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Pedepar:

1. Y pucepTauiiiHiii po60Ti 3a1IpOIIOHOBAHO HAyKOBO-OOI'PYHTOBAaHI METO/IM Ta MPOTPaMHi 3aC00H, IO CIIPSIMOBAHi
Ha MifBUleHHS e(peKTUBHOCTI BUKOHAHHS 3aMIUTIB Y BUCOKOHABAaHTAXKEHUX PO3MOAiNIEHUX cucTeMax. s
IOCSITHEHH4 Lijei MeTu 6yJI0 BpaxoBaHO NOTpedy B ONTUMI3allii MepeskeBoro Tpadiky, BIOCKOHAJIEHHI MeXaHi3MiB
Y3rOIpKEHOCTI JaHMX Ta €(PEKTUBHOMY PebaslaHCyBaHHi pecypciB. OCO6MBY yBary NpUIieHO ONTUMI3alii
NIOBEIiHKM PO3INOLiJIEHUX CUCTEM, 110 BUKOPHCTOBYIOTh aITOPUTMU KOHCeHcycy Raft, ockinbku came B IUX
Higxonax 3aKJaeHo OCHOBY JIJIS1 HALITHOTO OHOBJIEHHS Ta CUHXPOHI3allii JaHUX Mi’)K MHOKMHOIO BY3JIiB.
OnTumizauis Raft Ta nop’s3aHux 3 HUM NPOLECIB IEpefadi Ta y3roIpKeHHS JaHUX JO3BOJISIE CYTTEBO [IOKPALIUTY 4ac
BiIlyKYy CUCTEMMU Ta 3HU3UTU MEPEXKEBE HABAHTAXKEHHS], 1[0 € KPUTUYHUM JJ151 CTabisIbHOrO QYHKLIOHYBaHHS

BHCOKOHaBaHTAKEHUX 3aCTOCYBaHb. Briepie po3pobieHo MeTo , MiHimizallii o6csiry mepeskeBoro Tpadiky y Raft



Consensus Algorithm posnogineHux 6a3zax JaHUX , IKUI 6a3yeThbCs HA IOE€IHAHHI IPUHLUIIIB, IPUTAMAHHUX SIK
Raft, Tak i Leaderless Replication Ta IpyHTyeTbCs Ha [1OIIepeIHbOMY OOMiHI METaJaHUMU MiX By3JIaMU Ta B
[O/IA/IbLIIOMY 30€peskeHi OTpUMaHuX pe3ybTatiB. CyTb METOMY MOJISITa€ B TOMY, 1O I1epej, [109aTKOM I1epeiaBaHHs
OCHOBHUX JaHUX, By3JIM CIIOYaTKy OOMIHIOIOTbCS METaIaHUMH, SIKi MiCTATb iH(OpMaLLilo PO CTaH KapAUHAIbHOCTI
Ta BEKTOPH JaHuX. Lle 103B0JIsi€ 3MEHIINTH OOCAT JaHUX, 10 [1ePefal0ThCs Yepe3 MepesKy, OCKIJIbKY BY3JIM MOXKYThb
y3roJuTH JINLIE Ti 3MiHY, SIKi [ifICHO IOTPeOYIOTh CUHXpOHi3alii. [Ticsis 1poro, Ha OCHOBI OTPUMAHUX METAJAHUX,
BiZIOyBa€eThCs JIOKaJbHE 306€peKEeHHsI pe3yJIbTaTiB, 1[0 MiHIMi3ye KiJIbKICTb IIepelaHuX JaHUX, 3HUKYIOUU TUM
CaMMM HaBaHTaKEHHS HAa MEPeXy Ta MiABUILy0Yn epeKTUBHICTh po60oTy anroputmy Raft y posnogninenux 6azax
IAHUX. YIOCKOHAJIEHO MeTOJ, ONTUMI3allii 3ar1TiB y po3nofieHnx 6a3axX JaHUX LUISIXOM YAOCKOHAJIEHHS
pebasaHCyBaHHS JaHUX 32 IOIIOMOTOI0 F€HETUYHUX aJITOPUTMIB 3 €JIiTApHICTIO Ta aallTUBHUM CXpelleHHsM. Lei
niaxin go3Bosisie e(PeKTHBHIlIe PO3NOLISITY JaHi MK By3/IaMU CUCTEMY, 10 3MEHIIYE YaC BUKOHAHHS 3aIUTIB.
BukopucTaHHs eJliTapHOCTI 3abe3nedye 36epekeHHs HalKpalyx pillleHb Ha KOJKHOMY €Talli aJIrOpUTMy, a
aJlaliTUBHE CXPELIEHHS MiIBUIY€E PI3HOMAHITHICTD pillleHb Ta IPUCKOPIOE KOHBEPTEHILiIO 10 ONTUMAJIBbHOTO. Y
pe3ysbTaTi, MoJUQiKoBaHMI MeTo, pebaslaHCyBaHHS CIPUSsiE NMiABUILEHHIO €(PeKTUBHOCTI BUKOHAHHS 3aIUTIB y
posmnogineHnx 6azax 1aHUX, 0COGIMBO B YMOBaxX BUCOKUX HABAHTKEHb. YIOCKOHATIEHO METO]], Y3IOIIKEHOCTI TaHUX
y posmogineHnx 6azax JaHUX Ha OCHOBI MeToly JIeBeHIITelHa, SIKUH Binpi3HsI€eThCS Bif iCHYIOUMX MiAXOMIB i
MiHiMi3ye 06csr MepeskeBoro Tpagiky Iif] yac IpoLecy y3roJyKeHHs JaHUX, 0COOJIMBO IIPU YaCTUX i MaIuX 3MiHaX.
Lle#1 MeTO, BUKOPUCTOBYE BI,OCKOHAJIEHUI MeTO], JIeBEHIITENHa, 0 [03BOJIsI€ IepPeAaBaTU TiJIbKY 3MiHU 3aMiCTb
[IOBHUX KON JaHUX. 3aBASKY L[bOMY, 3HAUHO 3MEHIIYETHCS KiJIbKICTh IIEpeJaHuX JaHUX 10 MEPEXi, 110 0COOGIMBO
BaXKJIMBO B YMOBAaX 4aCTUX OHOBJIEHb i Mogu@ikaliili HeBeJIMKUX 00CSTiB TEKCTOB aHUX, 3a6e3redyiour e(peKTUBHY
CHHXPOHIi3alilo penIiK i NigTPUMYI04U BUCOKY NIPOLYKTUBHICTb CUCTEMU. 171 TOCIIiIKEHHS! OTPUMaHUX HAYKOBUX
pe3ysbpTaTiB 6yJ10 po3pOo6IJIeHO Clieliali3oBaHe NporpaMHe 3ab6e3edeHHs, sIKe SIBJIsie COO0I0 eJIeKTPOHHUIN OHJIaH-
SKypHaJI 171 CTY[IeHTiB, BUKJIa/ia4iB, 6aThKiB Ta afiMiHicTpallil HaBYaIbHUX 3aKJiafiB. Llel nmporpaMHUi NPOIYKT
IO3BOJISIE BYMTEJISIM BUCTABJISITY OLiHKY, CTBOPIOBATH Ta NIPU3HAYATH JOMAIHI 3aBIaHHS, & TAKOXX BECTH 3BIiTHICTb
OO YCMIMHOCTI CTyAeHTiB. CTyIeHTU MalOTh JOCTYII 10 IEPCOHAJIBHOIO KAabiHETY, A€ BiloOpaXKaeTbCs iXHs
aKazieMiyHa yCIIilHiCTh, a 6aTbKU MOXYTh OTPUMYBATH AOCTYI 110 iHPopMaliii, o CTOCY€eThCS iXHbOI IUTHUHU,
BKJIIOYAIOYY OL[iHKY Ta 3aBIAHHS. ATIMiHICTpalisl HaBYaJIbHOTO 3aKJIafly, Y CBOIO Yepry, MOXKe reHEpPyBaTu
Pi3HOMaHITHI 3BiTH Ta CTAaTUCTUKY LIOJI0 YCIIIIHOCTI CTY€HTIB Ta iHIINX [TOKAa3HUKIB. [I7151 3a06€311e4eHHs
e(eKTUBHOCTI, HaliHOCTi Ta MacITAGOBAHOCTI 3aCTOCYHOK 0yJI0 TOOYZ0BAaHO HA OCHOBI Raft-apxiTexTypu, sika
rapaHTye y3roJKeHiCTh JaHUX Y PO3MOJiNeHill CUCTeMi. 3aCTOCYHOK Peasi3oBaHO 3 BUKOPUCTAHHSIM Cy4aCHOTO
CTeKa TexHOJIOriH, Bkatoyatouu Docker, Laravel Ta Vue.js. 3acTocyBaHHS LIMX TEXHOJIOTI JO3BOJIUJIO CTBOPUTU
THYYKY, CTi}IKy 10 IOMMJIOK i JIETKO MacCIITab0BaHy CUCTEMY, sKa €(PEKTMBHO MiATPUMY€ BCi HeOOXiIHI QyHKILii Ta

3abe3nevyye MOXJIMBICTb JOCTIIPKEHHSI i aHaJIi3y HAYKOBUX PE3YJIbTaTiB Yy KOHTEKCTi pPOOOTU PO3MOIiIEHMX CUCTEM.

2. This dissertation proposes scientifically grounded methods and software tools aimed at improving query
performance in high-load distributed systems. To achieve this goal, the research focuses on optimizing network
traffic, enhancing data consistency mechanisms, and implementing efficient resource rebalancing. Special
attention is paid to optimizing the behavior of distributed systems that utilize the Raft consensus algorithm, as
these approaches form the foundation for reliable data updates and synchronization across multiple nodes. The
optimization of Raft and its related processes for data transmission and consistency allows for a significant
reduction in response time and network load, which is critical for the stable operation of high-load applications.
For the first time, a method for minimizing network traffic volume in the Raft Consensus Algorithm for distributed
databases has been developed. This method combines principles inherent to both Raft and leaderless replication,
based on the preliminary exchange of metadata between nodes and subsequent result caching. The essence of the
method lies in the initial exchange of metadata containing information on cardinality and data vectors before
transmitting primary data. This approach reduces the volume of data transmitted over the network, as nodes can
synchronize only the changes that require updates. Following this metadata exchange, local caching of the results
occurs, minimizing the amount of transmitted data and consequently reducing network load while enhancing the
efficiency of the Raft algorithm in distributed databases. The method for query optimization in distributed



databases has been improved by enhancing data rebalancing using genetic algorithms with elitism and adaptive
crossover. This approach enables more efficient data distribution across system nodes, reducing query execution
time. The inclusion of elitism ensures that the best solutions are preserved at each stage of the algorithm, while
adaptive crossover increases solution diversity and accelerates convergence toward the optimal solution. As a
result, the modified rebalancing method improves query performance in distributed databases, especially under
high-load conditions. Additionally, a data consistency method for distributed databases has been enhanced using
the Levenshtein-based approach. Unlike existing methods, this approach minimizes network traffic during the
data consistency process, particularly in scenarios involving frequent and minor changes. The method employs an
advanced version of the Levenshtein algorithm to accurately identify minimal differences between data versions,
allowing for the transmission of only the changes rather than full data copies. Consequently, the volume of
transmitted data is significantly reduced, which is particularly important in environments with frequent updates
and modifications of small data volumes. This ensures efficient replica synchronization while maintaining high
system performance. A specialized software system was developed to investigate the scientific results obtained.
The software represents an electronic online journal for students, teachers, parents, and school administration.
This product enables teachers to assign grades, create and manage homework, and generate performance reports
for students. Students can access a personal dashboard displaying their academic performance, while parents can
obtain information related to their child's grades and assignments. The school administration can generate various
reports and statistics on student performance and other metrics. To ensure efficiency, reliability, and scalability,
the application was built based on Raft architecture, which guarantees data consistency in the distributed system.
The application is implemented using a modern technology stack, including Docker for containerization and
deployment management, Laravel for backend development following MVC principles, and Vue.js for building a
dynamic and responsive user interface. These technologies allowed for the creation of a flexible, fault-tolerant,
and easily scalable system that effectively supports all necessary functions and enables the research and analysis of
scientific results within the context of distributed systems.
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