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Pedepar:

1. Y nuceprauiiiHiil po60Ti PO3IJISIHYTO HAYKOBO-TEXHIYHE PO3PO0OJIEHHSI METO/MIB CTPYKTYPHOI Ta IapaMeTpUYHO]
inenTudikauii iHTepBaZILHUX MOJEIEH CUCTEM TPOTPAMHUMMU areHTaMU METAeBPECTUYHOTO aJITOPUTMY OIPKOJIMHOL
KoJioHii y cepenosumi NVIDIA CUDA. MeToo nucepraniiiHoOi po60TH € 3HWKEHHS YaCOBOi CKJIaTHOCTI METOIiB
CTPYKTYpHOI Ta napaMeTpruyHoi ineHTudikauii iHTepBasbHUX MOJeslel CUCTeM TPOTPaMHUMMU areHTaMu
METaeBPECTUYHOTO aJIFOPUTMY OIKOIMHOI KoJloHii y cepenosuli NVIDIA CUDA. O6’eKTOM [OCiIKEHHS €
npouecu ineHTrudikalii MaTeMaTUYHUX MOJEJeN TMHAMIYHUX Ta CTATUYHUX CUCTeM. [IpeIMETOM OCiIKEHHS €
0064KCII0BaIbHI MeTou inenTudikalii iHTepBaJbHUX CUCTEM IIPOrPAMHUMY areHTaMu aJITOPUTMY O/1>KOTIMHO]
koJsioHii y cepenoui NVIDIA CUDA. ¥V mexxax JucepTaliiiHoi po60THy Brepiie po3pobeHO 064N CII0BaIbHI
METOJY CTPYKTYPHOI Ta NapaMeTprUYHOi ineHTu(ikallii iHTepBaJbHUX MOJIEJIEN CUCTEM i3 3aCTOCYBaHHSIM
IIPOrPaMHUX areHTiB, 10 BUKOHYIOTh (QYHKLII 6[)K0IMHOI KOJIOHIi napanesnbHo. KokHa «6/15K0J1a» TPAKTYIOThCS SIK

IIPOrPaMHUI1 areHT, 10 NOCJiIKye IIPOCTip IapaMeTpiB Ta CTPYKTYP MoAesel. 3allporloHOBaHO (POPMYJIIOBaHHS



(PYHKLi METH B KOHTEKCTi iHTepBaJIbHUX JAHUX i aaliTOBaHO (a3 JITOPUTMY OIKOJIMHOI KOJIOHII 17151
IapajesbHOTO BUKOHAHHS, 110 3a6€e3Me4msIo CTIMKUM r7106abHUM NOLIyK 6€3 BTpaTy iHTepBaIbHOI CeMaHTUKHU
O/IHOYAaCHO 3 3MEHILEHHSIM YaCOBOi CKJIaIHOCTI peanizalii MeTony. Po3p0o6ieHO TEXHOJIOTiI0 3aCTOCYBAaHHS
cepenosuia NVIDIA CUDA pj1s1 MmacoBO-T1apasiesbHOI OLiHKY PyHKUiI MeTu: popmyBanHs CUDA-snep nig
KOHKPETHY TUIECHICTb MOZEJI Ta IXHS AMHaMIYHA KoMIissnis. [TokasaHo, 0 B 3aJ1€5KHOCTI Bif, CKJIIAAHOCTI MOZEI i
PO3MipHOCTI eKcllepuMeHTaIbHUX AaHuX, GPU-peasizalis 3a6e3nedye CKOpodeHHs 4acy iTepallii anropurmy
61K0JIMHOI KOJIOoHiI opiBHSIHO 3 CPU-peasnisalieo. 3arrporloHOBaHO Ta OOIPYHTOBAHO BUOIp ONTUMAJILHOIO
rapaMeTpa YUCeIbHOCTI OJIKOJIMHOI KOJIOHII 3a71€XKHO Bifi po3MipHOCTI 3agadi. Ha npuknanax nodynosu
iHTepBaJIbHUX MOJEJEN 1711 €KOJIOTIYHOIO MOHITOPHHTY BCTAaHOBJIEHO 3aKOHOMIPHICTB, IO JIS1 MOZEJIEN Masoi
po3mMipHOCTI (2-3 KoedillieHTH) 3aCTOCYBaHHSI 3alIpOIIOHOBAHOI TEXHOJIOTI] Ta 0OYMCIIIOBAJIBHUX METO/IIB €
HepauioHanbHUM. [1py 3pocTanHi po3MipHOCTI iHTepBasibHOI Mogesi 10 10 KoedilieHTiB Ta 1py BUOOPI
ONITMMAJIbHOTO [TapaMeTpa YMCeJIbHOCTI 6/13K0NMMHOI KOsoHii — 4096 — criocTepiraeTbcs 3MEHIIEHHS 4aCOBOi
CKJIaTHOCTi 3aCTOCYBaHHSI 3aIIPOIIOHOBAHOI TEXHOJIOTIi Ta 00YMCI0BaIbHUX METO/IB B IIOHA 45 pasiB.
BcraHOoBIIEHO, 110 UMM BUIA PO3MIPHICTB 3a7a4i, TUM BUla €(PEKTUBHICTb 3aCTOCYBaHHSI 3alIPOIIOHOBAHOI
TEXHOJIOTI Ta 06YMCII0BaIbHUX MEeTOiB. CIIPOEKTOBAHO ar€HTHO-OPi€HTOBAHY apXiTeKTypy NIPOrpaMHoi cucteMu
1715 inenTudikauii iHTepBaJbHUX MOJIEIeN CUCTEM, Ka IT0€IHyEe 00'€KTHO-OPIEHTOBAaHY CTPYKTYPY KOMIIOHEHTIB i3
MOJYJIbHOIO OpraHisaliieio o6uucioBanbHux sigep CUDA, 1o 3a6e3nedye rHy4KiCTb, MacCIITaO0OBaHiCTh,
BuKopucTtanHs GPU-pecypciB. Po3po6sieHa apxiTeKTypa [10KJIaJleHa B OCHOBY KOMITIOTEPHOIO C€PelOBUIIA JJ1s1
MaTEMATUYHOrO MOJIEJIIOBAHHS CUCTEM Ha OCHOBI aHasi3y iHTepBalbHUX JaHUX. [IpaKTUYHEe 3HAaYEHHSI OTPUMAHUX
Pe3yJIbTaTiB NoJisirae y po3po61ii KOMITIOTEPHOT0 CepeloBuUINa IJ1s1 MaTeMaTUYHOIO MOJIEJIIOBaHHS CUCTEM Ha
OCHOBI aHasli3y iHTepBaJIbHUX JaHUX, SKe Ha BiIMiHY Bif] iCHyIOUMX, IMIZIEMEHTY€ iHTEpIIpeTaTOp 6a3MCHUX PYHKLIN
17151 106YZ0BU Mojiesieil Ta 06'ejHye napasesbHe (PyHKIIOHYBaHHS IPOrPAMHUX areHTiB i ix AuHaMiYHy
KOMIIJIALIIO, 10 Y CYKYITHOCTI CIIPOILy€E NOCTYI KOPUCTYBaya O MOAYJIIB iIHTEPBAJILHOTO MOJIEIIOBAHHS Ta 3HIKYE
4acoBY CKJIaAHICTb 10OYI0BU Mogesell. TeopeTUyHi Ta NpUKIIagHi pe3yibTaTh AUCePTaLiliHOi poboTu
BIIPOBAPKEHO B OCBITHI ITPOLIEC Ta HAYKOBO-JOCiIHY POOOTY Kadeapy KOMITIOTEPHUX HAyK 3axifHOYKPaiHCbKOrO

HAlliOHAJILHOTO YHIBEPCUTETY.

2. The dissertation addresses the scientific and technological development of methods for the structural and
parametric identification of interval system models by software agents of the metaheuristic artificial bee colony
algorithm in the NVIDIA CUDA environment. The aim of the dissertation is to reduce the time complexity of
structural and parametric identification methods for interval system models implemented by software agents of
the metaheuristic artificial bee colony algorithm in the NVIDIA CUDA environment. The object of the research is
the identification processes of mathematical models of dynamic and static systems. The subject of the research is
computational methods for identifying interval systems using software agents of the artificial bee colony algorithm
in the NVIDIA CUDA environment. Within the dissertation, for the first time, computational methods for the
structural and parametric identification of interval system models were developed using software agents that
perform the functions of a bee colony in parallel. Each “bee” is interpreted as a software agent that explores the
parameter space and the model structure space. Objective functions were formulated in the context of interval
data, and the phases of the artificial bee colony algorithm were adapted for parallel execution, which ensured
robust global search without loss of interval semantics while simultaneously reducing the time complexity of the
method implementation. A technology was developed for applying the NVIDIA CUDA environment to massively
parallel evaluation of the objective function, including the generation of CUDA kernels tailored to a specific model
structure and their dynamic compilation. It is shown that, depending on model complexity and the dimensionality
of experimental data, the GPU implementation provides a reduction in the iteration time of the artificial bee
colony algorithm compared with the CPU implementation. The choice of the optimal bee colony population size
depending on the problem dimensionality was proposed and justified. Using examples of constructing interval
models for environmental monitoring, a regularity was established: for low-dimensional models (2-3 coefficients),
the use of the proposed technology and computational methods is impractical. When the dimensionality of the
interval model increases to 10 coefficients and the optimal bee colony population size of 4096 is selected, the time



complexity of applying the proposed technology and computational methods decreases by more than 45 times. It
was found that the higher the problem dimensionality, the higher the efficiency of applying the proposed
technology and computational methods. An agent-oriented architecture of a software system for identifying
interval system models was designed, combining an object-oriented component structure with a modular
organization of CUDA computational kernels, which ensures flexibility, scalability, and efficient use of GPU
resources. The developed architecture forms the basis of a computer environment for mathematical modeling of
systems based on interval data analysis. The practical significance of the obtained results lies in the development
of a computer environment for mathematical modeling of systems based on interval data analysis which, unlike
existing solutions, implements an interpreter of basis functions for model construction and combines parallel
operation of software agents with their dynamic compilation. Taken together, this simplifies user access to interval
modeling modules and reduces the time complexity of model development. The theoretical and applied results of
the dissertation have been implemented in the educational process and research activities of the Department of
Computer Science at the West Ukrainian National University.
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