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AKTYaJIbHICTh TEMH

B cywachomy  cBiTi  cdepa  3acTocyBaHHS ~ BIIMOBOCTIMKHX
Oaratonporniecopaux  oOuucmoBanbHux  cuctem  (BBC)  GesmepepBHO
PO3IIMPIOETHCS, OXOIUIIOIOYM HOBI 00JIACTI B PI3HUX Tally3sfX HayKu, OI3HeCY 1
BUPOOHUIITBA. Taki CUCTEMU € OCHOBOIO JIJIsl 0araTh0X po3poOOK, 0COOIUBO st
cucteM kepyBaHHsa. Omxke, mociipkeHHs BBC € akTyanbHUM THTaHHS IS
pO3pOOHUKIB Ta HaykoBIiB. OJHUM 3 aKTyaJIbHMX Ta KJIIOYOBUX IHTaHb B
npoextyBaHHi BBC € BupimeHHs nmpo0ieMu Mporecy TeCTyBaHHS CUCTEMHU.

Uumano migxoaiB Ta crioco6iB camotectyBanHs BBC Oyro 3ampornoHoBaHo,
OJIHAK BHMKOHAHHS TECTOBHUX IIEPEBIpOK 3a0HMpae YacTUHY MPOTYKTUBHOCTI
MPOIIECOPIB, YACOM JIOCUTH BEIIUKY, & OTXKE iX KIJIbKICTh OakaHO MIHIMI3YyBaTH.
B OyB 3amporioHoBaHWi MiIXid, SKHA JO3BOJISE BUKOHYBATH aHaJi3 MHOXXHHH
TECTOBUX MEPEBIPOK J0 IX BAKOHAHHS, 110 MOke OYyTH BUKOPUCTAHO 30KpeMa st
BU3HAYEHHS ONTUMAaJIbHOTO HA0OpY TECTIB, 11O B CBOIO UEpry MpHU3BEIE M0
3MEHIIIEHHS Yacy 0OpaxXyHKIB Ta HABAHTAKEHHSI HA CHCTEMY.

CphorojHi1 JIFOACTBO TparHe BIPOBAKYBATH aBTOMATH3aIlil0, MO0 SKOMOra
OUTBIIIE 3MEHIITUTH YYacTh JIIOJICH y TIpoliecax, ki BUMararoTh YMMaINX PECYPCiB.
Bce 6inpmioi akTyanbHOCTI HaOyBae moBHa a00 YacTKOBa aBTOMATH3AIlisd 3ajad.
OckinbKH, 3ampolOHOBAaHUN METOA MOTpedye 3HAYHOI KIUTBKOCTI CKIATHUX
NEPETBOPEHb BHUPA3iB 1 Il MpoleC € JOCUTh TPYAOMICTKMM JJIi BUKOHAHHS
BpyuHy. [lo Toro x, mepeTrBopeHHsI OyleBUX BHUpPA3iB CHEIIAILHOTO BHIY MOXKE
BUTpAYaTd YUMAJIO Yacy, KU Oa)kaHO MiHIMI3yBaTu. TakMM YWHOM, pO3poOKa
crioco0y TepeTBOpPEHHs OYyJeBHX BUpPA3iB Il NMPUCKOPCHHS BUKOHAHHS OIIHKH

MOBHOTH TECTOBUX HAOOPIB Ta OTO MporpaMHa peaizailii € akTyaJbHOI 33]a4CtO.

O00’ekTOM  JOCTII:KeHHSI €  CaMOTECTyBaHHS  BIIMOBOCTIMKHX

0araTompoIeCOPHUX CUCTEM Ta CIIOCOOM OITIHKH IMTOBHOTH TECTOBUX HAOOPIB.

IIpeameToM MOCJIIKEHHA € METOAM Ta CIOCOOM OIIHKA TOBHOTH

TECTOBUX HaOOPIB MpHU TECTyBaHHI BiAMOBOCTIHKHUX BC.



MeTta po6OTH: TPHUCKOPECHHS BUKOHAHHS OIlIHKH TIOBHOTH TECTOBUX
Ha0OpIB LUIIXOM MEpPEeTBOPEHHA OyleBUX BHpa3iB, fAKI BIIOOpaXaroTh
MDKITPOLIECOPHY B3aEMOJIII0 Y CUCTEMI.
HaykoBa HOBH3HA MOJISITae B HACTYITHOMY:
1. 3anporoHOBaHO CIOCI0O TMEPETBOPEHHS OylIeBUX BUpa3iB A
NPUCKOPEHHS BUKOHAHHS OI[IHKM MOBHOTH TECTOBUX HAOOpIB

2. PeanizoBaHo anropuT™ Ta MporpaMa 3arnporoHOBAHOTO CIIOCO0Y

3. [ligTBEpA)KEHO [1€BICTH 3alPONOHOBAHOrO CIOCOOY MPUCKOPEHHS
OI[IHKM TIOBHOTH TECTOBHX HAOOPIB IIAXOM MPOBEACHHS
HEOOX1THOT K1IJTbKOCT1 €KCIIEPUMEHTIB.

IIpakTnyHa WiHHICTH OTPUMaHUX B POOOTI pe3yJbTaTiB IOJSITaE B
HACTyIHOMY. 3alporiOHOBaHa MporpamMHa peaizallisi croco0y OIIHKH MOBHOTHU
TECTOBUX HAOOpIB MoOke OyTH BUKOpHCTaHA JUIsi BUSHAYEHHS ONTHUMAIBHOIO
HaboOpy TecTiB ab0 3aCTOCOBaHA y BHUMAJKY, KOJU HAa OCHOBI MEBHUX TECTOBUX
HaOOP1B OJTHO3HAYHOTO pe3yJabTaTy He OyJ0 OTpuMaHo. B Takomy BUNaKy BOHA
JI03BOJISIE BUBHAUUTHU IOJATKOBUN TECTOBUIA HAO1p, TOCTATHIM /ISl BCTAHOBIICHHS
BCIX CTaHIB MPOILECOPIB CUCTEMH. PO3pOOHHUKHM MOXYTh OIIIHUTH ITOBHOTY
TECTOBOTO Ha0Opy, Ta NIIAXOM IepeOopy KOMOIHAIii TECTOBUX IEPEBIPOK
obpatu MiHIMaJIbHHN a00 OMM3bKUM 110 HhOro. OKpIM IILOTO CKJIAIHUN aHAII3
pEe3yNbTAaTIB Ha €Tali CaMOTeCTyBaHHS MOXe OyTH 3aMiHEHWH Ha TPOCTY
IpOoIeypy MOUTYKY BIATIOBIIHOTO psiaKa y TabIuIli KoedimieHTiB.

3anponoHoBaHMi CHoci0 TIEPeTBOpEHHsS OYJIeBUX BHPA3iB J103BOJIUTH

PO3pOOHUKAM MPHUIITBUIINTH OIIHKY TOBHOTH TECTOBHX HAOOPIB.

Anpodauiss po6oru. OCHOBHI TOJIOKEHHSI 1 pe3ylbpTatud poOboTH Oymnu
IpeICTaBlieHI Ta 0OTOBOPIOBAIMCH HA HAYKOBIM KOH(EpEeHIii MariCTpaHTiB Ta
acmipanTiB «[Ipukimagna martematuka Ta komm totuHTY [IMK-2022 (Kwuis,
muctonan 2022 p.) ta VIII Beeykpainchkoi HayKOBO-IpaKTHYHOI KOH(DEpEHTIIii
Mojoaux HaykoBliB «lHpopmariiini TexHonorii - 2021» (KuiBcbkuii

yHiBepcuteT iM. bopuca ['pinueHka)



Crpykrypa Ta obcsir podoru. Maricrepcbka aucepTalis CKIalaeTbes 3
BCTYIY, YOTUPHOX PO3/I1JIIB Ta BUCHOBKIB.

YV ecmyni momaHo 3aranbHY XapaKTEpUCTHKY POOOTH, 3pOOJICHO OIIHKY
CyyaCHOTO CTaHy MpoOJeMHu, OOIPYHTOBAHO AaKTYaJIbHICTb HANpPSIMKY
JOCJIIJPKeHb, C(HOPMYJILOBAHO METY 1 3a/iadl JOCTIIKEHb, MOKa3aHO HAyKOBY
HOBU3HY OTPUMAHMX pE€3YyJbTaTIB 1 MPaKTUYHY I[IHHICTb POOOTH, HaBEIECHO
BIJTOMOCTI PO anpo0allito pe3yabTaTiB 1 IXHE BIPOBAIKEHHS.

YV nepwiomy po30ini pPO3TISIHYTO ICHYIHOYl METOJIU CaMOTECTYBaHHS
MPOIIECOPIB BIIMOBOCTIMKMX 0araTonmpoiieCOpHUX CUCTEM Ta MPOaHaII30BaHO iX
nepeBaru Ta HeJOJIKH.

YV opyeomy po30ini 3aniponoHOBAHO CIIOCIO IEPETBOPEHHS OyJIEBUX BUPA3iB
JUTS IPUCKOPEHHS] BAKOHAHHS OI[IHKY TTOBHOTH TECTOBUX HAOOPiB.

YV mpemvomy ma uemeepmomy po30inax HaBEIEHO CTPYKTYpy Ta OIUC
poOOTH  pO3pOOJEHOTO TPOrpPaMHOrO  3a0e3MeyYeHHs, MPOBEIECHO HOro
TecTyBaHHS. Takok MpeACTaBiIeH] Ta MPOAHAII30BaH1 Pe3ybTaTH BUMIPIOBAHb
yacy BUKOHAaHHS OI[IHKM ITOBHOTH TECTOBUX HAOOpPIB 13 3aMpONOHOBAHUM
crocoOoM TrepeTBOpeHHs OyIeBUX BHpa3iB Ta 6€3 HbOTO.

V eucnoskax pencTaBieH1 pe3yabTaTy aHai3y MPOBEICHOT pOOOTH.

PoGota mpeacraBnena Ha 80 apkymax, MICTUTh MOCHJIAHHS Ha CITMCOK

BUKOPHUCTAHUX JIITEPATYPHUX JIKEPEIL.

KarouoBi  cjoBa:  BiIMOBOCTIHKI ~ 0aratomporiecopHi  CHCTEMH,

caMOTeCTyBaHHsI 0araTompoIIECOPHUX CHCTEM, TTIOBHOTA TECTOBUX HAOOPIB.



ABSTRACT

Actuality of theme. In today's world, the field of application of fault-tolerant
multiprocessor computing systems (FTMS) is continuously expanding, covering
new areas in various fields of science, business, and production. Such systems are
the basis for many developments, especially for control systems. Therefore, the
study of FTMS is an urgent issue for developers and scientists. One of the urgent
and key issues in the design of FTMS is the solution to the problem of the system
testing process.

Many approaches and methods of FTMS self-testing have been proposed,
however, the execution of test checks takes part of the performance of processors,
sometimes quite large, and therefore it is desirable to minimize their number. In [],
an approach was proposed that allows for the analysis of a set of test checks before
their execution, which can be used, in particular, to determine the optimal set of
tests, which in turn will lead to a reduction in calculation time and the load on the
system.

Today, humanity seeks to implement automation in order to reduce as much
as possible the participation of people in processes that require considerable
resources. Full or partial automation of tasks is becoming more and more relevant.
Because the proposed method requires a large number of complex transformations
of expressions and this process is quite time-consuming to perform manually. In
addition, the conversion of boolean expressions of a special type can take a lot of
time, which should be minimized. Thus, the development of a method of converting
Boolean expressions to speed up the evaluation of the completeness of test sets and
its software implementation is an urgent task.

The object of research is the analysis of available methods of self-testing of
fault-tolerant multiprocessor systems and methods of assessing the completeness of
test sets.

The subject of research is a method of transformating Boolean expressions

to speed up the evaluation of the completeness of test sets.



The purpose of the work: the development of a method of converting
Boolean expressions to speed up the evaluation of the completeness of test sets, the
development of appropriate software and the conduct of test experiments

The scientific novelty consists in the following:

1. A method of converting Boolean expressions is proposed to speed up the
evaluation of the completeness of test sets

2. A software implementation of a method for assessing the completeness of
test sets is proposed

3. The work confirms the effectiveness of the proposed method of speeding
up the assessment of the completeness of test sets within the framework of the
conducted experiments

The practical value of the results obtained in the work is as follows. The
proposed software implementation of the method of assessing the completeness of
test sets can be used to determine the optimal set of tests or applied in the case when
an unequivocal result was not obtained based on certain test sets. In this case, it
allows defining an additional test set sufficient to establish all the states of the
system's processors. Developers can evaluate the completeness of the test suite, and
by sorting through combinations of test checks, choose the minimum or close to it.
In addition, the complex analysis of the results at the self-testing stage can be
replaced by a simple procedure of searching for the appropriate row in the table of
coefficients. The proposed method of transformating Boolean expressions will
allow developers to speed up the assessment of the completeness of test sets.

Approbation of dissertation results. The main provisions and results of the
work were presented and discussed at the scientific conference of master's and
postgraduate students "Applied mathematics and computing" PMK-2022 (Kyiv,
November 2022) and the VIII All-Ukrainian scientific and practical conference of
young scientists "Information technologies - 2021" ( Kyiv University named after
Boris Grinchenko)

Structure and scope of work. The master's thesis consists of an introduction,

four chapters and conclusions.



The introduction provides a general description of the work, assesses the
current state of the problem, substantiates the relevance of the research direction,
formulates the purpose and tasks of the research, shows the scientific novelty of the
obtained results and the practical value of the work, provides information on the
approbation of the results and their implementation.

In the first section, existing methods of self-testing of processors of fault-
tolerant multiprocessor systems are considered and their advantages and
disadvantages are analyzed.

In the second section, a method of converting Boolean expressions is
proposed to speed up the evaluation of the completeness of test sets.

In the third and fourth sections, the structure and description of the work of
the developed software are presented, and its testing was carried out. Also presented
and analyzed are the results of measuring the execution time of the completeness
assessment of test sets with and without the proposed method of converting Boolean
expressions.

The results of the analysis of the work carried out are presented in the
conclusions.

The work is presented on 80 sheets, contains links to the list of used literary
sources.

Keywords: fault-tolerant multiprocessor systems, self-testing of processors,

completeness of test sets.



