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Pedepar/anoTamis:

1. 3Baxiit [I. B. IHmexkcHui focTyn Ha OCHOBI CydiKCHUX MACHUBIB 1715 MiAPSAKOBOro nomyky B PostgreSQL. —
KBanigikaniiiHa HaykoBa npalisl Ha IpaBax pykomnucy. Jlucepralist Ha 30,00yTTsI HAQyKOBOTO CTYII€HS JOKTOpa
¢dinocodii 3a cnenianpHicTio 122 «Komn'totepHi Haykn» (12 — IndopmauiiiHi TexHosorii). — HalioHanpHMN
yHiBepcuteT «KueBo-MorunsHcebka akagemis», Kuis, 2026. [Juceprauiio IpuCBIYe€HO po3po61i METOny iHIEKCHOTO
IOCTYITy AJ1sl MiTPSIIKOBOTO IIOIIYKY, 6€e3MocepeiHbO BOYIOBAHOTO B PEJISLIfHY CUCTEMY KepyBaHHs 6a3aMu JaHUX
(CKBJ). ITigpsiaxoBui nouyk, TO6TO 3HAXOKEHHS YCiX PsIKiB 623U NaHUX, 0 MIiCTSITb 3aiaHUI 1A0JIOH K
npe@ikc, K cydikc abo SIK JOBiIIbHE BXOIKEHHS, € PYHIAMEHTAIBbHOIO ONlepalielo iHPpopMaLiliHO-TIOMIyKOBUX
cucrteM, Iporte y HassBHUX pessitiiinux CKB]I BiH minTpumyeThcs siniie pparMeHTapHo: BOYZOBaHI MexaHi3Mu
PostgreSQL (B-zepeBo 3 text_pattern_ops, GIN i3 pg_trgm, NOBHOTEKCTOBUII MOIIYK) OXOIJIIOIOTH JIMIIE YaCTKOBI
BUIIAJKY 33/1a4i, @ 30BHillIHi pilleHHs Ha OCHOBI cyQikcHOro ingekcy (3okpema SAES nap Elasticsearch) He natoTb
BHYTPIIIHbOI iATpUMKY B camiil pensauiiiniii CKB]I. Lle po6UTh akTyalbHOIO PO3POOKY METOAY iHLEKCHOTO JOCTYIIY,
6esnocepenHbo BOyoBaHOro B pesnauiiny CKB], sikuil eIMHOI0 iHIEKCHO CTPYKTYPOIO HMiATPUMYE YCi Tpu



ornepatlii NiipsIKOBOro NOUIyKy, BUBHAYeHUI y TepMiHax iHBapiaHTIB Lijiei niaargopmu Ta ampo6OBaHUN Y
PostgreSQL. O6'eKTOM JOCIiKEHHS € IIPOLieC BUKOHAHHS OIlepaliil MiipsIKOBOro MOUIYKY B peJIsILiftHIX
crucTeMax KepyBaHHs 6a3amu faHux. [I[pegMeToM JOCHiIKeHHS € MOZeJli, MeTOAU Ta IIPOrpaMHi 3acobu iHAEKCHOro
IOCTYITy Ha OCHOBI CY(PiKCHUX CTPYKTYpP AAaHUX, WO MiATPUMYIOTh BUKOHAHHS OllepaLiil MigpsaKOBOroO MOIYKY Yy
cepenosumii pesnsauiinoi CKB/I-ninargpopmu. MeToro nocimkeHHs € 1obynoBa TeOPETUIHOI MOIesTi, po3pobKa Ta
eKCIIepMMEHTaJIbHe OOI'PYHTYBaHHS METO[y iHAEKCHOrO AOCTYIly Ha OCHOBi Cy(iKCHOIO MacUBY [jisl NiATPUMKHU
onepaljii nigpsigkosoro nomyky B PostgreSQL. MeTop, mae rapaHTyBaTy jlorapupMidHy CKIagHicTb nomyky O(m
log N), omHakoBy 1J1 TPhOX Omepalliii (3a npedikcom, cydikCoM Ta BXOJKEHHSM), IOBHY IHTErpalliio 3 MEHEIPKEPOM
OydepiB, KXypHaIIOBaHHSM i3 3aIIICOM Harepe], Ta IporpaMHuM iHTepdericom metozis noctymny PostgreSQL i
KOPEKTHY B3a€MOJiI0 3 MOJIeJIJII0 6araToBEpCifHOro KepyBaHHs 1apaslesIbHICTIO Ha IUISIXY YUTaHHS. [171s1
JOCSATHEHHS METY BUKOHAHO aHaJIi3 HagBHUX CY(QIiKCHUX CTPYKTYD JaHUX i MexaHi3miB PostgreSQL, no6ymoBaHo
TEOPETUYHY MOJEJIb CTOPIHKOBOTO CY(PiIKCHOrO MaCUBY B MOJieJli 6JI04HOrO 30BHIIIHBOTO 30€piraHHs, po3po6IeHO
MeTOJ, iHJIeKCHOTO ocTyIy SAindex Ta fioro nporpaMHy peasizatiio B sapi PostgreSQL, mpoBeieHO NOpPiBHSJIbHE
€KCIIEPMMEHTAJIbHE OLiHIOBAaHHS HA PeaJbHUX i CMHTETUYHMX JaHUX. 3aCTOCOBAHO METOJIM aHAJIi3y aJiTOPUTMIB y
Lifl Mozeli, cCucTeMHOi iHTerpauii yuepe3 Access Method API PostgreSQL i cucTeMHOTo nporpaMyBaHHs MoBo1o C, a
TaKOX HellapamMeTpuYHui KpuTepiii ManHa-BiTHI 3 KOHTpoJsieM po3mMipy edekTy uepes ety Kiidda. Haykosa
HOBUM3HA OJl€P>XKaHUX Pe3yJIbTaTiB I10JIIra€ B TAKOMY. YIlepiie po3po6jIeHO TEOPETUYHY MOZIEJIb CTOPiHKOBOTO
cy(QikCHOro MacuBy B cucTeMi napameTpis OB, e, e_k, Nn, sika 3B0guTh TpuU onepauii nigpsaKoBOro MOIyKy 4o
CITiJIPHOTO [[ialla30HHOTO IIPUMITHUBA 3 IO3ULiIHHOI0 (inbTpaLieto. Yiepiie noseneHo mexi I /O-cknanHOCTi MeTony:
BEPXHIO MeXXy NOIYyKoBoi ¢azu < 2ologn?o + O(1) 6;104HUX NOCTYIIB HE3aJIeXKHO Bifl TUILY orepallii, JiiHilHI HrKHI Mexi
a3y 36MpaHHs Pe3yJIbTATIiB i IOBHOTY NIOKPUTTSI MHOXKUH PE3YyJIbTaTiB. YIIeplle BCTAHOBJIEHO [IPOCTOPOBY
CKJIafiHiCcTh MeToay K N(e+8,125)+B 6aiTiB. Yriepiie 3ariporoHOBAaHO METOJ, iHJIEKCHOTO IOCTYITy, TOBHUM LMK
(dyHKILIOHYBaHHS SKOTo clienidikoBaHO B TepMiHax 3arajbHux iHBapiaHTiB pensuiinoi CKB]], 10 yMOXKINBIIIOE
fioro nepeHeceHHs Ha 6ynp-siky CKB]I, sika 3a/10BoJIbHsIE 11i iHBapianTH. [licTasa nofanbuoro po3BUTKY iHTerpatlis
cy(QiKCHUX CTPYKTYp y cucTeMy TulliB i oneparopis penauiinoi CKB]] uepes kiac oneparopis text_sa_ops i 1Ba
HOBI OIlepaTopH MipsAAKOBOro nomyky. [IpakTryHe 3HauY€HH Ta anpoballig Mmetoay. MeTos anpo60BaHO
IIporpamHolo peasisanieto SAindex (2782 psaxu komy mosoto C), iHTerpoBaHolo B siipo PostgreSQL 18devel. Ha
OCHOBIi KpuTepito MaHHa-BiTHi 3 KOHTpoJsieM po3mipy edekTy uepes nenbTy Kiid¢a BcTaHOBIEHO IIepeBary
SAindex Han TpurpamHuM MeTogoM GIN_TRGM i3 npuckopeHHsIM 6,3% y MeZiaHi 1J1s1 3aMUTiB 38 BXOJKEHHSIM i
46,5x nys npedikCHUX 3alUTiB, IIepeBary Haj, crelianizoBaHuMu b-gepeBamMu B peskuMax HU3bKOI CeIeKTUBHOCTI
Ta KOPEKTHICTh pe3ysbTartiB y 160 3 160 TecToBUX BUNAIKiB. Jlucepralis CKIafaeTbCs 3 I1'SITU PO3[iJliB: aHATITUYHUA
OTJIS[l METO/AIB IIOLIYKY MMiZPAIKiB; EKCIIEPMMEHTAJIbHA OLjiHKAa HAsIBHUX MEXaHi3MiB MiIPSAKOBOro MOLIYKY B
PostgreSQL; TeopeTryHa MOZEJb iHIEKCHOTO JOCTYIy HA OCHOBI Cy(iKCHOTO MacHBY B 30BHIIIHIl TaM'sSTi;
npoekTyBaHHs MeTony SAindex njis PostgreSQL; onuc peanizanii SAindex ta ii ekcrieprMeHTaIbHOI OLIIHKMU.
KiouoBi cioBa: cydikcHul Macus, nepesa, b-nepeso, NifpsKoBUil MOIYK, 00po6Ka NPUPOIHOI MOBU, METO],
iHIEKCHOTrO JOCTYIY, MOZeJIb 30BHIIIHbOI mamM'aTi, PostgreSQL, nonapHi nopiBHsAHHS, OyJsieBa anredpa, IpUAHSITTS

pileHs, OLiHIOBaHHS, apXITEKTypa CUCTEeMHU, KOMII'IOTEPHA cucTeMa, iHdpopMmaliiiHa TeXHOJIOTIs.

2. Zvazhii D. V. Suffix-array-based index access for substring search in PostgreSQL. — Qualification scientific work
submitted as a manuscript. PhD thesis for the degree of Doctor of Philosophy in speciality 122 “Computer Science”
(field of knowledge 12 “Information Technologies”). — National University of Kyiv-Mohyla Academy, Kyiv, 2026. The
dissertation is devoted to the development of an index access method for substring search natively integrated into
a relational database management system. Substring search — locating all database strings that contain a given
pattern as a prefix, as a suffix, or as an arbitrary occurrence — is a foundational operation of information-retrieval
systems, yet existing relational DBMSs support it only fragmentarily: the built-in PostgreSQL mechanisms (the B-
tree with text_pattern_ops, GIN with pg_trgm, full-text search) cover only partial cases of the problem, and
external solutions based on a suffix index (notably SAES over Elasticsearch) do not provide in-DBMS support inside
the relational system itself. This motivates the development of an index access method, natively integrated into a
relational DBMS, that supports all three substring operations through a single index structure, is specified in terms



of the invariants of that platform, and is validated on PostgreSQL. The object of the research is the process of
executing substring-search operations in relational database management systems. The subject of the research is
the models, methods, and software facilities of index access based on suffix data structures that support the
execution of substring-search operations within a relational DBMS platform. The aim of the research is to
construct a theoretical model, design, and experimentally substantiate a suffix-array-based index access method
supporting substring-search operations in PostgreSQL. The method is required to deliver logarithmic search
complexity O(m log N), uniform across the three operations (prefix, suffix, and contains), full integration with the
buffer manager, write-ahead log, and access-method interface of PostgreSQL, and correct interoperation with
multi-version concurrency control on the read path. To attain this aim, the existing suffix data structures and
PostgreSQL mechanisms were analysed, a theoretical model of a paged suffix array in the external-memory block
model was constructed, the SAindex method and its implementation in the PostgreSQL core were developed, and
a comparative experimental evaluation on real and synthetic data was carried out. The work applies algorithm
analysis in that model, systems integration via the PostgreSQL Access Method API, systems programming in C, and
the non-parametric Mann-Whitney U test with effect-size control via Cliff's delta. Scientific novelty of the
obtained results. For the first time, a theoretical model of a paged suffix array has been developed within the
parameter system oB, e, e_k, No, which reduces the three substring-search operations to a single range-search
primitive with positional filtering. For the first time, the I/O complexity bounds of the method have been proven:
an upper bound on the search phase of < 2ologn?no + O(1) block accesses regardless of the operation type, linear lower
bounds on the result-collection phase, and completeness of result-set coverage, together with a space complexity
of N(e+8.125)+B bytes. For the first time, an index access method is proposed whose complete lifecycle is specified
in terms of the general invariants of a relational DBMS, transferable to any DBMS satisfying these invariants.
Further developed is the integration of suffix structures into the type-and-operator system through the
text_sa_ops operator class and two new substring-search operators. Practical value and validation of the method.
The method has been validated through a software implementation, SAindex (2782 lines of C code), integrated into
the PostgreSQL 18devel core. A Mann-Whitney U test with effect-size control via Cliff's delta established the
dominance of SAindex over the trigram method GIN_TRGM with a median speedup of 6.3x for contains queries
and 46.5x for prefix queries, an advantage over specialised B-trees under low-selectivity regimes, and correctness
on 160 of 160 test cases. The dissertation consists of five chapters: an analytical review of substring-search
methods; an experimental evaluation of the existing substring-search mechanisms in PostgreSQL; a theoretical
model of index access based on a suffix array in external memory; the design of the SAindex method for
PostgreSQL; and a description of the SAindex implementation and its experimental evaluation. Keywords: suffix
array, trees, B-tree, substring search, natural language processing, index access method, external-memory model,
PostgreSQL, pairwise comparisons, Boolean algebra, decision making, evaluation, system architecture, computer
system, information technology.
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