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ABSTRACT and FOREWORD 

' .  Th is  document descr ibes t h e  f u n c t i o n a l  requirements o f  D r i v e r s  f o r  t h e  CAMAC 
S e r i a l  Highway de f i ned  i n  IEEE Standard 595-1976. The d e s c r i p t i o n  i s  inde-  

, pendent o f  the. implementat ion,  and i n  p a r t i c u l a r  no assumption i s  made about 
t h e  boundary between hardware and sof tware w i t h i n  t he  D r i v e r .  

< .  
Topics covered a re  the  user i n t e r f a c e ,  t h e  suppor t ing  system serv ices  requ i red ,  
demand handl ing,  and a d e t a i l e d  d iscuss ion  o f  t h e  rnessage.analysis f o r  var ious  
1 eve1 s o f ,  e r r o r  recoverj l .  An appendix descr ibes t h e  recommended. f ea tu res  o f  
LAM Graders f o r ' u s e  w i t h  t h e  S e r i a l  Crate C o n t r o l l e r  Type L2 o f  IEEE. Std' 
595- 1976. 

The ESONE Document corresponding t o  IEEE STd 595-1976 ( t o  which t h i s  document 
i s  supplemental) i s  EUR 6100e. The bas i c  CAMAC S p e c i f i c a t i o n s  a re  de f i ned  i n  , ' 
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CAMAC SERIAL HIGHWAY DRIVERS 

1. I n t r o d u c t i o n  , 

The CAMAC S e r i a l  Highway de f i ned  i n  Euratom Report EUR 6100e and 
I E E E  standard 595 (1976) p rov ides  a means o f  i n te rconnec t i ng  up t o  62 
CAMAC Crate Assemblies (conforming t o  EUR GlOOe and IEEE Standard 
583-1976) t o  a computer. The S e r i a l  Highway communicates w i t h  the  
Dataway i n  each Crate Assembly v i a  a S e r i a l  Crate Cont ro l le r ,  and 
w i t h  the  computer v i a  a S e r i a l  Dr iver .  The recommended s e r i a l  Crate 
C o n t r o l l e r  i s  Type L2, de f ined  b y  en appendix t o  EUR 6100e and I E E E  
Standard 595.:-- . 

! + 

Th is  paper d iscusses '  t he  f u n c t i o n a l  requirements f o r  S e r i a l  
D r i v e r s  f o r  ~ ~ ~ ' C A M A C  S e r i a l  Highway. I t  i s  in tended'  t o  g i v e  some 

. . .  g u i d e l i n e s , ~ c ~ ~ e c i r l l y  on ana lys i s  o f  messages rece ived a t  the  S e r i a l  . . , . 
st river ' Input, and on the  . i n t e r n a l  processing . required; these 
g u i d e l i n e s  a re  a b a s i s  f o r  a recommended p r a c t i c e  t o  a s s i s t ,  designers 

. o f  S e r i a l  Dr ivers.  

This  paper i s  n o t  in tended t o  d e f i n e  any s p e c i f i c  method o f  
implementat ion or, i n  p a r t i c u l a r ,  t he  bound'ry between the  'hardware 
and sof tware w i t h i n  a S e r i a l  Dr iver .  However, i t  de f i nes  the  
i n t e r f a c e  between the  S e r i a l  D r i ve r  and the  User- Program. This 

' i n t e r f a c e  a l s o  i nc ludes  f a c i l i t i e s  needed' t o  d r i v e  p a r a l l e l  CAMAC 
systems. 

I t  i s  noted t h a t  t he re  i s  a fundamental d i f f e r e n c e  between a 
S e r i a l  D r i ve r  (SO)  and a S e r i a l  Crate C o n t r o l l e r  (SCC), i n  t h a t  the  
SO must accept and process a l l  i n fo rma t ion  from the  highway, w h i l e  
t he  SCC o n l y ' r c c e p t s  and processes i n fo rma t ion  which appears t o  be 
addressed t o  i t . Thus an important  f ea tu re  o f  t he  SD i s  t h e + a b i l i t y  
t o  d i s t i n g u i s h  between re levan t  messages and spur ious i n fo rma t ion  
(e.g. no i se  o r  d i s t o r t e d  messages). 

2. The S e r i a l  D r i ve r  

I n  t h i s  document t he  term ' S e r i a l  D r i v e r '  i s  c~sed f o r  t he  l i n k  
betreen the  User Program and the  CAMAC S e r i a l  Highway. The S e r i a l  
D r i ve r  i s  a compound o f  hardware and software. Obviously t he  hardware 
must i nc lude  the  p o r t s  t o  the  phys i ca l  highway, and the  sof tware must 
have an i n t e r f a c e  t o  the  User Program. The i n t e r n a l  boundaries 
between hardware and sof tware are  implementat ion dependent. 

I n  o rder  t o  examine the  . S e r i a l  D r i ve r  i t  i s  regarded as a 
combinat ion o f  . a  Transmit ter  and a Receiver. These are  e f f e c t i v e l y  
independent paths f o r  i n fo rma t ion  f l o w  from the  User Program t o  the  
CAMAC ~ i g h u a ~ '  and from the  Highway t o  the  User Program. However, 
some i n t e r a c t i o n  between the  t r a n s m i t t i n g  and the  r e c e i v i n g  p a r t s  o f  
t he  S e r j a l  D r i ve r  i s  e s s e n t i a l  f o r  e f f e c t i v e  operat ion.  



I t  should be recognised t h a t  t he  t ime requ i red  t o  p e r f o r i  a 
complete Command/Reply transact ion, i n c l u d i n g  a Dataway cycle, w i l l  
genera l l y  be longer i n  a s e r i a l  system than on a p a r a l l e l  highway. 
This t ime -depends on the  number o f  crates, l o g i c a l  b y t e  delays, and 
the  b y t e  frequency. This may requ i re  some b u f f e r i n g  between the  user 
and the  S e r i a l  D r i ve r  (see Fig. 2 and sec t i on  6). 

S e r i a l  Crate c o n t r o l l e r s  Type L1, conforming t o  the  f i n a l  ve rs ion  
o f  a p r e l i m i n a r y  document on the  S e r i a l  Highway (LSONE document SH/O1 
and US ERDA TID 26488) are equ iva lent  t o  type L2 f o r  most p r a c t i c a l  
purposes. 

The a lgor i thms described i n  t h i s  paper f o r  t he  S e r i a l  D r i ve r  
assume: . . 

- t h a t  a l l  t he  S e r i a l  Crate C o n t r o l l e r s  are  the  de f ined  type 
SCC-LZ, which t runcate  Commands (see message types, s e c t i o n  4) 

- t h a t  a l l  modules generate X=1 t o  i n d i c a t e  t h a t  t he  Command has 
been accepted (see e r r o r  recovery us ing  the  Delayed E r r o r - b i t  
DtRR, sec t i on  9.2). 

- t h a t  o l d  modules conforming t o  EUR 41We 1969 (gat ing  the  'L- 
s i g n a l  w i t h  Dataway Busy) are  no t  used i n  con junc t ion  w i t h  SCC-L1 
(generat ing Busy dur ing  Read Local LAM Pattern).  Th is  problem 
does no t  occur w i t h  SCC-L2, o r  i f  SCC-L1 i s  used w i t h  new modules. 

3. Messages . 

The inpu t  t o  the  Ser- ial  Dr iver  ~ece; 'ver  from t h e  highway i s  a 
succession o f  b i t s  ( i n  b i t - s e r i a l  mode) o r  by tes  ( in  b y t e - s e r i a l  
mode). The Receiver must assemble messages. fron t h i s  input, and 
prov ide s ta tus  i n fo rmat ion  r e l a t i n g  t o  the  assembly process. 

- A message i s  de f ined as the  sequence o f  by tes  s t a r t i n g  w i t h  the  
f i r s t  non-del imi ter  by te  a f t e r  a . d e l i m i t e r  byte, and ending w i t h  
the  f i r s t  d e l i m i t e r  encountered subsequently. 

- A d e l i m i t e r '  i s  any by te  w i t h  b i t  7=1 and co r rec t  p a r i t y .  Thus 
any o ther  by te  (i .e. b i t  ?=O w i t h  any pa r i t y ,  o r  b i t  ' 7 4  w i t h  
wrong p a r i t y )  i s  a non-del imi ter  byte. 

Sect ion 3 o f  the  S e r i a l  Highuay S p e c i f i c a t i o n  EUR 6100e 1976 
(IEEE Std 595-1976) r e f e r s  t o  four  message types (Command, Truncated 
Command, Reply and .Demand), and these a're i d e n t i f i e d  b y  t h e  contents 
o f  t he  M I - f i e l d  o r  t h e i r  length  (see Fig.1). Because e r r o r s  may 
occur, t he  S e r i a l  Dr iver  has t o  handle a l l  messages, i n c l u d i n g  any 
t h a t  d i f f e r  from the standard types. 



4. Message Types 

- I n  a S e r i a l  Highway System i n c o r p o r a t i n g  o n l y  t h e  .def ined S e r i a l  
Crate C o n t r o l l e r  SCC-LZ the  messages may .be d i v i d e d  i n t o  the  .. 
f o l l o w i n g  ca tegor ies  (see a l s o  Fig. 3a, 3b, 3c, column 7): 

4.1 Demand 

This message i s  an asynchronous request f r o m .  any SCC. I t  can 
occur anywhe~e i n  the  sequence o f  messages, rece ived b y  t h e  SO. 

4.2 Reply w i thout  Read Data F i e l d  (U r i t e /Con t ro l  Reply) 
- 

Thic  i 8  t he  responec o f  the  at Id~es3cd SCC t o  a U r l t c  ep Cont ro l ,  
Command. 

4 .3  Reply w i t h  Read Data F i e l d  (Read Reply) 

This  i s  t he  response o f  t he  addressed SCC t o  a Read Command. 

4.4 E r r o r  Reply (ERR=l) 

This  may be generated i n  response t o  any Command, and i n d i c a t e s  a 
- t ransmiss ion  e r r o r  i n  the Command received a t  t he  SCC, such t h a t  t h e  

.CAMAC o p e r a t i o n  was no t  executed. 

Since the  message i n d i c a t e s  t h a t  a t ransmiss ion  e r r o r  has been 
detected i t  can . b e  generated e i t h e r  by t h e  SCC t o  which thm 
t ransmi t ted  Command message was addressed, o r  b y  some o the r  SCC ( f f  
there  w r e  e r r o r s  i n  the Header b y t e  o f  t h e  command such t h a t  b y t e  
p a r i t y  was preserved). 

4.5 Comp 1 e t e Command 

A Complete Command message i s  rece ived by  t h e  SO i f  t h e  
t ransmi t t e d  Command i s  passed around the  Ser ia  1 Highway u i  thou t  
acceptance a t  a S e r i a l  Crate Con t ro l l e r .  Each b y t e  has a b y t e  p a r i t y  
b i t .  C o l w n  p a r i t y  (SUM by te)  i s  presented i n  t he  n i n t h  b y t e  f o r  
Y r i t e  Commrnds, and i n  t h e  f i f t h  b y t e  f o r  Read and Cont ro i  Commands. 
The remaining by tes  (SPACE p l u s  END) have no c o l u n  p a r i t y .  



4.6 Truncated Command 

This i s  t he  Header by te  o? a  Command message fo l lowed by  an END 
byte.  I t  has o n l y  by te  p a r i t y .  The r e c e i p t  o f  a  Truncated Command 
i n d i c a t e s  t h a t  the  Command message has been accepted by  an SCC. 
However, i f  one WAIT b y t e  w i t h i n  a  stream o f  WAIT by tes  i s  corrupted 
to' a  non-del imiter,  i t  appears t o  be a  Truncated Command message . - i.f 
the  by te  p a r i t y  i s  co r rec t .  

NOTE : 

The S e r i a l  Highway system' S p e c i f i c a t i o n  a l lows SCC's o the r  than type 
SCC-L2. Thus, when some SCC's accept a  Command message, they  may 
retransmit.  a l l  by tes  up t o  and i n c l u d i n g  the  SUM byte.  The ldength o f  
t hg  message received by t h e  SO s t i l l  i nd i ca tes -whe the r  the  Command 
message has been accepted by  an SCC. ,- 

4.7 Undefined Message 

A l l  o ther  messages which do not  f a l l  i n t o  the  c l a s s i f i c a t i o n  
g i ven  above'are l a b e l l e d  "Undefined Message". 

Organi sat  i o n  o f  ~ o m m a ' n d / ~ e ~ l ~  TranSac t ions  

Command/Reply t ransac t i ons  and recovery from e r r o r s  a re  organised 
as fo l lows:  

5.1 S ing le  Command/ReplyTransactions 

- The normal sequence i s  t h a t  each command message i s  t ransmi t ted  
a f t e r  t he  prev ious CMD/RPY t r a n s a c t i o n  has been completed. The SO 
transm'i ts t he  by tes  o f  t he  Command message and rece ives  the  by tes  o f  
t he  t runcated Command message and the  expected r e p l y  t o  the  command. 

A s i n g l e  t r a n s a c t i o n  i s  completed success fu l l y  when the  SD has 
rece ived the  expected Write/Control /Read r e p l y  message. Demand 
messages can occur a t  any t ime  w i t h i n  the  sequence o f  received 
messages, and the  appropr ia te  ac t i ons  t o  se rv i ce  the  demand can be 
taken a f t e r  any i n d i v i d u a l  t ransac t ion .  

A s i n g l e  t r a n s a c t i o n  i s  completed unsuccess fu l l y  i f  the  .SD 
rece ives  an E r r o r  Reply, a' Reply message w i t h  unexpected Header byte, 
o r  a  complete Command message. I f  none o f  these cond i t i ons  f o r  
complet ion are sa t i s f i ed ,  ' t he  t r a n s a c t i o n  i s  abandoned ' a f t e r  r preset  
t ime-out p e r i o d  has elapsed s ince the  Command was t ransmi t ted .  

. , 

Immediately a f t e r  unsuccessful  ' complet ion o f  a  t ransact ion,  o r  
a f t e r  abandoning a  t r a n s a c t i o n  a t  ' the end o f  t he  time-out period,' t he  - 
SO can take appropr ia te  ac t i on '  t o  recover from the  e r r o r  o r , t o  r e p o r t  
i t  t o  the  user program. - . . 

, . 



5.2 Burs ts  o f  Command/Reply t ransac t i ons  

- .An a l t e r n a t i v e  method o f  o rgan is ing  t ransact ions,  appropr ia te  t o  
high-performance systems w i t h  low e r r o r  rates, i s  descr ibed i n  
Sect ion 4.6.2 of  EUR '6100e (IEEE Std. 595). I n  t h i s  method the  SD 
does n o t  wa i t  t o  rece ive  t h e  r e p l y  t o  one command be fo re  s t ' a r t i ng  t o  
generate the  next.  This  document g i ves  an example o f  one way i n  
which t h e  SD can handle b u r s t  t ransac t ions .  A b u r s t  o f  t r ansac t i ons  
i s  completed success fu l l y  when the  l a s t  Command message has been 
t ransmi t ted  and - t . h e  expected number o f  Reply messages 

!(Read/Write/Control  , Repl ies on ly )  have been received. Demand 
messages can be received a t  any t ime du r ing  the  burst,  bu t  the 
appropr ia te  s e r v i c i n g '  a c t i o n  can o n l y  be taken a f t e r  the  b u r s t  i s  
completed. 

A b u r s t  o f  t r ansac t i ons  i s  completed unsuccess fu l l y  i f  the  SD 
rece ives  an, E r r o r  Reply, o r  a  complete Command, o r  a  Reply w i t h  
unex.pected Header byte.  I f  none o f  these cond i t i ons  f o r  complet ion , 

i s  sa t i s f i ed ,  t h e  b u r s t  i s  abandoned a f t e r  a  p reset  t ime-out p e r i o d  
has elapsed s ince  t ransmiss ion o f  t he  l a s t  Command. I n  b u r s t  
t ransact ions,  any a c t i o n  t o  recover from an e r r o r  o r  r e p o r t  i t  t o  the  
user program takes p lace a f t e r  .the end o f  the  t ime-out per iod.  

The opera t ions  w i t h i n  the  b u r s t  should be such t h a t  the  whole 
b u r s t  can be repeated,  if i t  i s  n o t  completed successf,ully, f o r  
example they  should no t  i nc lude  'Read and Clear '  operat ions.  

I n  b o t h  s i n g l e  t ransac t i ons  and b u r s t s  o f  t r ansac t i ons  the  preset  
t ime f o r  t ime-out depends on the  number o f  crates, t he  l o g i c a l  by te  
delays and the  by te  freqhency. 

5.3 E r r o r  recovery 

E r ro r  recovery procedures a re  at tempts t o  achieve the intended 
e f fec t  o f  s i n g l e  CMD/RPY transactions, o r  b u r s t s  o f  t ransact ions, - 
which have f a i l e d .  These procedures may be performed by  the  SD i n  a 
way t h a t  i s  I n v i s i b l e  t o  the  User Program. 

The ana lys i s  o f  rec ieved messages supports t h ree  means o f  e r r o r  
recovery:. 

- repea t i ng 'a  s i n g l e  command. This  s imp le  procedure can o n l y  be 
app l i ed  sa fe l y  when the  o r i g i n a l  command has n o t  been executed, 
due t o  e r r o r s  i n  t r a n s m i t t i n g  the  Command message. 

- us ing  the  procedures based on the  Delayed E r ro r  (DERR) s t a t u s .  
and Re-read Data tea tu re  o f  SCCiL2, see Sect ion 19.6 o f  EUR 6100e 
and IEEE.Std 595. These can be app l i ed  when the  o r i g i n a l  Command 
has been executed bu t  t he  Reply message has been corrupted. 

- repeat ing  a  b u r s t  o f  t ransac t ions .  The procedures based on the  . 

DERR s t a t u s  cannot be app l i ed  t o  b u r s t s  o f  t ransac t ions .  Some 
d u p l i c a t i o n  o f  commands i s  i nev i tab le ,  and data  may be l o s t  i f  
t he  b u r s t  inc luded opera t ions  t h a t  read data d e s t r u c t i v e l y .  



6. Block Diagram o f  the S e r i a l  D r i ve r  

The b l o c k  diagram o f  t he  SD (Fig.2) shows the  da ta  and s ta tus  
i n fo rma t ion  paths w i t h i n  the  S e r i a l  Dr iver .  The s t r u c t u r e  shown i s  
independent o f  i t s  implementat ion i n  hardware o r  software. 

The S e r i a l  D r i ve r  cons i s t s  o f  two pa r t s :  

The f i r s t  p a r t  i s  r e l a t e d  t o  t h e , S e r i a l  Highway, and contains: 

- the  Transmi t te r  - the  Receiver and - the  f i r s t  stage o f  Message Analys is  

I n  t h i s  p a r t  t he re  i s  no i n t e r a c t i o n  between t h e  t r a n s m i t t i n g  and 
rece i v ing  pa r t .  Therefore the f i r s t  stage o f  message ana lys i s  r e l i e s  
completely on the  i n d i v i d u a l  rece ived messages, independent ly  from 
the  t ransmi t ted  Command and o ther  messages rece ived ( m a l y s i s  
independent o f  context  and type o f  t ransact ion,  see Fig. 3  a, 3b, 3c, 
columns 1 t o  9 ) .  

The second p a r t  can consist ,  f o r  examp,le, o f :  

- a  Command handler - a Reply handler  - an E r r o r  handler - a Demand handler - a Burst  handler - and a  System monitor.  

I n  t h i s  p a r t  the,re i s  a  c lose  i n t e r a c t i o n  between the  
t r a n s m i t t i n g  and rece i v ing  par ts .  Therefore the  second ( f i n a l )  
message ana lys i s  o f  a  received message inc ludes  the  contex t  o f  
t r ansmi t ted  Commands and otheF received mtestages. t h i s  message 
ana lys i s  i n c l u d i n g  context  i s  descr ibed i n  s e c t i o n  9. As a  r e s u l t  o f  
t h i s  f i n a l  message ana lys i s  one o f  t he  f o l l o w i n g  a c t i o n s  are '  
performed: 

- Data and parameter t r a n s f e r  - Response t o  Demands - Recovery from e r r o r s  - D l  scard ing garbage. 

The b lock  dilagram o f  the  S e r i a l  D r i ve r  a l s o  shows the  i n t e r -  
connect ion between the  S e r i a l  D r i ve r  and the  User Program v i a  System 

.Services 'which a re  system dependent and may conta in:  

- Queue 
- CAMAC Address Check - Data B u f f e r  Address Check - CAHAC Device p r o t e c t i o n  against  unauthor ized user access - Data and parameter trans:fer between SD and User Program - Response t o  an event represent ing  a  'LAM o r  an e r ro r .  



7 . SD Command Handler 'and Transmit ter  

The S e r i a l  D r i ve r  Command Handler (Fig. 6 )  may operate the  S e r i a l  
Highway w i t h  e i t h e r  s i n g l e  Command/Reply t ransac t i ons  o r  b u r s t s  o f  
t ransac t ions .  The S e r i a l  D r i ve r  assembles each Command message from 

. . _  
the  Header t o  the  SUM byte, adds the  appropr ia te  number o f  SPACE 
by tes  and te rminates  the  message by  an END byte. 

C 

The number o f  SPACE by tes  i s  implementation.dependent. I t  may be: 

- a f u n c t i o n  o f  t he  Command transmitted, - o r  a  f ixed, sa fe  number f o r  t he  system, - o r  an i n d e f i n i t e  number, generated u n t i l  the  Reply i s  received. 
. I  I *  ' 

The l a s t  method o f ,  t e rm ina t i ng  a  Command/Reply t r a n s a c t i o n  needs 
i n t e r a c t i o n s  between the  r e c e i v i n g  and t r a n s m i t t i n g  ' pa r t  o f  the 
S e r i a l  Dr iver .  But no te  t h a t  upstream c ra tes  rece i ve  fewer UAIT 
by tes  and thus have fewer o p p o r t u n i t i e s  t o  t ransmi t  Demand messages, 
o r  t o  re-synchroni se. 

NOTE: commands f o r  system r e c o n f i g u r a t i o n  (Bypass, Loop Collapse) 
must s e t  Time-out f o r  more than 1OOmS and must f o rce  the  
Command Handler t o  generate SPACE by tes  dur-ing t h i s  t ime  
(see s e c t i o n  13). 

The Command message may be assembled p a r t l y  i n  t h e  Command 
Handler (e.g. t o  determine the  number o f  SPACE by tes)  and p a r t l y  i n  
the  Transmi t te r  (egg. t o  generate p a r i t y ) .  

The S e r i a l  D i i v e r  Transmi t te r  generates UAIT by tes  i f  no Commands 
a re  t r a n s m i t t e d  : 

- 3 UAIT by tes  minimum are requ i red  f o r  swi'tching ou t  each de lay  
b u f f e r  i n  t he  SCC's. Generat ion o f  UAIT by tes  b y  the  SD i s  
e s p e c i a l l y  requ i red  f o r  SCC's n e a r ' t o  the  ou tput  p o r t  o f  t he  SD. 

- 3 WAIT by tes  minimum are  requ i red  f o r  re-synchronisat ion o f  an 
SCC-L2 ope ra t i ng  i n  b i t - s e r i a l  mode (see s e c t i o n  A1.5.1 o f  EUR 
6100e and.IEEE Std 595). 

I n  b i t - s e r i a l  made the  b y t e  framing must con ta in  one s top  b i t ,  
There may be a d d i t i o n a l  pause b i t s .  . - 

'8. . Message Analysis, Summary and F i r s t  Stage 

Each message received by  t h e  SD i s  f i r s t  analysed i n d i v i d u a l l y ,  
w i thout  regard. t o  t he  contex t  i n  w h i c h . i t  occurs. The in te rmed ia te  

. r e s u l t  from t h i s  ana.l.ysis i s  passed t o  r second .s tage which analyses 
t h e  message. i n  a  contex t  i n c l u d i n g  any prev ious  messages occu r r i ng  i n  
the  .same t ransac t ion .  The f i n a L  d e c i s i o n  i d e n t i f i e s  the.message and 
the  a c t i o n  t o  be taken b y  the, SD. 



8.1 Summary 

The ana lys i s  o f  messages i n  s i n g l e  CMD/RPY t ransac t ions  i s  s h o w  
i n  bas ic  form i n  F ig  3a and i n  an extended form i n  F ig  3b. The 
ana lys i s  o f  'messages i n  a b u r s t  o f  t ransac t ions  i s  shown i n  F ig  3c. 
I n  these diagrams the  dec is ions  associated w i t h  normal e r ro r - f ree  ' 

opera t ions  are i n d i c a t e d  by  shading. 

In  each case the  f i r s t  stage o f  ana lys i s  i s  s i m i l a r  and i s  shown 
i n  the  le f t -hand b lock  i n  the  diagrams. Here, c h a r a c t e r i s t i c s  o f  t h e  
message (Cols 1-61 t h a t  a re  independent o f  i t s  contex t  lead t o  
dec is ions  t h a t  i d e n t i f y  t h e  message i n  terms o f  t he  types de f ined  In  
Sect ion 4. These in termedia te  dec is ions  (Cols 7,8,9) are passed f o  
the  second stage o f  ana lys i s  shown on the  r ight-hand s ide  o f  each 
diagram. . 

The basic second stage o f  ana lys i s  f o r  s i n g l e  t ransac t ions  i s  on 
the  r ight-hand s ide  o f  F ig  3a. I n  the  upper b lock  t h e  dec is ions  from 
the  f i r s t  stage (Col 10) and tw  context-independent ' c h a r a c t e r i s t i c s  
o f  t he  message (Cols 11 and 12) lead t o  f i n a l  dec is ions  t h a t  i d e n t i f y  
the  message (Col's 21,221 and i n d i c a t e  the  appropr ia te  a c t i o n  t o  be 

I taken by  the  SD (Col 23). The lower b lock  shows the  very  simple 
treatment o f  incomplete t ransac t ions  that '  a re  terminated by  time-out. 

In  the  absence o f  errors, Demand messages occu r r i ng  a t  m y  t ime 
are  i d e n t i f i e d  by t h e  f i r s t  stage, and the  a c t i o n  ( t o  respond t o  the  
demand) i s  i n d i c a t e d  by the  second stage (Class 1). Truncated 
Command messages a re  i d e n t i f i e d  by t h e  f i r s t  stage and, if t h y  o c c w  
w i t h i n  a transact ion, a re  d iscarded by  t h e  second stage (Class 61, . 
which expects t h a t  a Reply message w i l l  fo l low.  Wr i te /Con t ro l /Rod  
Reply messages a re  i d e n t i f i i d  by the  f i r s t  stage and, if they occur 
w i t h i n  a t ransac t ion  and have the  expected header byte, lead t o  
second stage dec is ions  t h a t  t he  t ransac t ion  has been c m p l e t o d  
success fu l l y  (Classes 2a and Sb). 

Some e r r o r s  r e s u l t  i n  the  SD rece iv ing  E r ro r  Reply messages o r  
Complete Command messages. These are  i d e n t l f l e d  b y  t h e  f i r s t .  stage 
and, i f  they  occur w i t h i n  a transaction, lead t o  second stage 
dec is ions  t h a t  t he  comnand has no t  been accepted by  any SCC (Classes 
4 and 51, so t h a t  t he  command can be repeated. Other e r r o r s  r e s u l t  
i n  messages du r ing  the  t ransac t ion  t h a t  cannot be i d e n t i f i e d  by  t h e  
f i r s t  stage, o r  messages o c c u r r i n g  ou ts lde  the  t ransact ion .  These 
are  d iscarded by t h e  second stage. A specla1 c lass  o f  e r r o r s  r e s u l t s  
i n  Reply messages w i t h  unexpected header by tes  (Classes 2b and 381, 
and the  second stage i n d i c a t e s  t h a t  t he  SD should in form the  system. 
moni tor  and user program. When a t ransac t ion  i s - n o t  completed, but 
i s  terminated by time-out, t he  second stage l n d l c a t e g  t h a t  an 
undefined. error should be repor ted  t o  the  user program. 



The extended second stage a n a l y s i s  f o r  s i n g l e  t ransac t i ons  i s  on 
the  r ight-hand s ide  o f  F ig  3b. The ana lys i s  lead ing  t o  the  dec i s ions  
f o r  c lasses 5  i s  s i m i l a r  t o  F ig  3a, b u t  the  ana lys i s  f o r  Classes 
6-8 i s  more d e t a i l e d  and leads t o  some ac t i ons  us ing  the  Delayed 
E r ro r  (DERR) s t a t u s  and Re-read Data fea tu re  o f  SCC-L2. This 
extended a n a l y s i s  takes i n t o  account no t  o n l y  t he  c h a r a c t e r i s t i c s  o f  
the  c u r r e n t  message (Cols 10-13) bu t  a l s o  the  t ransmi t ted  command 
(Col 14) and any prev ious  messages rece ived du r ing  the  t r a n s a c t i o n  
(Cols 15-19). Decisions 6a-7e r e s u l t i n g  from one message are  taken 
i n t o  account i n  the  ana lys i s  o f  l a t e r  messages i n  t he  same 
t r a n s a c t i o n  (as columns 15-19). 

The second stage ana lys i s  f o r  a  b u r s t  o f  t r ansac t i ons  i s  on the 
r ight-hand s ide  o f  F ig  3c, which i s  g e n e r a l l y  s i m i l a r  t o  F ig  3a. The 
main d i f f e r e n c e  i s  i n  Col 20. I f  the  a c t u a l  number o f  r e p l i e s  i s  
l e s s  than the  expected number, t he  normal ana lys i s  o f  Reply messages 
leads t o  the  d e c i s i o n  'Command executed success fu l l ym (Classes 2x and 
3x1 and the  a c t i o n  t o  wa i t  f o r  mare rep l i es .  If the 1ct11a1 number i s  
@Qua1 t o  the expected number, t he  d e c i s i o n  i s  'Burs t  completed 
success fu l l ym (Classes 2y and 3y). The a c t i o n s  f o r  Classes 4 and 5 
do no t  repeat t he  command. 

8.2 F i r s t  Stage o f  Analys is  

The SD Receiver checks the  framing and performs b y t e  
synchron isa t ion  (by r e c e i v i n g  a  UAIT by te)  i n  b i t - s e r i a l  mode, and 
d iscards  UAIT by tes  and o ther  a d d i t i o n a l  D e l i m i t e r  by tes  (see f l ow-  
diagram Fig. 7).  A F I F O  b u f f e r  o f  one b y t e  ( o r  more) a l lows some 
f l e x i b i l i t y  between the  i n t e r n a l  c l ock  and the  rece ived b y t e  c lock.  

The c r i t e i i a '  app l i ed  t o  message ana lys i s  i n  the  f i r s t  stage r e l y  
s o n l y  on the  content  o f  t he  received message, and are  independent o f  

context  (see' Fig. 3a, 3b, 3c, columns 1 t o  6). These c r i t e r i a  are: 

see Fig.3a, .3b, 3c, column 

- Byte p a r i t y  (.Pb 1 1 - Column p a r i t y  (PC) 2  - 'Message leng th  (L) 3 - Message i d e n t i f i e r  ( M I  4 
- Transmission E r r o r  b i t  (ERR) 5- . . 
- D e l i m i t e r  (END by te)  6 

Truncated Command messages a re  n o t  f u l l y  p ro tec ted  by  t h e  E r ro r  
Detec t ion  Code. I d e n t i f i c a t i o n  o f  these messages i s  strengthened by  
t e s t i n g  the  D e l i m i t e r  b y t e  f o r  the  de f i ned  END b y t e  pa t te rn .  The 
ENDSUM b y t e  o f  Reply and Demand messages does n o t  have a  unique 
pat te rn .  

' For t he  Complete Command ( type 5 )  the  p a t t e r n  o f  t he  Space by tes  
i s  not checked because the re levan t  i n fo rma t ion  i n  t h i s  message i s  
terminated b y  the  SUN byte.  



The message ana lys i s  performed a t  t h i s .  stage i s  independent o f  
the  organi  s a t i o n  o f  S e r i a l  Highway opera t ions  as i n d i v i d u a l  
t ransact ions  o r  burst's. It. can be implemented e i t h e r  b y  i nspec t lng  
each by te  o f  a message as i t  i s  received, o r  by  c o l l e c t i n g  a l l  by tes  
o f  a message i n  a b u f f e r . a n d  then per forming the.checks. The f i n a l  
dec i s ion  abo.ut t h e  message must be made a f t e r  t he  end o f  t h e  message 
has been received, t o  ensure t h a t  d $ f f e r e n t  implementations come t o  
the  same r e s u l t .  

The f i r s t  stage ana1ys . i~  leads t o  the  dec is ions  shown i n  f igs .  
38, 3b and 3c, columns 8 and 9. The messages a re  analysed i n t o  the  
seven types described i n  sec t ion  4. 

Second stage o f  Message Analys is  9 .  

The c r i t e r i a  used f o r  t h i s . s t a g e  o f  message ;nr lys is  i nc lude  the  
context  o f  t he  message r e l a t i v e  t o  the  t r a n s n l t t e d  Command and o the r  
received messages. 

The message ana lys i s  depends on whether t h e  S e r l a l  Hlghway 
operat ions are  organised as s i n g l e  t ransac t ions  o r  b u r s t s  o f  
transactions and, i n  the  f i r s t , c a s e ,  whether undefined messages a re  
analysed t o  i d e n t i f y  cases where e r r o r  recovery procedures based on 
DtRR s ta tus  can be used. Thus, th ree  forms o f  second 'stage a n r l y s l s  
are descr ibed below i n  sect ions 9.1, 9.2 and 9.3. . 

' 

9.1 S ing le  CMD/RPY Transactions, bas ic  ana lys l s  

This bas ic  form o f  second stage ana lys i s  do ts  n o t  analyse 
undefined messages. I t  supports simple e r r o r  recovery ac t i ons  t h a t  
can be app l ied  when the  o r i g i n a l  command has no t  been executed, d t u  
t o  e r r o r s  i n  t r a n s m i t t i n g  the  Command message. I t  i s  shorn i n  F ig  
3a, and uses the  c r i t e r i a  shown i n  columns 10 t o  12: 

- Irkssage types - Transact ion s ta tus  - Received Header = Transmitted Header 

The f i r s t  and second stage analyses lead t o  the  dec is ions  shown 
i n  Fig. 3a, columns 21 and 22: - . . 

Demand message received 
Transact ion completed successfu l ly  
Transact ion completed a t  wrong S C C  
Command not executed by SCC 
Command not  accepted by any S C C  
Garbage received .' 
Truncated Command message received 
Undefined message 
Undefined error . '  

(* normal, + abnormal), 

These c r i t e r i a ' a n d  dec is ions  are  def ined i n  more d e t a i l  be low.  . . ' ,  . 



9.1.1 C r i t e r i a  

The c r i t e r i a  f o r  the  bas ic  second stage ana lys i s  o f  s i n g l e  
transactions,. w i thout  f u r t h e r  ana lys i s  o f  undef ined messages, a re  
based on the  f o l l o w i n g  cond i t ions :  

- Message Types (Fig. 3a, ' ~ o l  10) 
These a re  the  seven message types i d e n t i f i e d  by  f i r s t  stage 
ana lys i s  (see Sect ion 4). 

- Transact ion s t a t u s  (Col 11) 
This  c o n d i t i o n  i n d i c a t e s  whether a  t ran.sact ion i s  i n  progress (P I ,  
o r  no t  i .n  progress (N). When a  t r a n s a c t i o n  i s  n o t  completed, t he  
end o f  t h e  t ime-out p e r i o d  (1.1 causes c e r t a i n  dec i s ions  t o  be 
taken. . 

- Received Header = Transmit ted Header (Col 12) 
This  c o n d i t i o n  i n d i c a t e s  whether t he  Header b y t e  o f  t h e  received 
message matches, i n  a l l  8 b i t s ,  the  Header b y t e  o f  t he  t ransmi t ted  
Command message. I n  t he  ana lys i s  o f  Reply and Truncated Command 
messages t h i s  i s  evidence t h a t  t he  c o r r e c t  SCC has accepted the  
Command message. 

9.1.2- Decis ions 

The second stage a n a l y s i s . o f  s i n g l e  t ransact ions,  w i thout  f u r t h e r  
ana lys i s  o f  undef ined messages, uses the  above c r i t e r i a  s e q u e n t i a l l y  
i n  any order, o r  simultaneously, and leads t o  the  f o l l o w i n g  
decisions, shown i n  columns 21 and 22 o f  f ig'. 3a: 

Demand message' rece ived (Class 1) 
The r e s u l t  o f  t h e  f i r s t  stage' ana lys i s  i s  accepted, w i thout  
app ly ing  f u r t h e r  c r i t e r i a ,  and independently o f  t he  c o n d i t i o n  
'Transact ion s ta tus ' .  The ac t i ons  appropr ia te  t o  the  dem'and are 
performed a f t e r  any .cur ren t  t ransac t ion .  has been completed. 

* Transact ion completed success fu l l y  (Classes 2a, 3b) 
A Reply message, i d e n t i f i e d  by  the  f i r s t  stage as Type 2  o r  3, 
has been rece ived wh i l e  a  t r a n s a c t i o n  i s  i n  progress, and has 
the expected Header byte. I t  i s  c l a s s i f i e d  as the  expected 
kep ly  w i thout  app ly ing  o ther  c r i t e r i a ,  because o f  t he  s t rong 
p r o t e c t i n n  eiven hy the  Er ro r  Detec t ion  code, 

The s t a t u s  and, i n  the  case of  a  Read reply, t he  da ta  are  passed 
t o  the  user program. 

+ Undefined CAMAC ope ra t i on  executed (Classes 2b, 3s) 
A Reply message, i d e n t i f i e d  by the  f i r s t  stage as Type 2 o r  3, 
has.been rece ived wh i l e  a  t r a n s a c t i o n  i s  i n  progress, b u t  does 
no t  have the  expected Header byte.  I t  can be assumed t h a t  e i t h e r  
the Reply was cor rup ted o r  the Command was executed a t  a  wrong 
crate.  However, the  l a t t e r  i s  u n l i k e l y  due t o  the  s t rong 
p r o t e c t i o n  g i ven  by  t h e  e r r o r  p r o t e c t i o n  code. 

The user program and System Moni tor  a re  inf,ormed. 



+ Command no t  executed by SCC (Class 4) 
An e r r o r  Reply message, i d e n t i f i e d  by  t h e  f i r s t  Stage'as Type 4, 
has been received wh i l e  a t r a n s a c t i o n  i s  i n  progress. Th is  
i n d i c a t e s  t h a t  the  Command message has been accepted by  an SCC 
( i t  i s  i r r e l e v a n t  whether t h i s - i s .  t he  c o r r e c t  SCC) and n o t  
executed, because o f  a t ransmiss ion  e r r o r  i n  t he  Command 
message. 

The t r a n s a c t i o n  can be repeated, w i t h  a l i m i t  on the  number o f  
r e p e t i t i o n s .  

+ Command no t  accepted by  any SCC (Class 5) 
A Complete Command message ( type 5) has been rece ived wh i l e  a 
t r a n s a c t i o n  i s  i n  progress. This  i n d i c a t e s  t h a t  t he  Command 
message has n o t  been accepted b y  any SCC, b u t  t h i s  may be due 
t o  temporary cond i t i ons  such as l ack  o f  synchronism o r  a 
t ransmiss ion  e r r o r  i n  the  Command message. It i s  unnecessary 
t o  ana lys t  the  reason f o r  t he  f a i l u r e .  

The t r a n s a c t i o n  can be repeated, w i t h  a l i m i t  on the  number o f  
r e p e t i t i o n s .  

. . 

* Truncated Command message rece ived (Class 6 )  
A Truncated Command message (Type 6 )  has been i d e n t i f i e d  b y  t h e  
f i r s t  stage wh i l e  a t r a n s a c t i o n  i s  i n  progress. Mo f u r t h e r  
second stage ana lys i s  i s  performed and the  Truncated Command 
message i s  d iscarded (but see Sect ion 9.2.2 f o r  ana lys i s  and 
a c t i o n s  when undef ined messages a re  be ing  processed). 

+ Undefined message received (Class 7) 
An Undefined message (Type ? ) .has  been i d e n t i f i e d  b y  t h e  
f i r s t  stage wh i l e  a Transact ion i s  i n  progress. The l h d e f i n e d  
message i s  di.scarded (but  see Sect ion 9.2.2 f o r  a n a l y s i s  and 
ac t i ons  when Undefined messages a re  being processed). 

+ Undefined e r r o r  ( c lass  8) 
A t  the  end o f  the  time-out pe r iod  the  f i r s t  stage a n a l y s i s  has 
n o t  i d e n t i f i e d  a Reply message o r  a Complete Command message, 

. o r  no message a t  a l l  has been received. 

There i s  i n s u f f i c i e n t  evidence t o  show whether t he  command has 
been executed (but  the  r e p l y  los t ) ,  o r  has n o t  been emecuted 
(eg. the  command mes,sage l o s t ) .  The user program i s  informed , 

t h a t  the  t r a n s a c t i o n  has n o t  been completed. 

+ Garbage received 
. A l l  messages, except Demands, rece ived when no t r a n s a c t i o n  i s  i n  

progress are  analysed as,garbage, and a re  discarded. 

A c e r t a i n  amount o f  garbage i s  expected depending on no ise  
i n  the  environment. I t  i s  recommended t h a t  t he  System Non i to r  
should be informed i f  an abnormal amount o f  garbage i s  received. 

(* normal, + abnormal) 



9.2  Sing le  CMD/RPY Transactions, extended ana lys i s  

This  o p t i o n a l  extended form o f  second stage .analys is  performs 
f u r t h e r  processing of  Truncated Command messages and undef ined 
messages. I t  supports  f u r t h e r  e r r o r  recovery procedures based on the  
Delayed E r r o r  (DERR) s ta tus  which can be app l i ed  when the  command has 
been executed b u t  t he  Reply message has been corrupted. I t  i s  shown 
i n  Fig.3b. I 

If t h e  a n a l y s i s  o f  t h e  rece ived messages does n o t  show whether 
t he  Command has been executed o r  not, a  recovery procedure can be 
attempted i n  which t h e  Delayed E r r o r  b i t  g i v e s  t h i s  in fo rmat ion .  The 
use o f  DERR i s  safe o n l y  i f  t h e r e  i s  a reasonable i n d i c a t i o n  t h a t  . the  
o r i g i n a l  Command has addressed the  intended SCC, so t h a t  the  s t a t e  o f  
the-DERR-bit corresponds t o  the  cu r ren t  t ransac t ion .  

, The requ i red  i n d i c a t i o n  can be obta ined i f  a l l  messages w i t h i n  
the  time-out p e r i o d  are inspected and c l a s s i f i e d .  The o n l y  
i n d i c a t i o n s  a t  the  SD t h a t  a Command has been accepted b y  an SCC a re  
the  r e c e i p t  o f  t he  Truncated Command and/or the  Reply message. 

An e r r o r  recovery procedure us ing  the  DERR b i t  must no t  be 
performed more than once, because the  recove ry .ope ra t i on  ( Read 
Status o r  Reread) may change the  s t a t e  o f  t he  DERR b i t  i n  the  SCC. 
( t he  DERR b i t  corresponds t o  the  l a s t  ope ra t i on  i n  the  SCC).  

If i n  a Read Status o r  Reread ope ra t i on  the  DERR b i t  i s  found t o  
be DERR = 1, the  o r i g i n a l  Command has n o t  been executed and i t  can be 
repeated. 

If t h e  Reply message t o  t h i s  repeated command i s  again an 
undef ined message o f  type 8a-d t h i s  i n d i c a t e s  t h a t  t he  message has 
been accepted by  t h e  in tended SCC - al though d o u b t f u l  whether 
executed o r  not .  I n  t h i s  case i t  i s  c o r r e c t  t o  perform another Read 
Status o r  Reread m e r a t i o n .  T h i s .  sequence Command - Rtresd/Rced 
Status - repeat o r i g i n a l  Command - Reread/Read Status - ... i s  
co r rec t  b u t  has t o  be l i m i t e d .  

The extended second stage ana lys i s  uses the  a d d i t i o n a l  c r i t e r i a  
shown i n  Fig. 3b columns 13 t o  17. wh i l e  the  transacticrrt i s  i n  
progress : 

- Received message leng th  (L) 
- Read Command t ransmi t ted  
- Expected Truncated Command received - Corrupt Command rece ived 
- Corrupt Reply received 

The f i r s t  and -extended second stage analyses lead t o  the  more 
d e t a i l e d  dec i s ions  o f  c lass  6 and 7 shoun i n  Fig. 3b i n  t he  columns 
21 and 22 w h i l e  t he  t r a n s a c t i o n  i s  i n  progress: 

* ~ x p e c t e d  Truncated Command received 
, + Other message w i t h  L=2 

+ Corrupt Wr i - te /Cont ro l /Er ror  Reply received 
+ Corrupt Read Reply rece ived 
+ Corrupt Command (not  accepted by  any S C C )  
+ Other message w i t h  L > 2 . 

(* normal, + .abnormal) 



The extended second stage ana lys i s  uses t h e  a d d i t i o n a l  c r i t e r i a  . 
shown i n  Fig. 3b i n  column 18 and 19 when the  t r a n s a c t i o n  has been 
terminated by  Time-out: 

- Other message w i t h  L = 2  - Other m.essagt w i t h  L > 2  

The f i r s t  and exetended second stage a n a l y s i s  lead t o  the  
a d d i t i o n a l  f i n a l  dec is ions  when the  t r a n s a c t i o n  i s  completed b y  
Time-out shown . i n  Fig. 3b i n  the  column 21 and 22: 

+ Reply l o s t  
+. Corrupt Read Reply (expected) received 
+ Corrupt V r i t e / C o n t r o l / E r r o r  Reply (expe.cted) received 
+ Corrupt Complete ~onimrnd received 
+ Undefined Error .  

(+ abnormal) 

The a d d i t i o n a l  c r i t e r i a  and dec i s ions  a re  de f ined i n  d e t a i l  i n  
Sect ions 9.2.1 and 9.2.2 . 

9.2.1 C r i t e r i a  

The a d d i t i o n a l  c r i t e r i a  f o r  extended second stage , message 
ana lys i s  a re  based on the  f o l l o w i n g  cond i t ions :  

- Received message leng th  (Fig. 3b, Cot 13) 
The l eng th  o f  t h e  undef ined message i s  used t o  c l a s s i f y  i t  as 
Command Form ( l eng th  equal t o  t h a t  o f  t he  t ransmi t ted  Command 
message) o r  Reply Form ( l eng th  3 o r  7  bytes)  o r  Other message 
w i t h  L = 2. 

- Read Command t ransmi t ted  (Col 14) 
The t ransmi t ted  Command inc luded a  Read Function, so t h a t  
a  7-byte Reply o r  an E r ro r  Reply a re  expected. 

- Expected Truncated Command received (Cot 15) 
The messages received wh i l e  the  t r a n s a c t i o n  i s  i n  progress have 
a l ready  inc luded one c l a s s i f i e d  as Class 6a (see Sect ion 9.2.2). 

- Corrupt Command received (Cot 16) 
The messages rece ived wh i l e  the  t ransmiss ion i s  i n  progress have 
a l ready  inc luded one c l a s s i f i e d  as c lass  7c (see Sect ion 9.9.2). 
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- Corrupt Reply rece ived (Cot 17) 
The messages . received wh'ile the  t ransmiss ion  i s  i n  progress have 
a l ready  inc luded one c l a s s i f i e d  as c lass  7a o r  7b (see Sect ion 
9.2.21,. 



- Other messages w i t h  L=2 received (Col 18) 
The messages rece i ved  wh i l e  the  t r a n s a c t i o n  i s  i n  progress have 
a l ready  i nc luded  one c l a s s i f i e d  as Class 6b,, 6c o r  7 d  (see 
s e c t i o n  9.2.2) i n  p lace  'of, o r  i n  a d d i t i o n  to, t he  expected 
Truncated command. . - 

- Other,message w i t h  L  > 2  received (Col 19) 
The messages rece ived wh i l e  the  transact i 'on i s  i n  progress have 
a l ready  i nc luded  one o r  more w i t h  l eng th  more than two b y t e s ' t h a t  
have e i t h e r  n o t  had the  appropr ia te  l eng th  f o r  Command Form o r  
Reply Form, o r  are i n  a d d i t i o n  t o  another Command Form o r  Reply 
Form message (Class 7e). 

The f i r s t  and extended second stage analyses f o r  s i n g l e  
t ransac t i ons  lead t o  the  f o l l o w i n g  a d d i t i o n a l  dec i s lons  wh i l e  t he  
t r a n s a c t i o n  i s  i n  progress, shown i n  Fig. 3b i n  columns 18 and 19. 

* Expected Truncated Command rece ived (Class 6a) 
The f i r s t  s tage ana lys i s  has i d e n t i f i e d  a  Truncated Command' 
message (Type 6) w h i l e  t he  t r a n s a c t i o n  i s  i n  progress, and the  
Header b y t e  matches t h a t  o f  t he  t ransmi t ted  Command message. 
Th is  i s . e v i d e n c e  t h a t  t he  Command message has been accepted by  t h e  
c o r r e c t  SCC. Th is  i s  used as a  c o n d i t i o n  i n  t h e  ana lys i s  o f  
undef ined messages (see column 15) when t h e  t r a n s a c t i o n  i s  
completed b y  Time-out. 

+ Other message w i t h  L=2 received (Classes 6b, 6c, 7d) 
The f i r s t  s tage ana lys i s  has i d e n t i f i e d  a Truncated Command 
message w h i l e  t he  t r a n s a c t i o n  i s  i n  progress, and t h i s  e i t h e r  
does n o t  have t h e  expected Header o r  i s  an a d d i t i o n a l  ~ r u n c a t e d  
Command w i t h  t h e  expected Header. I n  case o f  c l a s s  7d the  f i r s t  
stage has i d e n t i f i e d  an Undefined message w i t h  a  l eng th  o f  two 
bytes. Th i s  i s  evidence o f  c e r t a i n  types o f  malfunct ion, and i s  
used i n  t he  a n a l y s i s  o f  undef ined messages (see Column 18) when 
the  t r a n s a c t i o n  i s  completed by,Time-out. 

+ Corrupt Wr i t e /Con t ro l /E r ro r  Reply rece ived ( c lass  f a )  . 
The f i r s t  stage ana lys i s  has i d e n t i f i e d  an Undefined message 
(Type 7) wh i le  t h e  t r a n s a c t i o n  i s  i n  progress and i t  i s  t he  f i r s t  
rece ived 3-byte message where the header matches. 

+ co r rup t  Read Reply rece ived (Class 7b) 
The f i r s t  stage ana lys i s  has i d e n t i f i e d  an Undefined message 
(Type 7) w h i l e  t h e  t r a n s a c t i o n  i s  i n  progress and i t  i s  t he  
f i r s t  rece ived 7-byte message where the  header matches and a  
Read Command has been t ransmi t ted .  



+ Corrupt Command received (Cl.ass 7c.I 
The f i r s t  stage ana lys i s  has i d e n t i f i e d  an Undefined message 
(Type 7 )  w h i l e  the  t r a n s a c t i o n  i s  i n  progress and i t  i s  t he  f i r s t  
rece ived message where the l eng th  i s  equal t o  the  t r a n s m i t t e d  
Command message length. 

+ Other message w i t h  L > 2 received (Class 7e) 
The f i r s t  stage ana lys i s  has i d e n t i f i e d  an Undefined message 
(Type 7) wh i l e  the  t r a n s a c t i o n  i s  i n  progress and t h i s  message 
cannot be f u r t h e r  c l a s s i f i e d  i n t o  c lass  7a t o  7d. 

( *  normal, + abnormal) 

The f i r s t  and extended second stage a n a l y s i s  f o r  s i n g l e  
t ransac t i ons  lead t o  the  f o l l o w i n g  a d d i t i o n a l  dec i s ions  when the  
t r a n s a c t i o n  i s  completed by  Time-out shown i n  Fig. 3b i n  the  lower 
sec t ions  o f  columns 21 and 22: 

+ Reply l o s t  (Classes 8a, 8b) 
The expected Truncated Command message has been received, b u t  th,e 
t ime-out p e r i o d  has elapsed w i thout  a good Reply having been 
received. No o the r  message w i t h  L = 2 must'have been received, 
i n  o rder  t o  make sure t h a t  t he  expected Truncated Command message 
rece ived i s  t he  o n l y  one which can be i n t e r p r e t e d  as such. I t  
i s  reasonable t o  assume t h a t  t he  command has been accepted bu t  
t he  Reply has been l o s t  o r  corrupted.. The e r r o r  recovery 
procedure descr ibed i n  EUR 6100e (IEEE Std.595) s e c t i o n  15.6 
can be used, and the  appropr ia te  a c t i o n  i s  t o  read the  Status 
Register  o f  t he  SCC i f  the  Command was Wri te o r  Cont ro l  (Class 
8a) and t o  Reread the  da ta  i f  t h e  Command was Read (Class 8b). 

+ Corrupt Wri te /Con t ro l /E r ro r  Reply rece ived ( c lass  8d) 
The o n l y  Undefined message w i t h  L > 2 received wh i l e  t h e  
t r a n s a c t i o n  i 's i n  progress has been a Reply Form. The expected 
Truncated Command has n o t  been received. The evidence suggests 
t h a t  t he  Undefined message i s  a cor rup ted Reply i n  response t o  
a ~ r i  t e / ~ o n t r o l  command. The appropr ia te  e r r o r  recovery a c t i o n  
i s  t o  read the  Status r e g i s t e r  o f . t h e  SCC. 

+ Corrupt Read/Error Reply received (Class 8c? 
As t h e  preceding decision, b u t  a Read command has been 
t ransmi t ted  so t h a t  t he  evidence suggests a cor rup ted Read 
Reply. The appropr ia te  e r r o r  recovery a c t i o n  i s  t o  Reread the  
da ta  from the  SCC. - 

+ Corrupt complete Command message rece ived (Class 8e) 
The o n l y  Undefined message w i t h  L > 2 received wh i l e  t he  
t r a n s a c t i o n  has been i n  progress i s  a Command Form. The 
expected Truncated Command has n o t  been received. The evidence 

- suggests t h a t  t he  Command has n o t  been accepted b y  any SCC. The 
appropr ia te  e r r o r  recovery a c t i o n  i s  t o  repeat t he  t ransac t ion .  



+ Undefined E r r o r  (Classes 8 f  and 89) 
The t ransmiss ion  has been completed by  Time-out a'nd the  rec ieved 
messages do n o t  correspond t o  c lasses 8a t o  8e, o r  no messages a t  
a l l  have been received. There i s  i n s u f f i c i e n t  evidence t o  show 
whether the.Command has been executed o r  not.  The .user . program 
i s  in formed t h a t  the t r a n s a c t i o n  has no t  been completed. 

(+ abnormal)' 

9.3 Bu rs t s  o f  t r ansac t i ons  . , 

The second stage o f  message ana lys i s  f o r  a  b u r s t  o f  t r ansac t i ons  
(Fig. 3 c j  i s -  g e n e r a l l y  s i m i l a r  t o  t he  bas ic  ana lys i s  o f  s i n g l e  
t ransac t i ons  ( s e c t i o n  9-11, bu t  e r r o r  recovery i s  r e s t r i c t e d  t o  
repeat ing '  the  whole bu rs t .  Recovery based on the  DERR s t a t u s  cannot 
be used, bacause t h e  DERR s t a t u s  o f  each t r a n s a c t i o n  i s  o v e r w r i t t e n  
b y  any subsequent, t r a n s a c t i o n  t o  the  same SCC. Recovery b y  repeat ing  
p a r t i c u l a r  f a i l e d  t ransac t i ons  i s  not rec~rnmendrd hseause the  e f f e c t  
o f  a c ransac t i on  may depend on i t s  context  w i t h i n  the  bu rs t .  Thus 
b u r s t s  o f  t r a n s a c t i o n s  can on l y .be  used when these r e s t r i c t i o n s  can 
be accepted. 

9.3.1 C r i t e r i a  

I n  a d d i t i o n  t o  the  cond i t i ons  i n  sec t i on  9.1.1 t h e r e  i s  t he  
cond i t i on :  

- Expected number o f  r e p l i e s  rece ived (.Fig. 3c, Cot 20) 
This  i n d i c a t e s  whether t h e  number o f  Read/Write/Control  Repl ies 
received ( i n c l u d i n g  t h e  cu r ren t  message, i f  appropr ia te )  i s  
equal t o  t he  t o t a l  number o f  commands i n  the  bu rs t .  

9.3.2 Decisions 

The f i r s t  and second stage analyses o f  messages i n  a  b u r s t  o f  
t r ansac t i ons  lead t o  the  f o l l o w i n g  decisions, as shown i n  Fig. 3c, 
Columns 21 and 22: 

* Demand k s s a g e  rece ived (Class 1) 
As i n  Sect ion 9.1.2, b u t  the demsn9 i s  serv iced a f t e r  t he  b u r s t  
has. been completed. 

* Command executed success fu l l y  (Classes 2x, 3x1 
The rece ived Reply message does n o t  complete the  expected number . . 
o f  r e p l i e s .  Wait f o r  more r e p l i e s .  

.* Burst  completed success fu l l y  (Classes 2y, 3y) 
The rece ived Reply message completes the  expected number. The 

\ s ta tus  and data  f r o m ' a l l  r e p l i e s  i n  the  b u r s t  a re  t r a n s f e r r e d  t o  
the user program. 

+ .Undefined CAMAC ope ra t i on  executed (Classes 22, 32) 
The Header b y t e  o f  the  rece ived Reply message does n o t  match - 
t h a t  o f  t he  corresponding t ransmi t ted  Command message.. The 
b u r s t  o f  t r ansac t i ons  i s  abandoned. A f t e r  the  t ime-out p e r i o d  a 

has elapsed (so t h a t  a l l  messages r e s u l t i n g  from t h e  b u r s t  have 
been received)  a l l  received messages except Demands a re  discarded, 
and ' t h e  b u r s t  can be repeated. 



+ Command not  executed by  SCC (Class 4) 
> 

An E r r o r  Reply has been received, The b u r s t  o f  t ransac t ions  i s  
abandoned, and can be repeated a f t e r  t he  t ine-out  period. - .  

+ Command not  accepted by any SCC (Class 5) 
A complete Command message has been received. The b u r s t  o f  
t ransac t ions  i s  abandoned and can be repeated a f t e r  t he  time- 
out  period. 

* Truncated Command message received (Class 6) , 

A l l  received Truncated Commands are discarded, and no t  analysed. 

+ Undefined message received (Class 7) 
A l l  received lhde f ined  messages are discarded, and no t  analysed. 

+ Not enough r e p l i e s  (Class 8) 
The t ine-out  p e r i o d  has elapsed before  the  expected number o f  
r e p l i e s  has been received. The b u r s t  o f  t ransac t ions  i s  abandoned, 
a l l  received messages except Demands are  discarded, and the  b u r s t  
can be repeated. 

+ Garbage received 
A l l  messages, except Demands, received when no Transact ion i s  i n  
progress are  analysed as garbage and are  discarded. 

(* normal, + abnormal) 

10. Demand handl ing 

The Demand Handler should prov ide  a secure way o f  handl ing LAM'S 
b y  means o f  simple c a l l s  from the user program. The d e t a i l s  o f  LAM 
handl ing a t  t h e  hardware l e v e l  should be hidden from the  user, b u t  
t h e  f a c i l i t i e s  provided w i l l  depend on the  hardware and sof tware 

.support  a v a i l a b l e  ( f o r  example whether o r  no t  a LAM Grader i s  used, 
opera t ing  system f a c i l i t i e s  f o r  task schedul ing etc.). The f o l l o w i n g  
sec t ions  d e f i n e  t h e  odera t ions  o f  the Demand Handler i n  var ious  . . 
system conf igura t ions ,  

The ac t i ons  o f  t h e  Demand Handler upon rece iv ing  a Demand message 
from the f i r s t  stage o f  ana lys i s  a r t :  

- t o  i d e n t i f y  i t s  source - t o  respond t o  the  Demand - t o  in form the  corresponding user program t h a t  the  demand has 
occurred. 

A LAM Grader provides the  f i r s t  l e v e l  o f  LAM handl ing by  
hardware. Systems w i t h  LAM Graders permi t :  

- f a s t  i d e n t i f i c a t i o n  o f  t he  LAM source (e.g. b y  coded s t a t i o n  
number i n  t h e  SGL-field, comparable t o  a vectored in te r rup t ) ,  

- h igh  system s e c u r i t y  because standard hardware funct i0n.s are  
def ined f o r  masking i n d i v i d u a l  LAM'S. The Demand Handler i t s e l f  
can thus have the  u l t i m a t e  r e s p o n s i b i l i t y  f o r  handl ing LAM'S.. 



However, f o r  some systems the  cos t  o f  LAM Graders i s  n o t  
j u s t i f i e d .  For systems wi thout  LAM Graders: 

- the  user program has the  u l t i m a t e  r e s p o n s i b i l i t y  f o r  hand l ing  
a l l  t he  LAM's i n  t h e  system, 

- LAM s e r v i c i n g  i s  l ess  e f f i c i e n t  because the  system can o n l y  
d i s a b l e  Demands a t  t he  c r a t e  level ,  hence a LAM locks  ou t  o the r  
LAM's from the  same c r a t e  u n t i l  i t  i s  serviced, 

- An a d d i t i o n a l  Read opera t ion  i s  requ i red  f o r  LAM i d e n t i f i c a t i o n  
i n  t he  Crate (comparable t o  a p o l l i n g  procedure). 

The e f f e c t  o f  a LAM lock,ing ou t  o t h e r  LAM's u n t i l  i t  i s  serv iced 
can he avoided' i f  t he  Demand Handler knows the  i r l d i v i d u a l  Disable 
f u n c t i o n  code f o r  each LAM. This a l lows t h e  LAM t o  b e '  d i sab led  and 
the  c r a t e  . demand t o  be re-enabled immediately b y  t h e  Demand Handler 
(see 10.2 below). 

10.1 I d e n t i f i c a t i o n  o f  t he  source o f  a Demand 

For systems w i t h  LAM Graders, t h e  i d e n t i f i c a t i o n  i s  g r e a t l y  
s i m p l i f i e d  i f  the  b i t  p a t t e r n  i n  the  SGL f i e l d  o f  t h e  Demand message 
represents the  s t a t i o n  number o f  t he  module genera t ing  the  LAM. This 
f a c i l i t y  can be prov ided by  the  recommended LAM Grader (see Appendix 
A). 

Systems wi thout  LAM Graders r e q u i r e  one addi t i .ona1 READ opera t i on  
(Read Loca l  LAM Pattern, see WARNING bel'ow) t o  the  app rop r ia te  SCC t o  
o b t a i n  t h e  same s t a t i o n  number in fo rmat ion .  

I n  bo th  systems ( w i t h  o r  w i thout  'LAM Graders) f u r t h e r  
i d e n t i f i c a t i o n  o f  t he  source o f  t he  LAM w i t h i n  the  module (LAM a t  a 
subaddress, .LAM a t  a b i t  pos i t ion ,  o r  o the r  non-standard 
p o s s i b i l i t i e s )  can be performed a t  t he  system l e v e l  o n l y  b y  means o f  
t a b l e s  i n  the  Demand Handler, g i v i n g  the  f u r t h e r  access procedure a t  
t he  module l e v e l .  The e n t r i e s  ih t h i s  t a b l e  can he conveyed f r o m ' t h e  
user program by  dec l 'a ra t ion  statements. I f  t h i s  f a c i l i t y  i s  n o t  
incorpora ted  i n  t h e  Demand .Handler, t h e  user program i t s e l f  must 
perform a search w i t h i n  the  module. 

WARNING: . . 

Modules conforming t o  EUR 41OOe 1969 (ga t i ng  the  L-Sjgnal w i t h  
Dataway Busy) must n o t  be  used i n  con junc t i on  w i t h  SCC-L1 (genera t i  "R Busy du r ing  Read Local  LAM Pat tern) .  This  problem does n o t  occur w i t  
SCC-L2, o r  i f  SCC-L1 i s  used w i t h  new modules. 

10.2 System response t o  a Demand 
, - 

I n  systems w i t h  LAM Graders us ing  the  LAM mask reg i s te r ,  t he  
system response i s  t o  c l e a r  a b i t  i n  t he  LAM Grader mask reg i s te r ,  



corresponding '  t o  t he  SGL number i n  the Demand message, thus-masking 
t h a t  p a r t i c u l a r  LAM. The LAM Grader can be enabled immediat'ely, so 
t h a t  a new Demand message from a d i f f e r e n t  LAN i n  the  c r a t e  can be 
i n i t i a t e d  (see Table 1, mode 11, o r  Demand message i n i t i a t i o n  cou ld  
be enabled a f t e r  the  user has serv iced the  LAN t o  avo id  nes t i ng  
i n t e r r u p t  serv ice '  r o u t i n e s  (see Table 1, mode 2). 

For some a p p l i c a t i o n s  the  mask ope ra t i on  can be omi t ted  (see 
Table 1, mode 3); however, a long i n t e r r u p t  se rv i ce  r o u t i n e  may lead 
t o  genera t ion  o f  a Hung Demand. Such a Hung Demand must n o t  
i n t e r r u p t  t h e  cu r ren t  i n t e r r u p t  se rv i ce  rout ine,  t o  avo id  s e r v i c i n g  
the  same LAM t u i c e  (see 10.7 below). 

If the  Demand Handler f i n d s  t h a t  no user program i s  assigned t o  
, se rv i ce .  the  LAM, the  LAM should be masked out  a t  t he  LAM Grader, and 
an 'unexpected LAM' e r r o r  message should be generated. 

I n  systems wi thout  LAM Graders, t he  Crate Demand must be d i sab led  
u n t i l  t he  i d e n t i f i e d  LAMs are. cance l led  (d isab led  o r  c leared)  i n  
order  t o  avo id  the  genera t ion  o f  Hung Demands (see s e c t i o n  10.7). 
This  problem a r i s e s  because an SCC has o n l y  one DMI-l ine (see EUR, 
6100e, 1976 / I E E E  Std. 595, 1976 s e c t i o n  14.2.4) which may remain 
a c t i v a t e d  due t o  o the r  LAMs which occur be fo re  the  o r i g i n a l  LAN has 
been cancel led. 

The d b d v a n t a g e  o f  d i s a b l i n g  the  Crate Demand u n t j l  t h e  
corresponding user program has cance l led  the  LAM (see Table 1, made 
4) can be avoided b y ' d i s a b l i n g  t h e  LAN i n  the  module b y  means o f  a 
procedure known*to the  Demand Handler. This  a l lows the  Crate Demand 
t o  be re-enabled immediately, and a new Demand message t o  be 
generated if f u r t h e r  LAM'S a re  present  (see Table 1, mode 5). The 
Demand Handler must know ( f o r  example b y  d e c l a r a t i o n s  from the  user  
program) how t o  d i s a b l e  the  LAMs a t  module l eve l .  Modules which do 
no t  have a d i s a b l e  LAN fea tu re  cannot be serv iced by  t h i s  standard 
d i s a b l e  procedure . i n  the  Demand Handler, so i n  t h i s  case the  user  
program must c l e a r  t he  LAM and re-enable the  Crate Demand. 

Systems wi thout  LAN Graders can o n l y  handle unexpected LAM's b y  
d i s a b l i n g  a l l  demands from the o f fend ing  crate.  Recovery from t h i s  
c o n d i t i o n  i s  o n l y  poss ib le  b y  manual i n te rven t i on .  

I n  systems w i t h  LAM Graders o n l y  t h e  expected LAN's a re  unmasked. 

10.3 Demand d i spa tch ing  t o  the  corresponding user program 

A f t e r  t he  Demand Handler has responded t o  the  LAM so t h a t  i t  does 
n o t  generate a Hung Demand, t h e  appropr ia te  i n fo rma t ion  has t o  be 
passed t o  the  corresponding u s w  program. Th is  can be accomplished 
v i a  e n t r i e s  i n  a system t a b l e  i n d i c a t i n g  f o r  example the  s e t t i n g  o f  
event f l a g s  o r  the  a c t i v a t i o n  o f  user tasks. 



10.4, Re-enabling Demand Message I n i t i a t i o n  ' 

A f te r  s e r v i c i n g  a LAM t h e  user  program issues a request t o  
re-enable demands from t h a t  LAM source. 

6 

In  systems.wi th LAM Graders, t h e  response t o  t h i s  request depend8 
on the  mode o f  ope ra t i on  . I f  the  mask r e g i s t e r  i s  used, t h e  Demand 
Handler must se t  t he  app rop r ia te  mask b i t  (see Table 1, mode 1 and 
2). I f  Demand nest ing,  i s  n o t  a l lowed (see 10.2 above) t he  Demand 
Handler must .al.so re-enable Demand message i n i t i a t i o n  (see Table 1, 
mode 2). I f  t h e  mask r e g i s t e r  i s  n o t  used, t he  Demand Handler need 
o n l y  re-enable Demand message i n i t i a t i o n  (see Table 1 , mode 3) .  

I n  systems wi thout  LAM Graders, t h e  Demand Handler may .s imply 
re-enable demands i n  ' the appropr ia te  SCC, o r  i t  may read t h e  Local  
LAM Pattern. I f  t h i s  i s  'zero, i t  re-enables c r a t e  demands; ' i f  i t  i s  
n o t  zero, i t  proceeds as i f  a Demand message had been . received ( se t  
Table I, node 4). 

A l t e rna t i ve l y ,  i f  the  system performs t h e  d i s a b l e  LAM f u n c t i o n  a t .  
t hp  module l e v e l  as descr ibed i n  10.2 above, t h e  response t o  the  
enab'le demand request i s  t o  re-enable the  LAM i n  t h e  module (see 
Table 1, mode 5 ) .  The c r a t e  demand w i  11 ' have. been re-enabled i n  
response t o  t h e  Demand message. 

10.5 ~onnect ion/~ isconnect ion between a LAM and .an I n t e r r u p t  Serv ice 
Rout i ne 

,For c o r r e c t  o p ~ r a t i o n ;  t he  u r s r  program must dec la re  the  
connect ion between a LAM and the  I n t e r r u p t  Serv ice r o u t i n e  be fo re  the  
LAM occurs. Th is  a l lows the  Demand Handler t o  d i s t i n g u i s h  between 
.expected (declared) and unexpected (undeclared) LAM'S.. 

The connect statement conta ins  the  LAM address, and the  a c t i o n s  
which the  Demand Handler must perform on r e c e i p t  o f  t h e  corresponding 
Demand messages '(egg. f o r  some implementat ions the  f u n c t i o n  codes 
f o r -  Disable/Enable LAM). A d isconnect  statement from the  user program 
declares the  corresponding LAM as 'unexpected'. 

10.6 Exp lanat ion  o f  t he  f l o w  char ts .11a t o  l l c  

,' 

Three 'examples o f  implementat ions a re  g i ven  i n  ' t he  f l o w  cha r t s  
l l a  t o  I l c .  . ' 

. , 

The f l o w  chg r t  111 assumes ' the  use o f  t he  recommended LAM trade; 
(see Appendix A). I t  o f f e r s  s e c u r i t y  s ince  the  system has u l t i m a t e  
c o n t r o l  o f  a l l  LAN s i g n a l s  (on l y  those LAMS which are  dec la red i n  the  
user program are  unmasked). 



Systems us ing  LAM Graders can re-enable Demand message genera t ion  
i n  two ways: 

- As soon as the  corresponding b i t  i n  t h e  LAM grader i s  cleared, 
t he  mechanism f o r  genera t ing  f u r t h e r  Demand messages i s  enabled; 

- O r  f u r t h e r  Demand nessage genera t ion  i s  d i sab led  unt i l  t h e  user 
has g i ven  the  request t o  re-enable Demand message i n i t i a t i o n  
a f t e r  t he  LAM i s  serv iced (see 10.2 above). . . 

T h e . f i r s t  method a l lows the  g e n e r i t i o n  o f  f u r t h e r  Demand messages 
from the  same crate,' even when . the  o r i g i n a l  LAM has kt ..been 
serviced. The second method avoids ( n e s t i n g '  ~ f ~ r i n t e r r u p t  se rv i ce  
r o u t i n e s  f o r  one crate.  

The f l ow  cha r t  l l b  i s  f o r  systems wi thout  LAM Graders. To 
ma in ta in  s 'ystem'securi ty t h e  user must ensure t h a t  a l l  poss ib le  LAM'S 
i n  a Crate can be serviced, s ince  an unexpected LAM would l ock  up t h e  . 
whole LAM hand l ing  mechanism i n  a Crate. 

The s e c u r i t y  o f  the  system represented b y  t h e  f lowchar t  I l c  a l s o  
depends upon the  user program s e r v i c i n g  a l l  poss ib le  LAM'S. I t  i s  
s i m i l a r  t o  the  system represented b y  l i b ,  w i t h  the  a d d i t i o n a l  f ea tu re  
t h a t  t he  Demand Handler d i sab les  LAM'S d i r e c t l y .  

, . 

10.7 Hung Demand 

The Hung Demand message mechanism i s  prov ided.  t o  recover a l o s t  
Demand. This  can occur i f  a Demand message becomes corrupted, when 
there  cannot be any response t o  t h a t  Demand by  the  Demand Handler. 
A f t e r  a predetermined time, t h e  LAM Grader ,or t he  SCC i n i t i a t e s  a 
Hung Demand k s s a g e  i n d i c a t i n g  t h a t  some LAM i s  "hanging". 

Problems can occur i f  Demands a re  no t  handled c o r r e c t l y .  I n  
the  f o l l o w i n g  example a LAM i s  serv iced tw ice  -,once as the  r e s u l t  o f '  
handl ing a Hung Demand and again as the  r e s u l t  o f  a normal Demand 
message. Uhen LAM ' A '  occurs t h i s  i n i t i a t e s  a Demand Message 'A', 
bu t  t he  response t o  t h i s  i s  t o o  slow and so a Hung Demand message 18 
i n i t i a t e d  be fore .  t he  Demand Handler masks LAM ' A '  and re-enables 
Demand message i n i ' t i a t i o n .  I n  t he  meantime a second demand LAM ' 0 '  
has occurred, and Demand Message '0 '  i s  i n i t i a t e d  when DM1 i s  
re-enabled. ' The Demand Handler processes t h i s  Hung Demand b y  reading 
the  l o c a l  LAM pattern, which inc ludes  the  b i t  corresponding t o  LAM 

. 'B1. This  i n fo rma t ion  i s  passed t o  the  user program, which serv ices  
LAM B Later, t he  ,Demand Handler receives Demand message '8 '  and 
so the  'same demand i s  processed again. This  problem can .be avoided 
i f  the  a c t i o n  i n  response t o  a Hung Demand does n o t  depend on reading 
the  l o c a l  LAM pa t te rn .  



j0.8 Recovery o f  l o s t  Demand messages 

For hand l ing  Demand messages' v i a  a LAPl Grader, . t he  f o l l o w i n g  .. 
features are  proposed: 

When a normal Demand message ( w i t h  GL- f ie ld  < 31) has been 
gener.ated by an S C C  no f u r t h e r  normal Demand messages w i l l  be 
i n i t i a t e d .  b y  the  LAM Grader (descr ibed i n  Appendix A.5) u n t i l  the  
i n i t i a t i o n  o f  f u r t h e r  Demand messages has been re-enabled. The 

.response t o  a Demand message i s  t o  c l e a r  t he  corresponding b i t  i n  a 
LAM mask r e g i s t e r  ( thus  d i s a b l i n g ' t h e  LAM which has caused'the Demand 
message) and t o  re-enable the  i n i t i a t i o n  o f  f u r t h e r  Demand..messages. 
I f  an unmasked LAM i s  present  a new Demand message i s  i n i t i a t e d .  
D isab l i ng  the  LAM and enab l ing  f u r t h e r  Demand messages may be 
combined i n  one CAMAC command o r  they  may be ,two d i f f e r e n t  CAMAC . 

commands from t h e  Demand Handler t o  the  LAM Grader (see s e c t i o n  10.6 
and Appendix A.5). 

I f  a LAM i n i t i a t e s  a Demand message and i s  then n o t  d i sab led  
w i t h i n  a predetermined t ime (g iven b y  a Repeat Timer) a Hung Demand 
message i s  i n i t i a t e d  and a "Hung Demand Transmitfed" f l a g  (HDT) i s  
se t  a u t o m a t i c a l l y  i n  t he  LAM .Grader. This  f l a g  i n h i b i t s  the  
i n i t i a t i o n  o f  f u r t h e r  normal Demand message's. Only a d d i t i o n a l  Hung 
Demands may be i n i . t i , a t e d  by  t h e  Repeat Timer. 

The HDT f l a g  i s  c leared by a command from the  Demand Handler t o  
the  LAM Grader (see s e c t i o n  10.6 and Appendix A.51, thereby 
re-enabl ing t h e  genera t ion  o f  normal Demand messages. I f  an unmasked 
LAM i s  present, a new Demand message i s  i n i t i a t e d .  BUT NOTE: if the  
HDT f l a g  i s  n o t  se t  when the  ' c l e a r  HDT f l a g '  command i s  received, 
t h i s  command' must n o t  have any i n f l u e n c e  on the  Demand message 
i n i t i a t i o n .  This  i s  because more than one Hung Demand may be 
i n i t i a t e d  i n  sequence, causing more than one Clear HDT f l a g  
i n s t r u c t i o n  from the  Demand Handler, b u t  o n l y  t h e  f i r s t  o f  these 
c l e a r s  t h e  f lag,  and i n i t i a t e s  a new normal Demand message i f  a LAM 
i s  present.  ( I f  the  f o l l o w i n g  c l e a r  HDT f l a g  i n s t r u c t i o n s  a re  no t  
ignored, t h i s  normal Demand message w i l l  be repeated i l l e g a l l y ) .  

SUMWARY: 

The i n t e r a c t i o n  o f  LAM Grader and Demand Handler i s  descr ibed i n  
s e c t i o n  10.6. If a normal Demand 'message i s  lost ,  t he  corres- 
ponding LAM i s  n o t  d i sab led  a Hung Demand i s  i n i t i a t e d .  The 
Demand Handler c l e a r s  the  HDT f lag, re-enabl ing Demand messages. 
Thus the  Demand message corresponding t o  the  "hanging" LAM i s  
rege+%id. 

I f  a Hung Demand i s  l o s t  i n  addi t ion,  t he  Hung Demand i s  
repeated a f t e r  a t ime  determined b y  t h e  Repeat Timer. 



. I f  a Hung Demand i s  generated due t o  over load o f  t he  computer, 
w i thout  l o s s  o f  t he  normal Demand message, c l e a r i n g  the  HOT 
f l a g  enables the  i n i t i a t i o n  o f  t he  nex t  Demand message only, 
s ince the  unserv,iced Demand w i l l  precede the Hung Demand i n  the  
demand queue. Therefore the  .corresponding LAM w i l l  have been 
masked before  the  Hung Demand i s  serv iced (see Table 1, mode 1 
and 2 ) .  

I n  systems n o t  us ing  the  LAM mask r e g i s t e r  the  genera t ion  o f  
Hung Demands due t o  computer over load must be avoided, otherwise 
the  occurrence o f  one LAM can be t r a n s f e r r e d  t o  the  user program 
twice.  Therefore the  user program must .have h igh  enough 
p r i o r i t y  t o  respond t o  a LAM i n  t ime (see Table 1, mode 3 ) .  

For hand l ing  Demand messages w i thout  us ing  LAM Graders the  
recovery o f  l o s t  Demand messages i s  performed b y  a c t i n g  on a Hung 
Demand message i n  the  same manner as on a normal Demand message. Wo 
problem o f  Hung Demands due t o  over load o f  the  computer a r i s e  i,f the  
Demand Handler d i sab les  the  LAM i n  t he  module us ing  knowledge o f  t he  
s p e c i f i c  f u n c t i o n  code (see Table 1, mode 5 ) .  I n  systems where the  
Demand Handler does n o t  d i s a b l e  the  LAM i n  the  module the  Demand 
Handler must have h igh  enough p r i o r i t y  t o  d i s a b l e  the  Crate Demand i n  
t ime (see Table 1, mode 4) t o  avo id  Hung Demands due t o  computer 
overload, otherwise the occurrence o f  one LAM can be t r a n s f e r r e d  t o  
the user program twice.  



I 
F A C I L I T I E S  AND MODE I M O D E  3 I M-3DE 2 I 

OPERATION W I T H  L ~ M - G R A D E R  

ASK REGISTER KOT USED MASK REGISTZR USED BY c 3 E M T I N C ;  SYSTEM 
OPERATING SYSTEM 

MODE' 4 I MODE 5 

W I T H O U T  L A M - G R A D E R  

EMAND MESSAGE 
NIF.IATED I=- 
IATELY 
Y 3EMAND HANDLER 

O N L Y  

C R A T E  DEMAND 

D I S A B L E  

SUBSEQUENT DEMAND MESSAGES 
IlEFERRED UNTIL  THE USER 
HAS SERVICED THE CURRENT LAM 

DISPATCH DMD TO USER 
BY DEMAND HANDLER 

USER INTERRUPT 
SERVICE 

r 

REENABLE DMD. 
MESSAGE INITIA?ION 
BY REQUEST' FROM 
USER 

D I S A B L E I E N A B L E  

LAM . A T  

M O D U L E  L E V E L  

ACTION FOX LAM SOUR 
NO ACTION NEEDED ( IDE ' I ITIFICATION I N  DENAND MESSAGE) 

EG. : S E T  EVENT FLAG, ACTIVATE TASK 

EVENTUAL SEARCE FOR THE LAM I N  'THE MODULE, IF  NEEDET + CLEAR LAM I N  MODULE 

BY DMD HANDLER 

RESPONSE TO HUNG 
. D m ,  BY DMD HANDLER 

RESPONSE TO A REGu- 
LAR DEMAND, BY 
DEMAND. HANDLER 

READ LOCAL LAM PATTERN 

UNMASK THE LAY I N  
LAM. GRADER . . 

DISABLE 
CRATE' DEMAND 

DISABLE CRATE 
DEMAND + DISABLE 
LAM I N  MODULE + 
ENABLE CRATE 
DEMAND 

U6LOCK LAM GRADER BY XEQ COMMAND 

UNMASK THE LAM . 

. I N  THE LAM GRADER 
+ REENABLE DMD 
MESSAGE I N I T I A -  
TIObl  

?USE THE LAP: I t7  
LAM GRADER + REEN- 
ABLE DEMAND 
Z N I T I A T I O N  

MASK THE LAM I N  
THE LAY GARDER 

REENABLE DMD 
MESSAGE 
I N I T I A T I O N  

REENABLE CRATE 

3MD 

REENABLE LAM 

I N  MODULE 



11. System Services . , 

I n  a d d i t i o n  t o  the  user (app l i ca t i on )  program and the  S e r i a l  
Driver, f a c i l i t i e s  r e f e r r e d  t o  here as the  'System Services'  a re  
requi red.  They may be p a r t s  o f  an ope ra t i ng  system, o r  cou ld  be 
p a r t l y  incorpora ted  i n  the  user p r o g r m  i n  applications wi thout  an 
ope ra t i ng  system. The System Services a re  imp1,ementation dependent, 
t h e r e f o r e  no d e t a i l e d  d e s c r i p t i o n s  a re  given, o n l y  p r i n c i p l e s  a re  
discussed. 

The f o l l o w i n g  are  the  main f a c i l i t i e s  a l ready  l i s t e d  i n  sec t i on  
6 .  

- Queue 

To prov ide  the  f l e x i b i l i t y  o f  asynchronous i npu t /ou tpu t  together  
w i t h  t h e  execut ion  o f  normal i ns t ruc t i ons ,  t h e  system must con ta in  an 
a lgo r i t hm t o  manage queues where dev ice  handler  requests a re  
buffered. 

- CAMAC Address Check 

I n  the  case o f  CAMAC, i t  i s  good ' p r a c t i c e  t o  per form address 
checks t o  increase system r e l i a b i l i t y  as f a r  as poss ib le .  I n  systems 
w i t h  s t a t i c  addresses a t  run t ime the  address check coutd be done 
d u r i n g  assembly. I n  systems tha t .  a l l o w  dynamic address modi f icat ion,  
these checks must be per fo rped a t '  run-time, a t  t he  expense o f  
execut ion  speed o f  t he  program. 

A reasonable address check i s  a p l a u s i b i l i t y  check o f  t he  CANAC 
address, i.e. whether the  CAMAC C,N,A,F l i e s  i n  the  permiss ib le  
range. 

- Data B u f f e r  Address Check 

Another check i s  t o  t e s t  whether the  user b u f f e r  address l i e s  i n  
the  appropr ia te  da ta  space (memory p r o t e c t i o n  f a c i t i t y ) .  

- CAMAC Device Protection Against Unauthorized User Access 

To enable the  System Services t o  b lock  i l l e g a l  accesses t o  CAHAC 
devices, t he  user program must dec la re  the  CAMAC space belonging t o  I 

i t s  corresponding process. 
I 

- Response t o  an event represent ing  a LAM o r  an e r r o r  

On the  occurrence o f  a LAM o r  an e r r o r  t he  System Services pass 
the  appropr ia te  i n f o r m a t i o n  t o  the  corresponding user program. The 
assoc ia t i on  between the  LAR and the  se rv i ce  program can be s ta t i c ,  o r  
i t  can be changed dynamical ly  b y  a statement i n  t he  user program 
(connecting/disconnecting a LAM o r  an e r r o r  with/from- i t s  interrupt 
serv ice) .  

NOTE: I f  a user program stops o r  i s  aborted,.al l  declared e n t i t i e s  
must be disconnected. 



- System e r r o r  

The system shou ld  i n c o r p o r a t e  a gene ra l  r o u t i n e  t o  handle  system 
e r r o r s .  For example, i n  t h e  case o f  a f a t a l  e r r o r  a message c o u l d  be 
p r i n t e d  on t h e  o p e r a t o r  console, and t h e  S e r i a l  D r i v e r  i n h i b i t e d  f rom 
p r o ~ e s s i n g  f u r t h e r  CAMAC requests.  

- Data and parameter t r a n s f e r  be tween- the  S e r i a l  D r i v e r  and t h e  user  
program 

I n  some systems, address parameters passed from t h e  user  program 
must be  mapped i n t o  p h y s i c a l  hardware addresses. 

1 .  User I n l e ~ . f d c e  

Th i s  s e c t i o n  summarises t h e  communication (da ta  and parameter 
pa ths )  between t h e  user  program and t h e  system software,  r ep resen ted  
i n  Fig. 2 as  System Services.  Th i s  i n t e r f a c e  depends on  f a c i l i t i e s  
p rov i ded  i n  . the System Serv ices  and i'n t h e  S e r i a l  D r i v e r  as w e l l  as 
i n  t he  user  program, represen ted  b y  t h e  a p p r o p r i a t e  language. The 
aims o f  t h e  f o l l o w i n g  d e s c r i p t i o n s  a re  n o t  to ,  d e f i n e  any s p e c i f i c  
language semant ics  o r  syntax, b u t  t o  g i v e  g u i d l i n e s  f o r  
implementat ions.  

12.1 D e c l a r a t i o n  f a c i l i t i e s  

For CAMAC d e v i c e  p r o t e c t i o n  aga ins t  unau tho r i zed  u s e r .  access i t  
i s  necessary  t o  d e c l a r e  t h e  used CAMAC address space f o r  each user  
program. For user  programs which want t o  respond t o  LAM'S o r  e r r o r s  
( f rom.  t h e  t r a n s a c t i o n s  per formed b y  t h e  SO) i t  i s  necessary  t o  
d e c l a r e  t h e  c o r r e l a t i o n  between a LAM o r  E r r o r  and t h e  s e r v i c e  
r o u t i n e  i n  t h e  user  program. For t h e  i d e n t i f i c a t i o n  o f  t h e  LAW 
o r i g i n  i n  cases whe,re LAM Graders a r e  used, i t  i s  necessary  t o  
d e c l a r e  t h e  Cra te  address .and t h e  GL-number. I n  systems w i t h o u t  LAM .. . - 
Graders t h e  c r a t e  address and t h e  s t a t i o n  number must be dec lared.  
For those systems n o t  u s i n g  LAM Graders b u t  d i s a b l i n g  LAN's i n  t h e  

. . module i t  i s  necessary  t o  d e c l a r e  t h e  s p e c i f i c  D i sab le  and Enable LAM 
f u n c t i o n  code. 



12.2 User Reques ts .  . 

A user request i s  e i t h e r  f o r  da ta  t r a n s f e r  between CARAC devices 
and the  user program, o r  f o r  t he  'execut ion o f  c o n t r o l  f u n c t i o n s  i n  
CARAC devices. The user request may con ta in  the  f o l l o w i n g  parameters: 

CARAC dev ice  address 
CARAC f u n c t i o n  
Wr i te  da ta  
Memory l o c a t i o n  address for.Read data  
Memory l o c a t i o n  address f o r  t r a n s a c t i o n  s ta tus  
Type 6f data  format represent ing  the  da ta  i n  t he  CAMAC dev ice  
and i n  t he  memory l o c a t i o n  
Type o f  t r a n s a c t i o n  ( s i n g l e  CRD/RPY o r  b u r s t  o f  t ransac t ions)  
Reconf igura t ion  Command (see Sect i o n  13.2) 
LAN address /o r i g in  (used f o r  Demand message i n i t i a t i o n  a f t e r  
LAM serv ice)  

A l l  parameters can be t rans fe red  d i r e c t l y  oh i n d i r e c t l y  b y  a 
memory l o c a t i o n  address (po in te r  t o  parameter o r  t o  a parameter f i e l d  
i f  appropr ia te ) .  A b u r s t  o f  t r ansac t i ons  requ i res  parameter f i e l d s :  

- CAMAC dev ice  address (can be reduced t o . o n e  parameter) 
- .  CARAC f u n c t i o n  (can be reduced t o  one parameter) - Wr i te  da ta  

. - Memory l o c a t i o n  address ' f o r  Read data - Memory l o c a t i o n  f o r  t ransac t ion '  s ta tus .  . . 

The Block Transfers (expla ined i n  Supplement t o  EUR 4100e, IEEE 
Std 683) can be executed b y  means o f  preprocessing i n  a Block 
Transfer  Handler, which t r a n s f e r s  the  user request f o r  t he  Block 
Transfer  i n t o  e i t h e r  a se r ies  o f  s i n g l e  CMD/RPY t ransac t i ons  o r  i n t o  
a b u r s t  o f  t ransac t ions .  A B lock Transfer  can be transformed i n t o  a 
b u r s t  o f  t r ansac t i ons  i n  cases where t h e  Block Transfer  can be 
repeated, and a b u r s t  handler i s  implemented i n  t he  SD. 

13. System I n i t i a l i s a t i o n  

System i n i t i a l i s a t i o n  must o n l y  be performed under the  c o n t r o l  o f  
the  SD, o therwise user requests t o  i n i t i a l i s e  p a r t s  o f  t h e  s e r i a l  
system cou ld  lead t o  f a t a l  e r ro rs .  

I n  p r i n c i p l e  the  system i n i t i a l i s a t i o n  can be d i v i d e d  i n t o  two 
par ts :  

- the  ' c o l d  s t a r t '  o f  the  whole s e r i a l  CAMAC system a f t e r  power 
on, and 

- system r e - i n i t i a l i s a t i o n  requests t o  r e s t a r t  i n d i v i d u a l  ex te rna l  
processes from the  user program o r  t he  operator.  



13.1 I n i t i a l i s a t i o n  from a  c o l d - s t a r t  . . 
A f t e r  power-on a  s u f f i c i e n t  number o f  MAIT by tes  must be 

generated i n  o rder  t o  synchron is t  t he  SCC's and the  r e c e i v i n g  p a r t  o f  
t h e  SD. 

The i n i t i a l i s a t i o n  procedure, f o r  the  Ser ia f  system i s  based on an 
i n d i v i d u a l  i n i t i a l i s a t i o n .  o f  each c r a t e  known t o  t h e  SD. Th is  
knowledge,can be conveyed e i t h e r  by .p rede f i n ing  a  number o f  c ra tes  
w i t h  f i x e d  c r a t e  addresses, o r  b y  a  dynamic d e c l a r a t i o n  procedure 
t o g .  a  summary o f  a l l  c r a t e  addresses g i v e n  b y  an i n t e r a c t i v e  
communication w i t h ' t h e  opera tor  o r  b y  a  s y s t e m ~ c o n f i g u r r t i o n  f i l e .  

The i n i t i a l i s a t i o n  procedure from a  c o l d  s t a r t  f o r  each cratC 
depends on whether o r  n o t  t he  system i s  equipped w i t h  LAM Graders. 

The f i r s t  Command sent t o - t h e  appropr ia te  SCC w i l l  se t  i t  i n t o ,  an 
unbypass condi t ion,  and the  second w i l l  se t  a l l  r e levan t  s t a t u s  b i t s  
i n  the SCC s t a t u s  r e g i s t e r .  Two separate Commands a re  recommended 
becal~se EUR 6100e o r  IEEE Std 595 o n l y  permits o p e r a t i o n  OR the o the r  
b i t s  o f  t h e  s ta tus  r e g i s t e r  when r e s t o r i n g  the  unbypass s t a t e  (see 
EUR 6100e o r  IEEE Std 595 Sect ion  12.4.2). 

This  s e t t i n g  o f  s t a t u s  b i t s  i n  the  SCC i s  performed w i t h  U r i t e  
group 2  (F17 N30 A01 and data. For t he  unbypass Command t h e  da ta  i s  
equal t o  zero. For the  second Command the  da ta  depends 00 whether o r  
no t  the, system i s  equipped w i t h  LAM Graders. 

I n  systems w i t h  LAM Graders,, da ta  403 ( o c t a l )  represents: 

- Generate Z (masks a1 1 LAN's i n  the '  LAM Grader) - Generate Clear 
- I n h i b i t  o f f  - ' Enable Demand - Loop Csl lapse - Dataway on - l i ne  

I n  a d d i t i o n  t o  the  Commands t o  the. SCC, the  Demand Message 
Generat ion a t  t h e  LAM Grader as descr ibed i n  Appendix A .  
must be enabled by  ENB (F26 a t  A l l .  

I n  systems wi thout  LAM Graders, .data 3  (oc ta l )  i s  as above except 
fo r :  

- Disab le  Demand 

. . 
13.2 Request For I n i t i a l i s a t i o n  

For some a p p l i c a t i o n s  i t  i s  u s e f u l  t o  a l l o w  a  p a r t i a l  
r e - i n i t i a l i s a t i o n  o f  the  S e r j a l  sys.tem on user o r  opera tor  requests, 
which means, t h a t  an i n d i v i d u a l  e x t e r n a l  process i s  r e s t a r t e d  o r  t h a t  
the  S e r j a l  Highway c o n f i g u r a t i o n  i s  changed dynamical ly  (e.g. f o r  the  
maintenance o f  pe r iphe ra l s ) .  



System r e l i a b i l i t y  can. o n l y  be guaranteed.when r e - i n i t i a l i s a t i o n  
o r  recon f i gu ra t i on  (bypass, l oop  co l lapse)  requests a re  supervised b y  
the  system s e e  Sytem Services,, Sect ion 11) which means t h a t  
i n d i v i d u a l  users o r  programs can o n l y  access t ' he i r  declared process 

- .  p e r i p h e r i l s .  

I n  cases where d i f f e r e n t  user programs share one crate, system 
r e l i a b i l i t y  can o n l y  be guaranteed when the  execut ion  o f  dangerous 

. requests i ' s  t rapped (e.g. Crate I n i t i a l i s e l .  

NOTE: 

When system reconf  i g u r a t  i o n  commands ( rese t -  bypass, se t  loop 
col lapse)  a re  performed, t h e  SD must wa i t  more than 1OOnrs 
be fore  t r a n m i t t i n g  the  next  Command, and must generate a 
s u f f i c i e n t  number o f  SPACE by tes  (see EUR 6100e o r  IEEE Std 595 
sec t ions  12.4.2 and 12.4.3); - F o r  example, t h e  r e c o n f i g u r a t i o n  
requests from the  user can b e - f l a g g e d  (see s e c t i o n  12) t o  enable 
the  SO t o  change the  number o f  SPACE by tes  and t h e  time-out. 
Commands f o r  system i n i t i a l i s a t i o n  a re  handled l i k e  normal 
s i n g l e  CMD/RPY t ransac t ions .  ' I n  cases when an i n i t i a l i s a t i o n  
request leads t o  an undef ined e r r o r  (see s e c t i o n  9) i t  should be 
s i g n a l l e d  as a system e r ro r .  

I't should be noted that, i n  any case, spur ious e r r o r s  occur 
du r ing  the  CMD/RPY t ransac t ion .  which performs the  system 
reconf igurat ion,  as a consequence o f  t h e  r e l a y  swi tch ing.  
Therefore, i n  cases o f  undef ined e r r o r  as the  r e s u l t  o f  these 
transact ions, t he  eas ies t  way.of recovering. i s  t o  read the  
s ta tus  r e g i s t e r  o f  t h e  SCC t o  o b t a i n  i n fo rma t ion  about i t s  
cu r ren t  s ta te .  

14. I n t e r a c t i o n  between S e r i a l  D r i ve r  Tasks 

The S e r i a l  D r i v e r  f l o w  c h a r t  .(Fig, 5) descr ibes the  th ree  bas ic  
s t a t e s  o f  t h e  S e r i a l  Driver:. Y i t h i n  s i n g l e  CMD/RPY transact ions, 
b u r s t s  o f  t r ansac t i ons  a n d ,  ou ts ide  t ransac t ions .  The d i f f e r e n t  
simultaneous a c t i o n s  o f  t he  SD a re  represented b y  independent tarks, . -  . . .  
which are  

- Transmit ter  - Receiver - Command Handler - Demand Handler - Reply Handler - Er ro r  Handler - Burs t  Handler .. , 

I t  shows the  cond i t i ons  under which t h e  d i f f e r e n t  e n t r y  and e x i t  
'po in ts  o f  t he  s p e c i f i c  Handler (g iven-5n more d e t a i l  i n  t he  f l o w  
char ts )  a re  selected. 

I t  i s  assumed . t h a t  . the  Transmit ter  generates 4iAIT by tes  i f  i t  
sends no commands. 



The sequence f o r  e r r o r - f r e e  s i n g l e  CMDIRPY t r a n s a c t i o n s  i s  
i nd i ca t . ed  b y  t h e  heavy l ines,  s t a r t i n g  a t  t h e  t o p  r igh t -hand  corner  
o f  t h e  diagram. 

The Command Handler (see ~ ; g .  6 )  i s  en te red  i f  t h e  p rev ious  
d e c i s i o n  d i d  n o t  r e q u i r e  a  response t o  a  demand, and i f  a  new request  
has been i ssued  b y  t h e  user  program, and i f  t h i s  request  c a l l s  f o r  a 
s i n g l e  t r a n s a c t i o n .  .The- a p p r o p r i a t e  Command message i s  t ransmi t ted ,  
and t h e  SD-receiver (see Fig. 7) processes t h e  Truncated Command 
message. The sequence leaves t h e  SD-receiver a t  e x i t  1  and en te r s  
t h e  f i r s t  s tage  o f  . a n a l y s i s  (see Fig. 8 ) .  Th i s  g i v e s  t h e  
i n t e r m e d i a t e  d e c i s i o n  'Truncated Command message', e x i t  I, and t h e  
secdnd s tage o f  a n a l y s i s  i s  performed i n  t h e  E r r o r  Handler (see Figs.  
10a and l ob ) .  Th i s  g i v e s  t h e  f i n a l  d e c i s i o n  a t  e x i t  3 t o  wa i t  f o r  
t h e  Reply message. The SD-receiver processes t he  rece l ved  Reply 
messag,e, e x i t  2, and t h e  f i r s t  s tage a n a l y s i s  i s  en te red  again.  Th is  
t i m e  t h e  d e c i s i o n  i s  'Read/Wr i te /Contro l  Reply', e x i t  4. The second 
s tage a n a l y s i s  i s  i n  t h e  Reply Handler (See Figs.  9a and 9b) and 
g i v e s  t h e  d e c i s i o n  ' T ransac t i on  CompLeted Successfu l ly ' ,  and the 
sequence r e t u r n s  f rom e x i t  1 t o  t h e  beg inn ing .  
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APPENDIX A 

LAM GRADERS FOR THE SERIAL CRATE CONTROLLER TYPE L2 

A1. I n t r o d u c t i o n  

The CAMAC S.eria1 ~ i ~ h w a ~  prbv ides  a method o f  demand 
i d e n t i f i c a t i o n  t h a t  i s  n o t  t o  be found i n  t h e .  brqnch Highway (EUR 
4600e, IEEE Std 596).  The S e r i a l  D r i ve r  (SD) rece ives  demands b y  
means o f  Demand Messages from the  S e r i a l  Crate C o n t r o l l e r  (SCC).  The 
S C C  ' i s  ab le  t o  generate three-byte messages comprising Crate Address, 
S e r i a l  Graded LAM (SGL) Number and a Checksum. Thus t h e  SD i s  ab le  
t o  i d e n t i f y  t he  l o c a t i o n  o f  t h e  module t h a t  i s  genera t ing  the  LAM, 
w i thout  recourse t o  CAMAC'rcad o r  t e s t  operat ions.  I n  o rder  t o  
generate the  -SGL f i e l d  i n  t he  Demand message a f i v e - b i t  p a t t e r n  i s  
presented t o  the  rear  connector o f  the  SCC. These b i t s  can o f  course 
be any b i t  pattern, o r  s imply t h e  S t a t i o n  Nurnber o f  .the module t h a t  
i s  generat ing the  LAM. 

This d e s c r i p t i o n  i s  intended as a gu ide  t o  those implementing LAM 
Graders ' t o  be used i n  S e r i a l  Systems. The fea tures  descr ibed are  
those t h a t  should be found i n  any LAM Gr,ader used f o r  the  S e r i a l  
System and, wh i l e  designers may add fea tures  t h a t  they  consider a re  
desirable, a LAM Grader conta in ing  o n l y  t h e  fea tu res  descr ibed would 
form a v i a b l e  u n i t .  

A2. Features 

A2.1 L Status 

While Dataway Busy i s  n o t  present a l l  modules a re  f r e e  t o  asser t  
L s lgnr ls ,  and the  incoming L s l g n a l s  from the  SCC a re  loaded i n t o  a 
24-bi t  L Status r e g i s t e r .  When the  LAM Grader - rece ives  Busy from the  
Dataway o r  Demand Busy . from the  SCC i t  main ta ins  the  prev ious 
contents o f  t h i s  r e g i s t e r .  I f  Busy occurs (e.g. from an a u x i l i a r y  
c o n t r o l l e r )  wh i l e  a Demand message i s  being transmitted, some modules 
may be forced t o  remove t h e i r  L signals, b u t  t he  immediately prev ious 
L s ta tus  i s  a v a i l a b l e  from the  r e g i s t e r  i n  order  t o  determine the  SGL 
f i e l d  o f  t he  message. 



A2.2 L Mask 

. A 24-b i t  r e g i s t e r  i s  prov ided t o  mask the  output  from the  L 
Status r e g i s t e r  ('1' enables, ' 0 '  d isab les) .  The r e g i s t e r  i s . c l e a r e d  
b y  ~ n i t i a l i ' s e  and CL2 ( F l l ) . '  I t  . i s  a l so  accessed by B'S2 (F2O A131 ,. . 
and BC2 (F22 A13). See sect ion.A3,. for exp lanat ion  o f  BS2 and BC2. 

A2.3 L Request 

. ' 

The l o g i c a l  AND o f  t he  L s t i t u s  grid the  L Mask r e g i s t e r s  forms 
the  L Request ' r e g i s t e r 1 .  

A2.4 Encoded L Request 

The output  from the  L Request ' r e g i s t e r '  i s .  encoded t o  form a 
f i v e - b i t  number which may be read v i a  the  Dataway b y  RD1 (FO AO). 
This  f i v e - b i t  number i s  used f o r  the  SGL f i e l d  o f  the  Demand message. 
Uhere more than one b i t  i s  present  on the  encoder i npu t  t he  lowest 
b i t  number w i l l  t ake  preference. Thus, i f  no pa tch ing  o f  incoming L 
s i g n a l s  i s  employed, t h e  SGL Number i n d i c a t e s  the  le f t -most  L s i g n a l  
i n  the Crate. 

\ A2.5 Demand Message Generat iqn . 

I f  the re  i s  a b i t  present  a t  t h e  ou tput  from the  encoder, t he  
Demand Message I n i t i a t e  (DM11 i s  passed t o  the  SCC. The Demand 
message, w i t h  t h e  SGL number, i s  then t ransmi t ted  on the  s e r i a l  
highway. Uhen a Demand message has been i n i t i a t e d  the  LAM Grader 
au tomat i ca l l y  suspends t h e  genera t ion  o f  f u r t h e r  Demand messages 
(except Hung Demands) u n t i l  unlocked by  XEQ (F25 a t  A2). . This  
prevents genera t ion  o f  unwanted Demand messages t h a t  cou ld  occur I n  
c e r t a i n  circumstances i n v o l v ~ i n y .  the  , c l e a r i n g  of a LAM. 



When a Hung Demand message has been i n i t i a t e d  the  LAM Grader 
suspends t h e  genera t ion  o f  f u r t h e r  Demand messages (except Hung 
Demands) u n t i l  unlocked by  XEO (F25 a t  A3), and meanwhile ignores  F2s 
a t  A2. 

A f t e r  the  LAM Grader has been i n i t i a l i s e d  (2 )  the  suspension and 
i n t e r l o c k i n g  fea tures  descr ibed above must a l l o w  Demand message 
generat ion. 

The Hung Demand Timer i s  rese t  (STIM removed) when t h e r e  a re  no 
LAM's present  a t  t he  Decoder, p r o v i d i n g  t h a t  a Hung Demand has n o t  
occurred. I n  a d d i t i o n  i t  i s  rese t  b y  XEQ a t  A3. 

Demand message genera t ion  can be enabled and d i sab led  b y  t h e  U8e 
o f  ENB (F26 A l l  and D I S  (F24 A l l .  The ENB opera t i on  does n o t  a f f e c t  
t he  Demand message suspension i n t e r l o c k s .  These can be unlocked 
immediately from any s t a t e  b y  .XEQ a t  b o t h  A2 and A3. A l te rna t i ve l y ,  
t he  LAM Grader can be a l lowed t o  go t o  the  Hung Demand s t a t e  and then 
unlocked i n  the  normal way. 

The ENB and XEQ commands should remove DM1 f o r  a s u f f i c i e n t  
p e r i o d  o f  t ime t o  a l l o w  a new Demand nessage t o  be generated when a 
LAM i s  a l ready  present.  I n  o rder  t o  prevent  ambiguous Demand message 
genera t ion  when more than one Hung Demand has been rece ived b y  t h e  
SD, t he  XEQ a t  A3 command must be ignored i f  a Hung Demand i s  n o t  
present (e.g. i t  has a l ready  been c leared '  by  a prev ious  XEQ a t  AS). 

A2.6 Using the  LAM Grader 

LAM's can be handled a t  the  SD b y  one o f  tk methods. E i t h e r  they  
can be serv iced one a t  a time, o r  they  can be masked o f f  i n  t he  LAM , 

Grader as they  occur and queued i n  the  SD t o  be serv iced l a t e r .  

I n  t he  f i r s t  method, f o l l o w i n g  r e c e i p t  o f  a Demand message t h e  
LAM i s  s e r v i c e d  and the  LAM Grader i s  r e a c t i v a t e d  by  XEQ a t  A2,. This  
a l lows f u r t h e r  Dem,and message genera t ion  and subsequent Demand 
messages a re  handled i n  the  same way. I f  a Hung Demand message i s  
t ransmi t ted  the' LAM Grader w i l l  suspend genera t ion  o f  f u r t h e r  Demand 
messages, except f o r  f u r t h e r  Hung Demand messages, u n t i l  an XEQ 
command a t  A3 i s  performed. Fol lowing t h i s  command t h e  LAM Grader 
w i l l  g i v e  a message corresponding t o  the  le f t -most  LAM i n  the  c r a t e  
( i f  any). 

. . .  

P r o t e c t i o n  against  Hung kmand messages a r i s i n g  from de lay  i n  
s e r v i c i n g  the  LAM may be prov ided b y  masking o f f  t he  LAM w i t h  BC2 a t  
A13 u n t i  1 the  LAM i s  serviced, when i t  can be masked on w i t h  BS2 a t  
A 1  3. 

'1n the  second method, f o l l o w i n g  the  r e c e i p t  o f  a Demand message 
the  re levan t  b i t  i n  the  LAM Grader i s  masked o f f  and the  LAM Grader 
reac t iva ted .  'This  i s  done b y  BC2 @t .A13 fo l l owed  by  XEQ a t  A2. 



To s i m p l i f y  t h i s  r e a c t i v a t i o n  the command BC2 a t  A l l  w i t h  U r i t e  
da ta  W 1  t o  US corresponding t o  the  SGL f i e l d  o f  t he  Demand message 
has t h e  same e f f e c t  as BC2 a t  A13 and XEQ a t  A2. Fol lowing a  Hung 
Demand message ( w i t h  SGL f i e l d  = 31) the  command BC2 a t  A l l  w i t h  

'Wr i te  da ta  31 has the  same e f f e c t  as XEQ a t  A3. Thus f o r  t h i s  method 
o f  ope ra t i on  BC2 a t  A l l  w i t h  da ta  equal t o  the  received SGL number i s  I - 

always the  response t o  a  Demand message. Fol lowing the  ope ra t i on  t o  
se rv i ce  the LAM i t s e l f ,  t he  re levan t  mask b i t  can be se t  w i t h  BSZ a t  
A13. 

A2.7 I n t e r n a l  LAM 

The S e r i a l  'LAM ~ r a d e r  should be prov ided w i t h  i t s  own i n t e r n a l  
LAM f o r  t e s t  purposes.. This  i s  s e t ' b y  t i t h e r  f r o n t  panel push b u t t o n  
o r  Lemo connector. This  LAM i s  t ransmi t ted  on the  L  l i n e  o f  t he  
Dataway connector and i s  gated w i t h  and..cleared by  CLM (F10 AO). I t  

. . i s  t e s t e d  w i t h  TEST (F8 AO). An addit iona.1 Lemo connector a t  the  
f r o n t  panel g i ves  an output  when the  LAM , i s  set.  

A2.8 Recommended Commands For Basic Features 

Feature . Address Commands 

I n t e r n a l  LAM A0 CLR ( F l O )  TLM (FE) 

DMD. MSG  ene era ti on . A l  D I S  (F24)  ENB (F26) 

Reset MSG Suspension A2 XEQ (F25) 

Reset Hung Demand A3 XEQ (F25) 

Encoded L  Reg is te r  GP1 A0 R D 1  (FO) 

L  Mask ~ e ~ i s t e r  

L  Mask Register  

GP2 A13 

GP2 A l l  

NOTES : 

* Writh data  U1-US determines which b i t  o f  t he  r e g i s t e r  i o s e t  b y  
BS2 and c leared by BC2. 

# I f  the  Wr i te  da ta  W1-US i s  i n  the  range 1-30 t h i s  determ'ines 
which b i t  o f  t he  r e g i s t e r  i s  cleared. The command a l so  has the  
e f f e c t  o f  XEQ a t  A2. 1 

t 

I f  the  Wri te data W1-US has value 31 the  command has the  e f f e c t  
o f  XEQ a t  A3. 



A2.9 A d d i t i o n a l  Features 
. - 

I f  a S e r i a l  LAM Grader has f e a t u r e s  a d d i t i o n a l  t o  those '  
descr ibed, , t h e  f u n c t i o n  code and t h e  subaddresses shou ld  be i n  

- accordance w i t h  those s p e c i f i e d  f o r  LAM f e a t u r e s  i n  modules i n  EUR 
4100e, IEEE S td  583. S p e c i f i c a l l y ,  i t  i s  s t r o n g l y  recommended t h a t  
t h e  .L S ta tus  and L Request r e g i s t e r  shou ld  be  addressed a t  Gp2 Ail2 
and A14 r e s p e c t i v e l y .  Where these r e g i s t e r s  a r e  accessed b y  t h e  
Dataway as 24-b i t  words t hen  L1. shou ld  cor respond t o  R1/U1 and L21 t o  
RZl/UZI t t c .  b 

I n  o r d e r  t o  make t h e  LAM Grader u s e f u l  i n  a p a k a ' l l e l  highway 
system conforming t o  EUR 4600e and IEEE Std  596, t h e  Se lec ted  LAM 
Present s i g n a l  can be  used as t h e  equiwa' lent  o f  E x t e r n a l  Demand. 
P r o v i s i o n  shou ld  be made f o r  accep t i ng  t h e  C o n t r o l l e r  Addressed 
s i g n a l  from Crate C o n t r o l l e r  Type A1 as an equi ,va lent  o f  t h e  S t a t i o n  
Number address o f  t h e  LAM Grader. The encoded LAM number can be read  
v i a  t h e  Dataway b y  R D 1  (FO AO). I n  o rde r  t o  i d e n t i f y  t h e  c r a t e s  w i t h  

, a c t i v e  demands, i.f t h e  LAM Grader has a demand p resen t  i t  shou ld  
respond t o  a m u l t i - c r a t e  o p e r a t i o n  RD1 (FO A11 b y  g e n e r a t i n g  an 
ou tpu t  on one o f  t h e  l i n e s  R1 t o  R7, co r respond ing  t o  i t s  c r a t e  
address i n  t h e  p a r a l l e l  system. The SGL Encoder connector  on t h e  LAM 
Grader i s  n o t  p i n - f o r - p i n  compat ib le  w i t h  t h e  LAM Grader connector  on 
Crate C o n t r o l l e r  Type A l ,  b u t  can be  s u i t a b l y  c ross  connected. 

A2.10 I n i t i a l i s a t i o n  

The LAM Grader responds t o  t h e  I n i t i a l i s e  o p e r a t i o n  b y  c l e a r i n g  
i t s  mask r e g i s t e r ,  c l e a r i n g  i t s  LAM, d i s a b l i n g  message g e n e r a t i o n  and 
removing any message g e n e r a t i o n  suspension. 

A3. Treatment o f  LAM numbers 

The SD r e c e i v e s  Demand messages i n  which LAM'S a r e  i d e n t i f i e d  b y  
b i n a r y  codes. The Demand Handler shou ld  be a b l e  t o  use these  numbers 
i n  c o n t r o l l i n g  co r respond ing  f e a t u r e s  o f  t h e  LAM Grader. Therefore 
t h e  two non-standard f u n c t i o n  codes FZO and F22 a r c  used t o  se t  and 
c l e a r  i n d i v i d u a l  b i t s  o f  t h e  LAM Mask r e g i s t e r .  A f i v e - b i t  number on 
t h e  w r i t e  l i n e s  ( W 1 - W S )  i s  decoded i n  t h e  LAM Grader t o  s e l e c t  t h e  
b i t  t o  be se t  o r  c l ea red  b y  t h e  B i t  Set Group2 ( ~ ~ 2 1  o r  B i t  C lear  
Group2 (BC2) commands. Thus t h e  Demand Handler i s  concerned o n l y  w i t h  
LAM Numbers and i s  n o t  concerned w i t h  b i t  positions I n  a 24-blt uord. 

A4. . D e s c r i p t i o n  o f  t h e  b l o c k  diagram 

The B lock  Diagram (F ig .  A21 i s  i n t ended  as an a i d  i n  
unders tand ing  t he  o p e r a t i o n  o f  t h e  f e a t u r e s  desc r i bed  i n  appendix A. 
I t  i s  n o t  suggested . t ha t  t h e  diagram rep resen t s  an a c t u a l  
implementat ion.  The f o l l o w i n g  t e x t  may a l s o  be read i n  . c o n j u n c t i o n  
w i t h  t h e  f l o w  diagram (F ig .  A3). 

, . . . 



The 24 L signal; a r e  loaded i n t o  a LAM s t a t u s  r e g i s t e r  b e f o r e  
be ing  presented t o  a 24-b i t  LAM Mask. A l l  Mask b i t s  oan be cleared- 
s imul taneously b y  i n i t i a l i s e  .or a c l e a r  operation, and each b i t  can 
be se t  o r  ckeared i n d i v i d u a l l y .  I 

Fol lowing the  Mask, t h e  encoder s e l e c t s  t h e  h i g h e s t . p r i o r i t y  LAM it . 

and presents i t  as a 5 - b i t  encoded p a t t e r n  t o  the  5 SGL ' l i n e s . . ' T h i s  
p a t t e r n  can a l s o  be read v i a  the  Dataway. The OR o f  t he  5 SGL 
s i 'gnals  i s  used t o  i n d i c a t e  t h a t  an a c t i v e  LAM i s  present.  

, 

The Enab le /D isab le .  f l i p - f l o p  i s  used t o  g i v e  o v e r a l l  c o n t r o l  o f  
t he  LAM Grader and allo'ws a c t i v e  LAM'S t o  asse r t  Selected LAM Present 
(SLP) a t  t he  SCC. - - - . . . -  

The sequence o f  ope ra t i on  o f  t h e  i n t e r l o c k  c i r c u i t r y  i s  as 
fol lows, s t a r t i n g  w i t h  a l l  f l i p - f l o p s .  rese t :  

The a s s e r t i o n  o f  SLP set's t h e  Timer S t a r t  f l i p - f l o p  which asse r t s  
S t a r t  Timer (STIM) t o  the  SCC.: The SCC responds b y  a s s e r t i n g  
Time-Out (TIPlO) i.ihPii;li causes' t he  LAM. Grader t o  Set i t s  Demand 
Transmit ted f l i p - f l o p  and t o  asse r t  Demand Message I n i t i a t e  (DMI), 
thereby causing the  SCC t o  t ransmi t  a Demand message. 

The Demand Transmit ted f 1 ip-f . lop prevents the  . Timer S t a r t  
f l i p - f l o p  be ing  s e t  again u n t i l  t he  LAM Grader has .received a Command 
t h a t  acknow1,edges the  Demand message (XEQ' a t  ~ 1 2 ) .  The removal o f  
SLP w i l l  however rese t  t he  'Timer S t a r t  f l i p - f l o p ,  thus  stopping the  
Hung Demand Timer i n  t h e  SCC. 

When the  'Timer i n '  t he  S C C  t imes out, TIMO i s  removed- f o r  ZOOnS. 
/ 

This  removal o f  TIMO w h i l e  STIM i s  present  i s  used t o  se t  t he  Hung 
bemand Transmit ted f l i p - f l o p  i n  t h e  LAM Grader, and a Hung Demand. 
message i s  i n i t i a t e d  on the  re -asser t ion  o f  TIMO. 

The Hung .. Demand fransmi t t e d  f l i p - f l o p  maintain.$ STIM u n t i  1 the, 
Hung Demand i s  ac.knauledged b y  t h e  command XEQ a t  A3,. During t h i s  
t ime f u r t h e r  Hung Demand messages.are t r a n s m i t t e d  a t  t he  end o f  each 
time-out per iod.  

The' SCC does n o t  d e t e c t  the  removal o f  STIM u n t i l  some t ime a f t e r  
Dataway Busy i s  removed, see Fig. 14-1 i n  EUR 6lOOe and IEEE Std 595. 
The Reset Timer f l i p - f l o p  i s  used t o  ensure that, f o l l o w i n g  an XEQ 
Command ( a t  A2 or A3 as appropriate),  t h e  t imer  i n  t he  SCC w i l l  
always be  stopped. I f  an a c t i v e  LAM i s  s t i l l  present  then the Timer 
w i l l  be re -s ta r ted  immediately. 
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