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Pedepar:

1. Y BcTyni 0OrpyHTOBaHO aKTYyaJIbHICTh ONTHMaJIbHOTO PO3MillleHHs JaHux B 6iniHrosux OLTP-cucremax,
[IPEJCTaBJIEHO 3B’130K pOOOTH 3 HAYKOBUMMU IIpOrpaMamy, IJlaHaMU i TeMaMu, HaBeIeHO HayKOBY HOBU3HY,
IIPE/ICTaBJIEHO [IPAKTUYHE 3HAYEHHS] OTPMMAHUX pe3yJbTaTiB, HalaHO iH(pOpMalLilo 00 0COOMCTOrO BHECKY
3100yBaya Ta peACcTaBIeHo [epesliK MMy6sliKalliil 3a TeMOIo AucepTalii. Y nepuomy posfiii IpoBefeHo aHali3
icHy10uMX MoJiesIel Ta CIIOCO0iB OOY0BY TPaH3aKLiMHNX iH(QOpMaLIIHUX CUCTEM, PO3IJISIHYTO Pi3Hi BJIACTUBOCTI

TpaH3aKUilHUX iHPOPMALIITHAX CUCTEM, a CAM€ aHaJli3 apXiTeKTypH OiliIHTOBUX CUCTEM Y XMAPHOMY CEPELOBUII Ta



MaTeMaTu4Hi Moz eI, ONITUMIi3alisl MPOAYKTUBHOCTI Ta BUPILIEHHS 3aBaHb IOA0 JUCKPETHOI ONTUMI3allii, 8 TAKOX
BBEIEHO KpUTEPii Ta MOKA3HUKU OIiHKY €(PEeKTUBHOCTI aJIrTOPUTMIB ONTUMAJIBHOTO PO3MIlIEHHS TaHUX B 6iJTiIHrOBUX
OLTP-cucremax. Ha ocHOBi IpoBefeHOro aHamuisy cpopmMyJibOBaHi 3aBJlaHHs HA JOCHIIKEHHS. Y IpyroMy po3zii
PO3p06JIEHO MaTEMATUYHY MOJZIEJIb OIITUMAJIBHOTO PO3MillleHHs naHux B 6iniHrobux OLTP-cucremax Ha OCHOBI
PaHTOBOTrO MiXOy [0 pilleHHs 33a/a4i LijI04YMCeNbHOrO JiHIIHOrO IPOrpamMyBaHHs 3 6yJIeBUMU 3MIHHHUMU, 2 TAKOX
yIOCKOHAJIEHO y3arajbHeHy npouenypy AO Ta MeToJ, BificikaHHs 6e3epClIeKTUBHUX BapiaHTIB 111 3a7a4i
11iJI0YMCEeJIHOTO JIIHIHOTO IPOrpaMyBaHHs 3 OyJIEBUMU 3MiHHMMU. Y TPETbOMY PO3[Lijli 3aIIPOIIOHOBAHO METO/]
onTuMizalii po3mimeHHs gaHux y 6ininroux OLTP-crucTemMax Ha OCHOBi PAHTOBOTO ITiAXOAY Ta YIOCKOHATIEHO
meTo], GOpMYyBaHHS rapaHTOBAHMX IIPOTHO3IB 117151 3a6e3Ie4eHHs 331aHO0i TOYHOCTi 064K CIIeHb IIPY JOIYCTUMUX
4aCOBUX Ta PECYPCHUX BUTPATAX. Y YETBEPTOMY PO3iJi IPUBELEHI PE3YJIbTaTh €KCIIEPUMEHTAJIBHOTO
IOCJiIKEeHHS po3p006JIeHUX HAOIVDKEHUX Ta TOYHUX AJITOPUTMIB, @ TAaKOXK CTpaTeriil (pOpMyBaHHS IJISIXiB Y rpadi.
P0o3KpUTO CYTHICTh IPOrpaMHOro 3ab6e3redeHHs, 10 po3pOo6JIeHO IS IIPOBeeHHs eKcriepimeHTy. [TpoBeneHo
OLIiHKY BIJIUBY BUKOHAHHS COPTYBaHb Koe(illieHTiB IIpU PYHKIIOHAJIi Ta 06MEKEeHHSIX Ha BEJIMYMHY [TOXUOKHU
pilleHb HAGIMKEHUX aJIrOPUTMIB. HaBesieHO pe3ysibTaTy imMiTaliiiHOro MO/ II0BaHHS 3a/1a4i ONTUMAaJIBHOTO
po3MilneHHs gaHux B 6iniHrosux OLTP-cucremax Ta oIiHKa ii anekBaTHOCTI. Y BUCHOBKaX HaBeJleHO OCHOBHI
Pe3yJIbTaTU JYCEePTaLifiHOI pOOOTH 1[0/I0 BUPIlIEHHS [10CTaBJIEHUX HAYKOBUX 3aBllaHb AOCiIKeHHs. 3a
pe3yJbTaTaMu JOCJiIP)KEHHSI OTPMMAaHO HACTYIIHI HAyYKOBi pe3yJbTaTy: 1) Briepliie po3po6yeHO MO eb
ONTUMAJIbHOIO PO3MillleHHs gaHux B 6iniHropux OLTP-cucTemax Ha OCHOBI paHTrOBOrO MiAX0Ay OO PilleHHs 3a7adi
L[iJI04MCEJIHOTO JIiHIMHOTO MPOrpaMyBaHHs 3 OyJIeBUMU 3MiHHAMH, sIKa BUKOPUCTOBYE CTpaTerii BilCikaHHS
HelepCHeKTUBHUX BapiaHTiB pillleHHs Ta PUHLIUI ONTHUMI3allii 32 HAaIIPsIMKOM; 2) yAOCKOHAJIEHO METO]], BiicikaHHS
HEIEePCIEeKTUBHUX BapiaHTiB PillleHb y 3a4adi LiJI0UUCEeIbHOrO JIiHITHOro IporpaMyBaHHs 3 0yJIeBUMU 3MiHHUMY,
SIKUM Bifpi3HSETHCH Bif| BilOMUX THUM, 110 BIIPOBAJKEHO HOBI [TIOHSATTS, SIK OLHOBUMIPDHUY i M-MipHUI "KOpULOP" Ta
CHCTEeMY KaJibpyBaJibHUX IIKaJl, 10 A03BoJIsiEe e(DeKTUBHO Bi[ICiKaTU HellepCIIeKTUBHI BapiaHTH pilleHb; 3) BIieplie
PO3p06JIEHO METO, OIITUMAaJILHOTO pO3MillleHHs JaHuXx y 6ininrosux OLTP-cucTeMax Ha OCHOBI paHrOBOTO MiX0LY,
KU 3a6e3Ievye JIiHiHY 3aJI€KHICTh 3pOCTaHHS IIPOJYKTUBHOCTI CUCTEMH, HA SIKifl BUPIIYEThCS 3a7a4a, Bif
KiJIbKOCTi IIPOLIECOPHHUX €JIEMEHTIB Ta 103BOJIsIE 3HU3UTY MIOXUOKY pillleHHs 3aadi Lis041CeIbHOrO JIiHiIHOrO
IIporpamyBaHHs 3 6yJIeBUMU 3MIHHMMU 3a IOIIOMOT010 BUKopucTaHHs crpateriit MAX, MIN i MAX-MIN Ta
COPTYBaHHS KoeillieHTiB y PyHKIiOHai Ta OOMEXEHHSIX 7151 BiICIKaHHS HENIePCIIEKTMBHUX BapiaHTIB pillleHb, a
TaKOX I BUIIATY ONI€PATUBHICTb PilIEHHS 33[1a4 ONITMMAJIbHOTO PO3MillleHHs NaHuXx B 6iniHrosux OLTP-cucremax
Ha OCHOBI PO3pOOKY IapajesibHUuX HabJMKeHUX i TOYHUX anroputmis g1t crpareriii MAX, MIN i MAX-MIN Ta ix
peasizallii Ha napaneabHUX 00YMCIIOBANIBHUX CTPYKTypax ([IOC), 1m0 BUKOPUCTOBYIOTh NPUHLMI LUKIIYHO]
00p0o0KH HaHuX; 4) ofep>kas OJANbIINN PO3BUTOK METOJ, (POPMYBAHHS TApaHTOBAHUX [TPOTHO3IB PillleHHS 3aa4i
L[iJI04MCEJILHOTO JIiHIMHOTO MPOrpaMyBaHHs 3 OyJIeBUMU 3MiHHAMY, SIKUH, Ha BiIMiHY Bifl BiTOMHUX, BUKOPUCTOBYE
MIPUHLIUI ONITUMI3allil 32 HATPSIMKOM [J151 BiJICiKaHHS HEIIEPCIeKTUBHUX BAPiaHTIB pillleHb, O TO3BOJISIE
3a0€3Me4YnTH 33aHy TOYHICTb 06UYMCIIEHDb IIPU ONITUMAJIBHOMY PO3MillleHHi JaHux B 6iniHrosux OLTP-cucremax.
[IpakTr4yHe 3HAYEHHS! OTPUMAHUX PE3YJbTATIB MOJISITA€ Y TOMY, 1110 PO3PO0JIEH] y IUcepTallii TEOpeTUYHi
IIOJIOKEHHS Ta MaTeMaTU4YHi MOJIeJli € METO0JIOTIYHOI OCHOBOIO [1J1s1 PO3POOKH ajIrOPUTMIYHOTO 3a6€e31edeHHH,
arnapaTHUX 3aC00iB Ta MPOrpaMHOTro 3abe3eyeHHs 11010 ONITUMAaJILHOTO po3MillleHHs aHuX B 6iniHrosux OLTP-
CHCTEeMaX, IO JO3BOJIsIE BUPILIyBaTH JaHy 3aady IIpM 3abe3MeyeHHi I0Ka3HUKa onepatuBHOCTI P20,9 i3 KinbKicTio
3MiHHUX Big 250 1o 400. KiovyoBi €j10Ba: KOMITIOTEPHA CUCTEMA, aJITOPUTM, MOZEJb, PO3IOijieHa cucrema, 6asa

IaHux, 6ininrosa OLTP-cucrema, 1iisiouncesipHe JiHiliHe IporpaMyBaHHS.

2. The introduction substantiates the relevance of optimal data placement in billing OLTP systems, presents the
connection of the work with scientific programs, plans and topics, provides scientific novelty, presents the
practical significance of the results obtained, provides information on the personal contribution of the applicant
and presents a list of publications on the topic of the dissertation. The first section analyzes the existing models
and methods of building transactional information systems, considers various properties of transactional
information systems, namely, analysis of the architecture of billing systems in the cloud environment and
mathematical models, performance optimization and solving problems of discrete optimization, and introduces



criteria and indicators for evaluating the effectiveness of algorithms for optimal data placement in billing OLTP
systems. Based on the analysis, research tasks are formulated. The second section develops a mathematical model
of optimal data placement in billing OLTP systems based on a ranked approach to solving the problem of integer
linear programming with Boolean variables, and improves the generalized AO procedure and the method of cutting
off unpromising options for the problem of integer linear programming with Boolean variables. The third section
proposes a method for optimizing data placement in billing OLTP systems based on the rank approach and
improves the method of generating guaranteed forecasts to ensure a given calculation accuracy at acceptable time
and resource costs. Chapter 4 presents the results of an experimental study of the developed approximate and
exact algorithms, as well as strategies for forming paths in the graph. The essence of the software developed for
the experiment is revealed. The influence of the coefficients sorting under the functional and constraints on the
error of approximate algorithms' solutions is evaluated. The results of the simulation modeling of the problem of
optimal data placement in billing OLTP systems and the assessment of its adequacy are presented. The
conclusions summarize the main results of the dissertation in terms of solving the research objectives. The
following scientific results were obtained as a result of the study: For the first time, a model of optimal data
placement in billing OLTP systems has been developed based on a ranked approach to solving the problem of
integer linear programming with Boolean variables, which uses strategies for cutting off unpromising solution
options and the principle of optimization by direction; the method of cutting off unpromising solution options in
the problem of integer linear programming with Boolean variables is improved, which differs from the known ones
in that new concepts such as a one-dimensional and m-dimensional "corridor" and a system of calibration scales
are introduced, which allows to effectively cut off unpromising solution options; for the first time a method of
optimal data placement in billing OLTP systems based on the rank approach, which provides a linear dependence
of the performance growth of the system on which the problem is solved on the number of processor elements
and allows to reduce the error of solving the problem of integer linear programming with Boolean variables by
using the MAX, MIN and MAX-MIN strategies and sorting the coefficients in the functionality and constraints to
cut off unpromising solution options, as well as to increase the efficiency of solving the problems of optimal; the
method of forming guaranteed forecasts of solving the integer linear programming problem with Boolean variables
was further developed, which, unlike the known ones, uses the principle of optimization by direction to cut off
unpromising solution options, which allows to ensure a given calculation accuracy with optimal data placement in
billing OLTP systems. The practical significance of the obtained results is as follows: - the efficiency of solving the
problem of optimal data placement in billing OLTP systems using the rank-based approach is significantly higher
than in known methods, the value of the efficiency index P=0.9 can be provided for tasks with the number of
variables from 250 to 400. The results of the study confirm the practical and theoretical value of the developed
methods, provide practical recommendations for the application of the developed and improved mathematical
models and methods, and consider the prospects for their further development. Keywords: computer system,
algorithm, model, distributed system, database, billing OLTP system, integer linear programming
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