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Pedepar:

1. Y nuceprauiiiHiii po60Ti 3aIpONOHOBAHO PillleHHS aKTyaJIbHOI HAYKOBO-IIPAKTUYHOI IPOOJIEMU: PO3POOKA
METO/I0JIOTIYHUX OCHOB iH(OpMaliifHOi TexHOo0rii 06pOOKM IaHUX €KCIIpecii FeHiB /11 PO3B'sI3aHHs 3a7a4 B raysi
6ioiHdpOpMaTHKU Ha OCHOBI KOMIIJIEKCHOTO 3aCTOCYBaHHSI aHaJli3y e HHOI OHTOJIOrI], KjlacTep-06iK/1acTepHOro
aHasli3y Ta MeTOZiB INIMOMHHOTO HaBYaHHS, BiIMiHHOIO PUCOIO SIKOi € 6iIblll BUCOKA Y IIOPiBHSIHHI 3 iCHYI0UMMU
MEeTO/IAMU aJIeKBATHICTb OLIIHKM CTaHy 00'€KTa 32 paXyHOK ribpuau3sallii iCHylouux METO/IiB Ta aITOPUTMIB 06POOKU
BEJIMKUX JIJAaHUX, ONTUMI3allii 3Ha4eHb rineprnapaMeTpiB MOZEI i3 3aCTOCYBaHHSIM KiJIbKICHUX KPUTEPIIB SIKOCTI IpU
peastizallii BiilloBiZHOrO eTaly BpaxOBYIOYM TUIl JAHUX, O JOCHIIKYIOTbCS. Y POOOTi yneplie npeCcTaBileHo
PO3p0o06Ky iH(pOopMaLiiHOi TEXHOJIOTI], crieniani3oBaHoi A4J1s1 0OpOOKU JAaHUX eKCIIpecii reHiB, s5ka BUKOPUCTOBY€E
iHTerpoBaHui minxiz, Mo 06'eHy€E aHai3 FeHHOI OHTOJIOTI], KJlacTep-6iKJlaCTEPHUI aHaJi3 Ta Cy4acHi MeToAU

rIMOMHHOTO HaBYaHHS. 1]el KOMITJIEeKCHUI MEeTO] CIIPSIMOBAHUH Ha MiIBUIIEHHS TOYHOCTI Ta HAMIitHOCTI B



IiarHOCTULi CTaHiB CKJIaHUX 00'€KTiB. 3HAYYIIiCTh L€l TeXHOJIOTI] mossrae y ii 31aTHOCTI 10 rAAMOOKOro aHami3y Ta
TOYHOI Kyacudikarii JaHux, 0 BiIKPUBA€E HOBI MEPCNEKTUBU [IJIsSI TOCIiIKeHb MPU CTBOPEHHI CUCTEM JiarHOCTUKU
CKJIaJHUX O0'€KTIB. [I71s1 MiITPMMKU LIMX BUMOT, yIieplie po3po6JeHO ribpruIHy MOZEb, sIKa J03B0JIsie €(PEKTUBHO
(hopMyBaTU NMiTMHOXXUHY 3HAYYIIVX I'€HiB, BAKOPMCTOBYIOUM KJIaCTep-0iKJIaCTEPHUI aHaJi3 Ta aHasIi3 TeHHOI
OHTOJIOTii. 3iiICHEHO eTaJIbHUI [TOPIBHSJIPHUI aHAJIi3 PI3HUX THUIIB Ta aAPXIiTEKTYpP IVIMOMHHUX HEMPOHHUX MEPEX,
BKJIOYAIOYU SIK 3TOPTKOBI, TaK i peKypeHTHi HeIIpOHHI MepeXXi, a TaKoX ix riopuaHi komb6inauii. OcobuBy yBary
IIpUiJIeHO BU3HAYEHHIO ONTUMAaJIbHUX TilleprapaMeTpiB 3a OIIOMOT0I0 aJrOpuTMy onTuMmisatiii baiieca.
JocnimxeHo riopuany Mogesns Knacudikariii, o iHTerpye MeTony riIMOMHHOTO Ta MAIIMHHOTO HaBYaHHS, 115
MOKpameHHsI 06'eKTUBHOCTI B imeHTUdiKarlii 3pa3kiB. Mopesb CKIaiaeThCs 3 IBOX iEpapXiuHUX PiBHIB, € Ha
IIepIIOMY PiBHi 3aCTOCOBYIOTbCS Pi3Hi MOJeli IIIMOMHHOrO HaBYaHHS 11 (POPpMyBaHHS IPOMDKHUX pillleHb, Kiy
[OJA/IBIIOMY 00pOO6JISIIOTECS K1acU(piKaTOPOM Ha IpyromMy piBHi. B gKocTi knacugikatopa BUKOPUCTOBYETbCS
aJIrOpuTM Ha OCHOBI epeBa pimeHs (CART), mo 103BoJisie popMyBaTH OCTaTOYHI BUCHOBKHY OO ineHTUdiKaLLii
o6'ekTa. Y guceprallii TaKoX yrepiie po3pobsieHo riopuaHy MoJiesib 6ikjlacTepusaliii, o BUKOPUCTOBYE aJlTOPUTM
ensemble 115 6iknacrepusanii Ta meTon onTumisatii balieca A1 TOYHOTrO HaJlalITyBaHHS [IapaMETPiB aJITOPUTMY,
3a6e3mevyour BUCOKY SKIiCTh GikiacTepusalii Ha OCHOBI OLiHKY B3a€EMHOI iHpopmarii MK psgkamu Ta
CTOBIYMKaMU bikjylactepiB. KpiMm Toro, yrepiie 3arrporloHOBaHO TiOpUIHY MOZEb iarHOCTUKYU 00'€KTIB HAa OCHOBI
IAHUX eKcIpecii reHiB, sika KOMOiHye aHaJli3 FeHHOI OHTOJIOTI, KJlacTep-06iKiIacTepHUI aHali3 Ta 3rOpTKOBI
HEPOHHI MepexXi, sIka IPOIEMOHCTPYBajla BUCOKY TOYHICTb ifeHTHiKallii cTaHy 06'€KTiB 3 MEHIIOIO KiJIbKiCTIO
3HAYYLIMX TeHiB, 10 BiAKpUBa€e HOBI MOXJIMBOCTI /ISl HAJIAIITYBaHHS AialrHOCTUYHUX MoJesiell y 6iomeuIHnx
IOCTiIKeHHSX. 3allpOIIOHOBaHUM iHTerpaibHUM Kputepiit F1-mMipu, po3paxyHOK sIKOro nepenoayae 3aCTOCYBaHHS
MeToJly 6akaHOCTeN XappiHITOHA [10 NapLiaJbHUX 3HauYeHb F1-MipHy, 1110 po3paxoBaHi 1151 OKpeMUX KJIACiB; METOIU
3aCTOCYBaHHS peKypeHTHOi HeripoHHoi mepexi (PHM) 1y 06po6ky gaHux ekcnpecii renis. JocigkeHo aBa Tunu
PHM: LSTM Ta GRU. 3anpornoHoBaHO aJIrOPUTM ONTHMMIi3allii apXiTEKTypH Ta 3HAa4YeHb rineprnapamerpis PHM,
3IiICHEHO MOPIBHAJILHAN aHasli3 METO/IB ONTUMI3allii Ha OCHOBI YIIOPSIKOBAHOTO MOIIYKY 3a CITKOIO Ta aJITOPUTMY
GaiieciBCbKOI onTMMI3allii. 3alIpoNoOHOBAaHO KOMIIJIEKCHMI KPUTEPIll SIKOCTI Ki1acu@ikalii JaHUX i3 3aCTOCYBaHHSIM
Bi/IIOBiIHOTO TUIYy MEPEXi INIMOMHHOTO HaBYaHHS, 10 PO3PaXOBYETHCS K 3BAKE€HA CyMa NapliialbHUX KPUTEPiiB
SKOCTI, [0 PO3PaxOBYBAJINCS B IIPOLIECi MOZIEIIOBaHHS. BUKOHAHO MOJIe/MI0OBaHHS pi3HUX apxitektyp PHM, 3a
pe3yJbTaTaMu SIKOTO BU3HAY€HHI ONITUMaJlbHi 3HaU€HHsI rineprnapameTpiB 11711 KOXKHOTO TUITY MEpeXi; MeTou
6iksacTepusalii JaHUX eKcIpecii reHiB MsXoM 6iblll peTesIbHOro GOpMyBaHHS KpUTEPIiB SIKOCTI GikyacTepu3aliii,
sIKi BU3HA4aIOTh GiKJIaCTEpHY CTPYKTYPY, 1[0 CTBOPIOETHCS B IIPOLIECi peasnidallii BiAmoBigHOTO ajiroputmy
GikyacTepusalliii. 3aIIpOIIOHOBAHO BHYTPIllIHII KpUTEpiil SIKOCTI 6ikaacTepusallii Ha OCHOBI OLIIHKY B3a€MHOI
inpopmauii K MiX psaKaMmu 6ikyacTepa, Tak i MK fioro crosnusgmu. Kiro4uoBi cy1oBa: JaHi exciipecii reHis, B3aeMHa
indopmauis, entponis lllenHoHa, 6iknactepusaniss, MeToz, ontTyuMisanii baiteca, anroputmu Kiacrepusalii, aHasi3
reHHOi OHTOJIOTI, IIIMOMHHE HaBYaHHs, TiOpUIHI MoJiesli, MyJIbTUKPUTEPiaibHa ONITUMI3allisl, 3rOpTKOBa HEHPOHHA

Mepeska, peKypeHTHA HelipOHHA Mepexa.

2. The dissertation proposes a solution to a relevant scientific and practical problem: the development of
methodological foundations of information technology for gene expression data processing to solve tasks in the
field of bioinformatics based on a comprehensive application of gene ontology analysis, cluster-bicluster analysis,
and deep learning methods. Its distinctive feature is a higher adequacy of object state assessment compared to
existing methods due to the hybridization of existing methods and algorithms for processing big data, optimization
of model hyperparameter values using quantitative quality criteria when implementing the corresponding stage,
considering the type of data being studied. It is the first time that the development of information technology,
specialized in gene expression data processing, that uses an integrated approach combining gene ontology
analysis, cluster-bicluster analysis, and modern deep learning methods have been presented in the work. This
comprehensive method is aimed at increasing the accuracy and reliability in diagnosing states of complex objects.
The significance of this technology lies in its ability to perform deep analysis and precise classification of data,
opening new perspectives for research in creating diagnostic systems for complex objects. To support these
requirements, a hybrid model has been developed for the first time, allowing the effective formation of subsets of



significant genes to use cluster-bicluster analysis and gene ontology analysis. A detailed comparative analysis of
different types and architectures of deep neural networks, including both convolutional and recurrent neural
networks, as well as their hybrid combinations, have been conducted. Particular attention has been given to
determining optimal hyperparameters using the Bayesian optimization algorithm. A hybrid classification model
integrating deep and machine learning methods to improve the objectivity in sample identification has been
explored. The model consists of two hierarchical levels, where various deep learning models have been applied at
the first level to form intermediate decisions, which have been processed by a classifier at the second level. A
decision tree-based algorithm (CART) has been used as the classifier, allowing the formation of final conclusions
about object identification. A hybrid biclustering model has been developed in the dissertation for the first time,
using an ensemble algorithm for biclustering and Bayesian optimization method for precise parameter tuning of
the algorithm, ensuring high-quality biclustering based on the assessment of mutual information between the
rows and columns of biclusters. Furthermore, a hybrid diagnostic model of objects based on gene expression data
has been presented for the first time, combining gene ontology analysis, cluster-bicluster analysis, and
convolutional neural networks, which demonstrated high accuracy in identifying the state of objects with fewer
significant genes, opening new possibilities for tuning diagnostic models in biomedical research. An integrated F1-
score criterion has been proposed, calculated by applying Harrington's desirability method to partial Fl1-scores
calculated for individual classes; methods of applying recurrent neural networks (RNN) for processing gene
expression data have been explored. Two types of RNNs, LSTM and GRU, have been investigated. An algorithm for
optimizing the architecture and hyperparameter values of RNNs has been proposed, and a comparative analysis of
optimization methods based on grid search and Bayesian optimization has been conducted. A comprehensive
quality criterion for data classification using the corresponding type of deep learning network has been proposed,
calculated as a weighted sum of partial quality criteria developed during the modeling process. Modelling various
RNN architectures has been performed, determining the optimal hyperparameter values for each network type;
methods of biclustering gene expression data by more carefully forming quality criteria for biclustering, which
define the bicluster structure created in the process of implementing the corresponding biclustering algorithm,
have been proposed. An internal quality criterion for biclustering based on the assessment of mutual information
both between the rows of the bicluster and its columns has been proposed. Key words: gene expression data,
mutual information, Shannon entropy, biclustering, Bayesian optimization method, clustering algorithms, gene
ontology analysis, deep learning, hybrid models, multicriteria optimization, convolutional neural network,
recurrent neural network.
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