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ECTECTBEHHbIE PECYPCbI U UX AICNOJIb3OBAHUE ON1A
NOBbLIWEHUA KOHTPONEMNPUTOOAHOCTU LUPPOBbIX
KOMNOHEHTOB CUCTEM KPUTUYHECKOIO NPUMEHEHUA
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Pe3tome: Paccmompensvt mooenu, memoovl u cpedcmsd KaxK yeaegvle pecypcol 0/ peuleHus 3a0ad npoeKmuposanus u
OUASHOCMUPOBANUSL KOMNbIOMEPHBIX CUCMeEM U UX Komnowenmos. Omnpedensemcs Kpumepuili 6bl00pa yenesbix
Pecypcos, akmusupyiowux ecmecmeeHHbvle pecypcol, HanpasieHHble Ha NOGblUeHUe IPPOEeKMUSHOCMU peulenus 3a0al.
Paccmompena npobnema HU3KOU KOHMPORENPUSOOHOCMU — YUDPOBLIX KOMHOHEHMO8 CUCHEM  KPUMUYECKO2o
npuMeHeHus, U NOKA3AHbL NYyMu ee peuieHusi npu evlOope Yenesvlix pecypco8 8 COOMEEHICMEUU C NPEeONONCEHHbIM
Kpumepuem. Onucan nymv YCMpAHeHUs NPOMUBOPEHUSI MeNCOY YEAeGbIMU PEeCypPCamu, HANPAGICHHbIMU HA
obecneuerue KOHMPOLENPU2OOHOCMU, NPOUIBOOUMETLHOCU U MANOU CIOHCHOCTNU YUPDPOBLIX KOMNOHEHmMO8. Dmom
NYmMb OCHOBbIBACCA HA PACNAPATIETUBAHUY BbIYUCTEHULL C UCHOTb308AHUEM NOCIe008aMENbHBIX KOOOS.

KuawueBble cioBa: Ecmecmesennvle pecypcel, cucmemsvl KpumuiecKkoco npumeHenus, Lﬂtd)pOGble KOMNOHEHMbL,
KOHmpwzenpueodHocmb, pacnapajiiejiusarue BbIUUCACHULL 8 NOCAC008AMENbHBIX KOOUX.
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Abstract: The models, methods and means as target resources for solving tasks for design and testing of computer
systems and their components are considered. A criterion for choosing the target resources activating the natural
resources for the increasing the efficiency of task solutions is determined. A problem of low checkability of digital
components of safety-critical systems is examined and the ways of its solution is showed by choosing the target
resources in accordance with the offered criterion. The way of elimination of a contradiction between the target
resources aimed to maintain the checkability, productivity and low complexity of digital components is described. This
way is based on parallelization of computations with the use of the serial codes.
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BBEOEHUE BBIUMCIICHUH, HEOOXOJUMO 3aTPaTUTh HEKOTOPHIC
pECYpCHI, TIOTYUYUBIITNE Ha3BaHUE IEIEeBRIX [1].
Henessie pecypcer (LIP) — »TO mpuBiekacmbie
JUTSL pEIICHUs 3214l MOJEITH, METOBI U CPEJICTBA B
caMOM IIMHPOKOM X TOHUMaHUH. MoAeI U METOIbI

Jns pelieHus onpeiesieHHOM 3a7a4u, HallpuMep,
MPOCKTUPOBAHUS, JUATHOCTUKU WM BBIMOTHEHUS
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OTHOCATCA K MH(GOPMALMOHHON YacTH PECypcoB, a
cpeAcTBa — K TeXHojJorudeckol. Mopgenu — 3To
Halll TpeAcTaBileHus. Meroasl —  omuMcaHus
HEKOTOPBIX  TPeoOpa3oBaHMi. CpenctBa  —
BOIUIOIIEHHE METOa, BKIIOYas HCIIONb3YEeMbIH s
3TOr0 HHCTPYMEHT. 3agaud, kak u I[P moxHO
pa3fenuTh Ha JBE TPYINIbI: CUHTE3a U aHAIN3a, T.C.
COOTBETCTBEHHO CO3/aHMsI 4ero-mudo H OLECHKH
nonyyeHHoro pemenusi. Kpome I[P B pemenun

3aJ]adyd  MOTYT HCIIOJB30BaThbCSl  €CTECTBEHHBIE
pecypcel  (EP). Illmpoko wu3BecTHBI JBa UX
IIPEICTAaBUTENS: €CTeCTBEHHAas HH(GOPMAaLMOHHAs
n30obitounoctb  (EMMM) [2] w  ecTecTBeHHas

CTpYKTypHO-BpeMeHHas: u30biTouHocts (EBU) [3],
UCTIOJb3yEeMble B JHUAarHOCTHKE, T.€. MPU PEIICHUHU
3agay aHanuza. EctecTBeHHas wWH(pOpMaLUMOHHAS
N30BITOYHOCTD IIPOSIBJIAETCS B BUAE 3aIIPELICHHBIX
3HAUEHUH KoJa pe3ysibTaTa, HampuMep, JBOMYHOIO
KOJia TIOJIHOT'O MIPOH3BEICHHUS.

IIpn yMHOXEHHH [BYXpa3psIHBIX JIBOMYHBIX
YyHCeN BBIUUCIAETCA 4-Xpa3psiHOe NpPOU3BEICHUE,
npuHumaroiee 3Hauenud 0, 1, 2, 3, 4, 6 u 9, T.e.
ToNbKO 7 3HaueHMH. OctanbHble 9 3HaueHud 4-
PpaspsagHOTO JBOUYHOTO Koza SIBIISIFOTCSA
3anpenieHHbIMU U cocTaBisaioT EMU. EcrecTBeHHas
BpeMEHHass HW30BITOYHOCTE MOXKET MPOSBIATHCS,
HaIrpuMmep, B N30BITKEe BpEeMEHH TIpH (hOPMHUPOBAHUHT
YOPaBISIOMIKUX CJIOB JJIsl MHEPIMOHHOTO 00BeKTa
ynpasineHnus. M3yuenue EP sBnsercs ocHoBoOM st
ux 3(QeKkTUBHOrO MCHOIB30BaHMSI, HAIIPABICHHOTO
Ha ynpomeHue I[P u moBBIIEHME KadecTBa
peleHus 3aaad.

Baxnoii obnacteio mpuinoxenus EP saBnsiorcs
nH(popManmoHHeie yrpasisitone cucreMbl (MY C)
KPUTUYECKOTO  NPUMEHEHMSA,  OOCIy>KHBAIOLIUE
00BEKTHl TOBBHIIIEHHOTO PHUCKA B HSHEPreTHKE, Ha
TpPaHCTIIOPTE, B 00OPOHHOW M KOCMHUYECKOW OTpaciu
[4]. Takue cucTeMbl MPOEKTUPYIOTCA UId paboTHl B
IBYX peXHMax: IITATHOM M KpuTHyeckoM. [Ipuuem
OCHOBHOE BpeMs OHU IIPOBOAST B IITATHOM PEXUME,
XOT$ CO3JIAI0TCS Pajil KPUTHUECKOTO PeXUMA.

OcHoBHEIM TpeOoBanneM Kk MYC kpuTmueckoro
IPUMEHEHUS SIBIISIETCS o0ecrieueHme ux
(YHKUNOHAIBHON 0€30MacCHOCTH, YTO TPAAULIMOHHO
pemaeTcss ¢ MCIOJIb30BAHUEM OTKa30yCTONYMBBIX
CcTpyKTyp [5]. A7 OJHOPEKUMHBIX KOMMEPYECKHX
CHCTEM 3TOTO IOCTaTOYHO.

B 0TKa30yCTOMYMBBIX PEIICHUSAX IBYXPEKUMHBIX
nyc COXpaHseTCs npobsieMa HU3KOU
KOHTPOJIEIIPUTOAHOCTH IIU(POBBIX KOMIIOHEHTOB.

B nanHOl craThe aHANMM3UPYIOTCS BOMIPOCHI
OTIpeleNeHNs, BBISBJICHHS W HcCHoONb30BaHus EP
(pazmen 1), moueMy  KOHTPOJEIPUTOJHOCTH
SIBIISIETCSL MPOOJIEeMOid Il HU(PPOBBIX KOMIIOHEHTOB
NYC xputndeckoro mnpuMeHeHUs (pasmen 2) u
npeiaratorcss EP g moBwiieHus TpoOaeMHOMN
KOHTPOJICTIPUTOTHOCTH (pazzern 3).

1. YTO TAKOE ECTECTBEHHbIU
PECYPC?

Ha npumepe EMU u EBU MOXHO HOSCHUTH
€CTECTBEHHOCTb pecypca TeM, YTO OH OBLIT MOJTydeH
B IIpollecce pELIeHMs 3aJaud CHHTe3a Kak
MOOOYHBIA TPOAYKT U MOXKET OBITh HCIIONH30BaH B
pelIeHu: 3aa4di aHajan3a Kak ocoOeHHocTh [P B
BHJIC IOJIapKa, T.€. UMEET JapOBOM XapakTep.

Ompenencaue EP kak ocobennoctu I[P tpebyer
YTOUHEHHUS ECTECTBEHHOCTH B paMKax peLICHUs
TOJIBKO 3a/layd CHHTEe3a WM aHanu3a. llomyuaercs,
yto EP, Hampumep, NpOeKTUPOBaHUS BO3HUKAET B
pe3yabTaTe HEAOMBICIHS, TP KOTOPOM H3HAYaAJIbHO
B TMPOEKTE peIIeHus 3aJadd Oblia yIyIIeHa
ocobennocts IIP, mome3Has g TONydYeHHS
pe3yibTaTa.

Cnenyer OTMETHTh, 4YTO [I€JIeHHME 3ajad Ha
CHHTE3 U aHaIW3 pruoOpeTaeT Bce OoJiee pa3MBITHIN
M ycioBHBIM  xapakrep. OIeHKa  perieHus
CTAaHOBUTCSI ~ HEOTHEMJIEMOM  YacThlO  CaMoro
pemieHus, T.e. €ro pesyipTata. JluarHoctuka
Mpoluia NOyTh OT BBIHOCHOM K BCTPOEHHOM,
OINEPaTUBHOMU, MOCTOSIHHO JE€HCTBYIOLIEH.

[leneHne Ha CHHTE3 W aHaIW3 ABIAETCA
CIIECTBUEM CTPYKTYpPHOIO MOAXxoAa (MeTona), BHE
KOTOPOI'0 HEBO3MOXHO PEIIATh CIOKHBIE 334a4U.

K PECIICHUIO 3aJa4u MMPEABABIIAIOTCA
TpeOOBaHMS:

— JIOCTHKEHUS HE0OX0TMMO CTENEeHU
aJIcKBaTHOCTH pe3yJbTaTa 10 OTHOUICHUIO K

JIEHCTBUTEIHHOCTH, T.€. JOCTOBEPHOCTH PE3yJIbTaTa;
— TMOJlyYeHHUs pe3yibTara B CPOK, oOecrieunBas
JUTSL 3TOTO HEOOXOAMMYIO TIPOU3BOIUTEIBHOCT;

— BIIACBHIBAHHA pelIeHns B pamMKu
npenocrasisieMblx LP.
Beimonnenne 3THX  TpeOoBaHMM  pa3OuBaeT

eIMHYIO0 33a[]a9y He TOJIbKO Ha CHHTE3 W aHaJIN3, HO K
TOMY € Ha 3HAUUTEIHFHOE MHOXKECTBO I0J13a/1a4 CO
CBOMIMH IIEJEBHIMH (YHKIMSIMA W BBLIEISEMBIMU
st ux obecneuenmst I[P, a Takke ceTeBBIM
rpadukomM OUYEpEeHOCTH  pEIICHUSI. Torna
ocobennoctr 1IP, MCIONB30BaHHBIX IS PEIICHHS
MPEIIIeCTBYIONIMX Toa3af1ad cTaHoBarcs EP ams
pelIeHus CIeAyoX noa3aaay.

Hampuwmep, 0COOEHHOCTH obecrieueHus
OTKa30yCTOWYHBOCTH CXEMOTEXHHUYECKOTO PEIICHUS
MOTYT OBITh HCIONB30BaHBI JJISl TOBBIMICHHUS €0
KOHTPOJEIPUTOTHOCTH.

N 3agaun, u P ang ux pemeHus moiyyaror
pa3BUTHE U KaK CHCTEMa »JIIEMEHTOB (B YaCTH
OpraHM3alnv), U KaK 3JEeMEHT CHUCTeMHI (B YacTh
(OYHKITMOHUPOBAHUS — B3aUMOJICHCTBHUS 3JICMCHTOR).

[Ipesxxne Bcero, OHU SABIAIOTCS DJIEMEHTAMHU
Takol cHCTeMBI Kak Haml Mup W pa3BUBAIOTCS B

COOTBETCTBMM C €ro  peaqusiMh, T.€. €ro
0COOEHHOCTSIMH, HHBIMUA CJI0BaMu — EP
OpraHu3alui.

294



Julia Drozd, Alexander Drozd, Julian Sulima / Computing, 2012, Vol. 11, Issue 3, 293-301

[IpumeuaTensHO, 9TO OCOOCHHOCTH MO3HAETCS B
cpaBHeHuH. [loaTOMY HaM JOCTYITHO aHATTU3UPOBATh
0coOEHHOCTH OpraHu3auu Mupa, u3ydas pa3BUTHE
€ro 2JIEMEHTOB, CPABHUBAS MX HA PA3INYHBIX dTalax
pasButus. Cpenu takux EP Mupa Beigensercs ero
napajuielIn3M W NpHOMIKEHHOCTh. B dacTHOCTH
MOKHO MIPOCIIETUTD STanbl pa3BUTHUSA
KOMITBIOTEPHBIX CHCTEM M UX KOMIIOHEHTOB IO MyTH
MOBBIIIICHUST YPOBHS CXEMHOTO ¥ CHCTEMHOTO
napamienu3mMa [6], a TakKe pocTa 3HAYUMOCTH
00pabOTKY MPUOINIKEHHBIX JAHHBIX, BBHITIOTHIEMOH,
Kak IpaBmwiIo, B hopMaTax ¢ IIaBaroIiel TOukou [7].

Bospacraromuii  ypoBeHs napaimnenusma I[P
pacimmpsieT Kpyr pelaeMbIX 3ajad B HalpaBiICHHUU
pocTa MX Pa3MEpPHOCTH, KOTJa TOYHBIC MOJIENIU M
METO/IbI TEPSIIOT 3P PEKTUBHOCTH u
COBEPIICHCTBYIOTCS B TPHOJIMKEHHBIE, T.e. Ooee
a/IeKBaTHBIE MPUOIMKeHHOMY Mupy.

[lokazaTenbHBIM ~ SBISIETCS  paclpoCTpaHEHUE
MeTOJla 3aroTOBKH pPE3yJbTaTOB, IOBBHIIIAIONIETO
3¢ PEKTUBHOCTH C POCTOM YPOBHSI Hapajulein3Ma B
peraeMbIx 3anadax [1].

[lpumepom MOXET CIYKUTb COBpPEMEHHOE
MPOEKTUPOBaHUE [HU(POBBIX KOMIOHEHTOB Ha
FPGA, xorma MHKpocxeMa MpeACTaBisieT coOou
3aroTOBKY MOJ MHOECTBO NPOEKTOB, a MPOEKT —
3aroToBKy pe3ynbratoB Ha LUT (T.e. B Tabimmax,
3alIUTBIX B y3J1aX MaMSTH) JUISE MHOXKECTBA BXOTHBIX
JTAaHHBIX.

Bce mporpammHOoe obecriedeHne OCHOBBIBAETCS
Ha  3arOTOBJICHHBIX  BETBSIX  AITOPUTMOB |
MTOCTOSTHHOM 170'¢ BEIOODE, 3arOTOBJIEHHBIX
HOJNPOrpaMMax U IPOTPAMMHBIX MOJIYJISIX.

B uudpoBoii cxeMoTeXHHKE METOIl 3arOTOBKH
Pe3yJIbTaTOB IMO3BOJISIET OJHOBPEMEHHO CHIKATh U
BpeMsl BBIUYUCICHHUH, M CIOXKHOCTh PEHICHUS. DTOT
3dexT ycmnmmBaeTcs C TOBBIICHHEM YPOBHS
napayiesnusma LP.

Hampumep, oOpamenne Kk OuTy maMatu
IpeAnoNaraeT — JAemudpanuio  ero  ajupeca,
CIIO)KHOCTb ~KOTOPOTO, MOXXET OBITh OIleHEeHa
KOJIMYECTBOM  BBIXONOB  nemmdpatopa. s

paspsaHocTH anpeca 10 crmokHOCTH AemudpaTopa
COCTAaBJISIET 210, T.€. 1024 BRIXOAA.

B Mukpocxemax mamsiTd ¢ apxuTektypout 2,5 D
ajZipec maMsTH pa3duBaeTcs Ha JBe 4acTH [8].

[Ipn nemmdppannu mnepBoil yacTu, HampUMep,
TIOJIOBUHEI a/Ipeca, 3arOTaBIMBACTCSI MHOXKECTBO U3
2° pesynbTaToOB, M3 KOTOPHIX IIPH JeMH(ppPaIH
BTOPOW TIOJIOBUHEI ajipeca BBIOMPACTCS OIUH OWT.
CIIOXKHOCTh TAaKOTO PEIICHHs CKIajbiBaeTcss u3 2°
BBIXOJIOB JBYX JCHIN(PPATOPOB H TaKOH Ke IO
CJIO)KHOCTH CXEMBI BbIOOpa OHTa, YTO COCTaBisieT 96
BBIXO/IOB, T.c. Oomee vem B 10 pa3 mnpoie
memmdpanuu  Bcero aapeca. C  yBenTWUeHHEM
paspsimHOCTH anpeca no 16-tm u 20-TH peuieHue
yopomaetrcst Oomee uwem B 85 u 340 pas,
COOTBETCTBEHHO. OIHOBPEMEHHO pAacTeT YHCIIO

pa3psaoB BTOPOM MOJIOBUHBI ajpeca, MO KOTOPBIM
MHOTOKPATHO CHUYKAETCS BPeMs BIUYHCIIEHUHN.

Kak MpaBuio, BpeMs BBIYMCIICHHUMI
MPOTUBOIIOCTABIIAECTCS  CIOKHOCTH  alllapaTHOIro
pelieHus: AN TOBBIMICHHUS  OBICTPOACHCTBHS
YBEIMYMBAIOT 3aTpaThl 00OpYAOBaHUS, MpHYEM
KKI0C CIEAYIOIIECE IOBHIICHHE OBICTPOICHCTBHSI
obxomutca gopoxke. B paccmorpeHHOM mpuMmepe,
YIPOLIEHUE PEIICHUs COIMYTCTBYET MOBBIICHUIO
OBICTPONIEHCTBUSA, UYTO TPOSBIACTCI C POCTOM
CXEMHOT0 Mapaiean3Ma.

PazButue 1{P nporcxoauT ux cTpyKTypUpOBaHUEM
MOJ OJIHU U Te e peanuu Mupa, T.e. ero EP. Uner
mporecc commkenus [P, wux wuHTErpamum u
B3aMMHOTO yCUJIEHUA. B KOHEYHOM cuere, B 3TOM
COCTOSIT UX 0COOECHHOCTH, cocTaBisroliue EP.

Hanpuwmep, JUISt JIOCTHUKEHUS BBICOKOM
MPOU3BOAUTEIFHOCTH KOMIBIOTEPHBIX CHCTEM U UX
KOMIIOHEHTOB HapanuBaeTcs MHOKECTBO
OIICpalfMOHHBIX 3JICMCHTOB, u Ppa3BHUBAIOTCA

¢yHkuun BeIOOpa pesynbratoB. Te ke LIP u B Tom
K€  HalpaBIICHUM  COBEPIICHCTBYIOTCA IS
MOCTPOEHUS OTKa30yCTONMUUBBIX CTPYKTYP.

Takum oOpaszom, mns mposiBienuss EP cremyer
BbIOMpaTh [IP B HampaBiieHMH WX E€CTECTBEHHOTO
pa3BuTHus B 3ToM Mupe.

OCHOBHOI1 BBIBOJ] COCTOUT B TOM, YTO KPUTEPHEM
BbIOOpa [P ans pemenus moazamad SIBISETCS HMX
HENPOTUBOPEUNBOCTh. COXpaHEHUE MPOTHUBOPEUUN
CBHUJICTEIBCTBYET O  HEJOCTaTOYHOM  YPOBHE
pasButus LIP nnm ynmymenusx B ux nogbope.

Becs Bompoc 3axitodaercsi B TOM, YTOOBI IJIBITH
[I0 TEYECHUIO MHMPOBOTO pa3BUTHUSA, IOJydas B Jap
EP, wnn nmpotuB TeueHus, yxyQmias pe3ysibTaT ¢
MPUBJICUYECHUEM JOTIOTHUTENbHbIX [[P.

[Mapannenusm U NpuOINKEHHOCTb, KOHEYHO, HE
sBJsAOTCS  enuHCTBeHHbIMM EP  Mupa. MoxkHo
OKUJaTh, YTO NOAOOHO TOMY, Kak Hapajuiein3M
MPOSIBIISET MPHUOIMKEHHOCTh, 00€ OCOOCHHOCTH Ha

ONpENeNICHHbIX 3Talmax WX pasBUTUA  OynyT
CHOCOOCTBOBATh MPOSIBIICHUIO U aKTyalHu3aluu
npyrux EP Mupa.

K Ttakum nHamboiiee 3aMETHBIM OCOOCHHOCTSIM
Mupa MOXHO OTHECTH €T0 JUHAMHYHOCTB, KOTOpas
MIPOSIBIISIETCA B yCKOPEHHUH MTPOIIECCOB PA3BUTHSL.

B »3THx ycrnoBUsSX pacTeT  aKTyaJlbHOCTb
MPOOJIEMBI CKPBITBIX TPOIECCOB M OTPaHUYCHHBIX
BO3MOXHOCTEH  HUX  KOHTPOJS,  CHIDKAIOIIUX
JIOCTOBEPHOCTb MOITYYaEMBIX PE3yJIbTATOB.

2. KOHTPOJNEMNPUITOAHOCTb
LNPPOBbLIX KOMIMOHEHTOB

B UYC kputuyeckoro mpUMEHEHHs, KOTOpPHIE
3aHUMAIOT II€PEOBble MO3MLUM B  Pa3BUTHH
KOMIBIOTEPHBIX M WH(GOPMAIIMOHHBIX TEXHOJIOTHH,
npobiemMa CKPBITBIX MPOLECCOB HAXOIUT OTPaKeHHE
B KOHTPOJICHPUTOIHOCTH LU(PPOBBIX KOMIIOHEHTOB.
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Ilon KOHTPOJIETIPUTOHOCTHIO HOHUMAIOT
CBOICTBO yCTpOiicTBa, o0ycnaBnuBaroliee
MPUCHIOCOOJIEHHOCTh K HPOBEACHUIO KOHTPOJS €ro
TEXHHYECKOT'O COCTOSHUS B MIPOLIECCE M3TOTOBJICHUS
U DKCIUTyatanuu [9].

TexHuyeckoe cocTossHUE HUPPOBBIX YCTPOIHCTB
OLICHUBAETCSI C UCTIOIb30BAaHUEM METOJIOB U CPEICTB
TECTOBOT'O JMarHOCTUPOBAHHUA. ITosTomy
KOHTPOJIEIPUTOJHOCTh TPAJUIIMOHHO OTHOCHUTCS K
3TOH obuacTy, rue Ha3bIBACTCAd  TAKXKe
TECTONPHUTOTHOCTHIO u OLIEHUBAETCSI 1o
YIpaBIIsieMOCTH U Ha0ogaeMocTH ycrpoiictsa [10].

B pabodeM anarHOCTUPOBAaHWH, HaNpaBICHHOM
Ha OLICHKY JI0CTOBEPHOCTH PE3yJIbTaTa BEIYUCICHUH,
podieMa OrpaHUuYeHHON KOHTPOJICIIPUTOJHOCTH 10
CHX TOp NPOSIBUJIACH JMIIL B TEOPUU U TIPAKTHKE
MIOCTPOCHUS IOJTHOCTBHIO CaMONPOBEPsIEMBIX cxeM. B
paMKax OSTOH TeopuH OBUIO BBEAECHO YCJIOBHUE
CaMOTECTHPYEMOCTHU U POBBIX CXeM,
MIPOTUBOJICHCTBYIOIEE HAKOIUIEHNIO B HUX CKPBITHIX
HEWCIIPaBHOCTEH B yacTH KOHTPOs [11].

B nyc KPUTUYECKOIO [IPUMEHECHUS
BO3MO>KHOCTH pabouero JUarHOCTUPOBAHUS
CYLIECTBEHHO OTPAaHMUYCHBI KOHTPOJICIIPUTOAHOCTHIO
IUGPOBBIX  KOMIIOHEGHTOB B JOCTYIHOM UL
MOCTOSTHHOTO aHaJIN3a IITaTHOM PEKUMe.

Kax  npaBuno, wratHeidi pexum UYC
XapaxkTepusyeTcs BBICOKOH CTa0MIIBHOCTBIO
MOCTYMAIOMUX OT JaT4YUKOB CHUTHAJOB, KOTOpBIE
mocie  OUU(POBBHIBAHMS  JNAIOT  OTPaHHUUCHHOE
MHOXECTBO JABOMYHBIX KOIOB. OHH SBISIOTCA
BXOJIHBIMU CJIOBaMH IU(PPOoBBIX KoMIToHeHTOB Y C,
HanboJiee 4yacTo — KOMIIApaToOpoOB, CPaBHUBAIOIUX
HUX C TOPOTOBBIMH 3HAYCHHSMH, O003HAYAIOIIUMH
pa3in4Hble YPOBHHU OMACHOCTH.

B kagectBe mnm¢poBsix KommoHneHToB UYC
KPUTUYECKOTO  IMPHUMEHEHHUs, Kak  IPaBuUio,
UCTIOJIB3YIOTCS OJHOTAaKTHBIE YCTPOICTBA,
o0ecreunBaroie BBICOKYIO TPOU3BOAUTEIHLHOCTD,
00pabaTpiBasi YMCIOBBIC JAaHHBIE B MapaielIbHBIX
KOZaX.

OrpaHn4eHHOE KOJMYECTBO BXOJIHBIX CJIOB B
LIITaTHOM  peXuMe  oOyCHaBIMBAE€T  HU3KYIO
KOHTPOJICTIPUTOAHOCT  OJAHOTAKTHBIX YCTPOWCTB,
YTO YpPEBaTO HAKOIUIEHHEM B HUX CXEMaxX CKPBITBIX
HEHUCIIPaBHOCTEH, MPOSIBISIONIUXCA B KPUTHYECKOM
pexume Y C.

3. OLEHKA N NOBbILUEHUE
KOHTPOJNEMNPUTOOHOCTHU

KonTtponenpurogHocts HUPPOBBIX KOMIOHEHTOB
B TECTOBOM U pabOuYeM JUarHOCTUPOBAHUH CITY)KUT
Pa3HBIM LEJSAM, W TOTOMY JIOJKHA OICHHBATHCS C
pa3HBIX MO3UIMK. B TECTOBOM JMarHOCTUPOBaHUU
KOHTPOJICTIPUTOAHOCTh  OLICHUBAETCSI C  IICJIBIO
OTIpe/ieTICHHsT BO3MOXHOCTH TIOIYYSHHUS TECTOBOH

BXOJHOH ITOCIIEOBATEIBHOCTH, BEIYHCIISS B KOKION
TOYKE CXEMbI MPOU3BEJCHHE €€ YIPaBIsIEMOCTH Ha
HaOmogaeMoCTh. B paboueM IUArHOCTHPOBAHUHU
KOHTPOIICIIPUTOJHOCTh Ba)KHA C TIO3WIUU y4YeTa
MOTEHI[UAIILHOM yIPO3bl CO CTOPOHBI CKPBITHIX
HeucnpaBHocTed. [Ipu 3TOM ympaBiseMOCTh TOYKH
Ha pa0o4ynMxX BXOJHBIX  IIOCIIEAOBATEIHHOCTSIX
yTpaduBaeT cBOE 3Ha4YCHHE, "
KOHTPOJICIIPUTOTHOCTh  MOJIHOCTBIO  OIPEIENISICTCS
TOJIKO HaOJF0aeMOCTBIO TOUYEK CXEMBI.

Bmecte ¢ Tem, moHATHE HaOMIOAAEMOCTH
LIENIECOO00Pa3HO PACIIMPUTH C YYE€TOM BO3MOXKHOCTH
YaCTHYHOTO UCKITFOUCHUS CKPBITHIX HEHCIIPABHOCTEH.

Onpeoenenue 1. Touka cXeMbl Ha3bIBaeTCA
yacTHYHO HaOmonmaemoi: 0-Habmromaemoit wmm 1-
HAOJI0JaeMOH, €CIM HAa MHOYKECTBE BXOIHBIX CJIOB
aKTUBUPYETCS MyTh OT 3TOW TOYKH TOJBKO IPH ee
3HaueHuu «0» wim «1», coorBeTcTBeHHO. ECciu nyTh
aKTUBUPYETCS TPU BCEX €€ 3HAYCHUAX, TO TOYKa
Ha3bIBaeTCs HaOIIOAaeMOl, a B MMPOTUBHOM CIIy4ae
HeHaOmomaeMoi. [1yTh akTHBHpYETCS TP Tiepenade
W3MEHEHHS 3HAYCHUS TOYKHU B KOHTPOJIBHYIO TOUKY
CXEMBI, IMOJKIIOYaeMyI0 K CXeMaM KOHTPOJs
U POBOTO KOMITOHEHTA.

Onpedenenue 2. Touka CXeMbl Ha3bIBACTCS
KOHTPOJICTIPUTOTHON Win YaCTHYHO
KOHTPOJICTIPUTOTHOM, €CITH SIBJISAETCS COOTBETCTBEHHO
HaOMOJIaeMO  WJIM  YacTUYHO HaOIromaeMoi, u
HEKOHTPOJICHIPUTOJIHOM B TPOTUBHOM CITydae.

KonTponenpuromHocts MUPpPOBOT0 KOMITOHEHTA
MOXKET OBITH OIIEHEHA TI0 CIeayomei dhopmye:

C=(Nc+0,5Np)/ Ny,

rae N¢, Np 1 Ny — KOJIMY€CTBO KOHTPOJIEPUTOJIHBIX,
YaCTUYHO KOHTPOJEHPUTOAHBIX U BCEX TOUYEK
CXEMBbl, COOTBETCTBEHHO.

B nyc KPUTHYECKOIO IIPUMEHECHUS
KOHTPOJICIIPUTOTHOCTh  IIU(POBBIX  KOMIIOHEHTOB
HEoOXOANMMO 00eCrevrnBaTh B KOMILIEKCE C PAIOM
JIPYTUX TPEOOBAHMIA.

Cpenn HuX HambojJee YacTO BBIACISIOTCS
TpeOOBaHMsI, OTHOCSAIINECS K MPOU3BOAUTEIHHOCTH,
OTKa30yCTOMYMBOCTH U CJOXKHOCTH perieHud. Jis
3¢ PEKTUBHOTO PEIICHHS 013324 TI0 BHIOJIHEHHIO
3THX TpeOoBaHmii obecrieunBatomume ux I[P ciexyer
BEIOWpATh HEMPOTUBOPEUYHUBBIMH. B
pacnpocTpaHEHHBIX peLIeHUIX obecrnieueHme
KOHTPOJCIPUTOAHOCTH BXOJIUT B MPOTHUBOPEUHE C
BBICOKOM MPOU3BOAUTENIBHOCTBIO, JOCTUTAaeMOM C
HCIIOJIb30BAHUEM OJJHOTAKTHBIX YCTPOUCTB.

IIpocTpaHCTBEHHBII MaTpPUYHBINA MapauIeIu3M,
JeXaluid B OCHOBE CTPYKTYP OJHOTAKTHBIX
YCTPOMCTB, C OJHOW CTOPOHBI, OOECHeYMBaeT WX
MPOU3BOAUTEIHHOCTh MyTeM O0OpabOTKM NAaHHBIX B
MapajyieNbHBIX KOJaX, a C JPYroil CTOPOHHI,
OTPAaHMYMBAET  HCIONB30BAHUE TOYEK  CXEMBI

296



Julia Drozd, Alexander Drozd, Julian Sulima / Computing, 2012, Vol. 11, Issue 3, 293-301

KOJIMYECTBOM BXOJHBIX CJIOB. Jost nycC
KPUTHYECKOTO TIPUMEHEHHS TaKOe OTpPaHUUCHHE
CHIDKAET KOHTPOJICIIPUTOAHOCTh UG POBBIX
KOMITOHEHTOB B IIITATHOM PEXHUME.

st ycTpaHeHHWs ~ JaHHOTO  MPOTHBOPEHUHS
HEOOXOJMMO COBMECTHTh Mapajlieu3M CTPYKTYP
OU(pPOBBIX  KOMIIOHEHTOB, HEOOXOIWUMBIA IS

o0eCrieueHUs] BBICOKOH IMPOU3BOIUTEIBLHOCTH, C
MHOFOpaSOBBIM HUCIIOJIB30BAHUEM TOYCK CXCEMBbI IJIs1
KaXXIOro BXOZHOTO cJIoBa. VHBEIMH  CIIOBaMH,
00paboTKa BXOIHOTO CIIOBA JTOJDKHA BBITOHITHCS B
TEUEHWE MHOTMX TAaKTOB, T.€. IIOCIENOBATEILHO
paspsn 3a paspsjom. CrenoBarennpHo,
pacmapanyieMiBaHUe BBIYUCICHHA W CTPYKTYP
1M (POBBIX KOMIIOHEHTOB HEOOXOAMMO BBIMOJIHATH C
00pabOTKOW JaHHBIX HE B NapaUieibHBIX, a
IOCIEN0BATEIBHEIX KOJAX.

Takue pemeHns HapabOTaHbl B paMKax
BEpTUKAIBHOW 00paboTKH MaHHBIX [1].
O6pabotka apajuIeIbHOr0 Koz

[TOCTIEIOBATENFHO Pa3psif 3a pa3psiioM yBETUIHBACT
KOJIMYECTBO TAKTOB BBINIOJHEHHS OIEpalud B
COOTBETCTBHH C Pa3psAHOCTHIO KOJIA.

Bmecre ¢ Tem, B TOH e Mepe CHHXKaeTcs
MIPOJOJDKATENNBHOCTh  TaKTa, HYTO CIIOCOOCTBYET
COXPAaHEHUIO TPOU3BOJUTEIILHOCTA MPH MEPEX0JIe
0T 00pabOTKH MapasIeNbHBIX KOJIOB 32 OJIUH TaKT K
MHOTOTaKTHBIM BBIYHCIICHUSM B ITOCIIEA0BATEIBHBIX
KOZax.

B03MOXHBI Takke KOMIIPOMHUCCHBIC PEIICHUS C
MOCIIEI0BATENbHO-TIAPAIUIETbHON opraHm3anuen
BhiunciieHuii. OHa mpeaycMaTpuBacT pa3OUBKY
YHUCIIOBOTO JIAaHHOTO HA 4YacTH, 0OpabaThIBaeMbIC
MTOCIIEIOBATENFHO JAPYT 3a JIPYTOM U TapajuieIbHO
10 WX pa3psiaaM.

Hns 00paboTku napajuIeIbHbBIX KOJIOB
HapabOTaHBl MHOTOYHCIICHHBIE METOJBI YCKOPEHUS
BBIYHCIICHUH, HampuMep, pacmipocTpaHeHus
MEepPeHoca B CyMMAaTopax, KOTOPBIC JOMOJIHUTEIHHO
MOBBIIIAIOT  MPOU3BOJAUTEIBHOCTh  OJTHOTAKTHBIX
YCTPOMCTB.

Bwmecrte ¢ Tem, METOJIbI YCKOPEHUSI BBIUUCIIEHUH,
BKJIFOYash METOJ 3arOTOBKU pE3yJIbTaTOB, MOTYT
OBITh HCITONIE30BaHBI U MPU 00padOTKE MAHHBIX B
MTOCTIEIOBATENFHBIX KOMIAX.

[TepcrieKTUBHBIMU SIBJISTFOTCS TaKKE
MapauUIebHO-TIOCICIOBATELHBIC  BBIYKCIICHHS, B
KOTOPBIX JaHHOE pa3leisercs Ha MapauieIbHo
oOpabaTeiBaeMble TIOTOKH pa3psioB, a TakKke
MHOTOIIOTOYHAsI o0OpaboTka JTAHHBIX B
MOCIIEIOBATENFHBIX  KOJMaX. B 3TUX pemieHHsx
MIPOM3BOAUTEIHHOCTh MOBBIIIAETCS B COOTBETCTBUHU
C KOJIMYECTBOM MOTOKOB.

ITepexon K o0paboTke JTAHHBIX B
[TOCTIEIOBATENIbHBIX ~ KOJaX  IO3BOJISIET — TaKke
yopoctuts I[P, koTopple B  OJHOTaKTHBIX
YCTPOMCTBAX  HWCHOJB3YIOTCS ~ HEPAIMOHAIBLHO.

Hanpumep, mMaTpuuHbld YMHOXXUTENb 7-pa3psIHBIX
IBOMYHBIX  KOAOB, cocTosmuid w3 n(n—1)
onepanuoHHBIX  dieMeHToB  (0O3),  BBINOIHSIET
YMHOXeHHE 3a 2n — 2 3aJepKeK, BHOCHMBIX 3THMHU
anementamu [12]. Takum obpazom, kaxaeni u3z 0D
3aJeliCTBOBaH B TakTe Ha (21 —2)-10 4YacTh €ro
MPOAOKUTENIEHOCTA. MaTpUYHBIN JeUTeNh YUCel
cocTouT 3 (1 + 1)* mOC/Ie[0BATEIBHO COCTHMHEHHBIX
03 [13], T.e. KaXABIi UX HUX HCIOIB3YETCS TOJBKO
Ha 100 / (n + 1)*%. Jlst n = 8 s10 cocraBisier 1%.

Bo3mo)kHOCTH MTOBBIIIIEHNST KOHTPOJIETIPUTOTHOCTH
IUPPOBBIX KOMIIOHEHTOB TpH 00paboTKe JaHHBIX B
MOCIIEIOBATEIBHBIX KOJIaX MOTYT OBITh OIICHEHBI Ha
npuMepe mu(pOBOro KoMmaparopa JJisi CpaBHEHUS
JBYX 16-TUpa3psiiHBIX ABOUYHBIX uucen A U B —
BXOJIHOTO JaHHOTO U MOPOra, COOTBETCTBEHHO.

Komnaparop BBMHCISET pe3ynbTaT CpaBHEHUS
F=0 npu A<B (mrarHeii pexuMm) u F=1 B
MIPOTUBHOM CiIy4ae (KPUTHUIECKHUH PEKUM).

udposoit komnaparop noctpoeH Ha FPGA B
AT BapuaHTax | — 5 ¢ HCIONb30BaHUEM OJHOTO,
IBYX, 4eThpex, BockMu U 16-tu  LUT,
00pabaThIBAIONIUX JaHHBIC COOTBETCTBEHHO 3a 16,
8, 4,2 u 1 rakToB.

Orenka  KOHTPOJICTIPUTOTHOCTH  IH(PPOBOTO
KOMITapaTopa BBHITIOJIHEHA B IITAaTHOM pPEXHME Ha
€ro MpOrpaMMHOIN MOJEINH C MONyYeHHEM CPEIHETO
3Ha4YeHHs Ha 33JJaHHOM MHO)XECTBE IKCIIEPUMEHTOB.

MHOXECTBO  IKCHEPUMEHTOB  (HOpMHUpPYETCS
nepebopoM 3HaUYeHUi nopora B (0T 3aJaHHOTO By
10 MAaKCHUMAaJIbHOI'O BMAX=216— 1). C xaxaeiM
3HaUCHHEM Iopora B BXogHoe maHHOe A oOpa3yeT
3aJlaHHOE€ KOJM4YECTBO N, CIOB, U3MEHASCH OT €ro
OaszoBoro 3HaueHus A c¢ marom 1. ba3osoe
3HaYeHHE OOHOBISIETCSA C KaKIBIM JKCIIEPUMEHTOM,
M3MCHSSICh C TOJHBIM TMEpedOpOM OT HAYaIhHOTO
3HaAUEeHUA Ay 10 3HaUeHusI B — Ny

B TaoI. 1 MPUBEICHBI pe3yJIbTaThl
MOJCITHUPOBAHNS B TMPOICHTAX, MOJYYCHHBIE IS
cxeMm 1 — 5 mpu Byyy =511, Apyy =10 u pazaudabx
3HAUEHUAX Ny.

Taonauna 1. KoHTpoJIenpuroaHocTs KoMmnaparopa

Na 1 2 3 4 5
1 100 85 69 44 26
5 100 85 84 56 34
10 100 85 84 64 38

20 100 100 92 68 42

30 100 100 92 72 42

40 100 100 92 72 42

50 100 100 92 76 46

100 100 100 94 80 48

200 100 100 94 84 53

300 100 100 95 84 57

400 100 100 95 84 57

500 100 100 95 88 59
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st cpaBHeHUs B TaOi. 2 TpHUBEICHBI 3HAYCHUS
KOHTPOJICTIPUTOTHOCTH, TOJydYeHHbIE 0e3 yuera
YAaCTUYHO KOHTPOJICIPUTOTHBIX TOUECK.

Ta6auua 2. KonTposienpurogHocTs KoMIaparopa
0e3 yyeTa YACTHYHO KOHTPOJIENPHIOIHBIX TOYEK

Na 1 2 3 4 5
1 100 71 46 12 0
5 100 85 61 28 6
10 100 85 76 36 10

20 100 100 84 44 14

30 100 100 84 48 16

40 100 100 84 48 16

50 100 100 84 52 20

100 100 100 84 60 22

200 100 100 92 68 26

300 100 100 92 72 30

400 100 100 93 72 30

500 100 100 93 72 32

CpaBHUTENBHBIA aHAN3 JaHHBIX, TPUBEICHHBIX
B Ta0JIHIaX, IOKa3bIBaE€T Ha pocT
KOHTPOJICTIPUTOTHOCTH C YBEIWYCHHEM KOJIMYECTBA
CIOB U C TIOHIDKCGHHEM HOMEpa CXEMBI, T.c.
MepexooM OT 00pabOTKH TMapaieNbHBIX KOJOB K
BBIYHMCJICHHUSAM B IIOCJIEA0BATENLHBIX KOIaX.

ITapannensHelii  KOMmapatop  (cxema  5)
JEMOHCTPUPYET HHU3KYI0 KOHTPOJICIIPUTOTHOCTh
JaXe TpH 3HAYUTEITFHOM KOJHMYECTBE BXOIHBIX
cioB. K ToMy k€ B OCHOBHOM OHa JOCTHUTAeTCs 3a
CYET YACTUYHO KOHTPOJICIPUTOIHBIX TOUECK.

CxemMbl 3 U 4 [OOCTUrarOT BBICOKUX 3HAUEHUN

KoHTpojenpuromHoctd  84% u  60%  mpu
WCIIONB30BaHUHM COOTBETCTBEHHO 20-TH W cra
BXOJHBIX cJ0oB. Kommaparop, BBIMTOJHSIONIUI

OTICpallii0 CpaBHEHHUA 3a 8 TakTOB (cxema 2),
nocturaer  100%  KOHTpPOJIEIPUTOJHOCTH  Ha
MHOeCTBE U3 20-TH BXOJHBIX CJIOB

Kontponenpurogaocts [0CJIEJ0BATENLHOTO
koMmmapatopa (cxema 1) coctaBmsier 100%, HaunHas
C OJTHOTO BXOJHOTI'O CJIOBA.

Takum  oOpasoM, 00paboTka JaHHBIX B
[IOCJIEOBAaTEeNbHBIX ~ KOJaX pemaer mnpolnemy
HU3KOM  KOHTPOJICHPUTOIHOCTH  COBPEMEHHBIX
nu(ppoBEIX  KOMIIOHEHTOB B coctae UYC
KPUTUYECKOTO  mpuMeHeHus. llpuuem  Takoe
pelieHne He MPOTHBOPEUUT JOCTHKEHHIO BBICOKOU
MIPOU3BOAUTEIBHOCTH.

4. BbIBO[bl

Baxnyto poJib B peleHnn 3a1aq
MPOEKTUPOBAHUS U JUArHOCTUKH KOMIIBIOTEPHBIX
CHCTEM W WX KOMIIOHEHTOB wurpaer BbiOop LIP,
00eCIeUnBaIONINX  IOJIyYeHUE  pPE3yJIbTaTOB  C
3aJlaHHBIMU TIeJIeBBIMU QyHKIUAMU. PazButne [P —
MOJeNield, METOJIOB M CPENICTB — JEMOHCTPUPYET HX

CTpYKTYpUpOBaHHE TMOA peamud Mwupa, cpenn
KOTOPBIX BBIJICTISIIOTCS napasuieIn3M u
npubmmkeHHocTh. Kpurepuem Boidoopa LIP sBisieTcs
UX HEMPOTHUBOPEUYNBOCTH MIPH PEIICHUH MOA3a4a4 110
obecrnieueHUI0 TpeOyeMbIX LeneBbX (yHKIui. [lpn
sToM BKIodaroTcss EP, T.e. ocobennoctu 1IP,
MposBIsAtOIIMEcs B uHTerpanuu LIP u nx B3aumMHOM
YCUJICHUH B HAIpPAaBICHUM OOECIICUEHUs IENeBBIX
¢byHKUMI mo3anay.

[TprMepoM MOXKET CIIy>KUTh pPeLIeHue MpoOIeMBbl
HU3KOH KOHTPOJICTPUTOJHOCTH IU(pPOBBIX
komnoHeHToB WYC KpUTHUYECKOTO TNPUMEHEHUS.
IIpoTuBOpeune Mexay KOHTPOJICIPUTOJHOCTBIO U
MPOU3BOAUTEIBHOCTBIO COBPEMEHHBIX YCTPOWCTB
CHUMAETCS MMyTEM paclapauleIUBaHNs BEIYACICHAN
B  TOCJIENOBAaTENbHBIX, a HE  TPAAULHNOHHO
UCIOIb3yEMBIX MapauIeIbHBIX KOAAX.
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Abstract: The models, methods and means as target resources for solving tasks for design and testing of computer
systems and their components are considered. A criterion for choosing the target resources activating the natural
resources for the increasing the efficiency of task solutions is determined. A problem of low checkability of digital
components of safety-critical systems is examined and the ways of its solution is showed by choosing the target
resources in accordance with the offered criterion. The way of elimination of a contradiction between the target
resources aimed to maintain the checkability, productivity and low complexity of digital components is described. This
way is based on parallelization of computations with the use of the serial codes.
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serial codes.

In order to solve a task (for example, in co-design
or testing) the target resources (TR): the models,
methods and means are used. The models and
methods are related to information part of TR and
the means belong to their technology one. The TR
can be applied in the tasks of synthesis and analysis
[1].

Except the natural resources (NR) can be used in
solution of a task. Two representatives of NR are
wide known: natural information redundancy and
natural structural-time redundancy [2, 3].

These kinds of natural redundancy are formed
during process of task solution as indirect product
and they can be used for solving a task of analysis as
particularities of TR in form of free present. The NR
are not limited to natural information and structural
time redundancy as they belong to diverse set of TR
particularities.

The task is solved taking into account the
requirements to productivity, reliability and limited
resources. Execution of these requirements divides
the task into large set of subtasks with their target
functions, the TR appropriated for maintaining the
target functions and schedule of execution priority.
Particularities of TR used for solving the previous
subtasks become NR to solve the following ones.

The tasks and TR for their solving receive

development as a system of elements and as an
element of system.

First of all they are the elements such system like
our Universe and are developed in accordance with
its particularities, i.e. its NR.

Among such NR the parallelism and proximity of
the Universe are allocated.

In particular we can retrace the stages of
development if the computer systems and their
digital components by the way of increasing the
parallelism level and progress in approximate data
processing executed as a rule in floating-point
format [4, 5].

Growing level of TR parallelism expands a set of
solved tasks in direction of raising their dimensions
when exact models and methods lose efficiency and
improve in approximate ones, i.e. more adequate to
approximate Universe.

We can consider this issue examining the process
of expansion of the preserved results method which
increases efficiency with raising the parallelism
level of solved tasks [1].

The modern co-design of the digital components
on FPGA can be considered as an example of this
method application. A chip is a blank for a set of
circuit projects, and every project is a blank of
results reserved on LUT for a set of input data.
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The software is based on reserved program
modules, branches of the algorithms and on
permanent process of their choice.

In digital component design the method of
preserved results allows simultaneously to reduce
time operation and hardware overhead.

Development of TR passes by their structuring
under the same particularities of Universe. This
process determines narrowing of the TR, integration
and mutual amplification. These particularities of
TR are NR of design and testing.

In order to activation of NR it is necessary to
choose the TR in direction of their natural
development in this Universe. The main issue
determines a criterion of TR choice for solving the
subtasks: these TR should be consistent.
Conservation of contradictions shows low level of
the TR development or overlook in their choice.

All content of this question is to drift with the
stream of Universe development receiving NR like
gift or up stream degrading the result with use of
additional TR.

The following particularity of Universe is its
dynamics which is demonstrated in acceleration of
development processes. In these conditions the
actuality of problem of the latent processes and
limited opportunities of their supervision reducing
reliability of received results.

In safety-critical Instrumentation & Control
Systems (I&CS) the problem of latent processes is
shown in checkability of the digital components [1].

The 1I&CS are designed for operation in two
modes: normal and emergency one. For most of
operating time, the safety-critical I&CS runs in the
normal mode. The emergency one, for which the
safety-critical I&CS is designed, is a rare event as a
rule and at best way never occur [6].

The main requirement to safety-critical 1&CS is
the ensuring and maintaining their functional safety
which is traditionally solved by use development of
the fault-tolerant structures [7].

However they do not guarantee calculation of
reliable results owing to low checkability of digital
components.

The checkability of a digital component in on-
line testing can be estimated by amount of circuit
points which are observable in a normal mode.

In safety-critical I&CS it is necessary to provide
the checkability of the digital components on the
limited set of input words in a normal mode in a
complex with other requirements such as
productivity, fault tolerance and low complexity.

In traditional solutions the maintaining of
checkability and low complexity contradicts the high
productivity achievable with use of simultaneous
digital components.

The contradictions between the checkability and

productivity, productivity and complexity are
eliminated by paralleling the calculations in series
codes.

Data processing in series codes
simplifies TR which in simultaneous
components are used irrationally.

For example, operational elements of a 8-bit
iterative array divider of codewords are used in
clock cycle only on 1% of time.

Opportunities of increase in checkability of digital
components using data processing in series codes are
appreciated by the example of the 16-bit digital
comparator for comparison of input number A with a
threshold B.

The comparator calculates result of comparison
F=0 for A<B (a normal mode) and F=1
otherwise (an emergency mode).

The digital comparator is constructed on FPGA
in five variants with use of one, two, four, eight and
sixteen LUT, processing the data accordingly for 16,
8,4, 2 and 1 clock cycles.

The estimation of the comparator checkability is
executed in a normal mode on program model with
reception of average value on set of values of
threshold B. For each of them operand A forms the
set of the input words located successively.

Simulation of digital comparator demonstrates
low checkability in case of parallel code processing
and 100% of checkability beginning of one input
word at execution of calculations in series codes.

multiple
digital
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