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.  Natura l ly ,  t ransfer .of  the CA to a mode of  d, l rect  g lgnal  t ransLat lon between adJacentr lng segments means d lsconnect lon of  par t  of  the courput ln[  hardware,  specl f lca l ly  the
computer  that  const l tu tes Ehe channel  subscr lber  v la t ¡ ¡e Ce ln quest lon.  Thls can sharpLyreduce the computat lonaL power of  t !e  systen,  b.ut  preserves i - ts  over-a l l -  v lablL l ty .  Thus,a cA faul - t  can be ln terpretec i  as a faul t  or  i i le  assoclated compui lng racrr i ty . -

L o c a l i z a t i o n  o f  m a l f u n c t i o n  i n  o n e  o f  t h e  c h a n n e l  s e g m e n t s .  c r g a n i z a i i o n  o f  a u t o -mat j -c  Ì 'epe1r íor  a r lng chennel  's  baseci  on ihe -gene: 'a ì -  pr inc ipf  es oí  d.es ign of  se l í -repal : ' : -ng aDer ' lod ic  c iev lces i3 l ;  as noted.  in  [4] ,  ieowever ' ,  impiementat lon of  se l_f - repaj_r ,o f  phys l ca f  channe ìs  recu i res  t he  so lu t ¡on  o f  a  numbe : ' o f ' a¿a i t ¡ - s ¡¿ t  p rob lems ,  s ;emrn ing
in th ls  case f ¡om the fact  that  the ensembl-e of  cA connected to the r ing cannót  narr"  co*-mon srvJEching-cont¡ 'o iLeci  i iagnost ic  anci  locaf izat ion haro. Í iare.  I , lo  connãct ions other  thanthe channer l - ines ihenselves are a-r lowed.  Thetefore the func: ions c iescr ibed above arelmoLemenced  l n  c i ecenc : ' aL i zec i  f ash ion ,  w l t h  each  o f  t he  TRA Loca l - t r ¡ . ìmn lêmÊñrJ . -  a  sÐec1 -Í1eci  test  and reeovery protocot .  rné sãi i -ã iãenosrrc properrru"-år-äõË;öäiä"?"ãúI" ¡ r "_
chronous)  c l rcu l t  englneer lng can be ut l l1zed only for 'detec i ion of  channeÌ  l1ne ¡nal func-t ions '  The s j - tuat loñ ls  worJe as regards faul t  loca] lzaí1on,  s1nce,  d.epend.J-ng on thetype of  l lne ¡aal funct lon anci  the lns iant  1t  occurs,  l t  may t ¡áppen that  a faul - t  on somer lng segment  1s local - lzed by aper lodlc  c l rcu l t -englneer lng fa¿i r r t res e i ther  only  î romt l r e  t r : n c n {  l - f  . t  n ¡q¡¡ù¡¡uuurrr$-CA s lde or  only  f rom the recelv lñg-CA s1ãe,  and thus Í re encounter  theprobLem of  t ransmlt t ing the Lnfornat lon on the raul ty  l -1ne i rom one cA to another  e l therarounci  the faul ty  channe]-  segment  or  around.  the r1ng.  Both s l tuat lons lnvolve conslder-
able c i r l í icu l i ies,  and the¡ 'e fore 1 i  1s advlsabie to empl-oy the fo] lowj-ng a lgor i thmic ap-proach to locaÌ lzauJ-on of  mal funct lonlng l lnes.  . .  .  ,

The TRA of  two adJacent  CA on a channel  segmen*u,  between whlch a mal- funct lon hesbeen oetec led ' ,  are act lvated 'oy 
atagnoi t tc  Jrgnãrs aác-uegin!  iä  exeeure,  1n synchronous

mode,  an a lgor l thrn for  adeouate local lzat ton õr  mal- funct lõnrãg 11nes s lmul taneousLy f rombot ì r  ends of  the segment ,  
" r rc"esslvely  

set t lng up code cornblnat lons on the l ines of  thesegments,  checklng the correctness of  the setÈtng,  and recordlng mal funct lonlng J- ines
J n  i h a  f â r r l +  f ' ì {¿es¿u  r r rp - f l sps  (FF )  o f  t hese  l l nes .  Swr i cn lng  o f  t r ¡ e  Ë r  o f  t he  l l nes  shou ldau foma t l ca l l y  resuJ t_1n  rep lacemen t  o f  na l f unc t l on lng  i l nes - ¡ v  sòoo  onãÀ , - " ; c : , - t y  us lngsl ld lng swl tch lng [4] .  Af ter  proper operat lon of  thã channel  sãgnent  has been restored,both T 'RA are d. lsconnected and a new message t ransulss lon 1s at tempted. .

,  S y n c h r o n i z a t i o n  o f  T R A  u P o n  e x e c u t i o n  o f  l o c a l  i z a t i o n  a l g o r i t h m .  w h e n  a  m a L f u n c -t lon appears 1n a r lng segment ,  1t  w111 be deteóted (as a resüi t  or  s toppã[e-oî-ôp." -
at lon)  not  only  by the pal r  of  cA to vrh lch the segment  1s connected.  As the buf fer  p lpe-
I lne regls ters of  the cA between the sender and the defect lve segment  become í l I leo wj- thlnforrBaElon '  these CA w111 successlvely  s top,  ãnd thel r  lnact1v1Èy over  a cr i t lca l -  t lmelnterval  w111 l -ead to the generat lon oî  natrúnct lon-detect lon s lgna]-s on the correspond-ing segments,  s lnce th is  s i iuat lon 1s ind. ls t lngulshable f rom a mal funct lon.  In  otherwords,  a mal funct ion that  is  de 'uected by a nrunõer of  CA wl l l  cause them to shl f t  to  exe-^ r ì + { ^ F  ^ f  + L ^  r ^uuu¿er¡  L/ r .  r , ¡ ¡e rocal lzat lon a lgor l thm. Above 1t  was stated that  th l -s  ä lgor l thm is  1mp1e-mented as a resul t  o Í  pal rec ln teract lon oí  TRA 1n a synchronous mocie.  The resul -centproblem of  synchronlz lng the operat lon of  act lvated TRA should be solved ln decentra l izedfashlon '  s lnce 1t  ls  und.esl rabiè , to  lncorporaie addl t lonal -  l1nes for  handt lng synchroni -za-vlon slgnals lnto':the r1ng. To deal w:-Ln t¡rts problem, we propose to empl-oy a synch¡c-nous, /asynchronous-approach,  based on the fo l1ow1ng two concepbs:  the local lzat lon a lgo-r l thn shoul-d conslst  of  a number of  s tages tnai  are ln l t la ted asynchronously by changesln the states of  the channel  11nes¡  e3.cñ stage should be executeä synchronously over  ai - ln l ted number of  cyc les,  such t ¡ ra i  tne syncñroñrzat lon s lgnars or  Lwó 

-aãtã"ã; î  
inrer-act lng TRA eannot  d lverge appreclaÞJ.y-1n t lne;  af ter  cornpLãt lon of  a s tagã,  the locaLsynchronlzat lon-cycle generators should stop.

Ac t i va t i on  o f  a l ' l  TRA in  channe l .  Pa l red  l n te rac t l ons  o f  TRA on  adJacen t  segmenrsare eoordlnated as fo l lows.  ,The 1nl t1âtor  of  the d.1f fer"ñ i  
" iaãäs 

or  the d ls t r lbuted-
l -ocal lzat lon a lgor l thn 1s the TRA of  the sender,  whleh sends ln l t ta t lng cod.e çomblnat lonsaround the r lng a l ternat lngly  1n both d l rect lonÁ.  Eaeh successlve sta[e of  e iecut lonof  the a l -gor l thm must  be ln l . t la ted only af te"  i r rè execut lon of  the preced. lng stage hasbeen completed by aI ì_ the TRA.

Thls organlzat lon of  TRA lnteract lon has two l rnpor tani  add.1t1onal  aàvantages.  F l rs t ,l t  makes 1t  posslb le to detect  a faul t  o f  any TRA. us lng s lmple resources;  a TRA ls  faul tyl f  1 t  has recelved a comblnat lon that  ln1t1aîe i  ihe next  s tage of  the a lgor l thm f rom oneof  1ts  nelghborsr .bu!  has not  generated.  a correspond. lng cornbfnat ion for  i ts  other  nel -gh-bor  over  the cr l t icaf  t lme lnterval '  whose valuã-depenã" onry-  ð"- t r r "  ¿urat lon of  the exe-cut lon of  the stage of  the a lgor l thm and ls  lndependent  or  the length of  the r lng (nurnbero f  cA  1n  the  r l ng ) '  second ,  ã l f  t i l e  TRÀ rñ  ãü " - i r ng ,  excep t  f o r  t ha t  o f  t he r rmas te r 'cA ( the sender) ,  per form the same operat lJns_1, ;a;"  ãúu ' iuraããeãment l ;  o f  the-- ¡na" ; ; :  r f

-."'-.rarF-._s:.@
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Structura l  d lagre 'n of  test and recovery ãüt-onratoã.

l - t  tu rns  ou t  t .ha t  the  master .  TRÁ J  s  fen t  rw I  r  qwllf be s*ii"ñäo to a orrå¿¿-;;å"åì"iiå*'l¿uli,-å"å :;":Ìffii'3Furf,ã"T";lïr;*r"i':ì*31rlthm will- terrnlnate at the same stage for al-l the remelnlng TRA. However, aftes a ng-wmasEer has been oe: ignated by means õf  systems fac l - r l t les tñe rocal lzat lon a lgor l thmwLl l  cont lnue to the end' r '  a f ier  whlch thêre 1s a return to normal  message-t ransmlss ionoperat lon of  the channel_.

rn ord'er to activate the TRA of all cA around the rlng up to and after a malfune-t lon lng segment  upon detect lon of  th ls  nar i rxrãt ion,  l t  1s Jurr tc tent  that  every connectecTRA generate and send around the r1ng,  rn t ¡ ¡ã-ã: - rect lon of  message t r€rnsmlss lon,  a codecomblnat lon that  act lvates the next  suecesslve TRA. rn t r r rs-wãv,  the cond. l t lon oí  act i -vat lon of  the TRA of  every cA can be e l ther  rãr iu¡e to complete the t ransients on thechannel  segment  f rom the message-source s lde over  the cr1t1cel  t lme lnterval ;  or  theappearance on th ls  seguent  of  a code comblnat lon that  ln1t1ates TRA act lvat lon.

M o d e  o f  i n f o r m i n g  c o m p u t e r s  a b o u t  f a u l t s .  r f ,  1 n  t h e  p r o c e s s  o f  E e s s a g e  t r a n s m l s s l ca round  the  chan ¡e l :  : t he  TRA o f  some  cA  ¿e teó i i  a  f áuL t  o i - r i i - õ *n  p ¡ ,  t hen  th l s  cA  rnus ibe swl tched to a mocie of  d '1reeÈ message t ranslat lon.  Thls fact  natura l ]y  lead.s to d. is-r r r n l -  J  n ¡  a f  + L ^  -;å3:l':.:"ü:"":¡ËiliüË 3î"ä:;ì;:,:å :l:#'f,f;^til"."äl;";5"ä;"i;;4":lj*":1il¿,11":;*.
recovery a l -gor1thm, af ter  whlch sys iems fac l l l t1es are empJ-oyed to upd.a ie the table ofco r responc ience  o f  t he  abso lu te  anâ  re la t r ve -ããá resses  o f  t he  ope r i l ng  compu te rs  connec tecby the : ' ing '  ! 'or - th1s '  every ac i lvat lon of  a TRA must  be aceompanled by generat ion of  acA faul - t  s lgnal  (FS = f  ) ,  whlch w11l-  be reser  àï tä"- i i rã-Ti l - iä"Lsconneered.  Transfe=of  a cA to a d l rect  s lgnaÍ  t ransrat lon modã i "  ãr"o accompanlãã uy generat lon of  a s lgna1(F' ,S = J-) '  A constant  FS = l -  va lue should l -ead to s toppage of  operat lon of  the corre-sponding computer .  A cA can be retumed f rom the d. r räèt l t ransiã i lon to the normal  modeonly by means of  an ln1t la l -set  s1gnal .

2 .  S T R U C T U R E  O F  T E S T  A N D  R E C O V E R Y  A U T O M A T O I {

In conforml ty  r l th  the above requl renents,  we developed the st ructura l  d. lagran ofthe TRA shovm tn the accoEpanylng f l iu le.  r t  óonslsts  of  the fo l lowlng:  two coupr lngcl rcul ts  wl th the message-source- I1nés sB1-s89,  v1a whlch the cA recelves messages f rom1ts ]ef t  nelghbor,  ana wl tn message-recet Ìer  1ínes RB1-R89,  v1a whlch the cA t ransmltsrnessages to 1ts r lght  nelghbor f9-9-s f lg .ccn) ;  two swl tch lnf t  c l reul ts  ror  nåssi !ã-"o, r " " "and message-rec lp lent  s lgnals (sss,  ssR);  twó sets of  sourõe-ãnã-recrp lent  11ne faul tf l1o- f1ops (FFS, FFR);  a d. l rect  s1gnal  t ransLat lon c l rcu l t  (SfCi ;  a  d. lag: : rost lc  and testa l  ¡ a r r {  +  / n m ^ \  .e¿r ' uuJ_ r ,  \ u r r , ¡ ;  a  CA  fau l t  de tec t l on  c l r cu l t  (F 'DC) i  and  an  au tona ion  fo r - I oea l l z l ng  mes_sage-source and message-rec lp lent  l1ne faul ts  ( lA) .  T¡re < iou¡1ã-ã""o*"  ln  the f lgurer ê ñ F ê e ê ñ +  {  ¡ f ¡ ¡ n ,: sv ¡EÈs ¡ ¡e  ¿ ¡ ¡¿s ¡ ' ¡ ¡ r ê t l on  connec t l ons  t ha t  con ta ln  more  than  one  l l ne .

lhe CCS and CCR conslst  of  bus ampl l f lers (sensl t lve e l_ements )  and bus t ransÍ¡ l t ters( r l ne  d r l ve rs ) ,  a l d  l nco rpo ra te  con t ro i  t og t c  f o r  d . r l ve r  ope ra t l on .  T ,hese  c l r cu l t s  re -celve data f rom the channel  and t ransmlt  t t  to  the channel  1n normar operat lng mode,  lna mode of  execut lon of  the local lzat lon aLgor l thm ror  iâu i tv  r r "ã" ,  and . ln  a mode of  d l -rec ;  s l gnaL  t ransLa t l on .



The SSS ef fects the fo l_ lowlng connect lons:  lnput  data l_ lnes of  SDf R.A.  bus to goodt_1nes sBl_sBB or souree aarã-(so)"viã--l îã-t"1.-rrol i¡ i"""-; i ; ; ;  ccs; t lnes or rhe ac_
lä:il:Sffäïi: Såiåi"::i Ho'j gne of ti,ã ã"ão lines s¡i-ses-ãi tr,. cs slgnal v1a rhe
sB7-sB9 via rhe bus dr1ve"" 

"; ' Ï : tr l l l"" 

trs-tra or the stó to the correõJàñar.r,e ] ines

The  sss  connec ts  t he  f o i l ow lng :  t he  ou tpu t  l n fo rma i l on  L lnes  o r  t he  RDr  . ous  
o f  i hepA-  t o  "goodu  r l ¡ es  RB I_RBB ; ¡ - ; ; ; - ; " ; ; ; " ; ; " aä ia  (no j - v i ã , t i . ã -äð I_o l l ^d r l ve rs ;  

r he  ou ipu :
' l n f a n m ¡ l l ^ ñ  1 {ureuru¡r  r -J-nes t l - - t8  of  the src to the correspondlng t r r r " "  

-ngr-nBg - ; i . - ; ;¿ 
ðcR d" t r r "==;and  one  o f  t he -L rnes  RB7-R89 ,  ove r  wh l ch  the  cR .s rgna ) -  1s  sen t ,  t o  t he  l - 1ne  o f  i he  cR fs lgna- l_ of  the pA v la t ¡ re coír ,espond. lng Uu.  

-arnoi f f le=.

3oth the SSS anci  the ssR 
l l i ] : t : " r  tne pr1nc1ple of  sJ_J.d lng swlrching [4. . ¡ ] .  swicch_1ng eontrof  ls  lnp lementÀo-uv twó group" o i  ä"" : - i  f l - lp- f lops:  FFS anci  F l ,R.  the FFSgroup records faul tv  l1nes sÉr-s¡g]  

" ¡ r i : . " - i ¡ ,ã-Ë¡n 
g"oüp ã;å;  

"å 
ro"  r lnes BBI-RS9.  r ,n-f ô m â  f  I¡ v¿ r ¡qu¿v r r  u r t  Ehe  nunbe r  o f  r eco rc iec i  f auL ts : - s  i r anJ re r red ; ; ; h "  pA  by  ¡neans  o f  s l gna l so1-c¡  fo .  generai lng a state-woro t r . . t  ãr ,ã"ããtã"r"u,  t r re dãgrãä of  use of  back-up t lnes.The scate worc i  of  the channeL ls  regular ly  lncorporated ln to a message packet  f rom thePA to the subscrruer  cãni l ; ; ; , ' ror  ãvnãrró rããr tor lng of  rhe ã i ranner by rhe systemsmonl t  or  .

rn: 'ormat lon-  on faul - ty  l1nes of  the sB anci  RB channel  ls  fed to the FFS anc Fl ,R f : ,onthe ourpurs or  e l_emenr"  sËr_sËig ; i  ; ; ;  õõs-ä io ccR, wh11e rn iornar lon on shorred l_ lnesis  suppÌ1ed bv the DTc'  i i r r " - in fornat lor . - r " - "ã"ord.ed 1n t ¡ ,ã  
- iã ' l . , : - t  

f r lp- í1ops on thebas l s  o f  ga t l ng  pu l ses  r s "üãã  i y  t he  : . oca t r - za i i on  au lomaron  LA .
The DTC concalns the PA faul t  d ' lagnost lc  10g1c,  a c l rcu l t  that  c ietects and l -ocar lzessho r t s  be tween  channe l  l l nãs ,  ãno  c t r cü r t "  iÃ r t ' ãe téc t  r r r : - i i ã i r ' g  code  comb lna r l ons  onËhe  l 1nes  f rom the  sou rce  ánå  rece rve r  s tães l - - t o  g "n " "ã tã - t ¡ã -ão " "espond .1ng  s lgna rs ,the DTc lnputs are fed a i i -ãr¡e-necessary ln format lõn f ron o, . , ip , r i "  sEl -sErg of  the ccsand ccR bus ampl1r1ers,  the- ïnrorr ¡at ron-outpùi ; - ; ¡ - ; ; ; 'sör"å"ã-åf-q3 

and 
"1-sg 

or  rhesss and ssR'  the-RDr ln format lon outputs of  the pA,  and the lnputs of  the f11p- f1ops ofthe FFR sroup.  rn addr-r lá" ,  
- ; ; ;  

DTc' lnpui ;  ; ;  
l .ud :g l t "or  s : .gnar_s f rom rhe pA and LA.The DTC output  s lgnals 

"ò" t "o i " t r re 
operätrãn-ã i  the FDC and LA,  and senci  ln format lonon shor lec i  11nes to the faul t  f l lp- f iop- ; i ; ; "1;"  ro be recorc ied, .

The  FDc '  wh leh  1s  l n tended  to  de tec t  f au l t s  1n  the  cA  l t se f f ,  l nco rpo ra tes  a  com-mon faul t  f11o- f1op (crr )  toeãf i r . "  wl th 1ts act ivat lon roerã,-ã. ra 
"  

pal r  of  i lme d.e laye l e m e n t s  l "  -  ¡t ' L  -  '  usec  and  t t  =  l - 00  usec ) ,  t ha t  t n "a "u " "  two  c r l t l ca l  l n te rva l s .  The  c l r -cu i i  detects faul ts  of  three en!1! , resa-1a1eJ.v the pA,  the channer-  r - lnes together .  v¡ l ththe  assoc la teo  TRA ha rdw*=" '  ã r , å  t he  úRA: . t "ä r i . -  To -de iec t  pg - - i . , r r t s  and  l 1ne  na l f unc -i l ons ,  e  s i l o r t  I1s useci, a*1ns Ë ;îi.;',i"';ï;;:Ëi"ï:::,::_:irï.:tl :;''f:fl':::,:*T:.T::.::".the ccF l -s  aet lvated,  and r i  
" i r r r t "  

tñ" -cä- iã"ä"hoou or  ar reãf  J ie 'ar  r ransrar lor , - i i i - * ,ac;lvates the PA, resets the FFs and FFR, rãiro.t"" the src, anci sets the sss and ssR
;i": i ; ; :*e 

or slgnals rron--i"; ; ;" trs:; ie ä"ã-t i-t ,  ro ourputs el-e3 and sr-s' respec_

upon detect lon of a channel^¡nalfunct lon'  or upon recognlt lon by the DTC of an 1n1-t lat lns code comb1nat10n, i ¡ ,ä--Ëñc sun"""tãÀ--ån-åct ivàrrã"-3ïãr.äi"ro, rhe LA, r+hlch pro_ceeds to block the operaéló"-oi ' - t ¡ã- pe .rrã-to--r i i t t " t"  t i , "- iã"ãi1zarlon algorl thm. Fa11_ure to conplete anv stase of thls arsorrChn-;" ; ; -rhe cr l r l "" l  t r rSai*: : i l f " : t t* ,that the TRA 1s faul ty:  rn thls cas_e ! !_g FDc-act lvates.the c 'F. 
e lnterval  t '  lndlcates

If  when the TR-A executes the loca1lzaï lon algorl thrn l t  turns out that more than t} ,ríf,å""í'11-í*i3l¿riil"isi¡È"i:"F:":i;:Hi3i"oi'F".-*;;6;, -ä"ä-""t1vared, 
rhls meansor the lack oþ back-up unÀs.--Ì,,-t i ' r" 

" '"",-rñä".i3|å:"i ; : t* i l3:133":lrì i#ålt¿r1"3Ê¡:"wh lch  ha f t s  t he  ope ra t l on  o f  t h ;  TRA 
" "ã - " i r i r i " " i ¡ , u  cA  to  a  d l rec t - t r ansLa t l on  mod .e .

s l nce '  upon -ac t l va t l on  o f  t he  cFF ,  t he  cA  ceases  to  execu te  1 t s  na rn  ru . r " t 1ons ,  Èhe¡uu generates a faul t  s lgnal  rs , 'b{ .  t "á"" - -ãq- ï i r iã i ' ,_ tn"  c¡  rnforms l ts  ln ter face conmunl-ca t l ons  con t ro l l e r  w l t h  õne  suuÉc r i be r  
"o *pù tË l l " ' r n  aa¿ i t i ä " , - äñe  ¡ s  t s  gene ra red  eve ryt l m e  t h a t  t h e  L A . 1 s  a c t l v ã t u ã , - ã " 0  r "  c a n ã ã i i à ã ' a r t e r  1 1  l s  s i l t ã h . a  o f f , 1 n  o r c i e r  r oln fo rm the  l n te r face  con t ro r i é r - t o  1n1 t1a ] i z " - f r r ä 'message  bu f fe rs  F rFo r  and  F , rFo2  and  to

*-T=:ffi



1n1t1ate operat lons to update the table of  correspond,ence of  absctute and re l_at lve com-puter  add.resses ln  the LAN.

A f te r  ac t l va t l on ,  t he  LA  beg l -ns  t o  execu te  t he  l oca l l za t1on  a lgo r l t hm ío r  f auL tybus  I1nes ,  each  s iage  o f  wh l ch  (excep t  f o r  t he  f l r s t )  1s  l n l t i a tec i  ¡ y  asynch ronous  s lg -na l s  f r om the  DTc -  rns lde  each  s tagè  o f  t he  a rgõ r1 thm,  i he  LA  gene raçes  a  sequence  o fcon t : ' oL  s l gna i - s  o f  f j - xed  Ìeng th ,  t ha i  es tab l l s i r  i n l t : - a t : - ng  
" "au - "o r l r "ã t r . "ã ' ; ; - ; ; "channel_ l_ lnes (by neans of  the CCS and CCR bus d. : lve l ,s  ) ,  -prov lc ie gar ing for  c ie i lve: ,y

m:tli?läii;i,¡Ë ffiii"t::lii:"r"T:;ì"::,:ff ;l"i:"llÍ;fi!:;i,æ;::;,::i_#l;:::
T h e  L A  e s t a b l l s h e s  t h e  d . r ¡ r a t l o n  o f  t h c  n a r r r a t  e {  r
m e n t  r .  =  5  u s e c  o f  t h e  F D C .  

t  e n e  c o n E r o r  s r g n a l - s  b y  n e a n s  o f  i h e  i l m e  c i e l - a y  e i - e -

The STC beglns to operate when ihe
transfe¡ 's  s lgnals f rom lnputs SEI_SE! to
ou tpu ts  t r  n - t ¡  q .  When  the  SSS .and
and FFR reset  ) ,  th ls  ensures d l rect
segment  of  the source to the l lnes
ve rsa .

common-fauJ_i  í1 ip- í iop CFF 1s ac i lvated. .  ï i
ou rpu ts  ; t - i g  and  f=om lnpu ts  sE10_sE1g  t c

SSR c l rcu l ts  are appropr late ly  set  ( f l1p- f lops FFS
slgnal  t ranslat lon f rom the 11nes of  the channel

of  Èhe channel-  segrxent  of  the rec lp lent ,  and v lce

3  .  A N A L Y S  I S  O F  C H A N N E L  F A U L T S  T H A T  C A N  B E  D E A L T  I , I I T H

Any faul t - to lerant  system can restore 1ts opei 'a t lonaL status onJ.y prov lded thatt h e  f a u L t s  t h a t  o c c u r  a r e  t h o s e  f o r  w h l c h  1 t  w a s  o e s l g n e d . , 1 . € . ,  t h o s e  t h a t  l t  l s  c a -pable of  detect lng and 1ocal lz1ng.  For  the fauLt- to lerani  LAN úncier  conslderat ion,t l r p n e f n ¡ a  { +  {v¿¿ers¿v¿ç ,  ¿u  ¿s  necessa ry  t o .  c l ea rLy  spec l f y  t he  c l asses  o f  ma l func t l ons  w l th  respec tto  wh l ch  1 t  w i l r  d l sp lay  t he  p rope r t y  ob  se l f - r ecove ry  o f  ope ra t l on .

T l r c  n ¡ ' l  n a  {4¿¡s  v r , rw rpêJ -  c l ass l f l ca t l on  c r l t e r l a  . o f  f au l t s  a re  t he  t ype  and  nu l t l p l 1c l t y  o fthe mal funct lon,  and the t lme and rocat lõn or  i is  occurrenee.

S lnee  I ¡ ¡e  p ropose  to  de tec t  channe l  f au l t s -by  means  o f  ape r l od . l c  c l r cu l t s ,  l t  1snecessRry  t o  reca l l  t he  f ae t ,  p roved  theo re t l ca r i y  t 3 j ,  t ¡ ¡ a i - " r , , ãn  
" r " "u l t s  

be long  tothe  c lass  o f  comp le te l y  se l f - t äs ta ¡1e  c l r cu l t s  w l t h  respec - ,  t o  s tuck -a :  conse rva t l vefauL ts  o f  any  rau l - t 1p l l ô l t y  a t  e l emen t  ou tpu ts ,  o r  w l t h  respec t  t o  f au l t s  t ha t  can  bereouced  to  t hese '  -As  rega rd ' s  f au l t s  1n  w i res -and  conn .c t i ãs - i r n ¡ . " ,  t hese  c l r cu l t s  a reñ ^ f  â ^ È * l  ^ + ^ 1 - -r reu cor¡p l -eEeJ-y seLf- test lngr  but  ln  th ls  case l t  1s prec lsuiy-râf f , ,nct1ons of  wl res (o: .l l nes )  t na t  mus t  be  de tec tãá .

h re  w111  demons t ra te  t he  capac l t y  f o r  de tec t l on  o f  f au l t s  t ha t  can  a r l se  on  somesegment of  a baseband channel-  bêtween a pal r  of  adJacent  cA.  s lmp1e anarys ls  l -eaos tothe  fo l l - ow lng  poss lb l -e  ¡na l f unc t l ons :  : - )  i t uc t -a t  o  o r  1  on  a  1 lne ;  2 )  open  l 1ne ;  3 )  sho r tbe lween  any  two  1 lnes i  4 )  mu l t l p l e  sho r t  be tween  1 ines .  ô rhc ¡  r r
. f a u l - t S  W 1 1 1  n o t  b e  C O n S 1 d . e r e d . .  

r J - e  ¡ r r l o r l  o e E l l e e n  ¿ ¿ t ¡ s Þ  '  v u t r ç r '  u y p e S  o f  O v e r l y  r r e * o t l C t l

The f l : 's t  type of  faul t  1s a stuck-at  faul t  and.  can be refer¡er ì  rô thÊ ôrr rn, r ts  ofsens l t l ve  e lemen ts  whose  l npu ts  a re  connec ted  ro  a  ma l func t l on lng ; ì " ; ;  åä " "ãä , !ãå r t r ,t hey  w l l l  be  de tec ted .

An open l lne resul - ts  1n establ - lshment  of  a h lgh vol f , .age leve1 (stuck_at  1)  on thepa r t  ' o f  t he  l l ne  t ha t  1s  no t  connec ted  to  t he  ou tpu t  o f  t he  bus  d r l ve r .  Th l s  s tuck -a tfaul t  can be referred to the output  of  the correspond. lng sensl t lve e lement ,  and hence È1 t  w l l - l  a l so  be  de tec ted . .

shor t lng between a pal r  of  l1nes 1s not  a s tuck-at  faul - t  that  can be reduced e l therto  s tuck -a t  0  0 r  s tuck -a t  1 ,  s l nce  1 f  two  o t s  o r  two  l r s  a re  t r ansm l t t ed  s lmu l taneô r r s t vover  these I1nes,  a mal funct lon of  th ls  type w111 not  nanl fest  t tse l_f  at  a l l .  Hgi#: ; il t  1s not  posslb le to t ransmlt  comblnat lo iÀ suci r  as l0  and 01 over  shor ted I i i :es,  s lncethe l -1ne over  whlch the O 1s t ransmlt ted ( low vôt tage leve1) w1l1 shunt  the second l lne.I n  t h l s  case ,  de tec t l on  requ l res  spec la l  ¡ ne thod .s .

We  w l l L  t r ansm l i  comb lna i l o l s  9 f  se l f _synch ron l z l ng  code  (SSC)  ove r  t he  l l nes  [ 1 ] ,u s l n g  a  c o m b l n a t l o n  c o n s l s t l n g  o f  a l l  o ' s  a s - ã  o " r r r r t " r .  T h e n ,  l f  t h e . r l n e  o v e r  w h l c ha  I  shou ld  be  t ransm l t t ed  1s  i ho r ted  to  t he  l l nà  ove r  wh l ch  a  0  1s  r ransml t t ed ,  t he  ssccomb lna t l on  w111  no t  be  es tabL l shed  becaus "  o i  t h .  m lss lng  l r s .  Th l s  s l t ua t l on  1s  eas l - r vde tec ted ;  f a l h ' r r e  o f  t he  ssc  comb lna t l on  t o  
"ppãã"  

ove r  rhe  c r l r l ca t  r lme  l n re " " " i  ï ; å ï j tc a t e s  t h a t  a  f a u l t  h a s  o c c u ¡ ' r e d .  
- r n _ a d d l t l o n l ' i n e  l l n e  o n  w h l c h  a  1  s h o u l d  h a v e  b e e n  s e t ,bu t  was  no t ,  can  read l r y  be  l oca r - l zed  on  the  ó rànsmr t t l ng  cA  s lde .
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rn the case of  another  s l tuat lon,  1n whlch an ssc comblnat lon 1s set  on the l lnes,but  there 1s no acknowl-edgment  s lgnal 'uãóauäã-ï ts  r lne rs  s¡rõr ièd wl th a l lne 1n the 0s ta te ,  t h l s  s i t ua t i on  w111  be  de tec ted  s1 rn11a r l y  bu t  w111  be  l oca11zeå  ôn r r ,  ^ñ  i .celv lng cA s lde.  Now, 1r  we lso late rhe rããal - iäed l1ne,  rhe 
"" .3 iå ' ; Ï " : "å l j i  l3"oå"-usab ie '  l i oweve : ' r  l t s  e rec t r l ca f  cha rac te r t s t i cs  have  been  d l s tu rbed ,  and  the re  l s  noaua rs l t ee  t ha î  l he  r l ne  w ' i l  noc  be  a  sou rce  o f  no1se .  The r .e fo re  i i  1s  be t i e r  t o  i soLa teoo i : :  ì : nes .  Fo r  t h i s  -Ðu3Dose ,  a  s tuck -a ;  o  i s  se - -  on  the  i - oca l - i ze i  1 i ne ,  and  thus  a  non -

< i t t ê l ¿ - â :  a ¡ l ' l . f -  ,s v  - 4 q r "  o f  s h o r r - c i r c u r i ; y p e  b e c w e e n  l i n e s : ' e d u c e s ; o  a  s l u c k - a i  f a u l - i  o f  n r u l _ t i -ñ l  i  ^ i  ! ! '  a
Y ! ¿ v - v J  1 .

ì ' 1uJ - t1 -p Ie  sho r l l ng 'oeçween  l j - nes  i s  nov ¡  o f  no  l n te res -u ,  becaL ¡se  L t  r ed .uces :o  aS t u c k - a t  d e f e C ;  o f  m i l ' l : { n l i a i - r r
j  a . v  õ r  qñâFâ  r  -  

¡ ¡ ¡ q¿e¿P¿¿u¿ t i /  g reaEe : '  t han  2 ,  anc i  canno t  be  ccm 'oa t tec i  because  o f  i hesvÉ¿c  ._ ines  ( see  i i . l e  : . eou l remen ts .on  a  channe l  l _n  i l ] ) .

In  terms of- the p lace oÍ  occurrence,  we shouLci  d ls i lngulsh the fo l l -owlng faul ts :channel- - l1ne fauJ- ts ;  faur ts  1n lRA harc iwáre assoclated.  wl ih  l lnes and sw1Èched toøe.hhcrwith thero; faults 1n nonswltchlng rn.c, harar,¡arél 
-ana 

pA hard.ware faults.

Channel- - l -1ne defects were just  consüd.ered. .  LJnes are connecteci  to  cer ta ln T.RA harq-ware EhaE ls  swl tchec rogether  wl th them. Thls hardware lnc ludes ar l  senslnf  e lementsanci  o:1vers cogether  wi th thel_r  cônrrô l  . ì  ncJ a t lãïv ir-"*i;"#;è er.emen¡J. o;'y"3i1ff:":"Få,Tir3'åi"år$H;t3l;:ir:'::i'iã'¿.?ll"3o"ii'-
t ì . r i  s  ¡ : ¡ -  ^ F  + h ^  L a s i , . , ^ - ^  - -  - ^ -  

-  
: : - - - -v¡ t¿u vq¿ v v¿ urre hardware,  s ince these manl fest  themselves 

""  " t r . "k-a i  
faul ts  on theL lnes  anc i  hence  can  be  }oóa1 ¡zec  and  ave r ted  toge the r  w l t h  t he l : ' l l - nes .

s iuck-at  defects -a i  gate ouiputs ln  the rest  of  the TRA harc iware and . tn  the FA c i : . -cu l t r y  can  be  oe tec ted  buE  no t  co f f ec ted . ,  s l nce  they  have  
"ò  

uãã i< -up .  spec la l  d i agnos t i cc iev lces are ln t roduceo for  tb ls  purpose,  these compr ls lng st ra lghi forward.  d lagnost ieÌog1c ano e l -ements for  generai lng cr t t rãal  t lme lntervals .  I , lhen such fauLts are rJcrcnrcr lthe DF! 'of  the corunon cA faul - i  should be act lvated,  puiCrns i i ; . - -cA 1n a d. l recr-s1Ëiå i l '=* 't r ans la t l on  mode .

In  conc l -ud1ng ,  ] e t  us  cons lde r  t he  pe rm lss lb le  f au l t  nu I t 1p11c l t y .  The  theo ry  o fâ ñ ê F l n r l { n  n . { ¡ a r r {4 ! ' s : ¿ v s ¿ e  v ¿ ¡ ' u u ¡ - t s  a s s e r t s  t h a t r  b y  m e a n s  o f  s u c h  c l r c u f , t - e n g l n ã e r l n g  t e c h n l q u e s ,  I t1 s  p o s s l b l e  t o  c i e t e c t  s t u c k - a i  i a u l t s  o l  a r ¡ f  i r å r .  - r , r  i r  h r  r  a . r  f  t r  q f  c ' l  e m c ¡ i  ^ , ì r - , , i s .  H o w -
9v9¡ ' ,  th ls  asse ' t lon d. lscusses only  a-possru i l r t t :  ; ; i ; ; " ; ; ; ï i " " ;åa5 'Eä=- i !  Ï io Ïåå"" r "u.Inoeec,  l f  an aper lodlc  d 'ev lce has-onl !  ó" ; -ã l ;gnost lc  c l rcu l t ,  then a s lngle faul t  1ni - h J <  n { ¡ n r r { +  r . ' { lvÁ¡¿È  u¿¿ ' * ' u ' r J . l  cause_a  s1ng1e  de fec t  l n  t he  dev l ce  1 t se l f  t ó  go  unde tec ted . .  The re -fore l t  must  be requl red that  tbe PA and noniwr ich lng TRA r¡arawaie d; ; ; ; ; ; -ãJ" .  å1r ,1* , . r ,s lngle faul - ts  of  s tuck-at  type at  e lemenÈ outputs.  Ãs for  the swl tched TRA hard.ware and.fhe 'oackbone 

l1nes,  - the g lven scheme piov ld.es for  combat t lng faul - ts  of  rnul t ip l ic i ty  notg r e a t e l '  t h a n  2 . a n d  o e t e c E l o n  w l t ; ¡  ¡  m i l ' t r . t n t r n { { - r ¡
sêcmêñi  

t ru ucue(. :uJ-or¡  wf- l¿r  4 ruuJ-r ,J- IJrLcJ-Ey greater  than 2 on eve¡y r i_ng-channel
- v o - - v ¿ ¡ e  o

Th l - s  pape : .  i s  t he  conc lud . l ng  one  l n  a  se r l es  ( see . l f r a l )  dea l l ng  w l t h  t he  des lgno f  f au l t - t o l e ran t  m lc rocomou te r  iANs  o f  s tand .a rd  t ype  < " r i i r - á ¡ Jãã t  r ¡ t u " face  o f  Q -bus , .uype),  baseci  on r lng-c¡¡annät  archl tecture.  oür-uasrc arangement of  a sel f -synchronouschannel  adapter  l -s  cuf fent ly  ln  the prototypulng sËage.  ln  the future,  $¡e ln tend to de-verop an LSr chlp set  for  th ls  ^ ty-oe of  channer.  our  work promotes an evoLut lonary st ra-EeBY toward the deployment  or  raúi t - torerãnî-" . r r - "ynchronlz lng c] . rcu l t ry  on the physlcalI aye r  o f  ne two rk  a rch l t ec tu re  [ 4 ] .
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