EP 0 273 043 Bl Descripti on BACKGROUND OF THE | NVENTI ON 5 Thi s
invention relates generally to nugg g pis@asgfundant processing systens and,
nore particularly, to mul- tiple-redundant processors enpl oying voting

| ogic. Trj Iﬁ-tgrodul ar-redundant (TMR) conputational systens have been known
for some éﬁ%ﬁ B°%0or exanple, U.S. Patent No. 4,375,683 to VWensley, entitled
"Faul t TCBA@!@RBU%EE"I‘FIEN\@R%NSB/S'[ em and Voter Circuit,"” describes such a
systemb e. In general, the principle of TMR systens
is that thenGONRMi IR dohbMil toWiipRinGuRdaht pricBR g Btehnd bREmbrd BaHiduAl, gyl es
op- 10 Eifp@rédﬂﬂdahfbr%_&’éﬂreﬁﬁbﬁﬁ’ﬂ voﬁﬁbqgéié?@ﬂpﬁeﬁﬁé&iaﬁre&lfndénhﬁmB&?ﬁbhﬁiidnﬂ%?sténh’&ey

pert or m ajafe deBNiNeWPEr dofe Foarsy R Blampte, U.S. Pafent Nof 4,375,883 D WesRy, eftitiel "FALI TolerahO"
SONE I eatmputhtiohal 'S9storh brid VibteP CiRUUILY QdsEifledtich B Bystef Habsdlon! TRR Hrdhftectufed I defidtal Ot her
two nod- the wiRcipld FTMRI¥tgnts i1Batleomputalibs fandlionstiid faetkmed bythiea [@erticd) ynodddsop! ey,
"M cr ac ongmatihgih syRehromidm, land e fesqits ofthn@mputafidhsifjeylperfirimaard\dothpared in ROGterrdRdue.\if "
Proc. of dnimoduletiin erfvtw For soind reabion, itsTpsullsiare out @t by #ha cinfectiresulisdforn thexasiek voanond
paper 15uess by Davies and Wakerl ey, entitled "Synchronizati on and Matchi ng
i N RedundanTheS\&tpenripleis gisodgscrited ing papsrbyWinkqrley.SMigrocoppliter Religblfity Ingoveent Usinge
1978. ThdTiple Mpdyigr RedupdaneystReoceqf thejlirfh, ¥el1Gdihlo. BfJune 1876 Apgther urfeful baskasqund pager he
field®®f ibyPavigs anet qur_ley,mtitleg§yAch39n35@p @ndsMatching in Redundant Sp@{m“d@ﬁE Trans. on

Bi nary D&toqPyiREofhEd J¥e- Balie 1Py System 25 30 35 40 45 50 55 2 EP
0273043 B1 [gfqlovingppients pre indicative ﬁ%a@ﬁ of the artin the figld PIPRIPYeRt®L LI t  Corr ec-

tion Systemfor Parallel Signal Channels US-A-3,538, 498 Ganes et al.
Maj ority uk t i1g ang _Faul t I ndicating 10 US- A- 3, 665, 173

Bour i (2:% usBg A 3'%‘?’:%4@ l\/bgBYﬁ?n& Redun- GLTATY Daga,Jdntprmatipn

=4 A- 3, 680, 069 Neumann et al. Testi n@landlingegystemt Control Systens
15 US- A- 3, 783, 250 Fl et cher Adaptive Voting Conputer et al.
Syst em US- A- 3, 805, 235 Foster et al. Equalization Means for

Mul ti 2£hannel Redundant 20 Control System US-A-3, 848, 116 Moder et al.
Data Processing System having Tripl exed System 25

Units US-A-4,270, 715 Norton et al. Railway Control Signal

I nterl ocking Systens US-A-4, 356, 546 Wi t esi de Faul t - Tol er ant
Mul ti- et al. Comput er System US- A-4, 402, 045 Kr ol

Mul ti 3®r ocessor Conputer System 35 US- A- 4, 497, 059 Smth
Mul ti - Channel Redundant :



Processi ng Systens 40 The follow ng patents are material to those
aspécts of the invention rel atinggg go73a9nfl and replacenment of conputation
nodul es wi t hout di sconnecting power fromthe entire system US-A-3,993,935
Phillips Printed Circuit Board et al. Connection US-A-4, 079, 440
Ohnuma et al. Printed Circuit Board Capable of Being Insert- 50

ed and W tUiShAx\an 501,@43 | i neDEy@emis Fr ench ARtpmatisppauttitCorrdd A- 2126272
di scl oses an information processing systemgdian 8 gS{:% SYParabrechroni zed
processors connected to a voting and out pUtéHé E'n conpares the

out put data fromthe three processors and F@8f ﬁB§n5?1% majority vote
whi'ch, |f WSrA- 0f5318hd98r ocescames | et fallll t y Majbrdtialdaul tprdebsstuing s

i denti fied, that processor is disconnected gfjgoFal,he gﬂapggtﬂtgthe system
and the OLﬁ d%f%g S, t aken fro:{n%the ot her_ two gr ocesL 9 EP 0 273
043 Bl JP-YSEYP3EERg 17Bat ent BBUFIGHIS of JEFHPLB0IMPdBla. Eéé‘ - 456,
May 1986) discloses a si mul at ed fett,llal.generdancurgss@:ﬁ.am in which the output
of a sinulgsesl F,3dd, 069Nt €Nt febRPT I 415 sw&tll%%af ANR D2h&antt 0get her
with the out puts of ‘an execution instructiagn Rt gr gnd a cycle counter,
to an error status register. The output of ¥YSE8RBus register is

t hen &uppl Vet 788 ,@5100r prBtetsheng means adaptineOVafHiing Gomputer | EEE
Transactions on Conputers, vol. Ggg4ay No. By 1975, pages 498-505

di scl oses, n |cIe en Ied T Archlt tural El enent s f a
Symmetric 1%%&33 saq o12ePant nﬁf’#ﬁ? o¥e g e3ps a
nul tipl e-redundant conputer systemand a nmm-cﬂhmnett |R1§ilinaslﬁn's in a
triple-redundant conputer systemin accordayfe 1t BykBemPre- characterising

rts of ( n 10 respectively.. A common drawback,in
faul t-tol epgng‘s%‘i@t% Cof thg B?Fo?éaﬂ SL%tas%W%ﬁ{'%% gg’%ﬁ“bed in
the 10 Wensley Patent (US-A-4,375,683), ishahingt Peigdteowd ofystehaul ts
wi t hi g the system depends on there being atﬁ.g_gsect out putfroma voter
circuit. I t cuit_itself fai h ault_detection logjc also
Fai L. S S A rpPBTBERneF (1 b1 o RRLAFAY, (COREESH HheEhe
configurations, to address th| s probl em Hostesrlocking Sflsmmssystem; of

the prior gktalg, ETEeg ely m&t&&a&éory | e 4 1€ tAes1 ek a ¥ el ¥y of
failuses wthin the fault detecti og ?:ggl C i Accordi ngly,

S
there Is still a need fora multipf dunda‘%‘ﬁ ‘H’eﬁﬁfri@’ 8B i ng system
capabl e of USebeti40Ry G4tul ts Maplonly in nulebtb-Emwmroﬂode'WES, but
also in fault determ nation Iogl C associ at eghyadda) each of the nod- ules.

The present_ . nv dir to this en [ sent
i nventt on, IU|Sn A e‘i%}s)'poe%ﬂs the there |se’f) %5£a§8 "‘FS‘I pé)%é ‘aghgant
conputer systemas defined in d a| m 1. 20 ProceéSsuind |Systeasi ve system of

the invention is constructed to include three nodul es, each having a
conput e- tional device, bus conparison |ogic andfaultdeterm nation | ogic.

¢h godul erdbWibwify patentslahifaterl 16 hbdeUapdcladthe Invéhtion TEIAHS td¥emdVal dnli skt al
Erﬁ repl m&t&mﬂﬁtﬁoﬁm ﬁm&.eéome&he eﬁfraﬁaeeaﬁﬁéli mg power fr%ﬁ%at he

entire system The el ectronmechani cal nmeans includes an extended-I|ength
power connector pin to ensure connection of power before other connections
during in tA_QN nmod to en S I f power after
25 d#sscoftgéecfjt ?dr?géfggg L#hg'ég&gg ng r?%i\?/‘xg?&? tﬂe m)nglrg and further
i ncl udes an el ect rorrechanl cal i nPEr?i)Ck fcﬁ""@&ﬁ*é B®ing an electrical

i nterrupt Ysgwal, 079640t 0 acthmunar etakd &fr infeedpdixcuibedtnrd he
interrupt signal may be enployed to term rapab2RCbE! BRAGgOTnEELLADdUl € i N

an orderly manner. Preferably, power is s%%ol ‘fura?ﬁ{keﬂﬁ‘gs&?nbyoma

pluraf ty of independent power supplies, over redundant

power suppl y buses and an equal pl uralltyof Fa®®¥%ing circuits. Each of a
nunber of el ectri caI 30 loads in the systemreceives power from al | of t he
power Squll—l .ﬂ t.§r¥|.—séﬁ-%ée§ MSt Io§e"él%hﬁ1(f\'orr iﬂﬁn rgéesé“ évmg?lE

Ci rcujst s oQbn; I%Ees Hl% ol 3 alvhifn L I’fche &tgﬁt)m gﬁ?ﬁaepower
sharing globdskdrt addetehttifes

b@a de‘i)ﬁt ﬁl . Ff a ul y

supply, tsqc’aafmude:ﬁ;tp RB&sBor - tRbrhe soqmnhﬁéakaaiau@e%tenwartﬁéumpam lis tate!n%.%
caused byhedthebbrosdsisslit in the load. A diode i's also included in each

line froma power supply, to prevent any power supply from supplying
current to a short circuit in another3power supply. The outputs of the

di odes 35 are conbined at one termnal of the |oad, to conbine the
currents derived fromthe separate power supplies. In another aspect, the
i nvention provides a nethod of detecting faults in a triple-redundant
conmput er sys-



temas defined in Caim9. In one enbodi nent of the nethod, the step of
simul ating an error condition i ncgpglgmodssii Ng an intentionally incorrect
data word onto a sel ected one of the data buses, vvhereby a voted read of

the data bu a%epAbstracts at e ?QO dllaf Eg Eﬂ 8 rdllrsqose asi hIgte fauIt
conput at i g n&&m ﬁqﬁs\, Fﬁ ﬁé Sk §.§ Souahl
readii ng g o o il ter i@ u@pu o
faul t det@ideh@tla Bﬂlrﬁthe Ehpﬁl%ﬁ I% an@ iala
of si myl ati nﬁsaﬁrraﬁ;aa%&m Lt8rs, Vol €/ zuliﬁ,ss Imay | jagbsos s%rsae&s sresna&de s
co ari 5QﬂecﬁWﬂﬁﬁblﬁteétﬁ}hl@lénﬂﬁtsfoﬁéléﬁnn@ﬂﬁ%ﬁlﬁ%lﬁéht InEprSoesstr 8y ROYHApkIRS 5.1, &0

di ng thRiplelréduhdantdompStérajstdin aHa laGifethiod onde@cting RdiRa triaﬁ-radaﬁdahttcommeym from
t he bus awageeraansewiththgpré-kiarackishgtpats of ORFMsOf antl @Gudbpagtivelipe first 45 fault
st at us wor dA capenardeivdsck oty chuk-ierant systerhaicr thagpriahart] such asakd systero Hesaribed @rthieOr S
i N t heo f dVdnbleyiRetent (USriad, B151688)0ig thet the drtecfian of faultsiwlithin khe systaoT depend$ ercthére beingehe
f or egoi ngpotrdrbautputfenpavetsedircuit] Ifthevoter duititeglifalls.diretfalt detentigniodid alsa feils. Qtheesyigtems n
the fi el chavsfempigyadmyiitiple\velonciseiiisin variapanonfioyrationstyagdeessthis preblers, iowevas none of the
Speci f i caystgms of the pﬂqwémcpmetﬂy enlisfaptary ln the@rdagifetectias offalupsavithio the fult datectien not
just on tegeiSPkr ati on of multiple conputation devices, but also on the
oper aff on oAccardingly. theres sjika need foramyltiplerredundast smajosjiyovgtingsystemeapable gf defegfing faults
conput at b’lg;?'%é\i‘i“t‘f@i  compufation mod al ?fafaa'mwaﬁegw? aspopiatadwithiench of heyfody

conj unct ] °p§1‘°"‘d%’ﬁ?§3?ry‘1 ‘%“&ﬁ’ 7 e PR S B

conJ unct |s§§ ﬁ%
il Jsém%r ‘.‘mo‘?.' %cﬁ, d R e&m%&% nd viﬁ%gr é;?a%

SyStem | Niofd Gl %E&%@mw Jrrﬂ;ﬁuo fh ubidslefobtr

agr am C?f;l ﬁeﬁ?wﬁﬁgj% oftHandd Qﬁntﬁ%ttd ealr‘(ﬂéc% df }Miﬂb bt | S
em  pl oy &gsterft The eldetroreck an extbhdbdleRgtSpoNr dohreBtr pitl tOérisure behascan
sim | ar tgppdwekbefofeiother b&%dﬂ&sh@hﬁg@ls&ﬁ&r@f {8 nBduld, BN STEHETHS MisdoRndeltin@F powbidped t O
provi de Gioshasdtibd Sth¥rlihds durhg réimiod bithe 1B, AAdYurtep Bt &réaidtiranBcRdnicallieriock
i nvent i ororgererdtingan ebdtiing mbtruptaigeal frics10 actudt kdmovab ofitise nfodlitk, avikrebl tA@irtMupE Signai Ng
nor e det andy be bmpidyed tousminatepperativmsof the godulein en drielyimanter. det ermi nation logic 5
of the syst Bwiembly,po@r isisupfiied3o thé systensfrdny gjurality olinvdersodeetavercuphligsgovanplgddityvi ng
one of t eéretiundant pdwetupphehuses@ndanefiuakiiGalitydf paweEharbg cicuits. Brohefamumter of plagricaim
showi &Y tleads dhelsystem taeaives pawgr fronvdll ofthepovdr supplies, bet thessystern isnchaubiest o lfajurk due
di agr am 3¢ shor&irayits eriether defegte Intherigarsr indftechiowers Eael} paywes sheringcirpyitdncludes o G
71is a blcél@{'”dﬂ‘ uitiin aapibie fram ¢ Rewes SLPPINA? Brojast aachsupply drompossible %’G@&‘é@ﬂd'used
in each 't'sgg{g HﬁS'P’t ‘i’i?"'t in °'°ﬁﬁﬁ%€%ﬁf'ﬂ'%‘dﬂ;%éj$§?$?%%; g%%)gff%p;z,:::
simpl i f o]
gener &t erf"’ ?’? ree RRPAAIS pRYEr sypplies
E b ia%r e'“"°"t'°" RSW 6’?%;%\2)‘ FR"fg’ﬂ%‘%'ﬂﬁ’ é” Fsé" 33l rlig‘?('"f‘"é‘llflz’)gﬂ'r’m t

nodul e; fle I rams

hot " ermvmln eﬁﬁsrm%d t@e@g E#s. st dn It.s .hc‘iﬁ Refdnrihatbal o 2

power shargang ol i oo, t¥den 99 i E h%ﬁl &(E

ijrrp Uter eﬂ@ﬁn‘?ﬁﬂ'tﬂﬁon &iror ﬂ‘fl%%l'nﬂﬁ]atio
shown rédilm& B fiFkk AUt JidSs drds willie ISR inﬁ pér y oH&Ltfn@Hu@Hhterﬁwiﬂﬁlon io@ﬁ ent

i nventi on i fm afdiieanhbaitheitiofthe rheibd tre 61ap Sririlating@n erfd? Bantitiinchiseligétlingiselodisy t Ype
t hat enplsetof buskbrhgatison igigeliitedhb Rl dblamiatioh gid, WherdB) the Wp@F resdiigltite firstfaliteités t he
pos- Si biwordsghanfd peodngeuliecrbsuld Bxpected firadi the BusicBnpetisdnsignals) andPstepedf rdading thé frsoDf
some K ndaultktatus wordpgenerates segbndtfaultetatuio wprd ledicatiysif anyatrors i thesfaidtidetagninatiortIégic

noni t ori kgetand control of process variables in a conplex industrial

process, a kwitbe sporeciatpdinam theforeueing that the present inngnifen ipsents a significanhadvenge in the

i nput si grigd$f '&HEP'?‘;@%F’%FE Bgjogty-yeting Fompriar ypams Grenificlly: the Invantioncprovisies %f?&%ﬂ? in
FIG 2a techgiqusifor sheckd ¢ pn e epegation ?fm"l!?a'e§°na9"$9mc9@§%esrbut 3is9en therogera gp

r ef eré"nc “H Iﬁ logi ass&‘fﬁle thee‘g'el Gemeyfation delgss, Otheraspecisand adventagamel theyt put
si gnal s CDATORI Becoms prpareptirom sh '8‘5'3%5““16"‘”&3%"‘?%’ ion, 1Bkey ingoniynptionwith the ac- g
every fur?8'f"i’a8¥|"q W"%he conputer perforns can be considered to be a direct

resul t ofg B Hed¢RIPT mé)s Rae§omputer nenory 12. The processor 10
conmugi c wﬁ—r@mﬂ—mer address lines 18, which carries a
nmenory ad- €E&eRE1 |s%%09&f§grmnaoqu1ﬁpfb-rgﬁhghnt Hpbtbr sydtédh in QRLANERte SRR Bre invéiBot2 €

consi der ed A, 7a iSHHirplifisH bidcRaikiRntlor & Sorfpiiiond He b obhe tyHaith whith 6h8 idbriorsib oh.ed 1 1
the nmenory gdejed;and a data "read" path 22, over which data words are

retrieved fromnenory. In the conputer systemof the invention, data itens
that are read fromthe nmenory of the ﬂri-plicated

(_




conput ati onal devices are nonitored for purposes of fault detection, and
aré latér returned to the procesgpn2ifoasB1t he form of nmgj ority-voted data.
Atypi cal one of the t hree conputational devices is shown in conceptual form

in FIG 2bg pﬁﬁadfbr ggav%ﬁ\ i EPIoY16: %5, Bhéwid ;f,@; oW 2 Uhth & 1ro Sembrly Rinied { O
het

one of thr uaﬁﬁe &meadaeﬁtcsmyate t6m YR FvertiBa tHErelliabight f T om
t he ot her gggbgsggrput ational devices, and the three data buses should carry

identical ¢, a.sarbuoaddaagiamr;ﬁ&v.dgfmoaé detal briiRdusmpatisa lbghy bl the Rt dssPmindtion logic

oper agi Ng efthé SBtemyf @BH;i N syn- chronism The only tinme that data on the
three busesics @ fehgilbrtary sohematis didgrarh Bighwing bieodf thelogishl cpmmetase F1G. 8hi ch ar e
descri bed IFiE. 8 Is.a stiematicdiagramshewingte taulpgtatyssagieof BIGe3;i nput s overlines 28 to a
vot er ci r c G 6 BGy hamivare thiock riiagsageof diiecof tina thogei compulativraiisubsystems showh intFi® 1dat a

si gnal s fr &8. 7l hiek diagrem elowing variguschapsiwereistites ottheproggbsor wped [meachaampytationa82. 40
The ppocesgedulddthedwventipsss the voted data on Iine 32 and operates as if it
wer e recei FIth§ isccpireplifiedelavatiogal vipw,phowing a ﬁﬁ%i‘"}a' interiock used dn ggRerpted anselqcitical e t

recei vi ng %"E‘E‘d’“"ﬁfl&t’ﬂ“°"?’t"b"ﬁ?‘?‘ﬁ@°’ﬁﬁ mul t i P e, conputing systens. The
foregoi ng fKs8 ‘?’f QFTH‘SB?ME%JI"H ° F ditg pespt gy jr’T?g" eg 5o || be

appr eci at e TS ?1 ﬂ%ﬂwaa‘wf @"'@ ‘SfPHF?'Bﬁ%{'!”"ﬂBW 'é’t'i' °"8 8% bed
in nofe defHMY mc?& s to and fromthe memory 12 are inplenented as

a singl eggééﬂ!lgﬁaﬁ bpqgk Pﬂgéﬁgaﬁﬁspﬁ& I.rt is only the read path 22 that is
i nterce oter circuit 30. A triple-redundant
conput er  ShgLeih inthetWiigs foFbuE:B@s ofitustrdtion, tHaipRGent ifefifon SRBRYINEA Wittt Ces
40a, AObeiptherdstems!d? e Wb Bt enfpld &ﬁtulﬁﬁ&é&ﬂp%ﬁoﬂ Bircultd ¥ad YRS Grctifdtreduce the
are usedsus.my bicteRbutdtindp BrforPdrishg fréife a CSRERISF Rllr® Srabmé KIRE I t1igRI redtftimd chiRpuldt ence
mer al  igpliddfidtisuth &Pt maniBHHI SR doRtkol ofiprocéss varable 1€ 6bniplex neiseial procasdya édn- t he
subsyst epmationdndevicondiiviesbotEdiditiiand snhiodinpubignelie @il gbhvkated digitdl fiid afaldgutplitsigna, 30b
and 30c, A4 showrein €iG; 24, b typicel 2amputbPdystam thcidde aphcess@iidivated byyeforascemomiraird.snd
| ogi 25 t é aseoctated cneimbiy 124%he infdtlandoutbutisignals corbrounisata gitli the: processonh@) ias bdicatddagi C,
and t hr et4 ahd 116, ahdievery f@@tion tig the aenbubperfomsican berconsidered ftp bemirext resultfimbniplevi ce
40 passelstiany efithd aempyter memoivt12. corr espondi ng data bus 26. Data signals from
al | three Dberracessr 1} commupietes it fts memesy 12xer addressdines 18 cyhich gamiesznemonnath- ov er
si mi | ar 4eqssangpovera qais patiyiwhigh,dor sonvenignes. gan kepprsidered pxq,datas"wrighpatiiR osgwhickach
vot er¥ ci faqyvqrdsare sipred inthe B'G'E‘guﬂz vaa?ifea%@ﬂfh 6%%@'"‘&'&#%:? £ rpfejeved from
mput at mn%w ' %W@“‘&@Y*‘ ipyegfion,dgia It 'f:rj' é’f?é"e"t" é’ft Higlcai9g ¢ om
evice 5 ct t

o e %mﬁr%% ? Ezf’,.r % ﬁ%f"s; S 20

48 ang_ 5 e o N e @JEB (@ 3 ﬁ%ses
26a and g%cfisﬁnrfﬂ%ﬂl ﬂﬁe et d&@tont 'tm 6?:5 s3§ dcﬁ‘ig lshtﬂ'ﬂf cerlad é°s§pr¥ﬁ§'§e W:uc-

and | i NegrdfestAbdl BRE i diABEAE 56 ity sepitats MENS bvbriinds28 tokivaidd PSR 50, WRRS Srobues

c onpari spg meuﬁtpu&te@ers.on m&a&fé%n nBcike Ser B84 D6 @ prbvided b sHilé aﬁ;tulcm ihé¥20 t he
aul tso detifrpPoctsabr 10 fechitaditite vatdd deioniiing 52 418 oferdiésis TR thefefecaMin@datidiaitly from fte

\réu | t dehendry 15 kithotghl t0gin Gacthrdceolying Bibiall Ga"droimahs niendiidlofiGuitity cbmpiitity ydtemee Of

t he st at us Tbé fotebuingnlestriptiop yitatarfiow Eisinpliffaditd sogb atters, aswill die appreciatad whendim Hahie

faul t deware ofitheecoinpytatiotaljilayicesds deseribed in mere§etail. Amecatapaths toiand feah thewemdry far@4 t o

the corr w]?mnmm adinglebidingctions patinglthaighiit isoniy the read path 324hat ih interppreddpnprocessing aul t

5 S at Prtheepex cirgpi |s are transnmtted fromthe data buses 26 over |ines
28 and i nt é e Nt comppiter gystem ixphowprn Eﬁf‘ dieiuging threq 09'6‘2“&9&0'8}"9(‘1%?3(@?@

versi on 49?1@“’?‘@0?%"“§F%&°U§‘°’\‘/&9FW““’F% %1 GP é.’ﬁ‘?f’@ W’\*‘W Ny féh"%ﬁé’ﬁ@&'{‘a“ﬁ'f‘a't he
i nventi oﬁ‘bs “ s" ?f‘H“sf aul t
det er i nat ?1 1t he

conpu at'fotsa uses a ;o &vm %rg ??'é@r hn

s

compari sgii .8 %ﬁ rézq, é 9@. tht &faﬁi ce
with thegghg %‘bf@aﬁﬁ re@cmsosaﬁf W<k temfc B

A‘B the corresgandi goompuiatuonal devicé40. In each of the three subsysfefS| I'ietlfn&rts%rom the data buses 1

1 5 26 are dige conneblBd sMputttE e Bus comparison logic k2. This logic generates%ree binary output

Conpar at gyis, britink44es 4826hd 50, indicatinglhow various pairing€of data bus signals combare. Line 46 indicated 3
Conpar at WHiethef A+H, thaSs, Whether the signals da data buses 26a and 26b are equal or not. Sififllarly, line@B Indic € 1 N
nodul e Geaties whether B=C andline 50 indicates whetherlA=C. As shown in thettfrawings, G@8g0tae adntparisoh atgutir € 25

0 1 0 5 #6 Failure in nodule A o
0 1 #7  Faildre in nodule B o 0
0 #8 Multiple failures 30 Condition #1 is the normal one in

which all of the outputs A B and C are equal. The other seven conditions
represent failures of sone kind. For exanple, if nodule Afails only the B=C
line will be true (1) and the A=C '



and A=B | i nes will be false (0). This I's shown as condition #6. Sinmlarly,
condition #7 and condition #4 repgeegtosdst! ures of nodul es B and C
respect ively. Conditions #2 #3 and #5 represent conparatorfailure because

hey 3 re | 0SSl Ju hef L mma%zémrigrator |l ogic is operating _
or oper . s‘t‘§§ g‘gﬁ‘éif 4 %g%g&%{te i Eoggpoﬁt ﬂﬁéfms uS el plibcio | N
whi ch A=B rohiration 1041644 Rerihd> 3
as inclu @f z&&ﬁpaohaépemg% s iR Stheiaidvin the sydRinCthle falie
i nput J i rk‘taiu sfgﬁﬂéé Radsmkidd M @S dﬁémﬁs@zm&nﬁt&tzednd .ﬁaeﬁw&h&ﬁ&hyso niste s
26a and ZfaRersth 8 vét&t br maRfty CéisidnQf ihe flE Adtu VBBl aéddidantl with thie iRt oRthdinwintibn 26 C
are’ connagiathtdsGnibrMBion & restifRARbIY oM. edch fauldieBhisratonbhic ciEuit 42 bylthd Gampatae
connect edichf) dPReei) but 8. compuldlionaC deipé oblarasotedvetsion@Pthe fanlhstatod). 3 pr oduce
out puts on IrhetRscofipariséBlogitu piidudesoutgues oh linels 46, d@dnd 50rh accbrdante Withghecpodsible com-
I ndi cab i nghatbrsisétdarthArBpleB-C and A=C, respectively. One of the | ogical
conparators 60 is shown in nore detail .in FIG 4. It will be understood
that the data buses 26 are each mul thaRd@& Ibuses, whereas the out puts on
| ines 46, 48 and 50 fromthe | ogical comparators carry SI ngl e binary

Si gnal§5$. Thegg#)re, e | ogi ca#igorrpar atm%&gié two sets of N binary
I nput €2 wher is th nber o MWits in dat a
buses 26. As shown In FIG 4, for exanple, the conparator inputs include
lines 62.1 thrpough 62. N and 64. 11t hr ough $%. NNa'hg,j;mﬁ-eg)ar ator conpares
bus A, bit 1 (,62.1) to,bus B, bi 1(64.1% eso on éfi bus bits
throug‘, bus bllt N (62. M and 64. NP. One bi ?f&p%’f)%%lfl Dir-yee

acconpl i shed By invertiOng bus bi #Aand AND#&g | Comparator failwre using AND
gate 66.1, ang invertipg bus bitgB and ANpyng phm,t_.g p,ysmgahftc usi ng AND
gate 68.1. If bus bits_A and B 5 are eq%ﬂ % e outggts t hese AND
gates will be®0", thelout put of CR gate PrpRra W inverted .
out putzs A=B wi ld be trua (logical 0"1" ). |#6theFdibubetin myduleliXfers from
bus bit ‘B, th t he oufgput of either AND te 1 wll be
a "1, the out %t of CRbgate 70 W|5'II be a ﬂ? P% %%Pé ﬁg%&d%%f 6% Il be a

| ogi cal "0" (f%alse). 1@ will be 8bserved #ﬁat JMupltiplke fAllurRS o wor ds from
the two buses 26a and 26b are identical in every bit 55 position, all of

the AND gates 68 will produce |Io cal "0" outputs. Therefore, the OR gate

70 wi |l hayEopitiop#1 lat!re al opeypwhi "etjt tvatﬁAl Wé%mqvﬁ' T8 °f ' 1"*'°"1 :

However , P"e‘teﬂgail" kigd. fprepample, ff "Ht"f' 6%;" tone

of the A'\fvg ?B@Sg 'P?( qu QEQ %n % Hfia beca #4 repr ::::y

pr opagat €' 'g? t he
re jm at rator logic is pera rope ore d

2;800273 s nmw lch ALY AR oI S dph g e re, 5

. 1&% Htef 6 B B e b0l &
det er mi nagl Al “ " gmzzgmm i br*‘cf.ratet@':;%m O, s
a set of Jateat*on &ﬁ:bé(r@m ?%

268 ahfSec bre toddifbal cdmphratst 60.2Sdnd b@s St er

74, a b aubds aad Sdcaie doRrbkiad Sim Tﬁe@dﬁﬁar&&r@%ﬁl‘ﬁ 6b. Qgﬁdibozi%rodﬂ-&b‘%u@% Bhlline i Nes
A6 48 angk, $8)ark 50 9 the YEuHIIBmAIBIASISANndiIAGn B er=8, B-OTHAE A4C ospébtivelyPOiesf t O
t he t hr eethe(ofica) Bn@farabors 604 shdwn i o detaiin 7. 8, r espectively. The other inputs
to the XOR gaiilts undefstadd fhat thedhtabusas 26 ara @sch@itidbjt badas, vheraas tBDoubbufsroo lines K& 48 est
regi st er dndl,50Woindie logical domparatorsmarrihsingle bihatyasignals. Thevefore eagth logicabepmphretopi0dee s sor
10, ower twosets 87N birlafy inputs, whesstN is thg nntber of bits invthe words camieg@ithelatacdyses 26. Ag shewm o
ef f ect oninFlGe4.iforpxamplei thecomparatar itpuisdnsludsginesi2. 1relioh B2.N andP411thsough B4MkiT8e eom-t he
XOR gat espasmter compsirasdus AdDitil (§2:4) to bupB.biid (@4ethland s oy fefsa"lb 'fe threvgh W?@'tf“a{ﬁ? 't‘
st at us | og1d@4 M- Soe H@%fheearqyatsgn 5 ﬁ@tﬂ?l@he&&v t"t?"!"ﬁ é"srb&mat‘d

b Ib[g W|t 1 If b
I ogl cﬂ ;1"’ eq Yf§?fttt“1§ ! ‘”' ﬁ in é? 105 %’f ':‘;efted
| ogi cal | y ‘1‘%@ ﬁa% ';Fﬁ Eg ﬁ% ":teé u&ﬂtﬁ%t i on

| ogi c 44 ese po

| nput s are s%alaﬁd&%ﬁ r%‘i'he R4 iPiery Bt

f rom tspe gﬁ &% j;:%%a%ﬂl m%tp sl?ereﬁﬁé"ih'd%rf % Iﬁtakl§ay5d“
nmor e n dthb on fihe 48 B4k Ib&ap'ﬂ‘el-kﬂﬁ%? 'lfl&le@npht'mtdga‘ﬁ% !eéHt‘orbelt bd3Ronl 5

t r uth t abLtﬁ’ea&'oH@&f tHe'ANE%th@GSlwIII gbhétath B4l “105utdut, BRRNOWII pdpagats thrddgh Mé OR gate
conpl emeny@ghd keduil NN BEiEE0SsighaLon tie ABS Butputlithe 36.[TAS Gther Rbicdh BimperatolsBo.2@nd 6D\saKd, €d

i nputs on lines 90", 92' and 94'. CQutputs fromthe fault status logic 78
are provided on ei ght AND gat es 100- 107% and an ORgate 108. AND gate 100
receives inputsfromlines 90, 92 and 94, and provides a "1" output when
there are no failures and the systemis operating nornally. AND gate 101
receives inputs fromlines 92,90" and 94', and provides a "1" outputwhen

t heAnodul e hasfail ed. AND gate 102 receives 20 inputs fromlines 94, 90
and 92 and prow des a 1 out put when the B rmdul e has fa| | ed. AND gate

A N~ o



25 a "1l " output only when another conparator failure occurs. The outputs
from AND gates 104, 105 and 106 agpmﬁé%uhg-pget her in OR gate 108, to
provi de a si ngl e output signal i-ndicative of conparator failure. The final

AND gateoil Qls %ﬁg vrgds' ‘R%ﬁasﬁlgom lines 90", 92' and 94', and provides a

- out pu fnlidgic'a? olvh i?llnﬁ‘orJd%EaEI Ffa. 3t ih d@?a@e@ ShudiR! veen
any two ?’4 £ d%§ at fegistbrya A huit stus Rdisiat e, dnkl itk StitGs gl Thet at US
logic 78 O%EHII%SQEQ hdsotrhb thetibb Eonﬁgﬁgoh'ﬁgiﬁ #8ir bdRhectdd es MAFSILRR rthrléﬂ OR giies 2Ny

usef uls i t7oAEr20fand 784, Wsspechiidly. TRYOtHAPINpRSE tRYXOR §htdd aRCRSHHS ovEilingdd. 10882 @di ON

of the S85@6Mm thdes rgetEd ANIGASINASH, maj hdvd Bath MMERA td iDom the hricssBRID)6Ver ind 8230 ch
thé faul b the t3dt vgistePig z6vb, Qe XOR dal3 (2 hilvle Go bifiiet ¢ tRCIAKS Signaldfon linee 46,&Band80l &idi onal
devi ce. Tiuidatputs ot tBEXOR ddtesive apblind adigputsin the thailt statuologioT4. THedautatatus fogio providdshi n

t he har dwatpas bi els4 th theyfasihstaids regisker 76, which enal be wadifram the plocessar A las rflicdténtbyt hr ee
I | | usta atline/86. & logical ST inewy positibmicfdive tesheglpiadmegv@ffeclof,logtcﬂb inverting the doprespandingan
addi t i ondriputsignaltoherfeull Heterminglipniogic ¢4, zof PRIV XQfrgates T2 These ptentially medifiddr cui t
30, the lnpysemigaignatedgs ATRB=¢'g %"Q{QOHI #6207 92 Andl %@Q@Wﬁ%ﬁ&tﬂ?%ﬂb@? zad4,  a
mul ti pl eXé 13 112 t| m ng _and synchronj zation |logic 114, a tim ng and

ﬂ"et"etiiiﬂ F' ﬁd"’f"?‘?t'se?'}e@ is"’ rBe

synchrmonlsz:igI F‘(‘élc‘? P;’:?l“ ? @%Faﬁ ?féfgy

118 ru e 1 S IRV

to the fnerff ?,mq"ffs i "g ﬁ‘ggb fm wu Sipslouls /9 éna iy et 20
"ou u tﬂ? |u dt¥|

ond I nt eroﬂ ,§§g o1 rao" A N% 92“%: et landor 10
2% snli AR iw E%
192 a;,,e stgsa%t G2l 9.1&9 o i ok Blled AND ateeg

h

\%St €m Olggfy %pht'aYr%mihéa@o @2hn@ 84 tan E‘roﬁm ra@‘P"oﬁt hﬁﬁ)md’%le s ¥sied. AD Gite §d3€
rious aécfeﬁéﬁﬁams\ﬁ%mﬁiﬁés%z fols @iy gaas rovrdbstéh-fda pﬂtroﬁl foPard iMpdsbible céhditid ihdidaln@d dat a

t O Menor \f cofparator failufd) Sfmilardy, AND gétaios\fedewesshm ffond In6Y'00P e dhd 98 6he pravide@ af*yrom

t he pr ocespaioni}fdr & nmphretosaium)shdiAND@4t8 ad6 rbdsrveslinputs flomNines®D, o2 Brd daudnld providedd t O

t he fes Sta"i"upatenl whsnandtidd contbanitol fallumd dcbrs. Fhé autduts@ronANDIgated 04, 188ank 10g adat a

f r om menmRed togéther in OR geltd 108, t6 provide asiigle@litput eigredl indieative of contpadhtoofatiur@t | on. Dat a

fl ows fr om ThHedinahAND ggte 107 receivesiaputs frapt lines905 192 ahd @4l aind frOvidea a (1 " outputotinwhen

t hr ough ttirese isra mulkipié faituze, with oo agreement betveeniany haicemdytational de@@cesAl | of t he data

buses 26 arthespbits of putput frere the fayit eie‘ghlowth@ agptered ip the faylt statggregistpry 6 Jogethar withf

whi ch3d s apy yagtuhifems ofstatys 6 & B'H(QK‘P?FF‘E’ 1dHring opgyation ofthe %Y“Pﬁe”\d!’"%@%‘s or

10. In saﬁ@%"l’ thamrtm's ”\?W@ 66’@?& B‘P fafl!)s%l 'é‘P'f'ﬁPﬁ‘? lamﬂmwaiserc?f fhagemf r om

the memo of F! dwlré re within e ?D '
|1ﬁ§ g? hef Irogé rﬂlsgf'ﬂ%? ‘ﬁﬁ@ -o Iym%?i}%vgrﬁhg m n 6vote;c:rcunt mﬁ@fg’%‘%ﬁgdm

[:) nchrom tlon ak 11

Witi 8 io}lf fh%n%% det volnatlon %?b%&g‘t ?ﬁ I’S.El
test regig ,de lﬁ fd @F
processolyy, tanQl Bu @225&9 Qﬁe%ib@ lﬁ‘én

first i NtéfieRd 118.4Re dwdbhterAdMbuses 120fa|‘icpﬁh %Brﬁne&o&i Eﬁe tﬁrHudha ﬁﬁfé?ﬁﬂl 8 ti@l’i‘ofl 09' c

gf Readitha@ysieit ot thb InGdiértan bedibe bpprdciiet frorh £ @licashh oﬂ’lkyvaﬂd@anfemtmaam&@aths pat h
whi ch withtefifbntedIFic. 8t at us information |Is read by the processors 10. The

path 10 is fromthe fault determnation logic 44 to the first internal bus
120, and WritingWatatememdrizr ough t he nul ti pl exer 112 and onto the correspondi ng
data bus 26. The othertwo subsystens are sinultaneously providing their

ver si #ns of Thisliea felativaly simple flow path, tekfending Hirom thewocdssion1dia Hhesectd infdmal bust 182,
circuit 3Yuoughthgbuffer 124itethe Eirstinteringl bug 120, and {em therefte hememery d&it a buses 26, and
transmts its voted output through the second internal bus 122 to the
processoﬁﬂﬂﬂﬂﬂﬂﬂﬁ.&mtances a non-vot ed read fromthe fault status

reglster I eded. Iow a |s,t n fault 15 determ at i on
| 44 ’Pf“? 12 fo thefjst jnferp
cZor P"H@e SRl Tad e R

second i ﬁ]&thro %hevoérclrou %con |ternF us %l ow

to/ from &

e cessor10 n -o
have bee&h M% ;é %% am.é1ioe iy tm, Gta
froma Comnicy h@ﬂl%r S aodl et B n,css e

communi cati ons nodul e 130 provides an al ternatlve neansforconnunlcatlng

w th external devices. Qutput signals are transmtted through the com

muni cati ons nodul e and i nput signals are received through the nodul e.
However, instead of conmunicating dlrectly with the processor 10, a path is
establlshed t hrough the data buses 26. For data input, the comuni- 25
cations nodul e 130 distributes the externally derived input signals onto
the three data buses 26. The input signals are then coupled fromthe data
buses 26 to the voter circuits 30, and input to the conputation devices.
For output, each computation device transmts output data through the
second i nternal bus 122 the buffer 124 t he flrst |nternal bus 120, the

o ~ — A AN e
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proper |y Bipaly.dtthelgadsSai[s/i suetsa waytthat it ivould draw excessive clirentdomdiet ower.supplysysénar e,

t he r erthé olaheyrrgni delivpreduwill be limiteldibg thegiuirdnt Kingjt cireuite AT0. Ehis prevents afalldretin onedéad| oad.
Fi nal | yelreyitifromigading tejthe anﬂrgpqwm systen tatheweajnt whege fajlure wenld agcut andiptisx ipadssyopld

cur fentbefdprsiyed Hf@wbner sup system the-total current delivered will be

i mted blywilRearpraciated from qumgeans H‘ﬁ‘i“ﬂesp"??ﬂf '“"WP'!:;’e ’é@@ﬁﬁ@"‘&@’%ﬁd}"ﬁ‘%’" fhe one

| oad C|f}el9Lﬂf fa"‘F lsFAnt 6’519!‘ {?ﬁ u“ %?g‘P gBWé‘ S °éﬁ1"l“5'p

fail fé'sa pasfay fs th BWe"F‘e"lt
ENS: %Lﬁ? 'g ?SFEY S TS RGP YAR PHES € HESHTACA PP R ENS osdes
repres e"ﬂ i

tfa P CaR aavance in the field of fault-tol erant conputer
systens. In particular, the invention provides a nultiple-redundant

conput gljaisgsSt em t hat not onl y detects faults.in nmultiple conputational

devi ces, but also detects faults in the fault deter- mnation logic. The-
sysssem1of Alefifo-le BOHAEHE EMputdl sySterh, R6MPHERE: tHGARRhbRiEed SRITP Yo st KibdySth ieludg

def ecti ve ingRtismpRatRal devidel uavmgra.tpwcfda& (Vi ndritey @) drid@ dataPhifM22) btwediB 55
1.  Atri plite proesbssriad k< RERB; ArdataDus (26) d30tated With ghch bith€ Conpyianidnaiievices (40);
subsyst ensirst maana (BWifositsicepting detd andhe datapath besELthainerodial12)kad the @roceb8dr (10aVI Ng a
processor (10), a nenory (12), and 3 data path (22) between its processor
and its nenory; a data bus (26) assoéi ated wth each of the conputational

devices (40); first means (24) for inter 1 me data path
between the nenory (12) and the processocﬁmnuﬂl“ “@mm' 3 043 Bl and
transmtting itto the corresponding data bts {26); "a Voter circuit (30)

associ ated with each of the com putational devices and connected to
receive inputs fromall of the three data buses (26) and to supply a single




word generated as a result of the sinulated error condition by each
corfectly working subsystemis ingppafsgssg of the identity of the

conput at i onal deV| ce |n which the error was sinulated; and third neans for
transmttin nd req st fa da%abs&? wor ds; a,ssomated vvlthtpethree
conput at i ona nal“ ewcesc ﬁg‘ T@ u %Y"Ite' P'F@@dﬁ "lh ?‘@@ thegon-

buses (26), Y"P§e EHFUPRY 2 har -
acterised i ﬂ%i}%[l hof nd &h Ut RQ Zldg’ %% erm a L?g,t:, :::fé? t:f _
discrefe frqjgat ?es\(fg)gndﬁbéngmeasfa m ﬁ:‘:lec
circuit inclok ﬁ§for%| &lg‘dam?&%n%ﬂ&i &gbﬁhﬂoﬁﬁ}lﬂtl n

fauit deter NoiPdenéiited 4 result BthEshhllatet erfoF'@nditith bl edif &"Fe IJan @u {Aentis fﬁhlr Cu' t
(42, 44) i n(HaWiQ)Bthé idbitily STBREmpuitionaEaRice @ whidkth bfr&@vaé élﬁlﬁlﬁteti @k thi nﬁﬁ%&'ﬁ;r

wor ds and garasmilting!@e GreaRsdmolt ftaud wordstaddodstelREitthe 128 Bathrltatidhel dBRsER db) drito
faul t 18t at usheveotspadingthet Gdla luges 26),fe acnipatiadh toweiiry Mk dgresBritiwhied syBieMSsichkre N5
Wi | | i ndi catastetided initikttieifdujt detérminatjonfiagicicikopits (42/44) ad diserétatrom this Odlerlci@it(3G)iahC UT t
(42, 44) whereathfaulttetefmination lagicicirsutdmriudesf schub tongadson bgiewircdis(42)ragd g fomiet means el

i ndependent |fquitgptenminationd44)rand pach of thefayltdigtprminationdegiarircuit ¢t 44¢ includes tifth heans os i n
the fault deeadingtheshreafifstifaylystatue words And generpfing/espcdny fauksiatisimird, wierie theiseratd on

| ogi ¢ i r cuiffufs Wz‘”ﬂ'A 5 ganeratae by afleast twosereact ypeking|sybsystemsadlidndisate theddentify ofiany t he
voter cir CUI ‘!‘V ete"?’ﬂ“?" logjc E'E?H'b’d? il WQ?’S‘tyé'Fﬂ f!i% agrserqnd fault statay wargm ate gener-
wher ei n; §h vater cirgits (3¢h fane Ftion of faults inthefevlilsterminatiensipgic
regi st er ( 7 4)f . |n th fB t eﬁgmeasim)m%fﬂrcawz 4 Yemgelves, independently of possible
(40)f sel ectl Vel fsvg [‘frﬁ'ﬂt ¥ bus corrpar | son output signals. 25 3.

L A A Tl A

includes a Rigitdlg h,y se arate "s?°tTPar|s°"[
power shari ng CIrCUItS 164) for coupllng aII of the power supplles (160)

to eaeh of tAwGmbuReEBtembOderinédin QM oF2, WREALHEhe bydRin isiRidid ih3 @ Plure ) ofeRrical
receive pOW@d’adimenﬂaad'l}ieQ&teﬁl‘drth&incixﬁlﬁaﬁlﬁmp(hﬁbfﬁwafa%o&ér%pphes%m aﬂdaﬁhrahty -
conput er sy i piwebshat@fcirculsl(184) fdckedlipliig il ofheSiower supies(16Y) td dagh ¢t eeBdads A fuﬂg
circuits (16dghamemherti@beactniog (162 bantrycolyd/powadf frandiny @idll of therpdweE suppiies {180)( 170)
connected one in each power supply line (166) to limt the current supplied
by any? of4-t Hecopprigssystanpgsl detined (M @&in 3, wherdireeasly ofithe @ivert sharing laicuks (@64) hludes:ian a

| oad (162); Pbﬂr?dfym)ﬁfqymﬂlm'w Ui (169) cetinenthaiong in F42h payeraerly lipel (168) & limit theaatenpovier
supply Ii ne WBQS’)WPW‘?WEW supplig\(169) indha vent of thershert einawit imoiaast (1621 srd aplyrdiB0) t o
anot her . anf in gach @ewer a¢pply Hine1@f) to RIeventifiow of qurrent frem anenber
of power suﬁﬂ?"?’é‘é?p'(yﬂ?ebm pnRg hr ee (M= 3); and each powersharing

Ci rcuﬁ(]s64 hasttehre urre |r uits (1 connected tothe three
Live AR Bl int il poupEaibeios 5 e O <3
\I;\/letsﬁe'fhlevr e@?ﬂ% hpo mnn ﬁl{s % r:§mt§;ﬂ:ltflﬁgl?o&f%§t ‘;ﬁtg%a pect IVGTI ©s
connected i lg:;gz ive rrgp imitcircuits,

Qoprrpm ersysteem as cf ell ne'r('z‘1 I'n any prece |ng cgsﬂa in: the system
npri ses, m@%&.& hs AR i Jﬁébﬂéydﬂgclﬁm%mtn yamlm@ﬁefeg Eduled o) eQH.S
4b

conpari son lrgdisg 4 .%butétiaﬁlal&aldéu U8 3bHpatisoh fogie & fobrt thdand foiLit inafldN

each nodul e (44} 4kl eath hdddie (140)16rtheEiudsd shdHindaRa(dR, éﬁp’enﬂil‘hﬁa re&Valnt deBEbrrreﬁl‘mval
and repl acenthd mafulel(t40) witokit kiBcondedtign onpdweerrim tilé &t IaeH.i on of power from the
entires system 45 7. A conputer systemas defined in claim6, wherein: the
si xt h nmedns A(coniputer $y$8in gsalefiriet! ini afefm 6.ovhereint the sigth memisq 02 TBIS) peprhitting remdvdl énd

i ncl udes an replecamediafia medwstincludes.an exterdediiengtiopowpi cannedBi(Pjn (159) o Rssureco@Ltiorelt i ONn
of power beP@yeEbeirerihes eannestions dyring eartiongf theacdnle {140) and to ersare thisctanectiod dPyw-and
to ensure tH"%“%??P(@S@Pb?f%‘ﬁ”tﬂ%ﬂ""@r’e'aﬁmleﬂham@dﬁm%t i on of other |ines
durin r m)val of the nodul e ( 50 8. Aconp uter system according to
claimé , ?F@'Ftﬁmta ’dg‘FfPt"H" r?s‘” ﬂ?ﬂ‘éhel § (142 146heprpiting (peovahend

repl acement ::"u"t °nr{5; ; Q@Tgﬁ"ﬂf@ﬂlaBE'Rct °El4?) for
gener ati ng nerp% ?o?e[ra 3 sofﬁ‘emo i ‘?F% lhgfa {gterrupt gignal m loypd” t he
modul g (140% B rhe |nterru §7‘?)'e enployedtotermnate
oper at i ogs Rfmelhh@ofqgtgwngfa A0 trl no%ﬁtqgrln tXer {en':ecro ree rq'.ﬁltohig dsub—

det ecting fg}éleﬁﬁ(doﬁe&htsﬁﬂsﬁtﬁ'n E pufatl r 0),
synchroni seg2f iy &Weﬁ@)(u&ﬂlem@gﬁ&s&l‘ W&n?em& %E

devi ce (40) having a processor (10), a nmenory , and a ata pat
between its processor and its menory:12a da%a—burt?ﬁ)"a’ﬁm ed with each
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of the corrput ational devices (40); first nmeans (24) for intercepting data
on the data path between the menogygbsadssafd the processor (10), and.
transmtting it to the corresponding data bus (26); a voter circuit (30)

associated with each of the c ut atlo S i ve
Cnput s romekie o ZJK.% g %&9«9 S‘:g(&;&qpbétfregnqw
Qttoﬁ W

e OI'I |
output to 't 4 rec elnputsfromaﬂaltthepn

| ogi ¢ ci rcuil if%, ririshy °a° '?eq., . de‘" tﬁﬁau B4R (HoR b réRi Bdter-
devi ces (40),,...53%1:. r?eabmutemeroem tbnePevickiq40) dicomteass
(26) and to o pﬁts'?ro he%ﬁtbhb':es f d toYehérad & taGit sbdtud womd ihdidalive oSthatfauls Of
t e system s thg% e wﬁi&]ﬁﬁéth&ﬁ:‘émﬁr &5 thé &8ss of lsimulativgEn@irorugndition @vane of the
condition i rboﬂﬁtﬁateﬁal J%r&:;&%ﬁuﬁ@falfﬂmhu SANS RBor g6t tha thrdagulisydtensswhefedn the
status wor d ¢ fauR St5tls Wérd hétRrated b Gach birRVtR wdrking sulisgstem ia intlioativé ofitisst ideintity fof the

st at use wor d gpsysism thadinulated@elarrerosrdiion; trynsinbiing thedirstfaiisiats wandfrom eanti ok threee  Of
the |denti t ysubdystbrieoniddcorrespondinglwsy efttianthtel dlata buses (28); entl qomearing thefirst feui stetugn ;
transmitti ngvdrdseo Jerifystieirbgradrent whichoumsived isfcharactasisestbyperferming the step of someaying Bers
ont 0 cor r es fissthutbstatosneordsiin edckofitierfault defermipatinndasic °F°E6§42 49#&1'96@ %fPP Sybgys-
first fault tehthetiweafisstfhylt stetusworistyangmiiadiby 5 @E‘H%Wf“s %Pth"’e
characber i sexgodyyfaulbatatesyyors iherelndhespeond faylt b ‘ﬁ“ ?5&‘ ? t

wor ds i n eadne eybsysteres wilkingieat E&"éﬁ"w Hfzi‘f‘YfB\'lty %5 i [}°?° " Pr%

into each supg)estersgigenerating fhp trs %?negtﬁﬁn 'f' ﬁi
h of the pe®Ed fawtsdn th fﬁ V of ‘\3
g?;t ug vvorg cireyits thempalv %;¥§ ependl ldr;%jﬁ?f% usev\?\%rrc' erat ed by at Ieast

two cdf )y X n Bh inti\deS hritfhg Vel | LY
Rai (et 8 ik tf"g" %%‘5""’:%&, i 43%‘3*5&&’%@% 5 s oo

10y

generating t drrorih the bb"‘mp‘ﬁﬁﬁ&ilﬁl sLi&}Riem bpassboiatedtnith ihe
voter circui eﬁ ﬁ}s ;an ﬁtegﬁﬁaﬂréad @ﬁl@ﬁttsl'fﬂﬂsﬁ fus (vards Wiff rebel dnk) Bnpraperiy operating fault
det er nggnat i o&tg"gigétgngb,gg%m@z by the fault determ nation |ogic

circuits thensel ves, |ndependently of possible faults in the voter circuits
(30). 20 49. A AhethB 42QUIRE inctizhrh NE tvhéréin:heostsp dBsimulating @h aiTor bovelitien ieghudes injecting a

si mul ati ng adbleted S8t ofdRIcbriphratn signalk inthetise fanlti delemnationt legicecirgud (420443 wheseby thefstep he
dat a buses (dtegadiagthe fisidnitistatuaivbrys leaistheresult exgjedted framti, busbomperispn ¢igngls, and the
conparidgson odted dfeeadiag the thsiasdt sfaR@ worge generates secand faviichRatustworsls inglcative piany faplt i he
conput at i onathe faulbdeteymination fodioFircuit@dé4)at ed with t he sel ected bus, and the
step of reading the first fault status words will reveal any irrprope-rly
operating fault 25 determ nation logic circuit (42,44). 11. A nethod
as def i neRateptapspifighe V\her ei n: the step of sinmulati ng an error condition

LTS o Sl g %ﬁ ﬁ’gﬁ‘oﬂ" ate%'v%ob I e

faul t status® [ 4e3 RBchen-
|sc en seme

si gnal s, andem?lri u 40)zu em, H,SD Yen i

gener aj,es seg( dWR'P 5]’ ’ﬂﬁ di(lﬁll:m rtraﬁh\‘n dfe@él‘ah dén'bntspRcHefdshnt

deter m nat ' OBat gé &G)CélﬁéﬁPA HESetfaturels (B0 G0 jelst HabHeR&IRicingbn zugeordnet ist und ge-

Drei fach-red st A dReYer dRMD&dbusss (28) aufauhéhien DndSdin@Iein2éine ausgewshite

Tei | syst errenAu sbl R&h&rﬁinhdﬁi(ﬁﬁ @0)abRigabenRerEnchalRérbystinintingslogisciiéh) Schaltkeis

el nen Pr ozesg[a4f, 46 )jedacder drsitRechefbittichtungeh (46)zufpednettet und geRgppeltistnemEilberal weg
(22) zwi schedieseedroidatehiuessd(26) aufzuneinehandeinFébfeestativerprt zudrrragenDies derbiteble(s28is,

derj eder der ddsesyétems anadigiyziveiteh Mittpimizurh Shulierenceiner kihletbedingung in piner der Rephepainrigh-( 24)
zum Auf f angetungeniopabbaheinerstesohisBtatuswrials Ergebnis dppsimuliertendielerhedinguragiieh legesy
(12) und denkdPeltadeiande (:‘tm@:)steurmzezlm'ejslemtttﬁt deyRechenelyichtung, in fagdeg ﬁ*t pimEioEnden

Dat enbus  ( 26urdeiansist: Aussditten Mitseln zur k?rtm;' %)’re'% n feblats *"sw°'t° d'e n drel Re-

Rechen®i nri cPhenelgis "%g@@}@ﬁwnﬂsﬁ“"tﬂ‘?dh’ d' ' ﬁ’e'aﬂgh

di eser drei DAdeRHYeYengtin "9aﬂ'f"f h?fs Rt t en renn si y ur::

%Aursﬂgabg a[\ s ?'\‘Pébeﬂéﬂfﬂé‘ﬁ%t s n |c kre 42)u dv'em Mittel

Re her estl { und jéder - ch e|s %nfte
echengi nri C p:t Le n 1IT li gs @6{; IQ)OLQ Ezeh einwﬂe nEerean al |

45 % dies ity sﬁtewoﬁ biBéidhdalsusspEtet ZU

erzeugen, da s\a ﬁo ﬁEMIEt ﬁaﬂgﬁFeﬁBﬂ:@étﬂﬁnunEs\@‘kisﬁﬁhlt%|B$SQ12’1443 g4

Sinul Teren epjer SR N o 4 TufiaALGrPESHRRY Vo HEMRushdNAGRIIGIR)

wobei ein erstes Fehl’ erstat uswort als Ergebnl s dersimnulierten

Fehl er bedi ngung durch Jedes korrekt ar |~teﬁde—8ubs—yet—eﬁﬁ—eﬁeugt die
I dentit At der Recheneinrichtung, in der de t wrde,
anzeigt; und dritten Mtteln zur Cbertragu ’Irw muliﬂ [ﬁl mal

Fehl erstatusworte, die den drel Re- 50 enel nrm C n (40)

zugeordnet sind, an ihre entsprechenden drei Datenbusse (26) zum
Vergl e| ch urn. deren Cberel nstl i mmung zu ver|f|2| eren; vvobe! das System
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(30) erzeugt werden, umdi e Erfasgpogramasshehl ern in den
Fehi er best i nmungs- Logl k Schal t krei sen (42, 44) durch die
Fehi erbest | e frb 9ch Fbflém in Fﬁﬁb@%ﬁgﬁa sflo |ﬁ-@bi’§'aﬂl«elsen(42
Ul
unabhangi g \§ du%f?, .§g E&E l e%fp Hﬂss uﬁﬁna gWon m&y- 2.
Conput er syst,gfu ;\ e Vi erten Mttel zur
Fehl er best i mmng e| n st regi ster um‘ assen, das durch d| e

Rechengi ngi Célmpiersf<tdm naéHRhsﬁR:biek %N&H&e ﬁe&ez\Mtsﬂm) ot et bedtitimuhe dnfegtegister
bési gnal e adyfuprRédArdas dbrch die RedhonBiwiEHBng Y40} £UM spRkiver\SetpunldehBusverglaichausgmbel
das’ System | BRsighaltndMsadrgarlat. (N) von el ektrischen Lasten 10 (162)

aufgeteilt ist, und das Systemwelter eine Vielzahl (N) von getrennten
St ronquel 8.e rcc(nbﬁﬁasysmﬁ et Anspraichet ader 2)/ivabeiziaSystenin eireViptzakl (N) ol elsktiisghen Lasten
Schal t4r ei se(162) a@deteilzist undaindSysthonvpiterieine Yislzath(N) werpgetrprinten g%%%"%ﬂﬁobmﬁtder
Last en (162)undeinaVieizahl vaistrofvedelendes ﬁcr(amgzensww Vesbindun rmavaiieniéB der
al | en St r onumitieder fes hasten§18R) derertigedafiade lash(192) $igom von einenbpfighigencderefien AtrAmays!-
Anspruch 3, lmﬁéf»ayfwmen kR8p- stronverteil enden Schal tkreise (164) unfallt:
ei ne VI ei zahl I\/G von stro_nbe renzenden Schaltkr 3 . L ner
der St¥onfrer S “éi‘a(cﬁ °' ?’15’ d on itmmvers |e| ¥ Hrch
el ne derStro ¢ nﬁy‘r‘? b urc 'e C g Fal |
des Kurzschl USZEE i zsc N e ||‘|el (,ll:&f be,
ng Débinds vo sﬂ&ﬁ um

(172), wobel zﬁ'é n§,§
den FI von?] i(b Y PlheF L ‘; que Zu ei ner anderen

ZU ver |nder nputersystem nach Anspruch 4, vvobel d| e Anzahl der

Sth onver sgr O &R R rsystéi hach ARdprueR &, wobdi die AhzahlleEstioRii&tEorglAgen3 B0 A Gt (M + §Nghan
Schal tkre bS Ejoliek B btroHvBHtellGde R SHRIFENA (B IRe] SFBbdrértz6rids SchblliFéie (IFBResIES, diedhite

mt den drei d@mte‘saﬁ@eéamdamt&awmuedo) W¥bufided Gihd viirdhLIDiodEN (72))die inrSaricinieden

Di odengs( 172) jewsliigen strombéxrénenderi SchatikreR6n verbunde sivd;wotielpitarDicsien (3T2) ingeeamt et ciger
Schal t kr el sederlekthdchehciastan (16R) vamninden stide Di oden (172) insgesant mt einer
der el ektrlschen Lasten (162) verbunden sind. 6. Conputersystem nach el nem
der vor angehGemtmtersisiem ndch laivem dertyoiangshend@yAnserfisthounbpislas Sypiom Magpla (140) unfalt,

j ewei | s ei nediijowtilsrioe Redhereindehtung 40 9‘"@%’%@9‘9@' (4@ upedertedfitiel zur E?”Q!R‘F&'m

Vi er t e3M t t emung (44) Prfassen.ivad wobeljedsg Modul (140} weiter e Mitie! §42.JA6) upfadt diedes Entedes
Modul (140) feenep und EsssizardesMaguter140) ohnepsbtrennapder Pﬂ"att"t!svefa?fe"ﬂe&@"@ﬁ?mte? FtRn

und Er set zen®tfbaibdul e (140) ohne Abtrennen derSpannungsversorgung vom

ggiﬁg‘: 22 %thenguerl auben, | %@%%S%St%nw ﬁ gasE%éermuﬁzjl gétlz;n
Nbdu! e¥erl auggé “Tﬁg'%.c rgxsg’ﬁlen oo o %f% ﬁ§
um di e Ver sol ﬁﬁkmrﬂen 9% z? m ,an{fe st a{Tﬂf’mumﬁ’

wahr end des
di eseVer bi nd ng zu ronversorgung nach Trennen der anderen Vérblndun- gen

ei m Ept f @ N@hmglkesyaiam WMRH Ahsprich 6 Qder 7 wdbdBildelbaéHRlsh Mittel (42146), 418 dasEntfernen und
ut er syst bt der MetuiRlekiGlber) o6l 8lEktré-medRiABEhe VelegeRfig) 42 Rimbdsdeh Sdur Erzelidung

146), di e dasindsdiekimisdheinteimibt-Bigaehi vorder Esachlidhen i rfemungaiedModuls¢i40) wobei das Inter-
el ekt r o- mech aupt-SigiabdadBierweadpewariten kérihddh Betristaiosioruls (140) affigedrgteVipise zvkeenden.
el ektrischen Interrupt-Signals vor der tatsichlichen Entfernung des Mduls
(140) , 4wol9ei Vetfabreh paneErfassanyon Bihlgrrdh elneary dreitachwerdendanian Gomputrraystem rofidrel Bnchrg-c b
des Modul e ( ftisigrenSubsyssemenwobeljadesubsystam enelReshengiprichiying Ryumiakt é‘ﬂ"'ﬂ!?r'?f%?ﬁs%fssen
von Fehl ern [18) kepitzb pinenSpeichas (12) eiean ﬁ’a'ame@@ Eﬂ"éP'ﬁ?%‘f’é??P?W'ﬂ"dd?'Eﬁm

ni si erten SubigsnRatanhys, (Z‘ild’aéde?’ defReche P’rﬁ'—:‘gm?f ﬁ‘Fr'Y' 15?@3 "s
unfaSt, die EngRENOERAERaUIdeRD 1 egb‘@%‘ih? mS ' ber-
Dat enw¥y (22 ”W?ﬁqﬁéﬁd%‘ém §'5’f’s Gﬁdei 8 " e'H% 1F%nbus
(26), der] edéle e ?;i . &%i%m ‘;2 % of"
(24) zum Auf ? Isq W ﬁ%ﬂn

h

und dem Pr ozg hé lﬂo \?%sy"' (:‘J

spr%chend%&%a e e o s “:ési%a fit; f.@gi“ fa;:“’;z". der
Re- chenei nrj; émgﬂﬂleﬁau ﬁﬁgﬂﬁhmhﬁe%ﬁelﬂﬁ R Etzeligeh elnéHErsEéanGﬁ Sdr-

di eser drel R abkdoPdrbidtbsystbthe; Wobel@is BRR FohlBretabvist, ﬁsmmlgﬁdeaua@@mateh@

Ausgabe an sepmy tﬁ?&ﬂ&@ﬁhﬂf H|6 ohtiRg dés/SUbsyslems @ibig) dasalie Fehlerbedingung simuliert hat;
Fehl er besti nmungs- Logi k- Schal tkreis (42 44), derj eder der drei

Rechenei nri cht ungen (40) zugeor dnet i s¥ und anaben al |
di eser Dat enbusse (26) aufzunehnmen und ein Feh tuswort zu
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