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Pedepar:

1. Y BcTyni 06rpyHTOBaHO aKTYyaJIbHICTh ONTUMaJIbHOTO PO3MillleHHs faHux B 6iniHrosux OLTP-cucTtemax,
IIpeJCTaBJIEHO 3B’130K pOOOTH 3 HAYKOBUMMU IIpOrpaMamy, IiJlaHaMu i TeMamu, HaBeleHO HayKOBY HOBU3HY,
IIpeJCTaBJIEHO IPaKTUYHE 3HAYEHHS1 OTPUMaHUX Pe3yJIbTaTiB, HaJlaHO iHPopMaliiio o0 0COOUCTOro BHECKY
37000yBaya Ta MpeJCTaBlAeHO NepestiK MyoJlikalili 3a TeMoIo JucepTalii. Y nepuomy po3fisi IpoBeaeHo aHali3
icHyI0uMX Mofesel Ta cr1oco6iB OOY0BYM TPaH3aKLiNHMX iHOOpMaLIHUX CUCTEM, PO3IJISIHYTO Pi3Hi BJIAaCTUBOCTI
TpaH3akUiliHuX iHpOpMaLIIiHUX CUCTEM, a CaMe aHali3 apXiTeKTypH OiTiIHFOBUX CUCTEM Y XMAapHOMY CEpeLoBULIi Ta
MaTeMaTU4Hi MOJeli, ONTUMI3allis IPOAYKTUBHOCTI Ta BUPILIEHHS 3aBAaHb 10A0 IUCKPETHOI ONITMMI3allii, a TAKOXK
BBEJI€HO KpUTEPii Ta MOKa3HMKHU OLiHKM €(PEKTUBHOCTI aJITOPUTMIB OIITUMAJIbHOTO PO3MIillleHHS JAaHUX B OiJliHTOBUX

OLTP-cucremax. Ha ocHOBI npoBefeHOro aHamuisy cpopmMmyibOBaHi 3aBJlaHHS Ha JOCHIIKEHHS. Y Ipyromy po3zii



PO3pO6JIeHO MaTeMaTUYHy MOZE b ONITUMAJIBHOTO pO3MilieHHs naHux B 6ininrosux OLTP-cucremax Ha OCHOBI
PaHIOBOTrO MiIX0Ny [0 pillleHHs 3a4ay4i LioYrCebHOrO JiHIHOrO IpOorpaMyBaHHs 3 6yJIeBUMU 3MIHHHUMU, a TAKOX
YIOCKOHAJIEHO y3arajbHeHy npouenypy A0 Ta MeToJ, BificikaHHs 6e311epCIIeKTUBHUX BapiaHTIB 11 3a1a4i
L[iJIOYMCEJILHOTO JIiHIMHOTO IPOrpaMyBaHHA 3 OyJIEBUMU 3MiHHMMU. Y TPETbOMY PO3[1ijli 3aIIPOIIOHOBAHO METO/]
onTuMizalii po3mimeHHs gaHux y 6ininrosux OLTP-crucremMax Ha OCHOBi PAHTOBOTO ITiIXOAY Ta YIOCKOHAJIEHO
MeTog, ¢OpMyBaHHS rapaHTOBAaHUX IIPOTHO3IB 17151 3a0e3MedeHHs! 3aJJaH0I TOYHOCTI 00YMCIIeHb [IPY AOIIYCTUMUX
4acOBMX Ta PECYPCHUX BUTpaTax. Y 4eTBEpPTOMY PO3Ji/li IPUBEJEHI PE3yIbTaTh €KCIIEPUMEHTAIBHOIO
JOCJIiIPKEHHS PO3PO06JIEHNX HAOIDKEHUX Ta TOUHUX aJITOPUTMIB, a TaKOXK CTpaTeriil popMyBaHHS MIJISIXIB y rpadi.
Po3kpuTO CyTHICTb IpOrpaMHOro 3abe3rneydeHHs, 110 po3po06IeHO ISl IIPOBeieHHs eKcriepimeHTy. [TpoBeneHo
OLIiHKY BIJIUBY BUKOHAHHS COPTYBaHb Koe(illieHTiB IIpU QPYHKIIOHAJIi Ta 06MEKEHHSIX Ha BEJIMYMUHY [TOXUOKHU
pilleHb HAOJIMKEHUX aJITOPUTMIB. HaBeileHO pe3y/bTaTy iMiTaliiiHOrO MOZEIOBAaHHS 3a/1a4i ONTUMAJIBHOTO
po3MilneHHs gaHux B 6iniHrosux OLTP-cuctemax Ta OIiHKa ii aeKBaTHOCTI. Y BUCHOBKaX HaBeJleHO OCHOBHI
Pe3yJbTaTU JUcepTaLifiHOi poOOTH 10/I0 BUPIlIEHHS [10CTaBI€HUX HAYKOBUX 3aBJlaHb AOCiIKEHHs. 3a
pe3yJbTaTaMu JOCJiIP)KEHHSI OTPMMAaHO HACTYIIHI HAYKOBi pe3yJbTaTy: 1) Blieplie po3po0yeHO MOJEb
ONTMMAaJIbHOTO PO3MillleHHS JaHuX B 6isliHroBux OLTP-cucTemMax Ha OCHOBi paHTOBOTO MiAXo4y A0 pillleHHS 3a7ayi
L[iJI0YMCEeJIbHOTO JIIHIHHOTO IPOrpaMyBaHHS 3 OyJIeBUMU 3MiHHUMH, SIKa BUKOPUCTOBYE CTPATeTil BifiCikaHHSI
HeIepCHeKTUBHUX BapiaHTiB pillleHHs Ta IPUHLIUI ONTHUMI3allii 32 HanIpsIMKOM; 2) YAO0CKOHAJIEHO METO]], BilCiKaHHS
HEIEePCIEeKTUBHUX BapiaHTiB PillleHb y 3a4adi LiJIOYACEIbHOTO JIiHITHOrO IpOorpaMyBaHHs 3 OyJIeBUMU 3MiHHUMY,
SIKUM Bifpi3HSAETHCA Bif BiOMUX THUM, 110 BIIPOBAKEHO HOBI [TIOHSATTS, SIK OLHOBUMIPDHUI i M-MipHU "KOPpULOP" Ta
CHCTeMY KajlibpyBajibHUX IIKaJl, 1110 A03BoJIsiE e(PEKTUBHO Bi[ICiKaTU HellepCIIeKTUBHI BapiaHTH pillleHb; 3) BIieplie
PO3p06JIEHO METO, OIITUMAJIBHOTO pPO3MillleHHs JaHuXx y 6ininrosux OLTP-cucTeMax Ha OCHOBI paHrOBOTO MiJX0LY,
SIKUI 3a0e3Iedye JIiHIHY 3aJ1€XKHICTh 3DOCTaHHS IPOLYKTUBHOCTI CUCTEMHU, Ha SIKill BUPILIyeTbCS 3aa4a, Bif,
KiJIbKOCTI ITPOLI€COPHUX €JIEMEHTIB Ta J03BOJIsI€ 3HU3UTY MIOXUOKY pillleHHs 33a4i LiI0Y1CeIbHOTO JIiHIIHOTO
IIporpamyBaHHs 3 6yJIeBUMU 3MiHHUMU 3a JIOIIOMOT010 BUKopucTaHHs crpateriit MAX, MIN i MAX-MIN Ta
COPTYBaHH$ KoeilieHTiB y PyHKIiOHai Ta OOMEXXEHHSIX 7151 BiICIKaHHS HENIEPCIIEKTMBHUX BapiaHTIB pillleHb, a
TaKOX IiIBUIIUTY ONI€PATUBHICTD PillleHHS 3a71a4 ONTUMaJIbHOTO po3MillieHHs faHux B 6isiHrosux OLTP-cucremax
Ha OCHOBIi PO3PO0OKY TapasielbHUX HAOIMKEHUX i TOYHUX aJroputmiB st crpateriit MAX, MIN i MAX-MIN Ta ix
peasizallii Ha napaneabHUX 00YMCIIIOBANIBHUX CTPYKTYpax ([IOC), mo BUKOPUCTOBYIOTh NPUHLMI LUKIIYHO]
00p0OKY [aHUX; 4) ofeprKaB MOAANbIINI PO3BUTOK METOM, (POPMYyBaHHS FrapaHTOBAHUX MTPOTHO3IB pillleHHS 3a7ayi
L[{JI0OYMCEJIbHOTO JIIHIHHOTO IPOrpaMyBaHHS 3 OyJIeBUMU 3MIHHUMU, SIKUH, Ha BiMiHY BiJl BiioMIX, BUKOPHUCTOBYE
IIPUHLIUII ONITUMI3allil 32 HATPSIMKOM [J151 BiJICiKaHHS HEIIEPCIEKTUBHUX BAPiaHTIB pillleHb, O NO3BOJISIE
3a0€3Me4YnTH 33aHy TOYHICTb 00YMCIIEHDb TP ONITUMAJILHOMY PO3MillleHHi JaHux B 6iniHrosux OLTP-cucremax.
[IpakTHyHe 3HaY€HHS! OTPMMaHUX Pe3yJbTaTiB MOJISrae y TOMY, 10 PO3pO0JeHi y AucepTallii TeOpeTUYHi
MOJIOKEHHSI Ta MATEMATUYHI MOJIEJi € METOI0JIOTiYHOI0 OCHOBOIO /1J1s1 PO3POOKY aJTOPUTMIYHOTO 3a6€e3eyeHHs,
arnapaTHUX 3aC00iB Ta TPOrpaMHOTro 3abe3eyeHHs 110710 ONITUMAaJILHOTO po3MillleHHs TaHuX B 6iniHrosux OLTP-
CHCTeMaXx, 110 JO3BOJISIE BUPIIIyBaTHU AaHy 334a4y IIPU 3a0e3Me4eHHi MOKa3HUKa onepaTuBHOCTI P=0,9 i3 KinbKicTio
3miHHMX Bifg 250 1o 400. Kito4oBi cyioBa: KOMITIOTEPHA CUCTEMA, aJITOPUTM, MOJIEJIb, PO3MOizieHa cuctema, 6aza

IaHux, 6ininrosa OLTP-cucrema, 1iisiouncesibHe JiHilfiHe IporpaMyBaHHSI.

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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