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2. Development of methods and software for intelligent missing data imputation

Pedepar/aHoTanis:

1. TIpo6yema NpOMyCKiB Y JAHUX € aKTyaJIbHOIO AJ1s1 6araThOX NPUKJIAIHUX rajly3el, OCKiJIbKM BOHA CYTTEBO
THoripiye SIKiCTh aHAJi3y, 3HUXKYE TOUHICTb AJITOPUTMIB MAIIMHHOTO HABYAHHS Ta MOXK€ IIPU3BOJUTH 10 XUOHUX
BHCHOBKIB, 0CO0JIMBO B 3a7ja4ax kiacudikallii Ta mporHo3yBaHHs. Lle yckiagHIoe CTBOPEHHS Mofesel, sKi 6
aJleKBaTHO ONMCYBAIY peasbHi IPoLecH, i 36i/blilye PU3KK yIIePeI)KeHUX PillleHb y KPUTUYHUX cpepax, TAKUX K
OXOpOHA 3[I0POB’Sl Ta €KOJIOTTYHUI1 MOHITOPUHT. JlucepTalisi IPUCBSYeHA PO3POOIEHHIO METOIB, AITOPUTMIB Ta
IIPOrPaMHUX 3aCO0iB iHTEJIEKTYaIbHOTO iMITyTYBAaHHSI IIPOIYCKIB, 5IKi 3206€3M1€4yI0Th TOUHICTb i €(EKTUBHICTb y
33/1auyax MOHITOPUHTY. ABTOPOM 3alIPOIIOHOBAHO iHHOBaliMHI MiAX0H, 1110 NOEAHYIOTh Kiacudikallilo, perpecito,
EHTPONIVHUI aHaJIi3 1 KOPEeJIALiNHI 3aJIEXKHOCTI, 3 ypaxyBaHHAM CTPYKTYPU JaHMX Ta [IATEPHIB MIPOIYyCKiB. MeToau
peanizoBaHo Ha MOBi Python 3 inTerpauiero B ekocucremy 6i6siorexu scikit-learn, mo 3a6esnedye ix yHigikoane

3aCTOCYBaHHSI B aHAJIITUYHMX KOHBeepax (pipeline) pa3om 3 iMIyTyBaHHSIM, MaclITabyBaHHSIM, Kiacudikallieto un



IIPOrHO3yBaHHSM. HaykoBa HOBM3HA I0JISITA€ B YJOCKOHAJIEHHI Ta PO3pOO0LIi HOBUX METO/IB iMITyTYBaHHS: ®
UnifiedClassRegrimputer - ynockonanensst merony NoNa nuisixom KombiHanjii knacudikaropa ta perpecopa 3
ypaxyBaHHSM TUITY JAHUX i TaT€PHIB NPOIYCKiB; ® Regrimputer — METON Ha OCHOBI perpecopa 3 yTOYHEHHSIM
3HaA4€Hb [IJI51 KaTeropiaabHUX JAHUX, SKUI 3HaYHO MifBUIy€e MBUAKOIIO Ta TOUHICTh; * Entropylmputer -
YAOCKOHAJIEHWI €HTPOIIMHNI METOZ, 3 OLHOKPOKOBOIO Ta iT€PaliiHOIO IIPOLelypaMy 3MEHIIEHHS YMOBHOI
enTtponii; * HybridRegrEntropylmputer - ribpuagHuii MeTos, 1o NoegHye eHTPONiMHMI Ta perpeciiinuil ninxony; ¢
Correlationlmputer - MeTO[, Ha OCHOBI KOPEJISILITHOTO 3B$13KY Mi>K O3HaKaMH, SIKUI aBTOMaTu3ye BUOip HallKpaIoi
MoOJieJi 3a71eXKHOCTI; ® MeTo[, iMITyTyBaHHS /1J1s1 4aCOBUX PSIJIiB 3 CE30HHOIO CKIaf0BOI0 — Mopudikariis
Correlationlmputer, sxa zie 17151 KO>KHOro Micsius okpemMo; ® IgnoreNANLabelEncoder ta
IgnoreNANFrequentEncoder — ynockoHaseHi METOIU [1IEPETBOPEHHS SIKICHUX O3HAK Ha KiJIbKiCHI 3i 30epe>XeHHsIM
iHpopmaLii Ipo IPONYCKU Ta MOKJIMBICTIO 3BOPOTHOTO NIEPETBOPEHHS. [IpakTHYHE 3HAYEHHS POOOTHU IOJISITAE B
pO3po6Li mporpaMHOro 3a6e3nedeHHs, JKe peasizye 3aIpOIIOHOBaHi METOAU Ta SO3BOJISIE MiIBULIUTYU TOYHICThb
iMITyTyBaHHS IPOIYCKiB y JaHWX MEIUYHOTO Ta TifipOoJIOTiYHOr0 MOHITOpUHTY. EQeKTHBHICT METO/IB 3aJ1€5KUTD Bif
0CO0IMBOCTEN [aHUX, [IaTePHIB IIPOIYCKIB Ta iXHbOI KisIbKOCTi. MeTon Regrimputer BupinseTbcsa HallBUILLOIO
06UYNCIIOBaIbLHOIO eeKTUBHICTIO, Entropylmputer 3a6e3nedye Haiibisiblie 3MeHIIEHHS] YMOBHOI €HTpoii, a
HybridRegrEntropylmputer nemMoHCTpye MifiBUIleHy TOYHICTb iMITyTyBaHHS. 3a HasIBHOCTI KOpEeJISILiHUX
3asnexxHocrelt Correlationlmputer 3a6esneuye HalBUIIy TOUYHICTb, a Horo Moaudikalis AJ1si Ce30HHUX JAaHUX
nifBUILYE SIKICTb TPOTHO3YBAaHHS, X04a 1 BUMarae 6iIbINX 00YMCIII0BAIbHUX BUTPAT. Po3pobeHi meToau
MIOKPAIIYIOTh SIKICTb MOjiesieil Kiacu@ikallii Ta IpOrHo3yBaHHS IOPIBHSIHO 3 6a30BUMHU MOJEIIMU 6€3 iMITyTyBaHHS
Ta HAaUIPOCTIMM CTaHAApTHUM MeTozoM SimpleImputer. PesysnbraTtu gucepraliii BIpoBaJyKeHO B OCBITHI IIpolec
Kadenpu imxeHepii mporpaMHoOro 3a6esneyeHHs Ta iHpopMaLifHUX TEXHOJIOTIH JIHINPOBCHKOrO HalliOHAIBHOTO
yHiBepcuTeTy iMeHi Osieca ['0OHYapa, e BOHM BUKOPUCTOBYIOTLCS ITPY BUKJIAAAHHI AUCLUIULH «AHai3 TaHUX Ha
moBi Python», «Ontumisanis Ta nigBuieHHs IPOLYKTUBHOCTI IIPOIPAMHOTO KOIy», «AHAJIi3 Ta Bidyasisalist JaHux»,

«TexHoJIori MOIYKY CTPYKTYPH B LAHUX».

2. The problem of missing data is relevant for many applied fields, as it significantly degrades the quality of
analysis, reduces the accuracy of machine learning algorithms, and can lead to incorrect conclusions, especially in
classification and prediction tasks. This complicates the creation of models that would adequately describe real-
world processes and increases the risk of biased decisions in critical areas such as healthcare and environmental
monitoring. The dissertation is dedicated to the development of methods, algorithms, and software tools for
intelligent imputation of missing values, ensuring accuracy and efficiency in monitoring tasks. The author
proposes innovative approaches that combine classification, regression, entropy analysis, and correlation
dependencies, taking into account the structure of data and missing data patterns. The methods are implemented
in Python with integration into the scikit-learn library ecosystem, ensuring their unified application in analytical
pipelines (pipeline) alongside imputation, scaling, classification, or forecasting. The scientific novelty lies in the
improvement and development of new imputation methods: * UnifiedClassRegrimputer - an enhancement of the
NoNa method by combining a classifier and a regressor, considering data types and missing data patterns; *
Regrimputer - a method based on a regressor with value refinement for categorical data, significantly improving
speed and accuracy; * Entropylmputer - an improved entropy-based method with single-step and iterative
procedures for reducing conditional entropy; * HybridRegrEntropylmputer - a hybrid method combining entropy
and regression approaches; ¢ Correlationlmputer - a method based on the correlation between features, which
automates the selection of the best dependency model; * Seasonal time series imputation method - a modification
of CorrelationImputer that operates separately for each month; * IgnoreNANLabelEncoder and
IgnoreNANFrequentEncoder - improved methods for transforming qualitative features into quantitative ones
while preserving information about missing values and allowing reverse transformation. The practical significance
of the work lies in the development of software that implements the proposed methods and allows improving the
accuracy of imputation of missing data in medical and hydrological monitoring. The effectiveness of the methods
depends on the characteristics of the data, missing data patterns, and their quantity. The Regrimputer method
stands out with the highest computational efficiency, Entropylmputer provides the most significant reduction in



conditional entropy, and HybridRegrEntropylmputer demonstrates improved imputation accuracy. In the
presence of correlation dependencies, Correlationlmputer ensures the highest accuracy, and its modification for
seasonal data improves prediction quality, although it requires greater computational costs. The developed
methods improve the quality of classification and prediction models compared to baseline models without
imputation and the simplest standard imputation method, SimpleImputer. The results of the dissertation have
been implemented in the educational process of the Department of Software Engineering and Information
Technology at Oles Honchar Dnipro National University, where they are used in teaching the disciplines «Data
Analysis in Python», «Optimization and Improvement of the Productivity of the Software Code», «Data Analysis
and Visualization», and «Technologies for Finding Structure in Data».
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TOJIOBH pajgu
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rOJIOBYIOYOrO Ha 3acCimaHHi

BinnosimasnbHui 3a IIi,Z;I‘OTOBKy Anrtonenko CsiTyiana BaneHTuHiBHa
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop FOpuenko TetsiHa AHaToJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
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