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[Tinumennss HaniHOCTI Oaratompouecopuux cucrem (bBC) ympaBmiHHS CKIQAHAMH
00’eKTaMu, 30KpeMa, KPUTUYHOTO TPU3HAYCHHS JOCATAETHCS PI3HUMU LUIAXaMH, MIO0
pPO3TISANAIOTECS Y pOOOTi, BBEACHHS PI3HUX BH/IB HAMIUIIKOBOCTI, 30KpEMa, YacoBOi i
amapaTypHOi, 1 4YacTilie 3a BCE — 3a pPaxXyHOK MpHUIaHHS iM BJIACTUBOCTI BiAMOBOCTIHKOCTI.
OmuiHIOETBCS MiHIMANIbHA KUIBKICTh JOJATKOBUX TMPOIECOPIB JAJs MiJBUIICHHS HAIIHHOCTI
(fimoBipHOCTI 0€3BiAMOBHOI POOOTH) CHUCTEMH 10 HEOoOXimHoro piBHI. KokeH [M01aTKOBUI
mporecop Ja€ TNeBHUHM cTpubok y HamiiHOcTi. [IpomoHyeThcsi MeTon, SKUH BUKOPHUCTOBYE
BHYTpilHI pe3epBu bC, He moTpedye M0AaTKOBUX MPOIECOPIB 1 JAa€ MOXKJIHMBICTH IiJBHUILYBAaTH
HaAIWHICTh CHCTEMH OLbII TUIaBHO, 0e3 cTpuOKiB. OnHIEI0 3 HEOOXITHUX YMOB (DYHKI[IOHYBAaHHS
BimMoBoOcCTiiiknX BC € 31aTHICTh CcaMOTeCTyBaTHUCS, pPO3POOJICHO METOAU ONTUMI3amii i€l
MpOLEAYPH 3a KPUTEPIEM 3MEHIIEHHS 4Yacy i IIMHHOI Ta MAaTPUYHOI TOMOJOTIH 3B’SI3KiB.
3anporoHOBaHO HOBY CTPYKTYPHO-PEryJISIpHY TOIOJIOTII0 Ta MOAU(IKAIiI0 METOly TECTYBaHHS 2-
BimMoBocTiikuXx BC, MeTOI0 SKOro € MiHiMi3allis 4acOoBOI HaMIMIIKOBOCTI. KiIBKICTh TECTOBHX
MEPEeBIPOK Yy MIZCYMKY - 2n, IO MEHII, HDX BiAOMO JUIs iHIIMX MeToniB TecTyBaHHSI bC (n —
3arajibHa KUIBKICTH mporecopiB). [l minBuiieHHsS e(eKTHBHOCTI MpoLEAyp TECTyBaHHS Ta
pexoH(DIrypyBaHHS 3a PI3HUMH KPUTEPISIMU Yy 3arajJbHOMY BHIIAQJKYy 3allpONOHOBAHO METOJ Ta
QITOPUTM  PO3IMOJUICHHS MNPOIECOPIB MO MIAMHOXKHHAX, 30KpeMa, s 3MEHIIEHHS YacoBOl
HAJJIMIITKOBOCTI, sIKa MOXe OYyTH 3acTOCOBaHa i MiABHINEHHS HaJiHOCTI. B mpomeci moBoui
JIOBIrOi eKCIUTyaTalii o Mipi BUXOIy 3 JIaJy HpOILECOpiB CHCTeMa MOXKE MepeiiTu y Hebe3neuHui
ctad. [lisi BUSIBICHHSI TaKOi CHUTYyallii Ta OIBIHKK bh WMOBIPHOCTI 3amporiOHOBaHa Moaupikarris
po3pobiieHoi aBTopamu Mozeli moBeninku bC y moToii BiMOB.

Jlis migBumieHHs iHGopManiiiHoi criiikocTi bC, moB’s3aH01 3 HETATUBHUM aHTPOIIOTCHHUM
BIUIMBOM IIiJi 4Yac po3poOKH, TMOAANBIINN pPO3BUTOK HAOylIW MeToau OaraToBEpCiiHOTrO
MIPOEKTYBAaHHS TMPOLECOPHUX IMPHUCTPOIB, 30KpeMa 3alpONOHOBAHO METOJ| CTBOPEHHS BeEpCiii Ha
OCHOBI aBTOMOpP(}i3My MaTeMaTHMYHHX MOJEJeH, M MPAaKTUYHOTO 3aCTOCYBAaHHS SKOTO
MOJIM(IKOBAaHO METOIUKY (POpMYBaHHS OaraTo po3psAIHHX MPSIMHUX Ta OOEPHEHUX IiJICTAHOBOK 3
JHIMHOIO CKJIAJHICTIO MporpaMHoi abo amapaTHOi pearizanii. Po3pobneno psin Bepciil peamizamii
IPYNOBUX OIEpalid Ha OCHOBI peaiizallii TPyMOBOrO IMEPEHOCY, sKi MalTh IIHPOKUN HAOIp
CHIBBIAHOIIEHb BUTpaTW/mBHAKOAIA. OnepxaHi pe3ynbTaTH 3a0e3Meuyl0Th PO3BUTOK METOIY
CTBOPEHHS BEpCiif KOMIT IOTEpPHUX HMPUCTPOIB 3 BUKOPUCTAHHIM apH(PMETHUKHU B 3aJIUIIKAX.

BuKOHaHO OIIHKY 3aJIe)KHOCTI 3HA4Y€Hb MPHUPOCTY MMOBIPHOCTI MPABMIBHOI POOOTH
MPOIIECOPHUX TPHUCTPOIB 32 PaxyHOK aBTOKOpPEKLii Mpu 3MiHI 3HAa4eHb IMOBIPHOCTI
JETepMIHOBAaHUX CIIOTBOPEHb BXIJHMX CUTHaTIB. BCTaHOBIEHO, IO  PO3PaxyHKOBHH HpUpICT
IMOBIpDHOCTI TPaBUJIBHOI POOOTH TPOIECOPHUX MPHUCTPOIB 32 PAXYHOK aBTOKOPETYIOUMX
BJIACTUBOCTEH Ma€ 3pOCTAIOUMi XapaKTep y MeXaX TeXHIYHO OOIPYHTOBAHOTO POCTY PO3PSIHOCTI
BX1/IHUX cUTHaNiB. Tako, MOKa3aHo, 0 LEH MPUPICT MOXKe OYTH LIJIKOM CYMIpHUM (3 1HKEHEpHOT
TOYKH 30pY) 3 IMOBIPHICTIO MOMMJIOK, BUKJIMKAHUX CIIOTBOPEHHSAMH BX1THUX CHUTHAIIIB. AHATITHYHO
BHU3HA4YE€HA TOTOXHICTh PE3yJIbTaTiB OOYHMCICHHS JOCTOBIPHOCTI (DYHKIIIOHYBAaHHS 32 HAasBHOCTI



JETepMIHOBAaHUX CIIOTBOPEHb BXIIHUX JAHUX Ui OKPEMO B3ATUX OyineBHX (QYHKUINH sk 0e3
BpaxyBaHHs CYNEPIO3UIi QYHKIIIH, Tak 1 3 BpaXyBaHHIM CYTEPIIO3UILiii.

(poc.)

[loBplIEHNE HAIEKHOCTH MHOrompoueccopHbix cucrteM (MC) ynpaBiieHUS CIIOXHBIMU
00BEKTaMH, B YaCTHOCTH, KPUTHUYECKOTO HA3HAUEHHS JOCTUTACTCS Pa3sHBIMHU IyTSAMHU, KOTOpHIE
paccMaTpuBaloTcs B paboTe, BBEACHUEM Pa3HbIX BUJOB U30BITOYHOCTH, B YACTHOCTH, BPEMEHHOM H
anmapaTrypHod, M 4alle BCEro — 3a C4YeT IPUIJAHUS MM CBOMCTBA OTKa30yCTOMYMBOCTH.
OrneHrBaeTcs MUHHMAJIbHOE KOJIMYECTBO JOIMOJHHUTEIBHBIX IPOLECCOPOB IS IOBBILICHUS
HAJCKHOCTH (BEPOSITHOCTH 0O€30TKa3HOW paboThl) CHCTEMBI JO HEOOXOJUMOTO YPOBHSL.
[Ipemnaraercss MeTo, KOTOPBI MCHOIB3YeT BHyTpeHHHE pe3epBbl MC, He TpeOyeT H00aBOYHBIX
MIPOIIECCOPOB U JaET BO3MOXXHOCTH MOBBIIIATh HAJE)KHOCTh CUCTEMBI O0Jiee TIaBHO, 0€3 MPBIKKOB.
OnHuM H3 HEOOXOJUMBIX YCIOBUH (YHKIMOHMPOBAaHUS OTKazoycTtoWunBelx MC sBisiercs
CIOCOOHOCTh CaMOTECTUPOBATHCS, Pa3pabOTaHbl METOABI ONTUMHU3AIMHM ATOH MpPOLEXyphl IO
KPUTEpPUIO YMEHBUICHUS BPEMEHHU Ul IIMHHOM M MAaTpU4HOW Tomojorui cssseil. Ilpemnoxena
HOBasg CTPYKTYPHO-pEeryJspHas TOMOJIOTUS M MOAM(DUKALUS METOoJa TECTUPOBaHHS 2-
oTkazoycTtoiuuBeix MC, 1eNnbl0 KOTOPOW SIBJISETCS MUHHMM3ALUSA BPEMEHHOH H30BITOYHOCTH.
KonndecTBo TECTOBBIX MPOBEPOK (KOTOPOE B OOIEM ONpeeNnsieT BpeMsl TECTUPOBAHUS) B UTOTE —
2n, 4TO MEHBIIE, YeM Ui IPYTHX U3BECTHBIX MeT0/10B TecTupoBanus MC (n — obiiee KOJTUIECTBO
IIPOLIECCOPOB). Jus  noBbimieHHss  3(GQEKTUBHOCTH  MpOLERyp  TECTUPOBaHHUA U
PEKOH(UTYPUPOBAHUS TIO Pa3sHBIM KPUTEPUAM B OOLIEM ciydae MPEIOKeH METOA U alrOpUTM
pacrpeniesieHusi MPOLEcCOpPOB MO IMOJAMHOMKECTBaM, B YaCTHOCTH, JUI YMEHBIIEHUS BPEMEHHOM
M30BITOYHOCTH, KOTOpas MOKET OBITh NMpPUMEHHMMa MJIsi TOBBIIICHHS HAAEKHOCTH. B mporecce
JIOBOJIBHO JTONITOM 3KCIUTyaTally 10 Mepe BBIXOJa U3 CTPOS MPOLIECCOPOB CUCTEMA MOXKET MeperTn
B ONAcHOE cOCTosHUE. JIJIs BBISBICHUS TaKOW CUTYallMd U OLCHKH €€ BEPOSTHOCTH INPEATIOKEeHA
Mo ubUKaIys pa3padoTaHHON aBTopaMu MozemH rnoseneHust MC B IOTOKE OTKa30B.

Jns moBbllieHus WHGOpManMOHHON ycroWunBocTH bBC, CBA3aHHOW C HEraTUBHBIM
AQHTPOIIOTEHHBIM  BIUSHUEM TIpU pa3paboTKe, JalbHEiIIee pa3BUTHE MOIYYHIM METOJbI
MHOT'OBEPCHOHHOT'O MPOEKTHUPOBAHUS MPOLIECCOPHBIX YCTPOWCTB, B YACTHOCTU NMPEITIOKEH METOJ
CO3JIaHMsI BEpCHil Ha OCHOBE aBTOMOP(U3MOB MaTEMaTHUECKUX MOJEICH, I MPAaKTUYECKOTrO
MPUMEHEHHUS KOTOPOro MOAUDUIIMPOBAH METOAUKY (OPMHUPOBAHMUS MHOTO Pa3psAHBIX MPSIMBIX U
O0OpaTHBIX TOJCTAHOBOK C JMHEWHOM CI0KHOCTBIO NMPOTPAaMMHON HJIM ammapaTHOW pean3aluu.
Pazpabotan psn BepcHil peanu3aly TPYIIOBBIX ONEpaluidi Ha OCHOBE pealn3allil I'PyMIOBOTO
NepeHoca, KOTOpbIE HMEIOT IIMPOKHHA Ha0Op COOTHOIICHUH 3arpaThl / OBICTPOACHCTBHE.
[TonmyuyeHHble pe3ynbTaThl 00ECNEUMBAIOT Pa3BUTHE METO/AA CO3IAaHUS BEPCHH KOMIIBIOTEPHBIX
YCTPOMCTB € UCTIOJIb30BaHUEM apU(PMETHUKHU B OCTATKAX.

BrinonHeHa oIeHKa 3aBUCMMOCTH 3HAUYE€HUI MPUPOCTa BEPOSTHOCTH MPAaBUIBHON PabOTHI
MIPOIIECCOPHBIX YCTPOMCTB 3a CYET AaBTOKOPPEKIHMHM TNPH H3MEHEHHM 3HAUYCHHH BEPOSITHOCTU
JIEeTEPMUHUPOBAHHBIX HCKaXCHUH BXOIHBIX CUTHAJIOB. YCTAHOBJIEHO, YTO PACUETHBI NPUPOCT
BEPOSATHOCTH MPAaBUILHONH pabOThl MPOLECCOPHBIX YCTPOWCTB 3a CYET ABTOKOPEKTHPYIOLINX
CBOWCTB HMMEET BO3PACTAIONIMI XapakTep B Mpeaesiax TEXHUYECKH OOOCHOBAaHHOTO poOCTa
Pa3psAIHOCTH BXOAHBIX CUTHAlOB. Taxke, MOKa3aHO, YTO 3TOT NPUPOCT MOXKET OBITH BIOJHE
COM3MEPUMBIM (C HMHXXCHEPHOHW TOYKH 3pEHHUs) C BEPOSTHOCTHIO OIIMOOK, BBI3BAHHBIX
MCKA)XCHUSMHU BXOJHBIX CHUTHAJIOB. AHAJMTUYECKH ONpEACNCHa TOKIECTBEHHOCTh PE3yJbTaTOB
BBIUMCIICHUS TOCTOBEPHOCTH (PYHKIIMOHUPOBAHMS NPU HATUYUHU JIETCPMUHHPOBAHHBIX UCKAKCHUN
UCXOJHBIX JAHHBIX JJS OTAENBbHO B3SATHIX OyNeBbIX (QYHKIMH Kak 0Oe3 ydera Cyneprno3uIui
(GYHKIMH, TaK U C YUETOM CYIEPIIO3ULIUHA.

(anra.)

Reliability improvement of multiprocessor systems (MS) designed for controlling
sophisticated objects, in particular those of critical purpose, is achieved in a variety of ways, which
are discussed in this work, by introducing different types of redundancy, in particular temporal and
hardware redundancies, and most often — by the fault-tolerant design of the system. The minimum
number of additional processors required to increase the reliability (probability of operation without



failure) of the system to the desired level is estimated. A method that uses internal reserves of MS,
does not require additional processors and provides an ability to increase the reliability of the
system more smoothly without the jumps is introduced. One of the necessary conditions for the
functioning of fault-tolerant MS’s is the ability to self-test, methods to optimize this procedure in
terms of reducing the time for the bus and matrix connection topologies were developed. A new
structurally regular topology and modification of the method of testing 2-fault-tolerant MS’s, the
goal of which is to minimize the temporal redundancy is proposed. The resulting number of test
checks (which generally defines the testing time) is 2n, which is less than for other known methods
of testing MS (n is the total number of processors). To improve the efficiency of testing and
reconfiguration procedures on different criteria in general case, a method and algorithm for
allocation of processors into subsets is proposed, in particular for the reduction of temporal
redundancy, which can be used to increase reliability. In the course of a fairly long operation as the
processors fail, system can go into a dangerous condition. To detect such a situation and assess it’s
probability, a modification of the authors-developed model of MS behavior in a fault stream is
proposed.

To enhance informational robust being connected to negative human influence during
design stage of MS, the methods of many-version processor units’ design had next development.
Namely, the method of version’ creation on basis of mathematic models’ automorfism had been
proposed. For practical using of such method the method of forming of many-digital direct and
inverse replacements with linear complexity of soft- or hardware had been modified. The number
of versions to implement the group operations on base of group carry’ realization which have wide
value of the ratio cost/speed had been designed. Obtained results allow the development of method
to design the versions of computer units with using of an arithmetic in residues.

Evaluation of dependability of the values of increment of true processor units’ functioning
probability due to existence of autocorrelation under probability variation of determined wraps of
input signals was carried out. It is founded that calculating increment of processor units’ true
functioning by means of autocorrecting facilities has increasing mode into the range of technical
based enhance of input signals’ the number of digits. Also it is showed that this increment can be
compatible (from engineer point of view) with probability of faults which are due to wraps of input
signals. It is founded analytically an equality of the results of calculations of functioning’
trustworthiness under existence of determined warps of input data for selected Boolean functions
both without taking into consideration of the functions’ superposition and with existence of such
superposition.
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5. IlopiBHSIHHS 3i CBITOBMMH aHAJIOTaMM.

PesynbpTaTu BiAMOBIIAIOTH CBITOBOMY PiBHIO, @ METOJ MiABUINEHHS HAIIHOCTI 0€3 BBEACHHS
JOJaTKOBUX MPOIIECOPIB, METO/ BpaxyBaHHs SBUILA aBTOKOPEKLIi MpU OOYMCIEHH] TOCTOBIPHOCTI
(GYHKIIOHYBaHHS POIIECOPHUX MPHUCTPOIB B YMOBAX JIE€TEPMIHOBAHUX CIIOTBOPEHb BXIAHUX JaHUX,
METOJI CTBOPEHHS BEpCii MPOIECOPHUX MPHUCTPOIB HAa OCHOBI aBTOMOp(IZMYy MaTeMaTHYHHUX
MoJieNiell He MaroTh aHAJIOTIB Yy CBITOBIM iHXKeHepHiil mpaktuii. KpiM Toro, MeToa TecTyBaHHS 3
OLIIHKOIO 2n MepeBipoK MPH HE3aJSKHOMY NapajeIbHOMY TECTYBaHHI, METOJI peaii3allii NpsMux ta
o0epHEHMX MiICTAHOBOK, METOJI peajizallii MOAYIIpHUX orepaliil 3a e(eKTUBHICTIO MEPEBUIYIOTh
CBITOBUH PiBEHb.

6. ExonomiuHa npuBadIuBICTD AJ151 IPOCYBAHHS HA PHHOK
Po3pobneni MeTonu, aropuT™Mu, MOJENi Ta IPOTrpaMy TO3BOJISIOTh 3HU3UTH COOIBapTICThH
MIPOEKTYBAaHHS Ta PO3POOKHU 0AaraTonpolecOPHUX CUCTEM YIPaBIiHHS, 30KpeMa, 32 PaxXyHOK:
- CKOpOYEHHS 4acy TeCTyBaHHS IoHaiimMeHIue Ha 50%
- 3MEHUICHHS BUTpAT Ha OaratoBepciiiHy po3poOKy mporecopHux mpuctpoiB Ha 20 — 30 %;

7. IloteHnuiiiHi kopucTyBaui (rajaysi, MiHicTepcTBa, mMiANpUEMCTBA, opradizaunii). Meroau,
MOJIeNi, AIrOPUTMH MOXYTh OyTH 3aCTOCOBaHi B IHCTHUTYyTaX, IPOEKTHHX YCTaHOBaxX Ta
MiANPUEMCTBAX, 10 3aiiMalOThCs PO3POOKOI0 CKIIAAHUX 0araTONMpOIECOPHUX CHCTEM YIpaBIiHHS
CKJIaTHUMH 1 HAJICKIaJHUMH 00’ €KTaMHU.

8. Cran roroBHOCTI po3po0Ku.
[lo 3ampomoHOBaHMM METOAaM PO3POOJIEHO AaNrOpUTMH Ta BIAJArOHKEHO MPOrPaMH.
JIOCTOBIpHICTh OTPUMAaHUX PE3YIbTATIB MiATBEPIKECHA

- [UIAXOM  eKCIEPUMEHTIB Ha po3po0JEHHMX MPOTOTUIAX HPOTrPaMHUX
KOMIIJICKCIB

- IUIAXOM MOJEJIOBAHHS Ha 3arajbHO MPUHHATUX MOBAX MPOTrPaMyBaHHS;

- musaxom mojemoBanHs Ha CAIIP TUIIC WebPACK ISE Tta nuisixom ¢izuyHOi
peamizarii va [TJIIC

9. IcHyroui pe3yJbTaTH BIPOBAKEHHS.

Pesynbrat poOoTH, 30KpeMa Ti, II0 CTOCYIOThbCS OpraHi3allii Ipouecy B3a€MOTECTYBaHHS
MIPOIIECOPiB, BUKOPUCTOBYIOTHCS Y HAYKOBHX JOCIHIIPKEHHSIX THCTUTYTY NMPOOJIEM MaTeMaTHYHUX
mamuH Ta cucreM HAHY. IlomepenHi exkcrnepuMEHTH MiATBEPIKYIOTh IE€BHY €(QEKTHBHICTH
QJITOPUTMY B IUIaHI 3MEHILICHHS Yacy TeCTyBaHHS.

TeopeTnuHi OCHOBM TOOYIOBM Ta 3aCTOCYBAaHHS HOBHX METOJIB MiABUIICHHS HATIMHOCHUX
napameTpiB  06araTompolecOpHUX CHCTEM YIPABIIHHA BUKOPUCTOBYIOTbCA Yy AMCLUIUTIHI
“TectyBaHHs, HAAIMHICTh, KOHTPOJb Ta JIarHOCTHKA KOMII IOTEPHHUX cHUcTeM” (HOBI 3acobu
MIIBUIICHHS HAAIMHOCTI cucTeM) crnerianbHocTer “CrerianizoBaHi KOMIT IOTEPHI CHCTEMHU Ta
“Komm’toTepHi cuctemu Ta Mepexi”. OpepikaHi pe3ylbTaTH MO MiJBUINEHHIO iH(OpMaIiiitHOT
crifikocti BC BukopuctoBytotbcst B muctuiuiini - “IlpoextyBanns CKC” (B wactuHi



6araToBepCifHOIO MPOEKTYBAHHS — HOBMU MiApo31ii) Ta AucuuiuiiHu “lHdopmaniiina CTIHKiCTh
KOMIT IOTEPHUX CUCTEM Ta MEPEK — HOBUH MiIPO3 i — 0coOMuBOCTI iHpopmaniiiHoi ctiiikocti BC).
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