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Bupimenns npobieMu MOpIBHSAHHS TE€TEPOreHHUX TaOIMYHUX HaOOpiB
JAaHUX 3 HEBIAOMHX a00 ci1ab0 JTOKYMEHTOBAHUX JIKEPEN € OJIHIEI0 3 BaKIMBHUX
HAyKOBUX 33Ja4 y raiy3i iHpopMaliiiHuX TEXHOJIOT1H, OPIEHTOBAHUX HAa MOOYI0BY
Ta CKCIUTyaTallio iHPOpMaIifHIX CUCTEM, SAKI ONCPYIOTh BEJIMKUMH JaHuMH (Big
Data). [Torpe6a B po3po0Ili €PeKTUBHUX METOJIIB CTPYKTYPYBAHHS Ta MOPIBHSHHS
KOPIYCIB JJaHUX Ha OCHOBI KOMIIAKTHUX IPEACTABICHb 0€3 JOCTyHy J0 BCIX
HEOOpOOJIEHNX 3aMUCIB BUKJIMKAHA TMOCTIMHUM 3POCTaHHSM OOCSTIB TaOJIUYHHX
JAHUX Yy  KOpPIOPAaTHMBHUX 1  XMapHUX  CEPEAOBMINAX,  BIJCYTHICTIO
CTaH/JAPTU30BAHUX CXEM Ta BHUCOKOIO BapTICTIO MEPEMIIIEHHS MOBHHUX KOIMIM
JAHUX.

Y nucepraniiiHiii poOOTI 3A1MCHEHO aHai3 ICHYKYUX MiAXOIIB 10
MOPIBHSHHS TaOJMYHUX HAOOPIB JaHHUX, BUSBJICHO X OOMEXKEHHS 1070 POOOTH 3
reTePOreHHUMH JaHuMH. B poOoTi po3po0IeHO THUTIO-OPIEHTOBAHUN TMIAX1]
CTBOPCHHsSI KOMIIAKTHHX TMPEACTABICHb JAaHWX JUIS PI3HUX THMIB 3MIHHUX,
3alpPONIOHOBAHO 3BAXKEHY METPUKY CTPYKTYPHOI MOJIOHOCTI JaHUX, a TaKOX
CTBOPEHO aJITOPUTMM TMOOY/I0BH TpadiB Ta JepeB MOAIOHOCTI s opraHizamii
KopnyciB gaHuX. Po3po0ieHo xmapHy MaciitaboBaHy apxiTekTypy Ha 0a3i AWS
Ui OOpOOKM  BENMKUX  KOPMYCIB  TaOJMYHUX  JaHUX Ta  IPOBEICHO
eKCTIIEpUMEHTAJIbHI TOCTIKEHHS €(PEKTUBHOCTI 3alpPOINOHOBAHOTO MiAXOY.

006’€KTOM J0CHITKEHHS € TIPOIIEC MOPIBHIAHHS TeTEPOTeHHUX TaOIMIHHUX
HaOOPIB IaHUX 3 CJIa00 JOKYMEHTOBaHUX JKEPEll.

IIpeamer pociaigzkeHHsT € MoOJENI Ta METOAU Kiacudikaiii 3MIHHHX,
CTBOPEHHSI KOMIIAKTHUX TPE/ICTABIICHb T€TEPOreHHUX TaOIMYHUX HAOOPIB MaHUX,

nooynoBa rpadiB mMoaIOHOCTI Il €heKTUBHOTO MOPIBHSAHHS Ta CTPYKTYypyBaHHS



KOPIYCIB TaHKUX 332 MiHIMQJIBHUX MPUMYIIEHb M0JI0 CXEMH.

MeTow aociailzkeHHss € po3poOka yHI(DIKOBAHOT THUITO-OPIEHTOBAHOI
iHopMaIIiitHOT cucTeMHU ISl €PEKTUBHOTO MTOPIBHIHHS T€TEPOreHHUX TaOJIMYHUX
HaOOpIB TaHUX 3 HEBIAOMHX a00 Ci1ab0 JOKYMEHTOBAHHX JDHKEpPEN 3a IOTIOMOTOI0
CTBOPEHHSI KOMITAKTHUX TMPEACTABICHb JAaHUX 3 BHUKOPUCTAHHSM 3BaXEHOI
METPHUKHU CTPYKTYPHOI MOI0HOCTI 1H(pOpMAITli TaHUX Ta MO0y 10Ba MacIITaOOBaHOT
xMapHoi iH(popmaiitHoi cuctemMu Uit ¢popMyBaHHS TpadiB Ta JepeB MOTIOHOCTI
KOPITYCiB.

HayxoBa HOBH3HA 0/iepKaHUX PE3yIbTATIB MOJSITAa€ B HACTYITHOMY:

— enepuite po3pobieno yHI(IKOBaHY METOJIOJOTII0 KOHCTPYIOBAHHS
KOMITaKTHUX MPEJCTaBICHb JaHUX JJII T€TEPOreHHUX TAOJMYHUX 3MIHHUX,
dKa Ha BIAMIHY BiJ ICHYIOUMX HIAXOJIB, IO OPIEHTOBAHI HAa KOHKPETHI
MOJIAJILHOCTI 200 MPUITYCKaIOTh HASBHICTH 1H(OpPMAIIT TTPO CXeMy JaHUX,
3a0e3neuye TUIO-OPIEHTOBAHY MOOYOBY 1HTEPIIPETOBAHUX 3BE/ICHD Yepe3
TabnuIl YacToT i (AKTOPHUX 3MIHHHMX, TICTOTpaMU JJisi 4YaCOBUX
3MIHHHMX, BEKTOPM MOMEHTIB JI0 YETBEPTOr0 MOPSAKY JUIS YHCIOBHX
3MiHHUX Ta TF-IDF BekTopu i pAKOBUX 3MIHHUX;

— 3aNpoONnoOHOBAHO HOBY MempuKky CTPYKTYPHOI MOIIOHOCTI JaHUX,
0 BUKOPUCTOBYIOTh OJUHWUYHI METPUKH a00 BEKTOPHI MPEICTaBIICHHS,
3MIMCHIOE 3BaKEHy arperauito Biacrtanei ['emminrepa, Baccepuireitna
(p = 1), nmoBHoi Bapiarii Ta L1/L2, 3 MAE/MAPE ny1s1 unicnoBux 3BeICHb
st 3a0e3nedyeHHs  MPUHLMIOBO  OOIPYHTOBAHOTO  MOPIBHSHHS
XapaKTePUCTUK PI3HOTUITHUX 3MIHHUX;

— po3pobaeHo HOB8Ull memoO TOOYIOBH 1€pPAPXIYHUX CTPYKTYP
no10HOCTI KOPMYCIB TaOJUYHMX JAHUX HAa OCHOBI IpadiB CYyMIKHOCTI,
SAKUW JO03BOJIAE TIONIYK HAWOILIBII MOMIOHMX JaHUX Ta l€papxidyHe
JTOCITIKEHHS 03 MPUITyIeHHs (PIKCOBAHOI CXEMHU;

— po3pobreno ma peanizoéaHo HACKPI3HY XMapHy MaciiTaboBaHy
1H(pOpMaIIiHy TEXHOJIOT1I0 0OPOOKH BEIUKUX KOPIYCIB TAOIUYHUX JaHUX,

sKa Ha BUIMIHY B TPaJAMIIIHHUX IMIJAXOIB J0 MOPIBHSHHS MOBHUX KON



JaHuX, 3a0e3meuye po3MnoUIeHy MOOYyA0BY KOMIIAKTHUX MPEICTaBICHb, 1X
30epiraHHs Ta 3amuTH 4Yepe3 B3aemoiito Apache Spark, AWS S3, Glue,
Athena Ta Airflow, 1o A03BoJis€ 3HAYHO 3MEHIIUTH BUTPATH Ha
30epiraHHsi Ta KOMIIOBaHHSA JaHUX MpH 30€pekKEeHHI TOYHOCTI aHali3y
IMOX10HOCTI;

— Moougikosano nioxio 10 KiacTepusallii TeTEpOreHHUX AaHUX Ha
OCHOBI KOMNAKTHHUX TIPEICTABJICHb Ta MATPHUIll CYMIKHOCTI, IO
3a0e3neuye CTIMKICTh A0 IIYMy W MaciiTabOBaHICTh. 3alpOINOHOBAHO
METOJI aHali3y KJIaCTepHOI CTPYKTYPH 3a CHEKTPAIbHUMHU BIACTHBOCTIMU
CTOXaCTUYHUX Martpuilb. Cmeopeno iHcmpymenmapiu, SKUN TO3BOJISE
BU3HAYATU MPUPOJHI TPYIHU O3HAK Ta BUSABIATH CTPYKTYPHI BIIXUJICHHS Y
BEJIMKUX Ha0Opax JaHHX.

IIpakTuyHe 3HAYEHHS] OTPUMAHMX pe3yJbTaTiB. 3a pe3ylbTaTaMu
BUKOHAHUX JIOCTIIPKEHb PO3POOJICHO apXITeKTypy YyHidikoBaHOi iH(OpMaIiiHOT
TEXHOJIOT1 JIJIsI TOPIBHAHHS FeTEPOTCHHUX TaOIUYHUX HAOOPIB TaHUX, MPOLETYPY
KOHCTPYIOBAaHHS KOMITAKTHUX TIPEACTABICHb JaHUX, METPUKU OOUYUCICHHS
noa10HOCTI Ta METOIU MOOYAOBH CTPYKTYp KOPIYCIB JaHMUX AJiI BUKOPUCTAHHS B
yMOBax 1H(GOPMAIIMHUX CUCTEM BEITMKOTO MACIITA0y 3 HEBIJOMUMH JIPKEPEIIAMH.

3acTocyBaHHS METOJy KOMIAKTHUX MPEACTABICHb JAHUX HA OCHOBI THIIO-
crienu(iyHUX 3BEJCHb J03BOJUJIO 3MEHIIUTH OOCSATH JTaHWX Jig 30epiraHHs Ta
nepemadi mpu 30epexeHHl J0CTaTHHOI 1H(oOpMaIi [Js MOPIBHAHHS HaO0OPIB
naHux. Po3poOsieHa XmapHa apxiTekTypa 3abe3rneuye po3MojijieHy 0O0poOKy
daiimiB BeaMKOro po3Mipy, BuUKopucTtoByroun Apache Spark na EMR s
posmoaiiaeHoi o0pooku, S3 mig 30epiranns, Airflow mis opkectpamii, Glue ms
karajorizamii Ta Athena st ad-hoc 3anuTis.

ExcriepyMeHTanbH1 JTOCHIKEHHS] MPOJIEMOHCTPYBAIM 3MEHIIEHHS 00CSTY
JAHUX 3aBISKH BUKOPHCTAHHIO KOMMNAKTHHUX TpencraBieHb. [loOymoBaHi THMO-
OpPIEHTOBAH1 3BEACHHS CYTTEBO 3MEHIIYIOTh OOCAr JAHMX JUIsl aHami3y, Lo
BIMOBIIHO 3HIDKYE BUTpaTH Ha 30€piraHHs Ta 3HAYHO CKOPOYY€E KUIbKICTh

omeparlii 4uTaHHS/3anmucy. 3acTOCYBaHHS PO3MOJUICHOI apXiTeKTypu Ha 0asi



Apache Spark, komonkoBux ¢opmaTtiB 30epiranus Parquet Ta XmMapHUX cepBICIB
AWS 3abe3neunsio mpuckopeHHs o0poOku mpubauzao Ha 40—60% MOpiBHIHO 3
TpaJAMLIITHUMU T1AX0AaMHU TTIOBHOTO CKaHYBaHHS TaOJIUIIb.

Jluceprallisi CKJIAIAaeThCs 31 BCTYIy, YOTHPHOX PpO3MAIIIB, BHCHOBKIB,
NepeliKy BUKOPUCTAHUX JHKEPETT Ta YOTUPbOX JTOJATKIB.

VY Beryni oOrpyHTOBAHO aKTyallbHICTh TEMHU JOCTIIKEHHSI, C(HOPMYITHLOBAHO
METy, 3aBlIaHHS, MPEaMEeT, 00’€KT Ta METOAW JOCHIKEHHS, BKa3aHO HAYKOBY
HOBHU3HY, TOJIaHO Ta IMPOAHANII30BAHO 3B’SI30K POOOTH 3 HAYKOBUMH TEMaMHU.
3a3Hau€HO OCOOMCTHUH BHECOK 3/100yBaya, a TaKOX HABEICHO BIJOMOCTI MPO
anpoOanito Ta myOiKalli OCHOBHUX pe3yJbTaTiB aucepTarii. OnucaHo CTpyKTypy
Ta 00CsTr AucepTaliitHoi poooTH.

Iepmmii po3ain auceprailii MICTUTh TEOPETHUYHI 3acaay aHaTI3y BEIUKHX
ta rereporeHHux nanux (Big Data) i oOrpyHTOBYe 3acTOCYBaHHS CHEKTPATbHUX
METO/IIB Ta arnapary BUMAJKOBUX MATPHUIIb JIJIsl JOCTIHKEHHS IXHBOI CTPYKTYPH.

Y upoMy po3aiun MOJaHO MaTeMAaTHUYHWM amapaT CTOXaCTUYHHUX Ta
BUITAJIKOBUX MAaTpHIlb, OCHOBHI CIEKTPaJIbHI XapaKTEPUCTUKH BEIMKOPO3MIPHHX
CHUCTEM Ta pe3yJbTaTH TEOPii BUMAJAKOBUX MATPHIlh, SKi TO3BOJISIOTH OMHCYBATH
MOBEIIHKY CKJIQJIHUX CTPYKTYp O€3 JKOPCTKHX TNPHMYIICHb II0JI0 MOMCHTIB
PO3IIOILTIB.

ChopmynboBaHO OOIPYHTOBaHUM KpUTEPIM BU3HAUECHHS ONTHUMAIbHOI
KUIBKOCTI ~ KJacTepiB, MO 0a3yeThbCs HA TMIAPaXyHKy BIACHUX 3HA4YCHb
CTOXaCTUYHOI ~MAaTpHIll, SKI TEPEeBUIIYIOTh 3aJaHuil mopir. Po3misHyTO
MOXJIMBOCTI 3aCTOCYBaHHS CIIEKTPaJIbHUX METOJIB Yy pi3HuX chepax Big Data —
COIllaTbHUX, OI10JOTIYHMX, (PIHAHCOBUX, TEXHOJIOTIYHUX Ta BeOcHCTeMaxX, e
BJIACTUBOCTI  JJaHUX  BIJ3HAYAIOTHCS HEPIBHOMIPHICTIO Ta CTOXaCTUYHOIO
IPUPOJIOIO.

Jpyruii  po3min  TpUCBIYCHWH ~ po3poOIll  MaTEeMaTHYHOTO  Ta
QITOPUTMIYHOIO amapaTy iH(opMaIiiiHOT TEXHOJOTr1i KOMITAKTHOI'O TIOJIaHHS,
kinacudikanii Ta MOPIBHSHHS TaOMMYHUX JAHUX Y 3aJadyax aHalli3y BEJIMKHX

reTepPOreHHNX Ha0OpiB MaHuX. PO3rsiHYyTO cydyacHi KOHIIENIlii aHaliTUKu Big



Data, Ha OCHOBiI $SKOi 3alpPOMOHOBAHO Yy3araJlbHEHYy MOJE€Ih KOMITAKTHOTO
npencrasienas (CDR), mo 3amiHioe mMOBHI Ha0opW MAaHUX 1X CTUCIUMH
JeCKpUNTOpaMH, sAKI 30epiraroTh 1HGOPMAIIMHO 3HAYYIll CTAaTUCTHYHI Ta
CTPYKTYPHI XapaKTepuCTUKH. PO3pOOJICHO anropuT™M aBTOMATHYHOI THII3aIlii
3MIHHUX, SKMM Ha OCHOBI CTPYKTYPHHX 1 CTaTUCTHYHHMX KPUTEPIiB Kiacudikye
aTpuOyTH HAOOPIB JJAaHUX Ha YUCJIOBI, KaTeropiajibHi, 4aCOBI Ta TEKCTOBI THUIHU 0€3
HEOOXITHOCTI TomepenHboi cxemMu. ONHMCAaHO KIacH METPHK, MPUAATHUX IS
YHUCJIOBUX, TEKCTOBUX Ta KaTeropiajbHUX JaHUX, T4 HABEJICHO OOIPYHTYBaHHS
IXHbOTO BUKOPHUCTAHHS.

[ToGynoBaHo Ta OOrpyHTOBAHO KOHBEEPHY CHCTEMY aHaJi3y JaHHUX, poOoTa
SKO1 peasizyeThCcsl YoTUpMa (HYHKIIIOHATEHUMU OJIOKaMHU.

Y TperboMy po3miii aucepraliiii 371HCHEHO aHalli3 CyYaCHUX XMapHUX
TEXHOJIOT1M Ta MPUHIUIIB MOOYAOBH MacIITaOOBaHMX OOYUCITIOBAILHUX CHUCTEM.
Po3risiHyTO KITFOUOBI XapaKTEPUCTUKU XMApHUX Tu1aTdopM, Mojeli cepBicis (laas,
PaaS, SaaS), a TakoX 0COOJMBOCTI pPO3MOIiIEHOTO 30epiranHs, 0oOpoOKH Ta
nepeaayl JaHUX y CEpeIoBUIIAX 3 BUCOKUM HABAHTAKEHHSM.

Po3pobsieno  GaratopiBHEBY MOAYJIBbHY apXITEKTypy 1H(POpMALIHOI
CUCTEMH, IO CKIAJA€ThC 3 TPHOX JIOTIYHUX PIBHIB 13 YITKO BH3HAYEHOIO
BIJIMOBIJIAJILHICTIO Ta CJIA0KOIO 3B'SI3HICTIO KOMMOHEHT. [Iporpamue 3a0e3neueHHs
yCiX piBHIB peastioBaHo MoBoro Python i3 Bukopuctanusm Apache Airflow mis
opkectpamii pobounx mpomecie ta Apache Spark mms posmomineHoi 00poOKU
JaHUX, 110 3a0e3neuye He3aJeKHICTh OOYMCIIOBAIILHOTO f]pa BiJ KOHKPETHOTO
MOCTavaJIbHAKA XMapHUX MOCTYT.

Onucano moBHUM KOHBeep TpaHcopmailii HECTPYKTYPOBAHUX JAHUX, IO
MICTUTh TIOCJIIIOBHICTh €TaIiB PO3MOA1IEHOT 0OpOOKH Ta aHaJI3y JaHUX.

Y derBeproOMy Ppo3aijii  pO3pOOSICHO Ta Ppeai30BaHO MPOTPaMHE
3a0e3nedeHdss 1H(GOPMAIIHHOT CUCTEMH Ta TMPOBEACHO EKCIEePUMEHTAIBHY
nepeBipky 1H(OPMAIHOT TEXHOJIOTIT MOJEIIOBAHHSA Ta CTPYKTYPHOI'O aHali3y
TEeTEPOreHHUX TAOIMYHUX JaHUX, 10 0a3yeThCcs HA METOJl KOMIIAKTHOTO

npeactasieHHss CDR Ta Metpuiii ctpyktypHoi mogioHocTi DISS.



[Tokazano, mo po3poOieHa mporpaMHa CHUCTeMa 3a0e3rnedye MOJYJIBbHICTb,
HiATPUMY€E aBTOMATHU30BaHUN PEXUM BUKOHAHHS Ta MOKe OyTH 1HTETpOBaHA y
pealilbHI KOHBEEpH OOpOOKM JaHMX Ha XMapHUX IIaThopMax CydyacHHX
1HpOpMAIIHHUX CUCTEM.

ExcniepuMenTanbHe TECTyBaHHS MPOBOAMIOCH HAa peajbHUX (PIHAHCOBUX
4acoBUX psgax, cPopMOBaHUX 13 JBOX BIAKPUTHX HAOOPIB JaHUX, IO JTO3BOJIMJIO
Bepr(DIKyBaTH YHIBEPCAJIBHICTh Ta CTIAKICTH 3alPOIOHOBAHOTO MIIXOIY 0 3MiH
JoKepenia JaHUX, YaCOBHUX 1HTEPBAJIIB 1 PUHKOBUX PEKUMIB.

OtpumaHi pe3ynbTaTH CBIIYaTh MPO 30alTaHCOBAHICTP MDK TOYHICTIO Ta
NOBHOTOK  KiIacuikamii,  MIATBEPKYIOTb  MNPAKTHYHY  €(PEKTUBHICTh
3aMpONOHOBAHOI 1H(OPMAIIIHHOT TEXHOJIOTIT BUSIBICHHS CTPYKTYPHUX 3MIH Yy
JaHUX Ta 1 MPUAATHICTH JUIS MacIITabOBaHOIO 3aCTOCYBaHHSA y cydacHux Big
Data cucremax 1 XmapHHX IUIaTGopMax MITYYHOTO I1HTENEKTY, MAIIMHHOIO
HABYAHHS T4 HEHPOHHUX MEPEXK.

Y BHCHOBKax TiJCyMOBAHO OCHOBHI PE€3yJbTaTH AUCEPTALIMHOIO
JIOCITIIKEHHS.

VY pomarkax mojaHO HAyKOBI MyOJjikailli, B SIKUX BiJIOOpa)K€HO OCHOBHI
HAyKOBI pe3yJbTaTh poOOTH, BIJOMOCTI PO ampoOaIlito pe3yabTaTiB JucepTarii —
aKTH Ta JOBIJIKU MPO BIPOBAIKEHHS PE3yIbTaTiB POOOTH, JIICTUHT YaCTUHU KOy
MPOTPAMHOI0 3a0€3MEeUECHHS.

3anponoHOBaHUM MiAXiJ A0 MOOYAO0BM KOMMAKTHHX TpeactaBieHb (CDR)
ta MeTpuku DISS myis mopiBHSHHA TaOMMYHUX JaHUX, PO3POOJICHUN METO.
KJIacTepu3allii Ha OCHOBI CTPYKTYpPHHMX BIJICTaHEW Ta 3ampOIlOHOBAaHI METOIU
1HTerpamii  KJIacTepHOro  aHajmizy y  aHaMITUYHI  MOAYJIl  KOMIIaHii
BUKOPUCTOBYIOThCA Yy poboTi koMmnaniit TOB «Koaepc TTPO» ta TOB «Ilanetnuit
cepBic». A  pe3ylbTaTd  TEOPETHYHUX Ta  MNPAKTUYHUX  JIOCTIIKCHb
BUKOPUCTOBYIOTHCS y HaBUaJbHOMY TIporieci kadeap MareMaTHYHuX MpoOemM
yIpaBJiHH 1 KIOEpHETUKHU Ta MPOTPAMHOT0 3a0€3MEeUeHHS KOMIT IOTEPHUX CUCTEM
YepHiBelbKOTo HalllOHAJIBHOTO YHiBepcuTeTy iMeH1 FOpis denpkoBuya.

KarwuoBi caoBa: Habopu naHuX, MOJACNIb, MOJEIIOBaHHS, Kiacudikaris,



TOYHICTh, MAalIMHHE HABYaHHS, aHaNI3 JaHUX, IITYYHUH 1HTEIEKT, 1H(OpMaliliHi
TEXHOJIOT1l / CUCTEMH, TporpaMHe 3a0e3MeUYeHHs], MPOorpaMHa CHUCTeMa, HEHPOHH1

mepexi, Python, xmaphaa minaTdopma, Ki1acTepHHE aHAII3.

ABSTRACT

Kyrychenko Ye. O. Optimization of the Structure of Heterogeneous Data in
Big Data — Qualification research work published in the manuscript.

Dissertation for the degree of Doctor of Philosophy, speciality 121 —
"Software Engineering"” — Yuriy Fedkovych Chernivtsi National University,
Chernivtsi, 2026.

Solving the problem of comparing heterogeneous tabular datasets from
unknown or poorly documented sources is an essential scientific task in
information technology, focused on the development and operation of information
systems that handle large volumes of data (Big Data). The need to develop
effective methods for structuring and comparing data corpora based on compact
representations without access to all raw records arises from the constant growth of
tabular data volumes in corporate and cloud environments, the lack of standardized
schemas, and the high cost of transferring complete data copies.

In the dissertation, existing approaches to comparing tabular datasets are
analyzed, and their limitations in working with heterogeneous data are identified.
The work develops a type-oriented approach for creating compact data
representations for different variable types, proposes a weighted metric for
structural data similarity, and develops algorithms for constructing similarity
graphs and trees to organize data corpora. A cloud-scalable architecture based on
AWS for processing large tabular data corpora is created, and experimental studies
of the proposed approach's effectiveness are conducted.

The object of the study is to compare heterogeneous tabular datasets from
poorly documented sources.

The subject of the research is models and methods for variable

classification, the creation of compact representations of heterogeneous tabular



datasets, and the construction of similarity graphs for effective comparison and the
structuring of data corpora under minimal assumptions about the schema.

The goal of the study is to develop a unified type-oriented information
system for effectively comparing heterogeneous tabular datasets from unknown or
poorly documented sources by creating compact data representations using a
weighted metric of structural data similarity, and to build a scalable cloud
information system for constructing similarity graphs and trees of data corpora.

The scientific novelty of the obtained results lies in the following:

— for the first time, a unified methodology for constructing compact
data representations for heterogeneous tabular variables is developed,
which, unlike existing approaches oriented toward specific modalities or
assuming the availability of data schema information, ensures type-oriented
construction of interpretable summaries through frequency tables for
categorical variables, histograms for temporal variables, moment vectors
up to the fourth order for numerical variables, and TF-IDF vectors for
string variables;

— a new metric of structural data similarity is proposed, which,
unlike approaches using single metrics or vector representations, performs
weighted aggregation of Hellinger, Wasserstein (p = 1), total variation, and
L1/L2 distances with MAE/MAPE for numerical summaries to ensure a
fundamentally justified comparison of characteristics of different variable
types;

— a new method for constructing hierarchical similarity structures of
tabular data corpora based on adjacency graphs is developed, which enables
searching for the most similar data and hierarchical analysis without
assuming a fixed schema.

— an end-to-end cloud-scalable information technology for
processing large corpora of tabular data is developed, which, unlike
traditional approaches based on comparing complete data copies, ensures

distributed construction of compact representations, their storage, and



querying through interaction among Apache Spark, AWS S3, Glue,

Athena, and Airflow, making it possible to significantly reduce storage and

data-copying costs while preserving similarity analysis accuracy;

— an approach to clustering heterogeneous data based on compact
representations and adjacency matrices is modified, ensuring noise
resistance and scalability. A method for analyzing cluster structure based
on spectral properties of stochastic matrices is proposed. A toolkit is
created that enables the identification of natural feature groups and the
detection of structural deviations in large datasets.

Practical significance of the obtained results. Based on the conducted
research, an architecture for unified information technology for comparing
heterogeneous tabular datasets, a procedure for constructing compact data
representations, similarity-computation metrics, and methods for building data
corpus structures for use in large-scale information systems with unknown sources
are developed.

The application of the method of compact data representations based on
type-specific summaries enabled reduced storage and transmission volumes while
preserving sufficient information for dataset comparison. The developed cloud
architecture ensures large-file processing using Apache Spark on EMR, S3 for
storage, Airflow for orchestration, Glue for cataloging, and Athena for ad-hoc
queries.

Experimental studies demonstrated a reduction in data volume by using
compact representations. The type-oriented summaries significantly reduce the
amount of data to analyze, thereby lowering storage costs and substantially
reducing the number of read/write operations. The use of a distributed architecture
based on Apache Spark, the columnar storage format Parquet, and AWS cloud
services accelerated processing by approximately 40-60% compared with
traditional full-table scanning approaches.

The dissertation consists of an introduction, four chapters, a conclusion, a

list of references, and four appendices.



The introduction substantiates the relevance of the research topic,
formulates the purpose, objectives, subject, and object, specifies the research
methods, indicates scientific novelty, and presents and analyzes the connection of
the work to scientific topics. The personal contribution of the applicant is defined,
and information on approbation and publications of the main dissertation results is
provided. The structure and volume of the dissertation are described.

The first chapter of the dissertation provides the theoretical foundations for
analyzing extensive, heterogeneous data (Big Data). It substantiates the application
of spectral methods and random matrix theory to their analysis.

This chapter presents the mathematical apparatus of stochastic and random
matrices, the main spectral characteristics of large-scale systems, and results of
random matrix theory that allow for the description of the behavior of complex
structures without strict assumptions about distributional moments.

A justified criterion for determining the optimal number of clusters based on
the number of eigenvalues of a stochastic matrix exceeding a given threshold is
formulated. The possibilities of applying spectral methods across various Big Data
fields — social, biological, financial, technological, and web systems — are
considered, where data exhibit irregularity and stochasticity.

The second chapter is devoted to the development of the mathematical and
algorithmic apparatus for compact representation, classification, and comparison of
tabular data in the analysis of large, heterogeneous datasets. Modern concepts of
Big Data analytics are considered, and a generalized compact data representation
model (CDR) is proposed that replaces complete datasets with compressed
descriptors that preserve informationally significant statistical and structural
characteristics. An algorithm for automatic variable typing is developed that
classifies dataset attributes into numerical, categorical, temporal, and textual types
based on structural and statistical criteria, without requiring a preliminary schema.
Classes of metrics suitable for numerical, textual, and categorical data are
described and justified.

A pipeline data analysis system is constructed and substantiated, with its



operation implemented through four functional blocks.

The third chapter of the dissertation analyzes modern cloud technologies
and principles of building scalable computing systems. Key characteristics of
cloud platforms, service models (laaS, PaaS, SaaS), and features of distributed
storage, processing, and data transmission in high-load environments are
considered.

A multi-level modular architecture of the information system is developed,
consisting of three logical levels with clearly defined responsibilities and loosely
coupled components. The software of all levels is implemented in Python using
Apache Airflow for workflow orchestration and Apache Spark for distributed data
processing, ensuring independence of the computational core from a specific cloud
service provider.

A complete pipeline for transforming unstructured data is described,
containing a sequence of distributed processing and analysis stages.

In the fourth chapter, software for the information system is developed and
implemented, and experimental verification of the information technology for
modeling and structural analysis of heterogeneous tabular data based on the CDR
compact representation method and the DISS structural similarity metric is
conducted.

It is shown that the developed software system ensures modularity, supports
automated execution, and can be integrated into real data processing pipelines on
cloud platforms of modern information systems.

Experimental testing was conducted on real financial time series derived
from two open datasets, enabling verification of the universality and robustness of
the proposed approach across changes in data sources, time intervals, and market
regimes.

The results indicate a balance between classification accuracy and
completeness, confirm the practical effectiveness of the proposed information
technology for detecting structural changes in data, and demonstrate its suitability

for scalable application in modern Big Data systems and cloud platforms for



artificial intelligence, machine learning, and neural networks.

The conclusions summarize the dissertation's main results.

The appendices present scientific publications reflecting the main scientific
results of the work, information on approbation of the dissertation results — acts
and certificates of implementation — and listings of part of the software code.The
proposed approach to constructing compact data representations (CDR) and the
DISS metric for comparing tabular data, the developed clustering method based on
structural distances, and the methods for integrating clustering computations into
the analytical modules of a company are used in the work of LLC “Coders PRO”
and LLC “Paletnyi Servis”. The results of the theoretical and practical research are
also used in the educational process of the Departments of Mathematical Problems
of Control and Cybernetics and Software of Computer Systems at Yuriy
Fedkovych Chernivtsi National University.

Keywords: data sets, model, modeling, classification, accuracy, machine
learning, data analysis, artificial intelligence, information technology / system,
software, software system, neural networks, Python, cloud platform, cluster

analysis.
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