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1. Arperarniist kaHaJiB MepexXeBoro iHTepdeiicy 6araTonpoLecOpHUX 00YNCIIIOBAJIbHUX CUCTEM 3 PO3LIMPIOBAHNMU

cerMeHTaMu OO0YMCIeHb

2. Network interface aggregation of multiprocessor computing systems with extendible computing segments

Pedepar:

1. Po6oTy npucBsiY€HO YIOCKOHAJIEHHIO CTPYKTYPH Ta MiJBUIIEHHIO IPOAYKTUBHOCTI 6araTonpoLecoOpHUX CUCTEM 3
PO3MINPIOBAHMMY CETMEHTAMU 0O0YMCIIEHD IIJISIXOM arperallii KaHajiB MepeXXeBoro iHtepdeiicy, afanToBaHoro Jo
PO3B’I3yBaHHS 33724 AOCJIIKyBAaHOTO KJIACY, @ TAKOK YIIPOBAIKEHHIO Ha X OCHOBI YMCJIOBO-aHATITUYHUX
anropuTMiB i MeTOAIB 3a71s1 3a6e3MeYeHHsI MMiIBUIIEHHSI TOYHOCTI i1 HafliHOCTi 060pO6KY eKCITepUMEHTAJIbHUX
IaHUX. Y nucepTalifiHiil po6OTi 3aKklafieHO HOBi i1 PO3BMHYTO HasIBHI TEOPETUYHI Ta IIPUKJIaJIHi OCHOBU
KOHCTPYIOBaHHS 6araTonpoLeCOPHUX O0UNCIIOBAIBHUX CUCTEM 3 PO3MIMAPIOBAHUMU CETMEHTAMU O0YNCIIEHD,
3aBISKU YOMY BAJIOCS MOJIMNIINUTYA OKA3HUKY iX pO60TH. YHACILOK 3p06JI€HUX TEOPETUYHUX BUCHOBKIB Ta

IIPOBEJIEHUX €KCIIEPUMEHTAIbHUX [OCIiIP)KeHb OTPMMAHO TaKi OCHOBHI HayKOBi pe3yJIbTaTU: yepiie po3pobIeHo



MOZYJIb 6araToNpoL,ECOPHOi CUCTEMU 3 PO3LIMPIOBAHMMY CETMEHTaMU O0YNCIIeHb, Y IKOMY 332 PaXyHOK IIPOLIEAYyPU
arperatiii mepexxeBoro iHTepdericy, yBeleHHs 10IAaTKOBUX KEPOBAaHUX KOMYTaTOPIB Ta ixHiX npoMibkHUX 6ydepiB
naM'sTi, peasisallii MexaHi3MiB pe3epByBaHHSI OCHOBHMX KOMIIOHEHTIB MO/1yJIsl 3'SIBUJIACh MOXKJIMBICTb IIiIBULLIEHHS
e(EeKTUBHOCTI 064KCIIEHD Y IPUKIIAJIHUX 33/1a4aX; yIEpIle Ha OCHOBI aHaJIi3y pOO0TU MEPEXKEBOTO iHTepPercy
6araToIpoLeCOPHUX KOMILJIEKCIB 3 pO3LIMPIOBAHMMYU CErMEHTaMU 004YMCIIeHb OTPUMaHi BifIOBinHI aHAITUYHI
CIIiBBiZJHOLIIEHHS 17151 BUBHAYEHHSI [IOKA3HUKIB €PEKTUBHOCTI, & TAKOX JJIs1 PO3PaXyHKY OITUMAJIbHOTO YMCJIA BY3JliB
y KOXHil1 MOZyJIBHIl cucTeMi; HabyB NIOAJIBLIOrO PO3BUTKY PO3IJIs]] IMTAHHS [TPO HEOOMEXKEHUI Napasesizm y
PO3B’I3yBaHHI NPUKJIAAHUX 33]1a4 UIJISXOM PO3IIapasieslioBaHHs aITOPUTMY METOZIOM IIPSIMUX Ta PO3POOKHU
IapajesibHOTO ajJfOPUTMY Ha PO3B'si3kax 3amadi Kormi. [TOpiBHSAHHO 3 TpaAULITHUMYU METOLAMH, Lie J03BOJISIE
CYTT€BO MiIBUIIUTY IOKAa3HUKU €KOHOMIYHOCTI 11 BUIKOAii o64ncieHb. Po3pobeHi anaparTHi i nporpamHi 3acobu,
MaTeMaTU4Hi MOZEJ, aITOPUTMU I METOIY PEAi30BaHO y BUIJISII TPOMUCIIOBUX 3Pa3KiB Ta IPOrPaMHUX
IpoayKTiB. Kit04oBi C10Ba: CTPYKTYpHU3allisl, arperarisi, MepeskeBuil intepderic, 6araTornponecopHi 06491CoBabHi
CHCTEeMU, 00UYMCIIIOBAJIbHI BY3JIH, YIIOBiJIbHEHHS 004YMCIIeHb, IPOAYKTUBHICTh OOUNCIIEHb, KOMYTAaTOPH,

MaTeMaTN4YHE MO ENIOBAHHS, YK CJIOBO-aHAITUYHUN METOoH, CKiH‘{eHHOpiSHI/ILLeBi CXEMHU

2. The dissertation is devoted to improving the structure and performance of multiprocessor systems with
extendible computing segments by aggregating network interface channels adapted to the studied class of
problems with the introduction based on the numerical and analytical algorithms and methods, which increases
the accuracy and reliability of experimental data processing. The development of theoretical principles and
practical implementation of a multiprocessor system with extendible computational segments aims to solve
applied problems and increase the productivity and accuracy of mathematical simulation. The thesis laid new and
developed existing theoretical and practical foundations of multiprocessor computing systems design with an
extendible computing domain based on the aggregation of network interface channels, which allowed increasing
the accuracy and reliability of experimental data processing. The following main scientific results were obtained:
For the first time, a multiprocessor system module with extendible computing segments was developed. Due to
the procedure of network interface aggregation, additionally managed switches, switch buffers, redundancy
mechanisms of the main components of the module gives increased computing performance for application tasks.
For the first time to identify and establish the features of the network interface of multiprocessor computing
systems with expandable computing segments, there was researched the variant of a virtual computer with
unlimited memory and a comparative analysis with a real multiprocessor system, that allowed establishing the
main factors that affect the entire multiprocessor system performance. For the first time, based on the analysis of
the network interfaces of multiprocessor complexes with extendible computing segments, there were obtained
the appropriate analytical ratios for determining performance indicators and analytical ratios that determine the
optimal number of nodes of a modular multiprocessor system. The technology of restructuring the network
interface architecture of a multiprocessor system was improved, allowing the identification of the main patterns of
computation time for the aggregation mode depending on the expansion of the multiprocessor system's
computing domain. Also, the current model of aggregation of network interface channels of multiprocessor
systems provides more significant opportunities for data transfer among computing nodes, significantly improving
the features of its performance, speed, and reliability of its operation. The approach to unlimited parallelism in
related problems was further developed by parallelizing the algorithm via direct methods and developing a parallel
algorithm on the Cauchy problem's solutions, which in comparison with traditional methods, can significantly
increase such indicators as efficiency and speed of relevant computations. Based on modern parallel computing
technologies, a practical approach to solving the limit and coefficient inverse thermal conductivity problems in the
extreme formulation was further developed. It is found that the minimization of the function as the root mean
square residual by solving direct problems can be reduced to the problem of separating its minimum and refining
this minimum by iterations according to interpolation formulas. That allowed in comparison with the traditional
approach to increase the accuracy and higher efficiency of computations, reduce machining processing time. The
practical significance of the paper is that the proposed multiprocessor system with extendible computational
segments aims at solving applied problems and allows increasing the productivity and accuracy of mathematical



simulation. The proposed module of a multiprocessor computing system with extendible computing segments
should be used as an integrated environment for implementing the process of mathematical modeling of applied
problems. The offered system allows the accelerating process of serviceability restoration of the personal
computer multiprocessor system by automated replacement of those modules out of order. Due to the network
interface aggregation, it is possible to significantly increase the performance features of the modular system in
different modes of network interface, so for the two-channel network interface system the deceleration
coefficient is reduced by 39.5% compared to single-channel and 66.2% compared to four-channel deceleration
computing for a four-channel system is reduced by 45.4% compared to a two-channel network interface system;
Developed hardware and software, mathematical models, algorithms, and methods are implemented as industrial
designs and software products.
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