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

Pedepar:

1. Po60Ty MpUCBSIYEHO Y OCKOHAJIEHHIO CTPYKTYPH Ta MiJBUIIEHHIO IPOAYKTUBHOCTI 6araTOpPOLLECOPHUX CUCTEM 3
PO3IIMPIOBAHUMU CErMEHTaMU 004YMCIIeHb MIJISIXOM arperatlii KaHasliB MepeskeBoro iHtepdeiicy, aiarnToBaHOro 10
PO3B’13yBaHHs 33724 AOCJII)KyBaHOTO KJIACy, @ TaKOK YIIPOBAI’KEHHIO Ha X OCHOBI YK CJIOBO-aHATITUYHUX
asyropuTMiB i MeTOAIB 337151 3a6e3redeHHs MiIBUILIeHHS TOYHOCTI 1 HaJlinHOCTi 06pO6KY eKCIIepPUMEHTAJIbHUX

IaHUX. Y gucepTaliliHiil poOOTi 3aK/IaJIeHO HOBi 11 PO3BMHYTO HasIBHI TEOPETUYHI Ta IPUKJIAIHI OCHOBU



KOHCTPYIOBaHHS 6araTonponecoOpHUX OOUKCIIOBAIBHUX CUCTEM 3 PO3IMINPIOBAHUME CEIMEHTAMU 064K CIIEHb,
3aBISKYA YOMY BIIAJIOCS TOJIIMIINUTY MTOKA3HUKY iX poOOTH. YHACILOK 3pO6IEHUX TEOPETUYHUX BUCHOBKIB Ta
IIPOBEEHUX €KCIIEPUMEHTAJIbHUX [OCIiIP)KeHb OTPMMAHO TaKi OCHOBHI HayKOBi pe3yJbTaTU: yneplie po3pobieHo
MOJyJIb 6araTONpPOLLECOPHOI CUCTEMU 3 PO3LIMPIOBAHMMY CETMEHTAMU OOUNCIIEHD, ¥ IKOMY 332 PaXyHOK IIPOLIEAYyPU
arperatlii MepexeBoro intepdeiicy, yBeIeHHs 10JaTKOBUX KEPOBAHNUX KOMYTATOPIB Ta iXHiX NpomixHuX 6ydepiB
naMm'sTi, peasisallii MexaHi3aMiB pe3epByBaHHSI OCHOBHUX KOMIIOHEHTIB MOJIyJIsl 3'SIBUJIACh MO>KJIMBICTb MiJIBUILIEHHS
e(eKTUBHOCTI 064KCIIEHD Y IPUKIIAIHUX 33/1a4ax; yIIEepIlle Ha OCHOBI aHaJli3y pob0TU MEPEXKEBOro iHTepdericy
6araTonpoLeCOPHUX KOMIIJIEKCIB 3 pO3MNPIOBAHUMYU CETMEHTAMU OOYMCJIEHb OTPUMAHI BifIIOBiNHI aHAMITUYHI
CIIiBBiJHOLIIEHHS JJ1s1 BUBHAYEHHSI [IOKA3HUKIB €PeKTUBHOCTI, & TAKOX JJIs1 PO3PAaXyHKY ONTUMAJIbHOTO YUCJIA BY3JIiB
y KOXHill MOZyJIBHIl cucTeMi; HabyB NIOAJIBIIOrO PO3BUTKY PO3IJIs]L, IMTAHHS [TPO HEOOMEXKEHUI Napasesizm y
PO3B’sI3yBaHHI NPUKJIAAHUX 33/1a4 MIJIIXOM PO3IapaslesloBaHHS aJITOPUTMY METOZIOM IIPSIMUX Ta PO3POOKU
IapajesibHOTO ajJirOPUTMY Ha PO3B'si3kax 3amadi Kormi. [TOpiBHSAHHO 3 TpaAULiTHUMY METOLAMH, Lie J03BOJISIE
CYTTE€BO MiIBULIUTY IOKa3HUKU €KOHOMIYHOCTI 11 mBUIKOAii o64ncieHb. Po3pobeHi anapaTHi i nporpamHi 3acobu,
MaTeMaTU4Hi MOZEJi, aITOPUTMU ¥ METOIY PEAi30BaHO y BUIJISIAI IPOMUCIIOBUX 3Pa3KiB Ta IPOrpaMHUX
npoayKriB. Kyto4uoBi c10Ba: CTPyKTypHU3allis, arperallis, MepexxeBuil iHTepderiic, 6araTonpolecopHi 00YMCII0BaJIbHI
CHCTEeMHU, OOYUCIIIOBAJIbHI BY3JIH, YIIOBiIbHEHHS 004YMCIIeHb, IPOAYKTUBHICTh OOUNCIIEHb, KOMYTAaTOPH,

MaTeMaTUu4YHe MOJEJIIOBAHHS, YUCJIOBO-aHAJIITUYHUN METO]I, CKIHUEHHOPI3HULIEBi CXEMU

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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