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I  N T E R C H A N G E  P R O T O C O L S
N G  B A S E B A N D  C H A N N E L
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The authors develop the concept  of  faur t - to lerance ln re l -at1on to the organlza-t ion of  a systems rayer  ln ter iace for  a mlcrocomputer  LAN r^¡ l th  a r lng basebandchannel '  They lnvest lgate probl -ems of  aã-rgn of -  the-  
"ã"ü"r , r " "  

and lnformat ionlnterchange protocoLs in thã basebana-wi i i r 'áu-owance for  sã:- f -synchronous rm-pLementai lon of  the ln ter faelng f rar¿wa"ã."

The ever  more st ¡ : lngent  re l - lab l I l ty  and per formanee requl rements for  locaL-area net-wo rks  (LANs)  based^on -mu l t l p rocesso r  and  nu l t l compu te r  a rch l t ec tu res  w l t h  a  bus  ôn  ¡ rnobaseband channel, canr¡ot be- rul lv 
"ãtrJirãã-uv-' i i r ;  rradi i i ; ;ãi-metnoas of enha""i;ut i3g11abl l l ty  through.  the use of  processor  redunoancy.  In  suci ,  sV"Cems, . the 

baseband channel1s  a  bo t t l eneck  wh lch  p reven ts  ach l -evemenb 'o f  t he  requ l s l t e  l ãve r  o r  re l l ab i l i t y ,  s i ncem â ' ì  f ì r h ñ { - i ^ h { h -¡ ¡ ¡ e l r u ¡ ¡ ç u a u r r ¿ ¡ l g  o f  a n y  ' I 1 n e  o f  t h e  b a s e b a n o  c a u À Ë s  t h é  e n t l r e  i y À t e m  t o  f a l L .  p a p e r  [ ] _ ]dlscussed t5pec! !  o f  c Í rcu l t -enl rnee" lhg i ,o ; iãñËr ' r ta t ron of  a ser f -synchronous faur t -t o l e ran t  l n te r face  based  on  thâ ' com¡non - tus  i r r nõ rp re ,  wh l l e  pape r  [ 2 ]  p roposed  me thodsof  t ransl -at rng the for 'nal  specl f lcat lons ãt -p i .v"r ;ar- rayãr  p io iocors 1-nto sel f -synchronousln te r face  adapce r  a *angemen ts . -  r n  t h l i ; ; p ; ; ;  we  w1 l r  deve lop  rhe  concep t  o f  f aü r t -to l -erance in re lat lon tõ organlzat ton ãr  ã- iy"Ë"r"  layer  rntãr iace for  a mlcrocompurerLAN w1Ëh a r lng baseband c i :ãnnãr.  on th i -s  bä; i ; ,  v¡e.  have_developed a scheme for  a ser f -synch ronous  (ape r l od l c )  ne two rk  a¿ap te r , - " i r r äÃäu"u tes ,  r n  aaa r t ron  to  t he  necessa ryprotocol  funet lons,  d lagnost lc ,  raul t - lócarrzàt ion,  and sel f - repal r  a lgor l thu¡s.
s t r u c t u r a l  o r g a n ' i z a t i o n  a n d  r e q u i r e m e n t s  f o r  b a s e b a n d  c h a n n e l .  t r , l g u r e  1  s h o w s  ar lng st ructure of  a baseband chanle l  for  a ¡n lcrocomputer  net l ¡ork.  Each computer  has astandard ln ter face to the ¡asãüãn¿,  a"á-oð."ããã" . ,n  aonrn¡nr* , ,  , . , iQ-bus standard). r¡e o"g",.i"ãllon or rhe lnrert"l: ;;Hïiåtil. iå¡1":":rå:'Tîiåi"iå'i;¿sat ls fact lon of  the foI lówlng requl rements:  t rãhsnlss lon speed 1n the baseband of  acleast  5 Mbl t /sec;  pal r lng or"anv two and aetecãÏon of  th¡ee r inã- faul - ts  ln  the channeLand associated hardware ln  eaeh- segment  of  the r íng;  arsconnãããion or  contro l ler  f rombaseband ln response to a stgnãl  rFom-- i ¡ ,ã- ' "ä i r "ã ' ; "å"- ¡ ; ; ; 'ä- i iå iurenrr  eompurer ,  andsel f -d lsconnect lon of  the 

"oñtro l r " r  
tn  resJ; ; ; ; ' ro  a faur t  s lgnal .  f rorn 1ts t ransmrt , /recelve par t ;  arrangement for  ln formlng ¿À;- ; ; rp" ter  that  t ¡ re ãontro l - l -er  1s ln  a l_ ine-repal r  node'  af ter  wntc i :  the conputer  ñust  p"" iã"r  a number of  operat lons re lated torestora l  of  baseband operat lonal  s tatus;  urädrng ror  c¡ ranni r -o""- ro"med by contro l r_er  onthe basls  or  message p i ' r .or1- iã; ;  ù ;üs-¿" ; ; ; :åäË"""  mechanlsm.

The  ne twork  l aye r  p ro toco l  
! 1 ;e . , . h l ghe r  t han  the  one  und .e r  cons lde ra t l on )  1s  lmp le -mented ln sof tware- ln the computers,  w¡¡rcñ 

"*" r rärrg"  
messages v la thel r  contro l le fs .  Eachmessage conslsts  of  a header '  ¡Dessaê.  Þ9ot ,  .no- l " " r re"  o i  tern inator .  The head.e!  co._ta lns ln fornat lon on the neiËaãÀ'pr ior iùv"å"ã" t*v ie,  tne aaoreiããs of  the rec lp lenrs,  rheaddress of  the sender,  and the message.  length.  

' i ¡e  
t rat ler  conta lns the checksum ofthe message'  The requl red modes of  In iercñã"g"  ie tween computers are one-to-o.€.  one-to-a1l '  and one-to-mány.  

.m.sÀãse t ¡ :ansm1""rðf ; -p"ov1des ror- i ¡ ¡À- iact  that  the acú ofrecept lon ( t ransmlss lon)  by the"contro l ler  at  t i ¡ ;  l_ocal  O_uus-- in l l r face and the act  oft r ans ' l ss l -on  ( recep t l on )  1 ;  t h ;  r l ng  chan" . r - rùË i  be ' c i ecoup ì -ed r  r -n  t lme ,  so  t ha t  t he
ïå':;åii:'o:lí;;i"(î;";iå""::5í;îiä-,*"1!il-fie *'annei lnpur (1n rhe i"",,",rt-mode)

I
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channel-  wl res,  regard. Iess of  the r rskewn 1n1s  emp l0yed  [3 ] . -  r nã  õño iã " -öõc  * r "  a ' , . ,



F i g .  l _ .  R i n g  s t l . u c t u r e
b a s e b a n C  c h a n n e l .

o f

äiå;fu "1"1åi.'*3îT:i. 
structural

'  opt lmal-  equl l - lbr1um code (orc)  
-of  

type c63,  whlch has 20 work lng sets and permi ts  t rans- 'miss lon of  one hal f -byte of  ln format lon ãur1nc 
9ng lnteract lon of  adJacent  contror- rers.Halr -bvre r ransmlssron marãs- ï i  o ; ; ; r ; ï " * ;å ' ;är1-sry th; - ; ;ã ; ; " . run,  or  economy r .n rhenum'Der 'of  connecS,t lF,ï11ã1, 

i t - ; l :  grrä¡ lr , -" iä".1"o_rhe requlremenr thai  rhe speed benot l -ess than 5 Mblt ' /sec ( the permrssrüiã'aäiäy rr  rransmlsslo, 
9l-one harf-uyte is equaito  8oo nsec ,  

"n r " i r - i " - "c " ìä i "ã r  ro  
"u" "u" " i . rJ "ac tua t1on o f  l .5o_3oo ga tes  ln  a  VLSI  c1r_cult) .  To rransmlr a half_byre, we ad,opred a seÌf-synchronous auã-r iä" l .uJ., . io a rrans_m i s s i o n  p r o t o c o l  w l t h  a  

" p . ã å " - o r  
, , a f f  ã ã r o , ! , , ' ¿ r o .  t l l .

^ Figure 2 shows a conso] ldated structural  dlagram of the control l -er.  r t  contalnsrour unl is whlch-are assum"ã-; ; .be. lmpl-em""tã¿*ir .- the form ãr-"Ërr-"ontar.ned LSf c1:,-cu lcs :  a  s randara  o-uuõ- "J"Ë"å i r " "  aaõ i ; ; " t iå r .å r r "s+9n.bu f fã r - i r r ¡o r ) ;  a  recepr ion  bur_fe¡ '  (FfFo2);  and a_sefr_sy""¡ , io-r ,o,- ,"  channeL 
"ã.ptu" f  CÀl l-- i "- tÀu context unde¡,  consid.er._at lon'  the QC ls of 

"o 
pt i i i "" i "¡ ,  r"1L."; ; ; ;  ; "-ã.can be rmprern.ntec 1n accorqance wlrhthe conveni l0ns provlded ror- in-the a-¡ùi- i tär,ãa"¿. r i rãTi¡öi  ånd FrFoZ clrculrs arese l r -svnehronous-b i ¡5"1- " !ã ra [ä  

c r rcu l rs -o i - r l i l t - rn  r r rs i -ou !  Ëyp. :  An example  or  sucha srorage arrangemenr ls ¿escFi¡eã-i"- i [ : i - . . . -åìp"r:_*éñLãi i . l i  , ] "rs ion was cieve]oped.
our central  object of  concern. ls the cA. l . ]e ¡+11-.1- descr lbe the-I lnes J- inklng the cAanc rhe  QC and !oüh-F IFO. -  ó"å i - t r .e .  fn tã rnã ï . f rä . .  the .conr ¡o l j_er )  n tne_b1r  buses  BM andBA a  bv te  o f  code- i "  ã " " " " t i i i å¿ ,  

: f t : - l " i l c . ; ; ; "q "n lzed by  rhe  malnrenance s lgna ls  A iand A2 and acknowreae¡n"nï; iä; i "  Br and ts2-(t i r ; .prrenonånorrtoi-- istewlng,,  on th1ã lnter._race  can be  d . l s regarãeo) .  
_õËä. is  

( , , rn i i rã r  J ; ; ; l - s lgna l  rs  generared  ln  each o f  rhecontrol lers ln response to a slgnal-  f rom r is- inatrygñ,gãro"tE""à'r .  rhe lnstanr thär theent l re  svs tem ls  rèser  tã - t ¡ " - iå r t r . r  ;¿ r ; ; :  öËe rs . . r , i i o [ã r . - " " t , ì l  s lgna l_  1s  generaredin the module 
"hl : l^1;- i ; " : i ; rä; ,  lnrr laiã"-r , , rä"t .1, ,) ,  

-* I t i . -  
õi"  

" ."urr  
rhar rhe mod,ur.e: 'n  ques t lon  1n l t1a tes  the  f l i s t  cnanner - i l i ä¿ ì "ä -àyc te 'Ëv 'gãü"=ä i t r rg  

" r , ln l r la r  roken.rn the event that an e*or artses ln transmi; Ïù t¡re staius or i ¡ ¡e master from the -sys-tems lnl t lator to one of the channel--r ; i l i ; ; ; -Ëirå 
"v"r.n 

1s rèln1r1arrzed wlrh the neces_sarv sel f-recoverv, af têr t i t r"ü-t i . . - r"ñãtÎãi 'o i"å""r""  1s passãä to_anorher tnt i tator,"Assrs?ANT' "  1n which a rs siãn"I .  1: .  ; i i ; - ; ; " ;"aî .a.  r¡¡e i5¡ i  ãnd_rsFz slgnals are rs-sued from the QC ana rnaiã.f  ã 'äË"t t ¡¡e rnrãr;ã;îå.  1n FrFoi-àrroïrroz shouÍd be reser.They are generated pr10r to 
"ottàtrcement of operat l0n and ar ier ãetect l0n of a fauLt lnFrFol and FrFo2' whãn 1t ls 
"ã"uÀ"t"v to el lminate the remalnder of an untransmlt tedmessase for subsegue!!  repeat trànsmissl"r ,-*nïãi i_rs errã;;ä-; ;  rhe ner$¡ork softwarelaver '  The slena' ls.  r ' r -ããã-ñrã^å"" lndrcarei--oi"rrror-ã"ã-Èi¡õä raurts respect lveJ_y;thev are generãted uv trrã--ðe'äi tã" establ lshmeni or a rãüir- in- i i r"  operat lon of rhe cor_

i&***-
r iJ$Ìir'
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resþoni j -ng FrFo when data is  ' rpufnpedrr  in  or  out .  ln  response to ¡Fr- ,  the.  c .ê.  nrust  per-form an in i t ia l -set  of  SiFoi  anci  i , "ganl ; " - ; " ; ; ; i  t ransmiss icn,  whl le  ln  response to ! ,F2the cA must  reset  FrFo2 ancì  organtzã t : 'ãns; i ; ; I " "  o f  an over¡réaa aessage to the sourceo f  t he  un rece l ved  message ,  t o  i he  e f f ecJ  : r ' t ã t - t r . "  i aÈ ie : . ' r nus :  be  :e ¡ : , ansm i t i e i .  l l oweve : , ,f hese  l ssues  mus t  be  reão ívec l  i pec rnõá i l v " " "  i ne  n ignã=  ; ; ; ; " ; ;  i aye r  o f  l n re ' compure r-  i n i e ¡ ' change '  By  means  o Í  t he  rÀ  1 " r¿u i ! ' j  
" ï g " " r ,  

t he  cA  l n fo rms  r t s  own  compu te r  ( v i a -t he  QC)  t t r a t  t he re  i s  a  f au l i  i n  t he  cnanne i , - Jh , r "  p "o r r i d i ng  a  wa rn ing  tha t  repea t  messaget ransn i ss ion  and  recep t i on  i s  necessa ry .  r ¡ ¡ é  o r ' i - ãnã - ;Å -b * ; ; ã " - . " "  r he  recep t l on  and  , rans_mlss ion  buses  f9 "  ?  ha l - Í - by te  o f  da ta  i " o . - i i 1 " - channe l  t o  t he  ðÃ  enc  f ro ¡n  t he  cA .  ro  i nec h a n n e l -  r e s p e c t l v e l y .  o a ¡ ä  ã " ã  t r r r , " m l t t e a - ð r r " .  t h e s e  ¡ u s e s - r n ' h a r - f - b y t e s  1 n  c , ,  o E ccoc ie '  Desp l t e  t he  one -þ ¡ay  t r ansm lss lon  i n  t he  r l ng ,  t he  buses  a re  ¡ ra r r " " r i " " . i ,  
" r r r "u

thev can handLe s ignais i ;  both arrec i ïoñ"  i " - r tu  Fáurt - rõõã:- i "ãt ror . ,  and ser f - repai r  mode.The acknowredgment-s lgnal  l1nes sM and sa are a iso u1d1rect lonal  for  Ëhis same reason.rn accordance wl th t ¡ ¡ã requi rãÃents for  avoidrng two l lne faul ts ,  the channeL buses 1n-cLude two spare or reservé l1nes in¡l-ã"4*nÀi'-i l i  use as lnformatlon or acknor^¡led.gment1 l n e s .  T h e  b a e k - u p _ p r f n c t p i ã  i " . . s l l d l n g  á r , . - i f l . ,  1 : e . . ,  w h e n  t h e  1 _ t h  1 l n e  f a l ] s  t h e r els a swltchlns or ãri.rt ;ã;-begrnnrn[-wrr-f;  'Ë; i- ir ,  *rr¡, 'nuo,uä" 1 + ]_ ro i ,  such rharthe physlcar  acknowledguent  l rãe ¡ecõrn""  *  inrãrnatron l1ne,  and a spare L lne 1s con-nec teo  l n  1 t s  Þ lace '  r t  shou ld  be  po ln tea  ou l - i r r a t ,  r n  ada r i l ãn  t o  t he  w l re  l t se r f ,  t her ine hardware lnc ludes the ¡ããLuo""  t ransEl t ters aná recelvers- i - i . " t  operaÈe on th is  t1ne.
P u r p o s e  a n d  f u n c t i o n s  o f  i n t e r a c t i o n ' l a y e r  u n d e r  c o n s i d e r a t i o n .  r n  a c c o r d . a n e e  w l t hthe general - ly  accepted terElnology and c l -ass1f1cat1on 15) ,  the ¡ i rotocol  layer  unde: ,  con-s lderat lon ls  the physlcal  tayãr  of  a locar-arãã network * t tn  a ' r l -ng baseband channer_.The pr l 'arv serv lcä iunct io ; -ä i - th ls  layer-* l iù-"uspect  to  the nexr  h lgher  ln teracr ionJ-ayer  ls  re l - lab le t ransfer-of  ih .  

" .q , ' , "nce 
of  message bytes comlng. f rom computer  r -  ( t rans-

äå;:"'i5";"i1:,ï;l :il,ffi iî,;"S"ili¡l::.;:\i#õ,, ã" ðäã_i";.ffi;") eomputei 2 treceiving
that the rrnã ¡åse¡ana channel olåiË,'"Ë"ålrifi '"Í." llåì"":i";Tïi:Ë :í".i:r*ï:""i";å1";ceiv lng data r rom FrFo I  ( rn ¡v iãs)-ã"ã-¡ ; ;å"urã channer.  ( rn r ¡ãrr -byrés)  and or  r rans-m l b t l n g  1 r  t o  F r F o 2  ( l n  b y t e s ) - a n d  t o  t h e . " ¡ r a " " ã r  ( I n  h a r f _ b y t e s ) .

To t ra¡sfer  data to the channeJ. ,  the cA rnust  b1d for  the cnannet ,  us lng the tokenaccess nethod v i r l th  pr lor l t les.  Af ter  b lddlngiãr  t r ¡e channeJ- ,  the cA that  has seized r tacqu i res ' r ' as te r f t s ta tus  ano  òan - - t " i i r ã i ä -Ëå ; ;å "  o f  a  sequeñce  o f  ha t f -by res  ro  1 rsoutpu '  por t '  l ransmlsdlon of  th ls  sequ""""  ã"ã. , lq  
!n"  r lng | ¡  organlzed.  as a asynchro-nous  p lpe l l ne 'p rocess ,  such  tha t  eacn 'na i i - uv iã -ãa "ances  tõ  t ¡ ¡ e  nex t  success i ve  cA  $ ¡hena  f ree  p lace  1s  ava l l ab le  1n  1 t .  

v r  ve  esYe¡ ¡çsÞ  ue  r ' f l e  nexE  success i ve  c

thus '  the physlcal  layer  of  the LAN under conslderat lon must_handle the fo l lowingtask:  Transmlt  the byte 
"uqt , "n"ã 

of  the uoraJtárù message ln 1ts FrFol  to  a l_ l  the ad.res_sees  1n  th l s  message ,  and  dn te r  t r r r s -messäãã -õ i t .  uv  ¡ i t e - i n tð - t i : e r r  F rFoa .  To  ach leveth l s  a l ¡ x ,1 t  1s  necessa ry  t o  spec l f y -p rec lãe ry " i ¡ r u  s tnuc tu re  o f  t he  message  a r r l v l ngfrom the FrFÒ I  
?f  t l "  

¡nästerr -ãna'  ór-  tne messale t ransrered to the FrFo2 of  the rec l -p1ent. The deserlprlon ls g1i""" i"- i i .Ë'^ã"äiãiåFi u* norarlon.
1.  The message ln FIFO1 has the fo l lowlng st ructure:

<ry1¡,r!_])_ : :-(¡,¡o¡¡ l) [(rnro,-.tnn e.n)] ( t.-rnaor l),( ¡gtó- ¡ )j i -. (,¡yrr or-prrolny md_!gE_ò- - ., ;,"À -.-.ìr-l>,
(ott g- @7 {(*rer,'t lc-o ot.}-(_urt i-Øtl;:- 

-

( rnrmrtrnorn ¡ ¡ ¡- {(rnromrt.!."!} (>n 9-g¡¡", 
-

(unrmor l )  : : - ( . , ,o-æ-on.) f -çT[- 'g; ¡ ) .  
- - ' ,  

_ '  .

2" A message 1n FIFO2 has the fo l }owlng st ructure:

( tr.rrutor 2),

l le  shoul-d note that  the add' ress lng of  the rec lp lents 1n the add.ress bytes ls  doneby  means  o f  a  un l t a r y  cooã . -  i t  s i r o " l - d  be  s t l pu la ted  tha t  t he  o the '  s rF r ì ^ r i rÞâ - r  o ì ,en'merated ln the requlrements, ror a *"""ãeã-f iånsrerred from .;: '" : ; ; i ; : i" |å :#ff iå:t,may  be  l gno red  by  t he  SJven  l n te rchange  tayã r , - " r r r " "  t hey  a re . t r ans fe r red  as  o rd lnn rvl n f o r n a t l o n  b v t e i '  r n - p a r t l " ü i ã " ,  s 1 ñ c e  t L e  e n ã - o f _ t f e  m e s s a g e  l s , r t a g g e d , , b y .  b ; l åro r  wh l ch  the  vaLue  o r  f ã !  ; i ; - t ' í : _g i i $ i . ; g - i , * r . ,  o rde r  ro  dé re rm lne  the  end  o r  t hemessage 1n the CA 1t  1s nõt  necássary 
- to 

taf fãí  lhe n, , rnr ,on nr .  Þr t r#and thererore the "enverope"--Ài-i¡,rs rayer aã.å 
"äi 

i#Ï;ä"'år:l::"r;: '*:3":;:*r: lËli '""
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t ype .  I t  i s  a l so  unde rs tood  tha t  t he  checksum i s  no t  s l ng l -ed  ou t  on  th i s  l - aye r ,  s l nce
t ransmj -ss ion  i s  by  means  o f  SSC ( l t  i s  con ta lnec  a t  t he  end  o f  f , he  i n fo rma i i on  pa : ' t  c :t he  message ) ,  wh i ch  i s  s tab le  t o  one -way  d l s to l . : 1ons ,  anc  chec ; : i : r g  c î  âccu ! ' acy  t y  *= . r so f  t he  checksum can  be  passeo  on  to  t Ì - Ì e  nex t  success i ve  J_aye r . .

C h a n n e l  b i d d i n g  p r o t o c o l .  T h e  p r o c e s s  o f  b l d d l n g  f o y  t h e  c i r a n n e l  f o : .  t h e  p u : p o s e
o f  s u b s e q u e n t  m e s s a g e  t r a n s f e : ' i s  o r g a n i z e d  o n  i h e  b a s i - s  o Í  i h e  t o k e n  a c c e s s  n e i n o a . ,us5-ng a dynamlc pr ior i ty  mechanism.

A t  t h e  o u t s e i  o f  o p e r a t l o n  o f  t h e  s y s t e m  ( b e f o r e  i n l t l a l  s e r ) ,  o n e  o f  t h e  n o d u l e s .( ca l - l - ed  t he  t rma in  mas te r t t )  genà ra tes  t he  r s  s rgña r ,  and  then  th l - s  moc iu l -e  i ssues  the  tokenh a l - f - b y t e  T l  t o  t h e  c h a n n e l  ( t o k e n s  a r e  e n c o d e d . o y ' f r e e  C ^ ã  O È ð - " o d e s ) .  I n  s u b s e q u e n c
operat ion of  the :y : t lmr- .  the source of  the ln l t la l -  token õr  r "  the current  master ' ,  r " /h j -c i . ì
has just  compJ-eted c ier-1ve: '1ng the encr  byte of  l ts  message.

S r l h < a n r r a n f  
' l r r  

Ã ^ Ã L  ; ^ Á , . r  ^u4ueseqs¡¡u. Iy ,  each module,  upon recelv lng TL at  l ts  lnput  f rom the channel- ,  checksto see l f  there 1s a request- tó- t iansmlt  sr -gnãt  f rorn 1ts Fr i ¡01.  ( t ¡ ¡e ="q, . . r . " " -ór  t ¡ r " " "checks 1n the modules of  the r ing 1n ef fect"cõmpr lses an arb i ter lng-a l locat lon proceciure
for  pr lor l ty  requests of  modul-es that  are b1dd1àg for  the channel . f  f_ f  there ls  no suchreques t '  t he  modu ]e  s tays  1n  the  l n l t l aL  s ta te  and  de l l ve rs  T I  t o  1 t s  ou tpu t  t o  t he  chan -n e l - '  I f ,  a t - t h e  l n s t a n t ' o f  a r r l v a l  o f  T 1 , . t h e  m o d u L e  h a s  a  r e q u e s t ,  i t  a c q u l r e s  t h estatus of  a I 'b ldder t r  and del lvers to- the lg tput  f l rs t  the token i ra l i -uyte fz ,  and then
i f . c  n r { ^ Þ { f '  L ô 'ruù  v¿ ' rL r r r r . y  l a l f - b l t e  N" r .  ob ta lned  f rom F IFO1  l n  t he  f l r s t  message  by te ,

I f  a  module fn the 1nl t1a1 state recelves token 12 at  1ts  lnput ,  and then a hal f -byte wi th the current  Baxlmum pr lor l ty  ngmber (N),  1t  beãomãi-a"-  ï 'oUÄerver ' i  
-1 t f - r ,o  

" . -: : " t : . i :  ! l : : : i i )  and t ranslates T2 and.  N f rom 1ts. .1nput  ro rhe ourput  ro rhe channel ,o r  ( I f  a  reques t  1s  p resen t )  l t  becomes  a  ' t b l d .d .e r r "  l i su lng  Tã  and  then  a  p r l o r l t y  number
t r . tn?t  ls  equal  to  the greater-  of  the fo l1ow1ng two' :  i ts  own pr lor l ty  . r r l * t " r  N" or  tne
pr ior t ty  number N recó1ved l ror¡  the channel .  I f  a  module that  1s 1n the observer  s tare
recelves T2 and N at  1ts  lnput ,  1 t  remalns an observer  and del lvers T2 and N to the chan-
nel - .

I f  a  t tb ldderrrmod.u le obta lns token T2 and N f ron the channur- ,  r ,  oeLlvers T2 and.N to the outpui  to  the channel . ; l f  th ls  number N 1s greàter  Crrãn- í ts  o*r ,  
" "muãr-ñ" , - - i tlssues token T3,  l f  1 ts  nrrEber N" ls  not  less than the recelved number N,  and goes lnto

the r rmaster t r  s tate,  af ter  whlch i t  r r . r t ta tes message t ransfer  f rom l ts  r t ¡o l .

A mod'u l -e 1n the observer  s tatus passes token T3 recelved.  at  the lnput  wl thoui  at ter-
at lon to the output ,  ar id  acqulres r t rec lp lent-observerr t  s tatus,  áct lvat lng adoress recep-' i - ì nn  r ¡nm + ]aô  ̂ hanne l .  A  modu le  t ha t  has  b ldde r  s ta tus ,  upon  rece l v l ng  T3 ,  becomes  at r rec lp len t -b ldde r "  and .  a l l ows  T3  to  pass  to  t he  ou tpu t  t o  t he  channeL ,  a f t e r  wh i ch  1 t
act lvates address reeept lon f rom the channel- .  A uoäul ,e that  has-become a master ,  uponrece i v l ng  T3  f rom the  channe r ,  a l so  becomes  a  t t po ten t l a l  r ec l | i enÈ i - ( rby - "o ;pà i1Ër r i t v , "
as l t  þ¡ere,  s lnce l t  lnvoLves t l ¡o  subaPtomata operat lng 1n paral le l ,  namely the subauto-
ma ta  t ha t  hand le  t r ansm lss lon  and  recep t l on  respec t l ve i y ) ,  ãnd  ac t l va tes  ado . ress  reeeþ_
1-  i  nn  fnnn +  hè  ^haru . ìe l .

Thus ,  t he  b ldd lng  p rocess  I s - . comp le ted ,  and  a l l  modu les  go  l n to  one  o f  t he  f o l l ow ing
s t a t e s :  t r m a s t e r  w l t h  r e c l p l e n t r t r t t r e c l p l e n t - b l d . d e r r t r  t r r e e l p 1 " ã t - o b " a " v e r . t t

Le t  us  c l a r l f y  t he  pu rpose  o f  d . l f f e ren t l a t l ng  t he  rec lp j -en t  s ta tus .  The ' rec ip ien t -
b l ' dde r r r s ta tus  1s  l n t roduced  1n  o rde r  t o  d l f f e ren t i : t e  â  ' . eêJn rcn f  who  w lshes  to  b l c i  f o : ,the channel-  h lmseLf  but  cannot  c io so 1n the 

" r r " " " i f -Jã" i r iãã] IËIär ' , *Jon 
nroness s lnce

h1s pr lor l ty  ls  lnsufr lc lent ly  h lgh.  To avold,  t ¡ re "aéäi ; : ; i - ; ; ; ; ; ; ; ; ; ; " - ; ; ; ; ; ; l  t r r "proposed protocol -  prov ldes for  a mechanlsm of  dynamlc pr lor i ty  lncrementat lon re lat lve
t n  f l . r a  ñ F { ñ F { + r r  iuv  e ¡ ¡ s  v ¡¿ r , r¿uJ  bha t  1s  1n1 t1a1 Iy  spec l f l ed  l n  t he  message ,  1 .e . ,  a fEe r  a  mas te r  has
completed t ransmlss lon of  a ¡ ¡essage,  a l l  modules wl th reð1Érent-úrader s tatu"  i r " " . " " "
t l ' ì Ê J  P  n r J  a r {  f  r ¡  n r r n } r a r  l ¡ ¡ ¡  1  / )  m Þvr¡s¿t  Pr ' rur '¿L,J r ¡L¿ruvE¿ eJ L/  c .  ¿r¡1s ensurês that  the resources of  the baseband are equl -
tably  a l located among al l  the modul_es.

The t rmas te r  ! ¡ l t h  rec lp len t t r s ta tus  d .e r l ves  f r om the  fac t  t ha t  a  mas te r ,  1n  t r ans -
m l t t i ng .  a .message  i n  e  t t one - to -a I l  n  o r  r rone - l o -many f t .mode ,  p? l  a l so  ad .d . ress  l t se l f  ,  e .g . ,t o  check  the  message  and  by  whom and  how l t  was  rece l ved , . -  Thä re fon .  l r s  rene lw . rn ¡
rnav a lso have the module 's  own nessase ln  1r .  s lnce rhe messa*" : : ; r ln"" : : "å iå" f " Ï j :o t
l t  ls  useq to supply ln format lon on the rec lp lents who correct Íy  recelved the g lven mes-
s a g e .
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F1g .  3 .  Marked  Pe t r l  ne t  t ha t  spec l f l es
channel-b1dd1ng protocol .

F lgu re  3  shows  a  marked  Pe t r l  ne t  (MPN)  w l th  r r v l ab le t t and  t ' sa fe t tmark lng ,  t ha t  ccm-
pr lses the formal  specl f lcat lon of  the channel-b1dd1ng protocoì .  The posl t lon numbers
co re rspond  to  t he  s ta tes  t ha t  t he  modu le  can  assume:  0 ,  l n l t l aL  s ta te i  0 t ,  1n l t l a f  r e -
c l p l e n t - b l d d e r  s t a t e ; 1  ( 2 ) ,  b l d d e r ;  3 ,  " o b s e r v e r " ;  4  ( 4 . 1  a n d  4 . 2 ) , ' t m a s t e r  w l t h - r e c i -
n ian r r r  '  Ã  t r ¡ on { -p len t -b ldde r t t ;  6 ,  t t r ec lp len t -obse rve r . t t  f he  use r  o f  Pe t r l  ne t s  as  op -y ¡ v ¡ . v  t  ¿ t

posed to a lgor l thrn f lowcharts  enables us to adequate ly  express the paral le l lsm in the
mas te r  upon  t ransmlss lon  and  recep t l on  o f  1 t s  message .  Unna rked  pos l t l ons  a re  necessa ry

.add l t l ona l  pos l t l ons  ( t ha t  do  no t  ca r r y  a  seman t l c  l oad ) .  T rans l t l o r ¡ s  o f  t he  ne twork
are lndicated as fo l - iows:  the expresslon above the bar  g lves the value of  the lnput  f róm
the channel  ano lnternal  predlcates of  type RZ (RZ = 1 l f  the condl t lon r r request  present ' r
1s  t r u .e ) ,  N  =  N"  and  N" .  N ;  t he  exp ress lon  be low  the  ba r  g l ves  t he  va lue  o f  t he  ou tpu t

to the channel .  In  addl t1on,  one of  the t ransl t lons corresponds to the operat lon of
lncrement lng the pr lor l ty  N".

A d d r e s s i n g  p r j n c i p ' l e  f o r  m o d u l e s  i n  c h a n n e l .  I t  w a s  p o l n t e d  o u t  1 n  [ 1 ]  t h a t ,  f o r
systems wl th a backbone archl tecture,  1t  woul-d seem that  a radlcal  so lut lon of  the prob-
lem of  co l l -ect lve ac lsrowledgment 1n organlz lng none-to-a l l f t ln terchange does not  ex1st ,
l f  we requl re that  the operat lon of  the ln ter face be ent l re ly  lndependent  of  the delays
óf  the ln terchange par t lc lpants and the connect lng l1nes.  For  systems wl th a r lng archl -
tecture,  however,  rhe pr1nelp1e of  se l f -synct¡ ¡onlzat lon can be fu l ly  lmpl-enented.  Here
a message c ie l lvered by the qaster  to  the r lng and recelved by h1m at  h ls  lnput  can func-
tlon as a collectlve aci<r¡owledgment

Let  us conslder  the addresslng pr lnc1pIe for  nodules 1n a r lng channel- .  Assume that
a unl tary code 1s employed for  addresslng.  Then the length of  the address f le ld of  the
message ls  equal  Ëo the number of  modules ln  the system. A b1t  number of  I  ln  the ad-
dress f le1d lndlcates the nnmber of  the add.ressed module to whlch the message 1s belng
sen t .  Thus ,  t he  p resence  o f  so ¡oe  (a11 )  l t s  l n  t he  add ress  f l e l d  spec l f l es  a  r rone - to -many r r
( t rone- to-a l l t t )  mode of  ln terchange.  In addl t1on,  to  ensure that  the address-decodlng
mechantsm ls  sel f -checklng,  each of  the modul-es must  ensure a one-to-one correspondence
between the physlcal  ( t tgeographlcaLt t )  posl t lon of  the modul-e refat lve to the m¡ster  anci
the number of  tbe correspondlng b1t  ln  the address f le ld.  Thls  1s achleved as fo l lows.

Let  us conslder  some module that  1s ln  posl t lon 1 f rom the naster  ln  the d. l reet lon
of  message t ransfer .  The physlcal  posl t lon of  the module re lat lve to the master  corre-
spon<is to the presence of  a L 1n the l - th  b1t  of  the address ( reckonlng f rom the h lgh-
^Þâôn hr ' - \  r tna¡  ! ¡¿¡s¡n1ss1on around the r1ng,  each module records the h lgh-order  ad-v 1 v t .  v F v

dress b1t ,  and then' t ransmlts  the address f le ld to the r lng wl th a one-bl t  sh l f t  1n the
dl rect lon of  the h lgh-order  b1t .  Thus,  the 1- th module recelves an address f1eld whose
h l g h - o r d e r  b 1 t  c o n t a l n s  t h e t r c h o i c e t t o r r r n o n c h o l c e t t m a r k e r  o f  t h e  1 - t h  m o d u l - e .  T h l s
marker  1s stored unt1 l  the next  module-addresslng event .  I f  l t  ls  equal-  to  1,  the CA
transfers the message to FfF02 and t ranslates 1t  to  the output  channel .  I f  ¡ ¡s  m¡4ker
1s 0,  onl -y  t ransLat lon 1n the d l rect lon of  t ransmlss lon ls  per formed.  th ls  organlzat lon
of  addresslng e l lmlnates L¡ardware decodlng of  the address,  thus removlng the problem of
d .ecode r  se l - f -Èes tab l l l t y .  I t  1s  necessa ry ,  howeve r ,  t ha t  t he  add ress  f l e l d  s to re  t he

4 8
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F lg .  6 .  P ro toco l  f o r  r ecep t l on
and recognl t lon of  rec lp leàt
add ress .

re lat lve addresses of  the seLectec i  modules.  Thls lmposes addl t lonal -  funct lons on thehlgher ln teract lon ]ayer .  As a posslb le rmpremãntat tonal  vers lon of  addresslng on thehlgher rayer '  we can propose that  each compüi . r - i tore a table of  correspondence of  re j -a-t lve and absolute addresses

T n  l - h o  n ¡ a ^!¿ ¡  v r ¡ s  v r .wu€ss .9 f  oPe ra t l on ,  t he  sys tem nay  be  recon f l gu red  because  o f  ma l func t l on -lng of  module 1 1n the r - th geographlcal  pos1t1än,  such that  the former ( r  + l ) - th  mod,u l_ebecornes the r - th,  and so rorËi r . -  fð  ;e; ; " i igu" ; - ;he table of  cðrrespondence,  1n aceordancewl th the h lgher- layer . .protocor ,  a proced.ure ¡ ¡ust  be 
"""" : - .ã-oui -1"  

whlch t l ¡e  master  ex-changes a message-of  f 'Who are you?i '  type wl th each mod.ule ' (suceesslvely  s"r r " "ã i i r ,g  a Iin  each of  the address b l ts) ,  ihus leäi 'n lne ã¡ tÃ-ã¡sorute add.resses of  l ts  newry recon-f l gu red  re la t l ve -ne lghbo rs .  
- upo l  

r ece l v l n f  a  1 . . 1n  the  r - t h  pos l t l on ,  t he  r - t h  modu le  l norder  lssues a t rThls ls  who r  Àr¡ r r  m.ssagã 
- in-a-"ãne-to-a11' ,  

i ¡odã i * ïËi tðüi  
-L"ã" iäã '*no

sen t  t he  reques t ) ,  and  th l s  message  l s  reee l ved  by  t he  mas te r ,  h rho  reco rd . s  t he  new abso -l u te  add ress  o f  t he  modu le  1n  the  r - t h  pos l t l on  o f  t he  t ab le .  A f t e r  t he  t ab le  l s  recon -f lgured '  the master  can t ransmlt  1ts  own táure to the 
"" ra in i r rg 

mo¿uIe.  These mo¿ulesa l l gn  t he l r  t ab les  w l t h  a l l owance  fo r . t he  sh t f t  ã r  t " o t "  pos l t l ons  re ] -a t l ve  t o  t he  mas re r .
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F 1 g .  7 .  R e c e p t l o n
n c a J n l a n t l l  1 a  \  â h ^-  v v - t s é v ¡ ¿ v  \ b /

F1g.  B ' .  .  Recpet1-on

profocols .  for  ln format lon Þart  of
r r se lec ted - rec lp len t r t  ( b )  ¡ nodes .

p ro toco l  f o r  end  word .

shilt of HHB
LOB(HHB): =HOB(LOB)

CH

B T : - < L H B ,  H H B . 8 9 : ¡ l >

¿  4 6 .

m e s a g e  l n  t t u n s e l e c t e d -

.  B r i  e f  d e s c r i  p t i  o n  o f  m e s s a g e  t r a n s m i  s s i  o n  a n d  r e c e p t i  o n  p r o t o c o ' l  s .  M e s s a g e  t r a n s -
mlss lon by one- of  the modules that  has galned t rmaster  v¡1th rec lp lent t t  s tatus bãg1ns 1m-
mar r r ¡ t - c ì \ '  âeFêñ  th l s  modu le  l ssues  token  T3 .  Then  the  Eas te r  l ssues  message .ha l f _by tes
i n  ¡  n l ¡ a ' l J n o  n n ,r ¡ ¡  ev¿ys r * . .= . ^ , -de r  beg lnn lng  w l th  t he  add ¡ l ess  and  co rnpJ -e t l ng  t he  message  w l th  an  end
marker  T4,  whleh ls  then fo l l -owed by a pal r  of  nu1l  hal f -bytès whlch seive to r tassembl-e.
the end word over  the ent l re channel .  F lgure 4 shows an MPN that  specl f les the t ransfer
protocol -  ihat  ls  lmplemented by the t ransñt t t tng par t  of  the master .  The fo lLowlng no-
tat lon ls  adopted:_ lT¡  byte;  ERl ,  error  ma¡ker  upon recept lon of  byte f rorn FIFO:- ;  f f t ,
fau l t  s lgnal -  for  FIFOl i  !HB,  Iow-order  haLf-byte;  HHB, h lgh-order  baf-byte;  C,  ónannet ;
8 9 ,  b l t  !  1 n  B T ;  z H B ,  h a r f - b y t e  c o n s l s t l n g  o f  z e r o r s .  M e s s a g e  r e c e p t l o n  ( r í g . ' 5 ¡  1 n -
vo l ves  add ress  reôañ r r ^ñ  r { v {n+  o f  t he  cho l ce -o f - rec lp len t  marke r  CH,  and  e iecu t l on  o f
the receptron prãË;ã; i " iå"^Ëfrä '^ i " ro"Bat1on par t  1n a chosen-rec lp lenr  (cH -  1)  or  un-
chosen-rec lp lent  (CH = 0)  mode;  recept lon termlnates wl th the end-word recept lon proce-
-99".  F lgure 6 shows the address recept lon and recognl t lon protocol .  F lgure Z s i ¡ows
MPN o f  t he  recep t l on  p ro toco l s  1n  modes  CH =  0  (a )  and  1  (b ) .  The  end -wo id  recep t l on
p ro toco l ,  shown  l n  I 1g - .  8 ,  l s  ana logous  to  add ress  recep t l on  l n  many  respec ts .  bhese
f l gu res  emp loy  t he  fo l l ow lng  add l t l ona l  no ta t l on :  HB ,  hâ l f - by te ;  STB ,  s tä te  by te ;  LOB,
l -o r+ -o rde r  b l t ;  HOB,  h lgh -o rde r  b l t ;  ST (X ) r ' r s to . re  va lue  o f  X t r ;  FF2 ,  f au l t  s l gna l  f o r
N ' t ¡< ' ( t ) t  t s .H . )  êFFôr  marke r  1n  t ransm l t t l ng  by te  t o  F IF02 .  . I t  shou ld  be  po ln ted  ou t  t ha tt  ¿ ¿ . -  t

the recelv lng par t  of  the master  executes the recept '1on protocol  ln  the customary fashlon,
but  does not  der lver  message hal f -bytes to 1Ès own output  channer.

On the basls  of  the .above specl f lcat lons,  we fornal ly  constructed, ,  ln  the form of
MPN, a ]og1ca1 contro l  d iagrarn for  adapter  operat lon,  wh1èh requl res an lndependent  anal -
y s 1 s .
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