.16-23.

¢ Deineha, O. (2024). Lambda calculus term reduction: Evaluating LLMS’ predictive capabilities. Information
Technology and Society, 1(12), 51-55.

HaykoBa (HayKOBO—TeXHi‘{Ha) llpo,uyKuiﬂ: TEXHOJIOTI; IpOrpamHi NPOAYKTH, IPOrPaMHO-TEXHOJIOTIYHA

IOKyMEHTaLis
Comnia;ibHO-€KOHOMIYHA CIIPSIMOBaHiCTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBagkeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'S130K 3 HAYKOBHMH TeMaMH: 0121U109183

VI. BizoMocCTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. KostkeBud I'puropin Mukosainosud

2. Grygoriy Zholtkevych

KBasigikamis: n. 1. n., npodecop, 05.02.08

InenTudikarop ORCHID ID: 0000-0002-7515-2143

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XapKiBChbKuil HALIOHATIBHMI YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micuesnaxo;perHﬂ: Maipan Cobonuy, 6yn. 4, XapkiB, XapkiBcbKuil p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH | HAayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUI

VII. BinomocrTi npo odiniliHuX OIIOHEHTIB Ta PEL€H3E€HTIiB
OdiuiiiHi OTIOHEHTH
Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. lapoxoBa Hatasis BanepiiBHa

2. Nataliia Sharonova

KBasigikamis: 1. 1. v., npodecop, 05.13.06



InenTudikarop ORCHID ID: 0009-0004-9878-1761
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUI

BaacHe IlpizBume Im's I10-6aThKOBI:

1. IlTaxoBchka HaTasnis bormaniBHa

2. Nataliya Shakhovska

KBasigikamis: n. 1. ., npodecop, 05.13.06

InenTudikarop ORCHID ID: 0000-0002-6875-8534

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHUIUYHOI 0COOM: HanjonanbHuii yHiBepcutet "JIbBiBCbKa MOMiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: sy Crenana Banzepu, 6y, 12, JIbsis, 79013, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUIL

PeuenseHTu

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. Vanos Imutpo KOpiitoBry

2. Dmytro Uzlov

KBasigikamis: . 1. 1., 05.13.06

Imentudikarop ORCHID ID: 0000-0003-3308-424X

JoparkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XapKiBChbKuil HALOHAJIbHMI YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micue3HaxoaKeHH: maiinan CBo6oay, Oyn. 4, XapkiB, XapkiBcbKuil p-H., 61022, Vkpaina



dopma BiracHOCTI: JlepxasHa

Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Mensiinos €sreH CepriioBuy

2. Meniailov Yevhen S.

KBasigikamnis: . . u., 01.05.02

InenTudikarop ORCHID ID: He sactocoByerbcs

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: XapKiBCbKUMil HALOHAJIBHUIT YHiBepcuTeT imeHi B. H. Kapasina

Kopg 3a €APIIOY: 02071205

Micue3HaxoaKeHHS: maiinad CBo6oau, 6yn. 4, XapkiB, XapkiBcbKuil p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

CeKTOp HayKH: YHIBEPCUTETCHKUI

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TOJIOBH pagu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aCiflaHHi

BizmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi

OisSIIBHOCTI

Toncronysbka Onena 'eHHaziiBHa

Toncronysbka OsneHa ['eHHaniiBHa

[lleBuenko AHnpint OsekcaHgpoOBUY

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



