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2. Identification of Interval System Models by Bee Colony Software Agents in the NVIDIA CUDA Environment

Pedepar:

1. Y nuceprauiiiziil po60Ti PO3IJISIHYTO HAYKOBO-TEXHIYHE PO3POOJIEHHSI METOMIB CTPYKTYPHOI Ta IapaMeTpUYHO]
inenTudikanii inTepBaIbHUX MOZEJEN CUCTEM TPOrPAMHUMU areHTaM/ METAaeBPECTUYHOTO aJITOPUTMY OIPKOIMHOI
koJioHii y cepenoBuini NVIDIA CUDA. MeToo fycepTauniiiHoi poO0TH € 3HUKEHHSI YaCOBOi CKJIaJIHOCTi METOIiB
CTPYKTYPHOI Ta NapaMeTpU4Hoi ineHTu(ikalii iHTepBasbHUX MOJEJIeN CUCTEM TPOTPAMHUMMU areHTaMu
METaeBpPeCTUYHOTO aJIrOPUTMY O1KONINHOI KoJIoHii y cepenosuiii NVIDIA CUDA. O6’eKTOM LOCTiTKEHHS €
npolecu ineHTrudikaiii MaTeMaTUYHUX MOZIeJIe TMHAMIYHUX Ta CTATUYHUX CUCTEM. [IpeIMeTOM IOCITiIKeHHS €
064MCII0BaJIbHI MeTou ineHTudikallii iHTepBaJbHUX CUCTEM IIPOrPAMHUMU areHTaMu aJIfTOPUTMY O/1>KOJIMHO]

koJsioHii y cepenosumi NVIDIA CUDA. Y Mexxax JucepTaLiifHoi po60TH Breplie po3po6eHO 004N CIIOBANIbHI



METOAM CTPYKTYPHOI Ta NapaMeTpUYHOi ifeHTudikalii iHTEpBaJbHUX MOJEIEN CUCTEM i3 3aCTOCYBaHHIM
[IPOrPaMHUX areHTiB, 110 BUKOHYIOTh PYHKLiI 6/15K0NMHOI KOJIOoHii mapanenbHo. KoxkHa «6/1K01a» TPaAKTYIOThCS SIK
IIPOrpaMHUI1 areHT, 10 NOCiIKye IIPOCTip NapaMeTpiB Ta CTPYKTYP MoAesel. 3allpolIOHOBaHO (POPMYJIIOBaHHS
(PYHKLil METH B KOHTEKCTi iHTepBaJIbHUAX JAHUX i alaliTOBaHO a3y aJITOPUTMY OIIKOJIMHOI KOJIOHII 117151
napaJiesIbHOr0 BUKOHAHHS, 10 3a6€311e4YnJI0 CTiMKUIA I7106a1bHUM TOUYK 6€3 BTPATH iHTEPBaJbHOI CEMAHTUKU
O/IHOYAaCHO 3 3MEHILEHHSIM YaCOBOI CKJIaIHOCTI peanizalii meTony. Po3po6ieHO TeXHOJIOTiI0 3aCTOCYBaHHS
cepenosuiia NVIDIA CUDA g5 macoBo-T1apasiesbHOI oliHKy QyHKUi meTu: popmyBanHs CUDA-szep nig
KOHKPETHY TUIECHICTb MOZEJI Ta IXHS AMHaMiYHA KoMIissnis. [TokasaHo, o B 3aJ1€5KHOCTI Bif CKJIIAAHOCTI MOJEI i
PO3MipHOCTI eKcllepuMeHTaJIbHUX AaHuX, GPU-pearizalis 3a6e3nedyye CKOpodeHHs 4acy iTepalii anropurmy
61K0JIMHOI KOoJIOoHiI nopiBHSIHO 3 CPU-peasnisaljieto. 3arrporioHOBaHO Ta OOIPYHTOBAHO BUOIp ONTUMAaJILHOIO
napaMeTpa YUCeIbHOCTI 6JIKOJIMHOI KOJIOHII 3a71€XKHO Bif, po3MipHOCTI 3a7adi. Ha npukianax nobynosu
IHTEpPBAJIbHUX MOJIEJIEN [IJIS1 €KOJIOTIYHOTO MOHITOPUHIY BCTAHOBJIEHO 3aKOHOMIPHICTB, 110 IJISI MOZEJIEN MaJlol
po3mipHOCTi (2-3 KoedillieHTH) 3aCTOCYBaHHS 3alIpOIIOHOBAHOI TEXHOJIOTI] Ta 06YMCIIIOBaTIbHUX METO/IIB €
HepauioHanbHUM. [1pu 3pocTanHi po3amMipHOCTI iHTepBasbHOI Mogesi 1o 10 KoeilieHTiB Ta [1py BUOOPI
ONTMMAaJIbHOTO TIapaMeTpa YUCEJILHOCTI 6/1KOIMHOI KosoHii — 4096 - criocTepiraeTbcsl 3MEHIIEHHS 4YaCOBO]
CKJIaTHOCTi 3aCTOCYBaHHSI 3aIIPOIIOHOBAHOI TEXHOJIOTIi Ta 00YMCII0BAaIbHUX METO/IB B IIOHA 45 pasiB.
BcraHoBIIEHO, 1110 UMM BUIA PO3MIipPHICTB 3a7a4i, TUM BUla €(PEeKTUBHICTb 3aCTOCYBaHHSI 3alIPOIIOHOBAHOI
TEXHOJIOTiI Ta 064N CII0BATILHUX METOiB. CIIPOEKTOBAHO ar€HTHO-OPi€HTOBAHY apXiTEKTYpPy IPOrPaMHOI CUCTEMU
118 igeHTUdikauii iHTepBaIbHUX MOZEJEN CUCTEM, SIKA IO€JHYE 00'€KTHO-OPi€HTOBAHY CTPYKTYPY KOMIIOHEHTIB i3
MOZyJIbHOIO OpraHizauieto obuucmoBanbHux saep CUDA, mo 3a6esneydye rHy4KiCTb, MAaCIITa00BAHICTB,
BUKopucTanHs GPU-pecypciB. Po3po6ieHa apxiTeKkTypa [10KJIaJileHa B OCHOBY KOMITIOTEPHOIO CEPEelOBUIIA J1s1
MaTeMaTUYHOrO MOJIEJIIOBaHHS CUCTEM Ha OCHOBI aHai3y iHTepBalbHUX JaHUX. [IpakTUYHe 3HAaYEHHSI OTPUMaHUX
Pe3yJIbTaTiB MoJIsirae y po3po61ii KOMITIOTEPHOTO CepeloBHUINa IJ1s1 MaTeMaTUYHOTO MOJIEJIIOBaHHS CUCTEM Ha
OCHOBI aHasi3y iHTepBaJIbHUX JaHUX, sKe Ha BiIMiHY Bif] iCHyIOUMX, IMIJIEMEHTY€ iHTepIIpeTaTop 6a3MCHUX PYHKLIN
17151 TOOYOBU MOJiesiel Ta 00'eiHye napasesbHe (QYHKIIOHYBaHHS IPOIPAMHUX areHTiB i ix AuHaMiuHy
KOMIIUIALIO, 0 Y CYKYITHOCTI CIIPOLILY€ NJOCTYI KOPUCTYBaya [0 MOAYJIB IHTEPBAJILHOTO MOJE/IIOBAHHS Ta 3HIKYE
4acoBY CKJIaAHICTb [10OYy10BU Mopesel. TeopeTuyHi Ta NpUKIIagHi pe3yibTaTi AUCepTaLiliHOi poboTu
BIIPOBAJPKEHO B OCBITHIl ITPOLIEC Ta HAYKOBO-JOCiIHY POOOTY Kadenpy KOMITIOTEPHUX HAyK 3axifHOYKpaiHCbKOrO

HAliOHAJILHOTO 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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