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1. MetogomnoriyHi ocHOBU iHpOpMaLiiHOI TEXHOJIOTiI 06POOKM JaHMX eKCIpecii reHiB Ta ii 3acTocyBaHHS B ramysi
6ioiHpopmMaTUKU

2. Methodological foundations of information technology for gene expression data processing and its application in
the field of bioinformatics

Pedepar:

1. Y puceprauiiiHiil po60Ti 3aIIPONIOHOBAHO PillIEHHS aKTyabHOI HAYKOBO-MTPaKTUYHOI IPO6IeMU: pO3pO6Ka
METOJI0JIOT{YHMX OCHOB iHpOopMalliiiHOi TeXHOoorii 06pO6KY AaHuX eKCcIpecii reHiB 17151 po3B'sI3aHHs 33724 B rajysi
6i0iH(OpMaTHKU Ha OCHOBI KOMIIJIEKCHOTO 3aCTOCYBAHHSI aHaJli3y FT€HHOI OHTOJIOTII, KJlacTep-06iKJ1aCcTEPHOTO
aHasi3y Ta METOJiB [IMOMHHOTO HaBYaHHSI, BiIMIHHOIO PUCOIO SIKO] € Gi/bIl BUCOKA y IIOPiBHSIHHI 3 icHylounMu
METOJlaMU aJleKBATHICTb OL[{HKU CTaHy 00’eKTa 32 paxyHOK ri6puausallii iCHyIouMx METOJiB Ta aJrOpUTMiB 06pOOKU
BEJIMKUX JJAaHUX, ONTUMIi3allii 3Ha4eHb rineprapaMeTpiB MOJEI i3 3aCTOCYBaHHSM KiJIbKICHUX KPUTEPIIB SIKOCTI NpU

peautizallii BilIOBiZHOTO €Taly BPaxOBYIOYM TUIl JAHUX, O JOCIIKYIOTbCS. Y POOOTI yneplie NpeCcTaBleHO



pO3po6Ky iHdopmaniitHoi TexHOoIorii, crerianizoBaHoi AJj151 06pOOKY JaHUX eKCIIpecii reHiB, ska BUKOPUCTOBYE
iHTerpoBaHui Mmigxiz, 1o 06'eIHY€E aHai3 FeHHOI OHTOJIOTI], KJlacTep-6ikjlacTepHUI aHaJli3 Ta Cy4yacHi MeToau
rIMOMHHOTO HaBYaHHS. llel KOMITJIeKCHUI MeTO]I, CIIPSIMOBAHUI Ha MiiBUIIEHHS TOYHOCTI Ta Ha/IitHOCTI B
IiaTHOCTHI CTaHiB CKJIQHUX O00’€KTiB. 3HAYYIIIiCTh Liiei TeXHOJIOTI] noJsrae y ii 31aTHOCTI [0 IIIMO0KOro aHali3y Ta
TOYHOI kacudikauii JaHuX, M0 BiIKpYBAa€ HOBI IIEPCIIEKTUBH [1JI JOCiIKEHb IIPU CTBOPEHHI CUCTEM NIiarHOCTUKU
CKJIaHUX O0'€KTIB. [I71s1 MiITPUMKU LIMX BUMOT, yIieplie po3po6JieHO TiOpruIHy MOMeb, sika 403BoJIsie e(PeKTUBHO
(opMyBaTU MiTMHOXXVHU 3HAUYYIMX I'€HiB, BAKOPMCTOBYIOUU KjlacTep-0iKJIacCTEPHUI aHai3 Ta aHasli3 TeHHOi
OHTOJIOTII. 3AifICHEHO IeTaJbHUAN NOPIBHAJIbHUI aHAJIi3 PI3HMX TUIIB Ta apXiTEKTYp INIMOMHHUX HEPOHHUX MEPEXK,
BKJIIOYAIOYU SIK 3TOPTKOBI, TaK i peKypeHTHi HelpOHHI MepeXXi, a TaKoX ix riopuaHi kombinauii. OcobuBy yBary
NIPUJIiJIEHO BU3HAYEHHIO ONITUMAJIBHUX TilleprapaMeTpiB 3a JOIIOMOIOI0 aJlIrOPUTMY oNTuMi3alii bareca.
JocnipxeHo ribpugHy Mmoaesb knacudikallii, 1o iHTerpye METOAY IIMOMHHOTO Ta MAIMHHOTO HAaBYaHHS, [JIs1
[IOKpallleHHs 00'eKTUBHOCTI B ineHTuikanii 3paskis. Mozmesb ck1aaeTbes 3 IBOX iepapxiuHux piBHIB, e Ha
IepIIOMY PiBHi 3aCTOCOBYIOTHCS Pi3Hi MOJeli IIIMOMHHOrO HaBYaHHS! 171 (POPMyBaHHS IPOMDKHUX pillleHb, sKiy
[OA/IBLIIOMY 00pOO6JISIOTECS Ki1acu(pikaTOpoM Ha IpyromMy piBHi. B sKocTi knacugikatopa BUKOPUCTOBYETHCS
aJIrOPUTM Ha OCHOBI AepeBa pimeHs (CART), mo go3Bossge GopMyBaT OCTaTOYHI BUCHOBKU OO ineHTUdiKalii
06'ekra. Y guceprallii TaKoX yrepiie po3pobseHo ribpuaHy Mojiesib 6ikjlacTepusaliii, o BUKOPHUCTOBYE aJITOPUTM
ensemble 115 6iknacrepusanii Ta meTon onTumisatii balieca 151 TOUHOTrO HaJlalITYyBaHHS [1apaMeTPiB aJlrTOPUTMY,
3a0e31e4y04r BUCOKY SKiCTb OiKjlacTepu3allii Ha OCHOBI OLIiIHKM B3a€MHOI iH(popMallii MK psigkamMu Ta
CTOBIYMKaMU bikjiactepiB. KpiMm Toro, ynepiie 3arrporioHOBaHO Ti6puIHY MOAEb IiarHOCTUKY 00’'€KTIB HA OCHOBI
IAHWX eKcIpecii reHiB, sika KOMOiHye aHaJli3 reHHOI OHTOJIOrI, KylacTep-6ikacTepHUi aHasli3 Ta 3rOpPTKOBI
HEVPOHHI Mepexi, sIka IPOIeMOHCTPYBajla BUCOKY TOUYHICTb ifleHTUdiKallii cTaHy 06'€KTiB 3 MEHIIOIO KiJIbKiCTIO
3HAYYLIMX T'eHiB, 10 BiAKpUBae HOBI MOXKJIMBOCTI /ISl HAJIAIITYBaHHS AialrHOCTUYHUX MoJesieil y 6iomeuIHnx
IOCJTiIKeHHX. 3alIpOIIOHOBaHUM iHTerpaIbHUM Kputepiit F1-mipu, po3paxyHOK sSIKOro nepenbayae 3aCTOCYBaHHS
MeTo[y 6akaHOCTel XappiHIToHa [10 NapliajbHUX 3HaueHb F1-MipHy, 1110 po3paxoBaHi 1J1s1 OKpeMUX KJIacCiB; METOU
3aCTOCYBaHHS PeKypeHTHOI HelpoHHOoi mepexi (PHM) st 06pobky ganux ekcnpecii renis. JJociI>keHo gBa TUNIU
PHM: LSTM Ta GRU. 3anporoHoBaHo aJIrOPUTM OIITHMMi3alii apXiTEKTypu Ta 3Ha4YeHb rinepnapamerpis PHM,
3[iICHEHO MOPiBHAJIBHAM aHaJli3 METO/IIB ONTUMI3allii HA OCHOBI YIIOPSIKOBAHOTO MOIIYKY 32 CIiTKOIO Ta aJITOPUTMY
GaiieciBCcbKOi onTHMMi3allii. 3alIponoHOBaHO KOMIIJIEKCHUI KPUTEPIl SIKOCTI Ki1acu@ikallii JaHUX i3 3aCTOCYBaHHSIM
BiZJTOBiHOTO TUITy MEPEXKi IIIMOMHHOIO HaBYaHHS, 110 PO3PAXOBYETHCS SIK 3Ba’K€HA CyMa MapliiabHUX KPUTEPIIB
SKOCTI, IO PO3PaxOBYBAJIUCS B IIPOLIECi MOMIEIOBaHHS. BUKOHAHO MOJie/MI0BaHHS pisHUX apxitektyp PHM, 3a
pe3yJIbTaTaMU IKOT'O BU3HAYEHHI OIITUMAJIbHI 3HAYEHHS TineprapaMeTpiB [JIs KOKHOTO TUITY MEPEXi; METOOHN
GikylacTepusallii JaHUX eKCIIpecii reHiB HIsIXoM 6i1bll peTesbHOro GOpMyBaHHS KPUTEPIIB SKOCTI 6ikjlacTepusarii,
sIKi BUBHA4alOTh 6iKJIaCTEPHY CTPYKTYPY, 0 CTBOPIOETLCA B NIPOLECi peaisaliii BiiloBiIHOTO aroputmy
GikyacTepusallii. 3alIpOIIOHOBAHO BHYTPIllIHII KpUTepiil SIKOCTI 6ikjacTepusallii Ha OCHOBI OLIIHKY B3a€MHOI
ingopmauii sk MDK psigKkamu 6ikyacTepa, Tak i Mbk ioro croBnusmu. Kiro4uoBi cyioBa: [aHi ekcripecii reHis, B3aeMHa
inpopmauis, entpormnis llleHHOHa, 6iknacTepusalis, MeToq, onTuMisallii balieca, anropuTmu Kiaacrepusaliii, aHani3
reHHOi OHTOJIOTI], IITMOVHHE HaBYaHHS, TiOpUIHI MOoiesli, MyJIbTUKPUTEPiaibHa ONITUMI3allisl, 3rOPTKOBA HEHPOHHA

Mepeska, peKypeHTHa HeipOHHA Mepeka.

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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