PEDEPAT

AKTyaJbHiCTh TeMH. B cydacHOMY CBiT1 Bce OLIbII MOMTUPEHUMH CTaIOTh
aBTOMATH30BaHI a00 ¥ TOBHICTIO aBTOMAaTH4HI cucTeMU. KepyBaHHS HUMHU
MOKJIAJIA€ThCSl HA CIEIiabHUNA BY30J — CUCTEMY KepyBaHHA. B psiii BumaakiB
MOXYTh CTaBUTHCS IIJBHUIINCHI BUMOTHU K J0 iX HaAIMHOCTI, Tak 1 10 iX
NPOAYKTHUBHOCTI, uYepe3 M0 TaKi CHUCTEMH [OIJIbHO BHKOHYBaTH Ha 0a3i
BIJIMOBOCTIMKMX  0araTompolecopHuX  cucTeM. Po3poOHuUKYy  1oTpiOeH
IHCTpYMEHT JUIS OIIIHKM HaJIMHOCTI CTBOpPIOBaHOi HUM cHcTeMHu. OIliHKa
napamMeTpiB HaAIHOCTI BIJIMOBOCTIMKMX 0araTolnpoLieCOPHUX CHUCTEM, a
0COOJIMBO CHCTEM KEPYBaHHS € HEMPOCTOIO 33]]a4€t0, 0COOIMBO, KOJIM CUCTEMA €
He0a30BO10, TOOTO, CTIMKOIO /10 OJHUX BIMOB JIEIKOT KPAaTHOCTI Ta HECTIMKOIO
710 IHIIUX BIAMOB Ti€i 3K KpaTHOCTI. Po3paxyHOk mapaMeTpiB HaIIHHOCTI TaKUX
CUCTEM MOXKe OyTM BHKOHAaHO NUIAXOM TPOBEJACHHS  CTATUCTUYHUX
EKCIIEPUMEHTIB 13 MOJICJIIMM iX MOBEIIHKH B IMOTOI BIIMOB, B SIKOCTI KOTPHUX
MOXyTb OyTu 3actocoBani GL-mopemi. Ilpore, icHyroui MeTOAU HO3BOJISIOTH
OymyBatu nuiie 6azoBi GL-momeni, siki a1 BUTIAAKy HE0A30BUX CUCTEM MArOTh
OyTu BiamoBigHMM 4wHOM MomudikoBaHni. IcHyroui Merogn mommdikamii GL-
MoOJIeJie MaroTh Pl HEMOJIKIB, TOMYy CTBOPEHHS HOBUX CIIOCOOIB MOOYIOBH

Heba3zoBux GL-mozeneit € akTyallbHOIO 3a/1a49ero.

O0’exTom nocaimxenuss € GL-Mozeni mMoOBeAiHKH BIAMOBOCTIMKUX
0araTompoIecOpHUX CHCTEM B TIOTOIll BIJIMOB, METOAM iX MOOYJIOBH Ta

BUKOPHUCTAHHS JUIsl pO3paxyHKY MapamMeTpiB HaAIIHOCTI TAKMX CUCTEM.

IIpeamerom aociizkeHHsi € cnocoou Moaudikamii MBP-moneneit mis
nooynoBu GL-Mozmeneit HeOa30BUMX BIAMOBOCTIMKHX 0araTompoleCOPHUX

CHCTCM.



Meta podoTH: Ha 6a3i ICHyIOUHX METO/IiB o0y 10BH 0a3oBux GL-Monenei
orpuMaHHs crocoOy moOymoBu GL-momeneit He0a30BHX BIIMOBOCTIHKHX

0araTonpoIecCOpHUX CUCTEM, K1 0a3yBaTUMYyThCS HA IIUKJIIYHUX Tpadax.

MeTtoam JgochaixaxeHHsi: Metoaud OyneBoi anreOpu, Teopii rpadis,
KOMOIHAaTOPHOTO aHaJi3y Ta TEOPil MHOXKHH.
HaykoBa HOBH3HA 1OJISITa€ B HACTYITHOMY:
1. 3anponoHoBaHO crocid 00’eqHaHHS BHUpa3iB peOepHUX (QYHKIIN
nekuibkox MBP-moeneii.
2. 3anponoHOBaHO CHOCiO po3IIMpeHHsT Ha0opy pedepHuX (yHKITIH
MBP-Mmozaeneit 1o 3aqaH01 KUIBKOCTI.
3. Po3pobieno anroputm moOymoBu HebazoBux GL-moneneit Ha
OCHOBI1 KOMO1HaIli1 Bupa3iB pedepuux ¢pyukiiit MBP-moneneii.
IIpakTH4HA HiHHICTH OTPUMAHHUX B POOOTI PE3YJIBTATIB MOJISATAE B TOMY,
IO 3alpONOHOBAaHMN CIoci0 MmoOynoBu Heba3zoBux GL-mogmeneit m03Bodsie
OTpUMYBaTH MOJENI TMOBEAIHKM B TMOTOILI BiAMOB JJii  He0a30BUX
BIIMOBOCTINKHMX 0araTOMpOIIECOPHUX CUCTEM, SIKi B TIOJIAJILIIIOMY MOXYTh OyTH
BUKOPHUCTaH1 JIJII PO3paxyHKy mapameTpiB ix HaaiitHocTti. [Ipu mpomy rpad
MOJEJ 3aJMINAEThCA LMKIIYHUM, Ha BIAMIHY BIiJ MoOJeNed, OTPUMaHUX
JESKUMH 3 ICHYIOUUX MeTOAIB. L{e 103B0sIsie CIPOCTUTH KPOK OIIHKH 3B’ SI3HOCTI
rpady. Pospobmenuii anroputm mo3Boiisie OymyBatn GL-mozem HebGa30BHX

CHUCTEM BIJMOBIIHO J0 iX OMUCY.

Anpobaniss podoru. OCHOBHI TOJIOKEHHSI 1 pe3ysbTaTd poOoTH Oyiu
npescTaBlieHl Ta o0roBoproBaiuch Ha XVI HayKOBO-TIPaKTUYHIN KOH(pEpeHIi
MaricTpanTiB Ta acmipantiB "llpuknagHa matematuka ta Komm'totunr” [TMK-
2023 (Kwuis, 28-30 mucronana 2023p.), 3-it MixkHapoaHi#i HAYKOBO-PAKTUYHIN

koH(pepenuii «SOCIETY AND SCIENCE: INTERCONNECTION» (Ilopro,



[Toptyramis, 16-18 muctomama, 2023 p.), a Takox 4-i MikHapoaHIN HayKOBO-
npakTuuHid KoH(pepeHuii «Diversity and Inclusion in Scientific Area»

(BapmaBa, Ilonbia, 26-28 6epesns, 2024 p.).
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CtpykTypa Ta 00csir podoTu. Marictepchbka JUcCepTallisl CKIaJa€eThCs 3
BCTYIY, YOTUPHOX PO3JLIIB Ta BUCHOBKIB.

Y ecmyni momaHo 3arajbHy XapakTEPUCTHKY pPOOOTH, 3pOOJIEHO OIlIHKY
Cy4yacCHOTO CTaHy MpoOJieMH, OOIPYHTOBAHO AaKTYaJbHICTh  HAMNpPSIMKY
JOCITIKEHb, CPOPMYIIBOBAHO METY Ta 3ajadvi JOCIHIKEHb, MOKa3aHO HAYKOBY
HOBU3HY OTPUMAaHUX pe3yJbTaTiB Ta MPAKTUYHY I[IHHICTH pOOOTHU, HABEIEHO
BIJIOMOCTI PO anpoOaliito pe3ynbTaTiB Ta IXHE BIIPOBAKCHHS.

B nepwomy pozdini mnpoaHanizoBaHO ICHYIOYl METOAU PO3PaxyHKY
napaMmeTpiB HaJIIHHOCTI BIIMOBOCTIMKUX 0araTornpoiecoOpHUX CUCTEM, 30KpEMa,
IIUISIXOM TIPOBEJEHHS CTATUCTUYHHUX CKCIIEPUMEHTIB 13 MOJACIISIMH iX ITOBEIIHKH
B IMOTOLIl BIAMOB, a TakoXX BukopuctanHs GL-moneneit, 3okpema, MBP-
MOJIeJIed, B SIKOCTI TaKUX; PO3MJISIHYTO BJIACTUBOCTI Ta MeToau oOyaosu MBP-
MOJIeJIeH, a TAKOXK METOAM iX MoaudiKalli AJisi OTpUMaHHs Mojieiel HeOa30BUX
CUCTEM.

B opyeomy po3oini nmpoananizoBaHo MOKIUBOCTI ToOya0BM HeOazoBux GL-
mojeneir Ha 0a3l komOiHamii pebepuux Qyskmii mnapu MBP-mopeneit,
3aMpONOHOBAHO CMoci0 o00’enHaHHS BHUpa3iB pedepHUX (PYHKIINA TaKuX
MOJEJIeH, a TaKOoX CIOCI0 PO3LMIMPEHHS MHOXHHHM pedbepHux (yHkiiii MBP-
MOJENEN.

B mpemwvomy po30ini 1OCHIIKEHO MOKIMBOCTI KOMOIHYBaHHS peOepHHX
GyHKUIA Uit TOBUIBHOI KIIBKOCTI MOJIENE€H Ta 3alpONOHOBAHO alITrOPUTM
nooynoBu Heba30B01 GL-moneni Ha 6a3i koMmOiHaIi BUpa3iB pedepHUX (PyHKITIH
MBP-Mmonemnen.

B uemeepmomy po30ini mpenctaBieHO ONUC EKCIIEPUMEHTIB, IO OyIIo
MPOBEJCHO JUIsl MIATBEPIKEHHS KOPEKTHOCTI 3alpONOHOBAaHOTO crocoly, a

TaKOX MPOAHAI30BAHO PE3YyJIbTATU LIUX EKCIIEPUMEHTIB.



VY 6ucHoskax BUKOHAHO y3arajlbHEHHS OTPUMaHUX B poOOTI pe3yibTaTiB Ta
HaJaHO PEKOMEH/IAITT 010 IX HAYKOBOT'O Ta MPAKTUIHOTO BUKOPUCTAHHS.
PoGota npencrapiena Ha 95 apkyiiax, MICTUTh MIOCHJIAHHS HA CIIUCOK 3 35

BUKOPUCTAHUX JITEPATYpHUX JpKepen. Y poOoTi HaBeAeHO 23 pUCYHKH Ta 1

TaOInI.

KuarouoBi cioBa: BiiMOBOCTIHKI OaratonporiecopHi cuctemu, GL-moneni,

MBP-mozeni, mogudikaiis pedepaux GyHKiid, He6a30B1 cUCTEMU



ABSTRACT

Relevance of the topic. In the modern world, automated or fully automatic
systems are becoming increasingly widespread. Their control is entrusted to a
special node — the control system. In many cases, there may be increased
demands both on their reliability and productivity, which makes it advantageous
to implement such systems based on fault-tolerant multiprocessor systems.
Developers need a tool to assess the reliability of the system they are creating.
Assessing the reliability parameters of fault-tolerant multiprocessor systems,
especially control systems, is a challenging task, particularly when the system is
non-basic, meaning it is resistant to certain failure modes while vulnerable to
others of the same magnitude. Calculating the reliability parameters of such
systems can be achieved through statistical experiments with models of their
behavior in the failure flow, for which GL-models can be applied. However,
existing methods only allow for building basic GL-models, which need to be
appropriately modified for non-basic systems. Existing methods for modifying
GL-models have several drawbacks, making the development of new

approaches to constructing non-basic GL-models a relevant task.

The object of the research are GL-models of the behavior of fault-tolerant
multiprocessor systems in the failures flow, methods of their construction and

use for calculating the reliability parameters of such systems.

The subject of the research is the methods of modifying MLE-models to
construct GL-models of non-basic fault-tolerant multiprocessor systems.

The aim of the work is on the basis of existing methods of building basic
GL-models, obtaining a method of building GL-models of non-basic fault-
tolerant multiprocessor systems, which will be based on cyclic graphs.



Research methods: methods of Boolean algebra, graph theory,
combinatorial analysis and set theory.

The scientific novelty lies in the following:

1. A method for combining expressions of edge functions of several

MLE-models has been proposed.

2. A method for expanding the set of edge functions of MLE-models
to a specified quantity has been proposed.

3. An algorithm for constructing non-basic GL-models based on a
combination of expressions of edge functions of MLE-models has
been developed.

The practical value of the obtained results in the study lies in the fact that
the proposed method for constructing non-basic GL-models allows for obtaining
models of behavior in the failure flow for non-basic fault-tolerant multiprocessor
systems, which can subsequently be used for calculating their reliability
parameters. In this case, the model graph remains cyclic, unlike models obtained
by some existing methods. This simplifies the step of assessing the graph's
connectivity. The developed algorithm enables the construction of GL-models

for non-basic systems according to their description.

Approbation of work. The main principles and results of the study were
presented and discussed at the XVI Scientific-Practical Conference of Master's
and PhD Students "Applied Mathematics and Computing" PMK-2023 (Kyiv,
November 28-30, 2023), the 3rd International Scientific-Practical Conference
"SOCIETY AND SCIENCE: INTERCONNECTION" (Porto, Portugal,
November 16-18, 2023), as well as the 4th International Scientific and Practical
Conference " Diversity and Inclusion in Scientific Area" (Warsaw, Poland,
March 26-28, 2024).
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Structure and Scope of Work. The master's thesis consists of an
introduction, four chapters, and conclusions.
The introduction provides a general overview of the work, evaluates the

current state of the problem, justifies the relevance of the research direction,



formulates the purpose and objectives of the study, demonstrates the scientific
novelty of the obtained results, and the practical value of the work, and provides
information about the validation of the results and their implementation.

The first chapter analyzes existing methods for calculating the parameters
of fault-tolerant multiprocessor systems, particularly through conducting
statistical experiments with models of their behavior in the failure stream, as
well as the use of GL models, including MLE-models, for such purposes; it
discusses the properties and methods of constructing MLE-models, as well as
methods for their modification to obtain models of non-basic systems.

The second chapter analyzes the possibilities of constructing non-basic GL-
models based on a combination of edge functions of pairs of MLE-models,
proposes a method for combining expressions of edge functions of such models,
as well as a method for expanding the set of edge functions of MLE-models.

The third chapter investigates the possibilities of combining edge functions
for an arbitrary number of models and proposes an algorithm for constructing
non-basic GL-models based on a combination of edge function expressions of
MLE-models.

The fourth chapter presents a description of the experiments conducted to
confirm the correctness of the proposed method, as well as an analysis of the
results of these experiments.

The conclusions provide a summary of the results obtained in the work and
give recommendations for their scientific and practical use.

The work is presented on 95 pages and contains references to a list of 35
used literary sources. 23 figures and 1 table are given in the thesis.

Keywords: fault-tolerant multiprocessor systems, GL-models, MLE-

models, edge functions modification, non-basic systems



