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Author 1 s Note : T h i s p re s e n tat i o n  refl ects the  s tate o f  t he  CAMAC 
I ntermed i a te L a n guage at the  t i me i t  was o r i g i n a l l y  pre s e n ted . 
Readers a re c a u t i oned to con s u l t the· ESONE  Software Work i n g  Group  
( SWG ) for  i n fc rmat i on a bout  po s s i b l e  c h a n ge s  a nd  the  curre n t  
s tate of deve l o pmen t .  

S i n ce i ts pu b l i cat i on i n  1969 , t h e  CAMAC s tandard h a s  become a 
we l l - e s tab l i s h e d  sys tem for con s truct i o n  of per i phera l sys tems , 
e s pe c i a l l y  d a t a - a cq u i s i t i on  a nd  contro l  e 1 ec tron i c s .  I ts maj o r  a d 
v a n tages  t o  u s e rs i n c l ude modu l ar i ty ,  wh i ch a l l ows easy expan s i on 
of  h ardwa re ; comp l e te me ch a n i c a l  and  e l e ctr i ca l compat i b i l i 'ty b e 
tween eq u i pme n t  from d i ffe re n t  man u fa cturers ; and  a s ta n d a rd i zed 
h ardware i n te rface to the  contro l l i n g sys tem . T h e  corre s pon d i n g  
s tandard i zed s oftware i n terfa ce h as n o t  ye t  been f u l l y  deve l oped . 
T here i s  an a ct i ve effort  u nderway i n  the  ESON E SWG to deve l op  s tan
d a rd i zed s oftware for  CAMAC , i n  cooperat i on  w i th  t h e  US AEC  N I M  
CAMAC si�G . 

T h e  work of t h e  ESONE  SWG h a s  been  i n  two comp l eme n tary areas . The  
CAMAC L ang uage , wh i ch was de s cr i bed  by  M r . Degen h a rd t , i s  a h i gh 
l eve l  l an g u age . The  I n termed i a te Leve l  L ang uage , o r  I ML , i s  a n  a s 
semb l y- l eve l  l a nguage  con ta i n i n g t h e  p arame ters req u i red t o  contro l 
CAMAC h a rdwa re . T h u s  i t  i s  a s i mp l e r , more pra gma t i c approach  th a t  
can  be  i mp l eme n ted more eas i l y u s i ng e x i s t i n g  macro a s s emb l ers .  
( F i g .  1 )  An i mportan t s i m i l a r i ty between both  l an g uages  i s  th a t  t h ey 
both  u s e  th e h o s t- paras i te con cept ; both  con ta i n o n l y  i n format i o n  
con cern i n g con tro l of  CAMAC _h a rdware a n d  i n te rfac i n g  t o  th e hos t 
l a nguage  a n d  operat i ng  sys tem , wh i l e  the  a c tu a l  d a ta - proces s i n g p r o 
grams a r e  wr i t ten i n  th e h o s t  l anguage . ( F i g .  2 )  

Th i s  pres e n ta t i on w i l l  s umma r i z e  the  genera l p rob l ems o f  a ttemp t i n g  
t o  s tandard i ze s oftware for CAMAC , d e s c r i b e  th e cu rren t s tate o f  I ML , 
and  i n trod uce  a n  i mp l eme n ta t i o n  of I ML compat i b l e  w i th a FORTRAN h o s t .  
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Th e  genera l p ro b l ems  o f  s ta n d a rd i z i n g  s o ftware  for C AMAC h ave  b e e n  s umma r i z ed  

v e ry we l l i n  a p a p e r  p ub l i s h ed i n  t he  I E E E  Tran s a c t i o n s  o n  N u c l e a r  S c i e n ce , 

CAMAC tuto r i a l  i s s ue .  E x cerpts  o f  the  p a pe r , wr i t te n  by R i c h ard F .  T h omas , J r .  

o f  t h e  L o s  A l amo s S c i e n t i f i c L a b o ratory ,  a n d  e n t i t l e d  " S ame As pect s  o f  CAMAC 

S o ftware " , are q u o ted  b e l ow : 

" . . .  N I M  a n d  E SONE  h ave  g i ven  s ome effort to  try i n g  to  i d e n t i fy c ommon s oft 

ware prob l ems a n d  s u gg e s t g e nera l  s o l u t i o n s  t o  t h em , b ut i n  th e f i n a l  anyl y s i s  

t h e  genera l i ty of  CAMA C  h ardware l i m i ts t h e  extent  to wh i c h s t a n d ard s oftware  

• c a n  be . d e f i n e d  . . .  I t  may be  h e l pfu l , h oweve r , to  d i s c u s s  those  a s pects  o f  CAMAC 
sys tems wh e re s oftware prob l ems may e x i s t ,  to i n d i cate  wh i c h of th e s e  may be 

a l l e v i ated  to s ome e xten t by s ta n d ard s o ftware , a n d  to s u g g e s t g e n er a l  a p proac h e s  

�o s ome o f  t h e  prob l ems . 

" T h ere  are t h re e  maj o r  areas  of  v ar i a b i l i ty ,  more o r  l e s s  i n depende n t  o f  e a ch 

o t h er , i n  mos t  CAMAC sys tems . [ ( F i g .  3 ) ]  J h e  compu ter  a nd  CAMAC i n terface  com

p r i s e  one p a r t , and o n e  wh i ch can often be  covered  w i th  a v e n e er  of  u n i fo rmi ty 

u s i n g e s tab l i s h ed te ch n i q u es . T h e  s e cond  p a r t  i s  t h e  sys tem des c r i pt i o n , i . e . , 

h ow many b ra n ch e s , cra tes , a n d  mod u l e s  a re th ere , a n d  where  c a n  a g i v e n  mod u l e 

o r  co l l e c t i o n  o f  modu l es be  fou nd i n  t he  sys tem? . . .  [ T h e] l o cat i o n s  o f  mod u l e s 

are  n orma l l y  embod i ed i n  a prog ram or  i ts i n p u t  p a ramete rs . T h e  t h i rd a n d  l a s t  

part o f  t h e  prob l em i s  t h e  d e s cr i pt i o n  o f  t h e  p rog rams , o r  pro ce d u res , wh i c h a 

p a rt i  c u l  a r  mod u l  e o r  s e t  of  mod u l  e s  i s to  pe rform . T h e s e  prog rams typ i  c a  l l y 

depend  o n l y o n  t h e  mod u l e s  th ems e l v e s , a n d  not  u po n  th e i r l o cat i o n s  o r  t h e  com

p u ter  sys tems t o  wh i ch t hey are i n te rfaced . 

1 1 • • •  [ T h e] s e p a ra t i o n  [ of th e s e  th ree as pects  o f  t h e  prob l em J e a n  be  a c comp l i s h e d  

fo r the  computer  a n d  i ts CAMAC i n terface  by wr i t i n g  pro gr ams i n  l a n g u a ge s  s u c h 

a s  FORTRAN, i n  wh i c h a con s i d erab l e de gree  o f  ma c h i n e i n d epe ndence  can  b e  a ch i e ved , 

a n d  by prov i d i n g  a s ta n d a rd i zed  i n te rfa ce to t he  C AMAC h a rdware from s u ch  l a n -

g u ages  . . . • T h e  rema i n i n g two parts  o f  t he  sys tem d e s c r i p t i o n  e a ch depend  to t a l l y  

o n  the s pe c i f i c a p p l i c a t i o n , a n d  t he  mos t o n e  can  h ope  for  from genera l s o ft1�are  

i s  t h a t  i t  w i l l  ma k e  t h e  pro ce s s of  embody i n g  th i s  i n fo rma t i o n  i n  a prog ram a s  

e a sy a s  p o s s i b l e .  S e par at i n g  the  conf i g u r a t i on  i n fo rma t i o n  from t h e  proced u ra l  

p a rt of  t h e  C AMAC a p p l i c a t i o n  program g e n er a l l y  i s  n o t  d i ffi c u l t ,  b u t  may req u i re 

a con s c i o u s  effort  o n  t h e  part  o f  t h e  prog rammer 

1 1 Perhaps  t h e  mo s t  d i ffi c u l t p ro b l em to dea l  w i th  i n  s pe c i fy i n g  genera l  s o ftware  

fo r CAMAC i s  th e g e n e ra l i ty o f  t h e  h a rdware . . .  I t  i s  tru e t h a t  CAMAC i mpos e s  

s ome ru l e s a n d  con s t r a i n t s  o n  t he  d e v i ce  i n te rfa ce s wh i ch a r e  to be  p l u g ge d  i n to 

the crates , b u t  v e ry rnu c h  more i s  u n k n own t h a n  i s  k n ovm a b o u t  a sys tem u n t i  1 th e 
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modu l es are s pe c i f i ed .  N e i t her  th e fu n ct i o n  codes i mp l emen ted , the  mea n i n g , 
i f  a ny , of  Q res pon se s , n or  t h e  n umber ,  mean i n g ,  o r  mode o f  h a n d l i n g  of LOOK
AT-ME s i gn a l s c a n  be  known i n  advance . 

" Th i s  prob l em o f  genera l i ty . . .  l e ads  n atura l l y  to a two- l eve l h an d l e r  con cept . 
( F i g .  4 )  A l ow- l e v e l  h an d l er  prov i des t he  b as i c  c a p a b i l i ty to commu n i cate w i th  
a CAMAC branch  o r  cra te ; a h i gh - l eve l  h a n d l e r , mu c h  l e s s  genera l , i s  wr i tten  
to dea l  w i th each  modu l e  or  set  of mod u l e s  wh i ch may form a fun c t i o n a l  u n i t i n  
the sys tem . . . .  e a ch of t hese  h i gh - l eve l  h an d l ers wou l d c a l l upon  a s i n g l e ,  
l ow- l e ve l  CAMAC h a nd l e r  for i s s u i n g  the  v a r i o u s  CAMAC commands  to the  dev i ces , 
for recogn i z i n g a n d  s o rt i n g  the LOOK-AT-ME s i gn a l s , a nd  for contro l l i n g  a c c e s s  
t o  th e dataway . 

1 1 One  l a s t  po i n t wh i ch a des i g ner  s h ou l d  cons i de r  i s  the  prob l em of eff i c i e n cy . . .  
I t  i s  a we l l - k n own ch a ra cteri s t i c of computer prog rams t h a t  genera l programs 
wri tten  i n  h i g h - l e ve l  l a n g u ages  tend to be  s l ower t h a n  s pe c i a l - p u rpo se  programs 
wri tten  i n  a s s emb l y  l a n gu ages . Th i s  . . .  i s  an argumen t for c l as s i f i c at i on  a nd  
s p e c i a l i z a t i o n  of  proced u res  wh i ch are executed i n  CAMAC h a-rdware so  t h a t  th ey 
can be  . . .  wr i tten  to t a ke  fu l l advan tage of the  h a rdware capab i l i t i e s a v a i l ab l e 
i n  a g i ven i n terface  wh i l e at  the  s ame t i me b e i n g  a c c e s s i b l e  to p ro g r ams i n  
h i g h e r- l ev e l  l an guages  . . .  O n e  c l a s s i f i ca t i o n  wh i ch c a n  b e  a p p l i ed to CAMAC pro
cedu res i s  a fun c t i o n a l  o ne : . . .  The  add re s s  s ca n , repe a t , and  s top  mode s  of  
us i n g the  Q res pon s e , defi ned i n  [ EUR-4 1ooe J , are  e xampl es of  s u ch procedures , 
and t he  h i gh er- l e ve l  h and l e rs s u gges ted i n  the pre v i o u s  p aragraph cou l d  a l s o  b e  
examp l e s  . . .  + An a l ternat i ve c l a s s i f i ca t i on  wh i ch i s  n o t  s u i ta b l e f o r  s tand ard 
i z a t i on  over t h e  tota li ty of  CAMAC sys tems , b u t  wh i ch i s  neverth e l e s s  v a l u ab l e to 
the u s ers of  a p art i c u l a r computer and CAMAC i n terface comb i n a t i on i s  b a s e d  o n  
. . .  [ c l a s s e s J of  proced u res  ta i l ored to a part i c u l a r type o f  h a rdwa re [ ; th e s e ] 
prob a b l y  offer t he  ma x i mum performa n ce a v a i l ab l e w i t hout  i nd i v i d u a l l y  wr i t i n g  
e a c h  procedure i n  ma ch i ne l a n guage . 1 1  

Now l et ' s co n s i d er  the pres e n t  s ta te of  the I ML a s  an a t tempt to d e a l  w i th s ome 
of the pro b l ems d e s cr i bed  by Mr . Th omas . I n  t he  E S O N E  SWG i t  be came c l e ar  th a t  
a s i n g l e syn t a x  fo r I ML for a l l p o s s i b l e  h o s ts w a s  n o t  a n  opt i ma l  a p pro a ch , s o  
t h e  SWG h a s  c o n cen trated i ts efforts o n  a s ema n t i c des c r i p t i on , l e av i n g  open  
the  pos s i b i l i ty of  s e vera l d i fferent  syn taxes for part i cu l a r has t l a n gu a ge s  a nd  
operat i n g  sys tems . 

+ I n ci den t a l l y , i t  s eems l i k e l y t hat  s ome of th e s e  mod es wou l d  operate  mu c h  
d i ffe re n t l y  i f  the s oftware peop l e h a d  be come i n tere s t ed  i n  CAMAC ear l i e r !  
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B efore s ta r t i n g  w i t h  s ema n t i c d e t a i l s , l e t ' s  t a k e  a s h or t  l oo k  a t  CAMAC 

h a rdware . O n e  can s ee s e vera l  b a s i c  s tr u c t u r a l  fe a tu res a b o u t  CAMAC from 

F i g .  5 :  F i r s t , i t  i s  a mu l t i p l e xe r  sys tem . T h e re fo re i t  c a n n o t  exe cu te 

tru e l y  s i mu l taneou s o pera t i o n s i n  d i ffe r e n t  mod u l es or  s u b a d d re s s e s . ( T h i s  

wou l d  req u i re u s i n g  t he  s ame b u s  - t he  DATAWAY - for  more t h a n  o n e  o p e r -

a t i on  a t  t h e  s ame t i me . ) CAMAC can  on l y  p e rform i n te r l e aved  opera t i o n s . 

S e cond , t h e  sys tem c a n  be  d i v i ded  roug h l y  i n to t h ree  l e ve l s ,  t h e  f i rs t two 

o f  wh i ch a re d ef i n e d  by th e ESON E s ta n d ard s  E U R- 4 1 ooe , a n d  E U R - 46 ooe . 

Th e s e  d e f i n e  the  s pe c i f i c a t i o n s  for  c o n n e ct i n g  mod u l e s to  t h e  DATAWAY a n d  

for i n te r c o n n e c t i n g  c r ate s  to th e BRANC H  H I GHWAY , res p e c t i ve l y .  T h e  th i rd 

l ev e l  o f  t h e  sys tem , a s  yet not s ta n d a rd i zed  by E SON E , i s  the i n terco n n e c-

t i o n  of  o n e  o r  mo re BRANCH E S  to t h e  h o s t comp u te r- sys tem . l t  i s  prob ab l e  

t h a t  th i s  h i g h e s t l ev e l  c an  never  b e  s ta n d a rd i zed . T h i rd ,  t h e  CAMAC sy s tem 

i s  a mod u l a r  s ta n d a rd , so i t  i s  pos s i b l e  to  u s e  o n l y  t h o s e  l ev e l s wh i c h a re 

s u i tab l e f or  a g i v e n  sys tem . For  examp l e ,  a sma l l sys tem c a n  u t i l i z e a 

s i n g l e c r a te w i th a s pe c i a l  crate con tro l l e r a c t i n g  as  a n  i n terface  to th e 

compu ter  ( a  4 1 0 0 - o n l y  sys tem ) , b u t  a v e ry l a rge  sy s tem c a n  u t i l i z e an  

" a u gme nted  b ra n c h "  s tr u c ture  ( 4 1 0 0 , 4600 , a n d  e xte n s i on s  wh .i c h  are  not  s t a n d 

a rd ) . A s e r i a l  t r a n sm i s s i on sys tem f o r  i n tercon ne c t i n g  c r ates  i s  u n d e r  d e v e l o p 

men t  to  comp l eme n t  th e p ara l l e l BRAN C H  H I GHWAY . A l s o ,  a few p o i n ts a b o u t  ter

m i n o l o gy - u s u a l l y ,  t h e  comma nd s  to h ardware  b eyo nd  the  DATAWAY l e v e l  a re 

c a l l ed sys tem comma n d s , wh i l e  th e fun ct i o n  d i rected  a t  a p a r t i c u l a r  mod u l e 

a n d  t he  parts  o f  t h e  mod u l e  a ddre s s  ta ken  togeth e r  are  u s u a l l y  c a l l ed t h e  

CNAF . ( F i  g .  6 )  
N ow l et i s l oo k  a t  s ome pos s i b l e sys tem- s tru ctures  for  CAMAC s oftwa re . 
Two g e n e r a l  a p pro a c h e s  for s o ftware  contro l  of  p e r i p h e ra l s a r e  to u s e  a n  I / 0  

contro l - l a n g u a ge d e d i c a ted  to th e appropr i a t e  pe r i p h e r a l  ( e . g .  a ch a n n e l  

con tro l prog ram i n  th e 4004 ) o r  t o  u s e  a s et of  I / 0  req u e s t s  comp l e te l y  u n d e r  

h o s t- l a n g u age  co n tro l  ( e . g .  ma cro c a l l s  to  t h e  s u p e rv i s o r  i n  th e 40 0 4 ) . ( F i g . 7 )  

An I / 0  l a n g u a g e  i s  a me an s of de s c r i b i n g  a s eq u e n c e  o f  a c t i o n s , a n d  i n c l u d e s  s ome 

s eq ue n t i a l  con tro l  or b r a n c h i n g capab i l i t i es .  I n  c o n tras t ,  I / 0  req u e s t s  are s e l f

con ta i n ed i n d i v i d u a l  opera t i o n s  wh i ch do n o t  i n t e r a c t  e xcept  th ro u g h  t h e  h o s t  

l a n g u age  and  ope r a t i n g  sys tem . A l l c o n t ro l  c a p a b i l i t i e s re s i d e i n  th e h o s t .  

A good h a rdware a n a l o gy to  the  I / 0  con tro l - l a n g u a g e  i s  t he  u s e  o f  a n  a u ton omo u s  

I / 0  pro ce s s o r  to  c o n tro l  pe r i p hera l s  ( e . g .  a graph i c- d i s p l ay proce s s o r ) .  T h e 

h a rdwa re a n a l o gy to the  u s e  o f  I / 0  req ue s ts i s  a s i n g l e - i n s truc t i o n p r o ce s s o r  

wh i ch pe rforms o n e  a c t i on a n d  then  wa i t s f o r  furth e r  req ue s ts or  a s k s  t h e  ce n t r a l  

proces s o r  fo r s e rv i ce ( e . g .  h a rdware te l e type  c o n tro l l e r ) . T h e  b a s i c  s tr u c t ure 

o f  CAMAC h ardware i s  t h a t  of  a s i n g l e - i n s tr u c t i o n  proce s s o r  o r  s l a v e  sys tem . 
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The  advantage s  of  a CAMAC sys tem us i n g I / 0  req u e s t s  i n c l u d e  ea sy i mp l ementa
t i o n  a n d  e asy i n te rfa c i n g  w i th a n  e x i s t i n g  operat i n g  sys tem and  h o s t 
l an g u age . For req ues ts wh i ch pe rform comp l ex  a ct i o n s  s u ch  a s  a b l o c k-tran s fe r , 
t h e  o verhead  i s  not  exces s i ve ,  b u t  for s e q uen cES of  s i mp l e CAMAC operat i on s  
( one  CNAF e a ch ) , a l a n guage approach  i s  more effi c i e nt  b e c a u s e  i t  m i n i mi z e s  
overh ead  i n  t he  ho s t l an g uage , e s pec i a l l y  for cond i t i o n a l  s eq uen ces of  s i mp l e 
operat i ons . T h e  I ML a ttempts to comb i n e  t he  b e s t fe ature s  of  both  approa ch e s  
by def i n i n g  t h e  p arameters to des cr i b e  e i ther  approach  a n d  l ett i n g  t h e  i nd i 
v i d u a l . i mp l emen tat i on  c hoose  wh i ch approach t o  fo l l ow .  

For b o th a pproache s , I ML s t i l l  u s e s  the h o s t- para s i te c o n c ep t  ( F i g .  2 )  b e c a u s e  

t h e  co s t i n  b Qth  t i me a n d  mon ey for ESON E o r  o t h e r  i n d i v i d u a l  re s earc h  l a b ora 
tor i e s  to deve l o p  and  ma i n t a i n e n t i re s o ftware - s upport  sy s tems for  many d i ffer
ent types of  computers  i s  too great  - the n e ce s s a ry a s s emb l ers , comp i l ers , and 
opera t i n g - sy s tem execut i ves  u s u a l l y  a l re�y e x i s t , a nd  th e mos t c o s t - effe c t i ve  
a pproach  i s  to  use  e x i s t i n g  s oftware s upport a s  far  a s  pos s i b l e ,  a n d  extend  i t  
w i th s ome form o f  s u pport wh i ch d e a l s on l y  w i th con tro l o f  the  CAMAC h a rdwa re 
and  i n terfa c i n g  th i s  s upport to th e h a s t l an g u a g e  and  operat i n g sys tem as a para
s i te .  Th i s  a l s o  ma kes  u s e  of  the  CAMAC e xten s i on s  mu ch ea s i e r .  U s ers  are n o t  
forced  t o  l e a rn e n t i re new sys tems . They c a n  program th e i r  a p p l i c a t i o n s  i n  
w i de l y- u s ed l a n g u ages  s u ch  as  FORTRAN , a n d  run  them  u s i n g t he  e x i s t i n g  o pera -
ti n g  sys tems t h a t  th ey a l ready u nders tan d . T h ey on l y  h a ve to l e arn  a b o u t  t he  
p arameters h o l d i n g  t he  CAMAC con trol  i n forma t i on  a n d  the  i n fo rmat i on  abou t the  
i n terfa ce to the hos t l an g uage and  operat i n g- sys tem . Th i s  i s  why ESON E h a s  
wo rked on  t h e  I ML a s  wel l a s  t he  CAMAC l a n g uage . T h e s e  p a rameters  a r e  th e e s s en 
t i a l  part  of  th e s eman t i c d e s cr i pt i on  wh i ch we ' l l  try to exam i n e  n ext . F i r s t ,  l e t ' s 
def i n e  a few s tr u ctura l  e l ements  of  the  I ML s ema n t i c s  a s  i t  i s  c u rre n tl y  b e i n g  
d i s cu s s ed by t h e  ESONE  SWG . 

S i n ce CAMAC h a rdware can not  be  d i re ct ly  d e s cr i bed  i n  mos t h o s t  l a n g u ages , the  
I ML mu s t  prov i de the  mean s  of  de s cr i b i n g  CAMAC h a rdwa re . I ML prov i d e s  5 d i ffere n t  
types of  CAMAC addres se s . ( F i g .  8 )  T h e s e  d a ta types extend th e c a p a b i l i t i e s of t h e  
h o s t l a n g u a ge . T he  f i rs t two types des cr i b e  s i n g l e CAMAC add re s s es , a n d  t h e  l a s t  
3 defi ne  arrays o f  CAMAC addre s s e s wh i ch are  a cces s ed se� uen t i a l l y .  

Be c a u s e  the  I ML i s  a p a r a s i te l a n g u age  wh i ch extend s  the h o s t ; s  c a p a b i l i t i e s ,  th e 
I ML us es  t he  s oftware d a t a - types  of  th e h os t .  ( F i g .  9 )  I n  th i s  way , th e d a t a  read  
from o r  wr i tten to the CAMAC h a rdware can  b e  d i rec t l y  man i p u l a ted by h os t- l a n g u age 
d a ta - p ro ce s s i n g s tatement s . 
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T h e  I ML i n c l u de s  a v a r i e ty o f  l an g u a g e  e l eme n ts to  de s c r i b e  th e o p era t i o n s  

to be  pe rfonned o n  CAMAC h a rdwa re . ( F i g .  l o ) Mos t o f  th e s e a re con cerned  
w i th e x a c t ly  h ow a p a r t i c u l a r  operat i o n w i l l  b e  perfo rmed , o r  t h e  a l g or i t hm  

t o b e  u s e d . S ome l a n g ua g e - e l ement s  from  t he  h o s t  a re  u s ed ( s u c h  a s  n u rnbers  

or  v a r i a b l e s  fo r t he  repe a t - c ou n t , a n d  s ta teme n t  i de n t i f i er s  for  T E ST s ta te 

me nt s ) ,  wh i l e  o th e r s  a re def i n ed d i re c t l y  i n  I ML ( fo r  e xamp l e ,  t h e MOD E  

S P E C I F I E R wh i ch d e s c r i bes  h ow t h e  Q - re s pon s e  s h o u l d be  u s ed ) . An  i mportan t 

are a  wh i ch i s  cu rren t l y  u n d er  d i s cu s s i o n  by t h e SWG i s  t h e  d e f i n i t i on o f  
l a n g u age  e l emen ts for s ta t u s  i n forma t i o n . I n  add i t i on t o  t h e  a ct u a l  d a t a  

• tra n s ferre d , th e s ta t u s  wh i c h re s u l t s  from a CAMAC opera t i o n  mu s t  b e  made 

a v a i l ab l e to t he  h os t- l a n g u age  program . 

I n  an  a ttempt to c l a s s i fy proced u re s  fu n c t i o n a l l y , t h e  I ML d ef i n e s  t he  a c t u a l  

a l g o r i thms u s ed to  e xec ute certa i n types  o f  d a t a  tran s fe rs . T h e s e d e f i n i t i o n s  

go  b eyond  t he  h ardware s pe c i f i c a t i o n s  o f  E UR- 4 1 ooe  to def i n e  t h e  s oftware i n 

te ract i o n s . An e xampl e o f  read i n g  l o  word � from a mod u l e i n  R E P EAT MOD E  ( wa i t 

i n g for e a c h  word t o be  re ady )  s h ows t h e  s oftware a s pects  wh i c h are  not  def i ned  
i n  E UR- 4 1 ooe , s u c h  a s  · th e  repe a t  co u n t  a n d  the  tes t fo r too  many a t tempts . 

( F i g .  1 1 )  

T h e  v a r i o u s  e l ements  o f  the  I ML a re t h e  s e t  o f  p a r ameters u s ed to d e f i n e  C AMAC 

o p era t i o n s . ( F i g .  1 2 ) T h e  h a rdware a n d  s oftware d a ta types  a n d  th e s pe c i a l  l a n 
g u a g e  e l eme nt s  def i n e  th e a c ces s  to  a CAMAC mod u l e ,  a n d  t h e  s ta t u s - i n fo rma t i on  

e l emen ts  te l 1 t h e  prog ram wh a t  h a ppened . T he  s pe c i a l  l a n g u a ge e l eme n t s  a re 

grouped to g e t h er  i n  t he  con d i t i o n  f i e l d ,  a nd  t h e  s ta tu s - i n fo rma t i o n  e l eme n t s  

a re g ro u ped  to ge ther  i n  the  s ta t u s  f i e l d ( o r t hey w i l l  b e  wh e n  t h ey h a v e  b e e n  

d ef i n ed better ) !  

L a s t l y , t h e  I ML s e pa r a tes  t h e  types  o f  CAMAC opera t i o n s  i n to s ev e ra l d i ffe ren t 

c l a s s es , o n  t he  b a s i s  of  th e fu n c t i on o f  th e opera t i on a nd  t h e  types  o f  p a rame 

ters  wh i ch e a ch c l a s s  req u i res . ( F i g .  1 3A ) E xamp l e s  are : READ , wh i ch t r a n s fe rs 

d a ta from CAMAC to th e h o s t- l a n g u a g e  prog ram ; WR I T E , wh i c h t r a n s fers d a ta t he  

ot her  way ;  MO V E , wh i ch tran s fer s  d a t a  d i re ct l y b etween two CAMAC mod u l e s ( fo r  

e xampl e a g r o u p  of  s c a l e r s  a nd  a h a rdware d i s p l ay mod u l e ) ; a n d  T E ST , wh i c h te s t s 

t h e  Q - re s p o n s e  from a p a r t i c u l a r modu l e  a n d  cau s e s  a con d i t i o n a l  b r a n c h  d e pe n d i n g 

u pon  t h e  res u l t .  

I n  add i t i o n  to t h e  ACT I O N  s tateme n�  of I ML , th ere  a re n o n - e x e c u t ab l e s t a teme n t s  

wh i ch prov i d e  l i n k a ge  i n fo rma t i on  from t h e  I ML prog ram to t h e  h o s t l a n g u a ge 

a n d  operat i n g  sys tem . ( F i g .  1 3 B ) T h e s e  s tateme nts  i n c l u d e  d e c l a r a t i o n s  of h a rdware  1 

d a ta - types  a n d  i n terru p t- l i n k a g e  i n fo rma t i o n , e t c . 
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The  l arge s t u nre s o l ved prob l em i n  I ML i s  t h e  def i n i t i on  o f  s tandard h a n d l i n g 
of i n terrupts . T h i s  i s  c l ear l y a d i ffi c u l t prob l em ow i n g  to t h e  d i ver s i ty of  
computer  i n terrup t- sys tems , the  i n teract i on s  w i th execut i ve  fu n ct i o n s  o f  ope r
a t i n g  sys tems , and the d i fferen t pos s i b l e  u s e s  of  LOO K-AT-ME s i g n a l s from a 
CAMAC crate . Thes e req u e s t  s i g n a l s may b e  a s s o c i a ted  w i th program i n terru pts  
fo r o ne  mod u l e ,  o r  be a s s o c i a ted o n l y  w i th data- trans fer req ue s ts ( OMA ) for 
syn c h ron i z i n g h ardware b l o c k - trans fers  for a d i ffe re nt  mod u l e .  The s o ftware 
can n ot  eas i l y  d i s t i n gu i s h  between the s e  two c l a s s e s  of LOO K-AT-ME s i g n a l s 
w i t h o ut  add i t i o n a l  i n format i o n . I n  many sys tems , th e s e rv i ce rou t i ne s  mu s t  
b e  i mbedded i n  t h e  operat i n g  sys tem � b u t  t h ey cannot  b e  s tand ard s i n c e  e a ch 
type of  mod u l e req u i res i ts own s pe c i a l  rou t i ne ! 

l a c k  of s pa ce prevents a fu l l  des cr i pt i o n  o f  th e i mp l ementat i on wh i ch h as 
been  u n der  deve l o pmen t a t  KFA , b u t  F i g .  1 4  g i ves  a n  i mpre s s i on o f  the form 
of  I ML wh en u s ed w i th a FORTRAN h a s t . The I ML pa rameters h ave been  e x pre s s e d  
i n  FORTRAN l an g uage  d i re c t l y , a nd  th e s p e � i a l  l a n g u age - e l ements  h av e  been  
coded  i n to n umer i c a l  va l u�s  ( e i t her  by a pre- comp i l er o r  th e prog ramme r ) . A l l 
th a t  i s  req u i red to i mp l ement  th e sys tem i s  to cre a te the n e ce s s a ry s u b rou t i ne s  
i n  as s emb ly- l an g u age . T he  l i n k age s tatements  are a l s o  made  u s i ng CALL  s ta teme n ts 

· to avo i d mod i fy i n g  the comp i l er .  

At KFA we h ave  a l s o  been s tudyi n g  other  h a s t  l a ngu ag�s , s u ch a s  macro - as s emb l ers 
and  th e i mp l ementa t i on - l a ngu age POL Y P  ( be i n g  deve l oped by SCS ) a s  po s s i b l e  l on g 
range  s o l u t i on s  f o r  CAMAC s oftware u s i n g IML . 

C O M P A R I S O N 

CAMAC-LANGUAGE 

H I GH- LEVEL 

REQU I R E S  S P E C I AL I ZED 
COMP I LE R  

LJ S E R-ÜR I ENTED 

EAS I E R TO USE  

F I G ,  1 

IML 

Low-LEVEL  

U S E S  EX I ST I N G COMP I LE R S  
O R  MACRO  ÄSSEMBLERS  

PARAMETE R -OR I E NTED  

[AS I E R TO I MPLEMENT  
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s4 

H O S T 

ÄLL SYSTEM-CONTROL AND ÄCTUAL 

DATA-PRO C E S S I N G H E R E  

PARAS ! TE 

I N FORMAT I ON H E R E  

F I G , 2 

3 A R E A S O F V A R I A B I L I T Y 

COMPUTER AND 
CAMAC I rHERFACE 

SYSTEM DESC R I PT I ON 
C PHYS I CAL HA RDWA RE ADD RESSES ) 

F I G ,  3 

PROGRAMS FOR EACH MODULE 
CALGO R I THMS ) 



TWO- LEVEL- HANDLER CON CEPT 

USER  PROGRAM 

TTY HAND LER D I SPLAY HANDLE R 

C H I G H - LEVEL HANDLERS 

GEN E RAL I ZED 

C LOW- LEVEL )  

CAMAC HANDLE R  

CAMAC HDWR 

I NTE RFACE 

F I G ,  4 
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COMPUTER 

AUGMENTED BRANCH 
'"- - - - - - - - - - - - - ,- - - - - - - - - - -

SYSTEM CONTR 
B D.1 

' , - - -·- - - ,  
: SYSTEM CONTR. : 

1 ! BD. 2 : L - - - - - - -' - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -, 
B RANCH EUR  - 4600e 1 

1 ; 

r - - -· - - ., r - - · - - - , r - - - - - l 
1 

1 

- CRATE -c, = -; : CRATE C 27 -I CRATE -C3 : - - - - - - : CRATE C7-: -
1 1 1 1 1 1 

......._ ____ , L.  _ _ _ _ _ .J _ _ _ _ _ _  .j 
L- - - - - - -' 

L - - - - - - - - - - - - - - - - - - - - - - - -
DATAWAY E UR -4100e  

MODULE 1 
1 

r .J - ,MODULE 2 
1 1 
1 

1 

1 1 
1 I 
1 1 
1 1 
L - - - .J  

MODULE I N TERNAL SECT ION 
SELEC TE D BY A & F 

: : MODU LE 22  
1 1 

1 1 
1 1 
1 1 
1 1 
L _ _  J 

1 ' 
1 
1 
1 

: ! 1 : 1 
AO r --J - 7  iÄ157 A O  iA-,s -1 1 

1 1 1 1 1 
FO ' : 1 FO  I F l  : F 1 , 1 

- - - - - - - 1 - - - - - - - - - - - 1  - - - 1 - - - -- ----- - - - - - -. ---- -- J;- 1 -- ___ ..., - - - - - ,_________ -
, 

V 
SPEC IAL  R E G I STE R S  

F IG .s CAMAC MULTI PLEXER SYSTEM 
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C N A F { ETC , )  

C = CRATE ADD RESS ( 3  B I TS )  

N = STAT I ON I IUMBER (5 B I TS )  

A = SUB-ADDRESS (4  B I TS )  

F = FUNCT I OM CODE ( 5  B I TS )  

0 - 7 = READ 

8 -15 = CONTROL ( PART ONE )  

16 -23 = \</R I TE 

24 -31 = CONTROL ( PART TWO ) 

B = BRANCH NUMBER < J F  U S ED )  

F I G ,  6 

C O M P A R I S O N 

I/0 LANGUAGE 

. P ESCR I BE S  SEQUENCE  O F  
AcTI ONS  

PROV I DE S  SOME  SEQUENT I AL 
(ONTROL I NTERNALLY 

S ! M I LAR TO AN ÄUTONOMOUS  
D I S PLAY- PROCESSOR  

(ONTA I N S  SOME 
MASTER (APAB I L I T I ES 

MOR E  EFF I C I ENT  
FOR S I NGLE  (OMMANDS 

F I G ,  7 

I/0 REOUESTS 

DESCR I BE S  I ND E P ENDENT OPERAT I ON S  
( S ELF  - (ONTA I N ED )  

Ä�L  SEQUENT I AL CONTROL I N  
THE HosT 

S ! M I LAR TO A HARDWARE  TTY 
CONTROLLER 

COMPLETELY S LAVE 
SYSTEM 

EAS I E R TO l NTEGRATE W I TH 
EX I ST I NG SYSTEMS 
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D A T A T Y P E S 

H A R D H A R E 

H ( HARD\'/A RD - NuMER I CAL B ,  C ,  N ,  A 

p ( PO I NTER )  - NAMED B ,  c ,  N ,  A 

G ( G I VEN ARRAY )  - NAMED GRouP  oF  B ,  C ,  N ,  A ' s  

< RANDOM ) 

C ( CALCU LATED ARRAY ) - HAMED GROUP  O F  B ,  C ,  N ,  A ' s 

WH I CH CAN B E  COMPUTED FROM THE F I R ST  

AND  LAST U S I NG I N CREMENTS  

Q ( Q-SCAN ARRAY ) - NAMED GROUP  O F  PARAMETERS  FOR A 

SOFTWARE 

"0 ADDR E S S  - ScAN " , F I RST  B ,  C ,  N ,  A AND 

LAST R, C, N ,  A VALUES , 

F 1 G .  8 

D A T A T Y P E S 

U s E  THE  DATA-TYPES  O F  THE HosT , 

E .  G .  FORTRAN : 

S I MPLE VAR I ABLE  -

ARRAY VAR I ABLE  - I X  C lo )  

F I G ,  9 



LANGUAGE ELEMENTS 

• 

STATEMENT lDENT I F I ERS 

REP EAT CO U NTS  ( D E S I RED  N UMB E R  O F  O P E RAT I O N S ) 

MOD E S P E C I F I E R S  

RQ R E P EAT MOD E
} S E E  EU R-4loo E so STO P MOD E 

AC C E S S  MOD E S  

S I N G LE -ÄDD R E S S  ( VAR I AB LES/AR RAY ELEM E NTS ) 

f11U L  T I  P LE-ÄDDR E S S  (ARRAYS) 

STATUS  I N FO RMAT I ON 

0 - R E S PON S E  

X - R E S PO N S E  

DEF IN IT ION OF ALGOR ITHM.S 

(OU NT  O F  Ü P E RAT I ON S ACTUALLY ACH I EVED 

HARDWAR E E R RO R S  

F 1 G ,  l o  
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EXAMPLE 
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A L G O R I T H M S 

RE P EAT  MonE , lo  \·loRDS , R EAD : 

1 ST 1� RT 1 

1 READ 1 
♦ 

Q=l? 

CoM  
D 

TRA  

! 
P LETE  
ATA 
N S F E R  

t 
, E P EAT  R 

C o u wr  
DoN E ? 

YES 

@b Y E S  

-

N o  -

N o  

F I G ,  1 1  

�1 0 

Too MANY  
ÄTTEMPTS?  l Y E S  

1 

E R R O R  
T R A P  



PARAMETERS FOR ACT I ON STATEMENTS 

F - CODE 

EXTERNAL  R E F E R E N C E  ( BCNA ) 

I NTERNAL  R E F E R E N C E  ( SO FTWARE  ÄDDR E S S ) 

1 - - - - - - - - - - -

1 Mo DE  S P E  C I F I E R  
1 
1 R E P EAT C O U NT  
1 
1 STATEME NT  I D E NT I F I E R 

COND IT IOi � F I ElJJ 

REQU I R ED  O N LY F O R  
C E RTA I N  O PE RAT I O N S  

( D E F I N E S  METHOD O F  ACC E S S  T O  CAMAC MODU LE , 

O R  TH E '  I\LffiRITHM) 

STATUS  - I N FO RMAT I O N E L EM E NTS 

F I G ,  12 

9 1  



TYPE OF ACT I ON STATEMENT 

READ 

WR I TE 

Ü P E RATE 

MovE 

S TATU S 

T E S T  

SY STEM  

ERROR  

EXE C  

F r G .  J3.� 

LmKAGE STATH1EtITS 

TYPE OF DATA-TRANSFER  DR  OPE RAT I ON 

CAMAC - PROG RAM 

PROGRAM - CAMAC 

CoNTROL  F u N CT I O N - CAMAC  

CAMAC - CAMAC  

()- R E S PON S E  -- PROG RAM 

BRANCH  ON 0- R E S P ON S E  

P ROGRAM - I N TE R FACE  HDW R , 

P R O G RAM - I NTE R FA C E  S Fnm 1 

PROG RAM - O P E R AT I N G S Y ST EM  

INFORMATION FROM IML TO THE Hosr 

F r G .  13B 
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CAMAC CALL  I N  FO RTRAN ( FO RTRAN  I V  PDP-11 ) 

G E N E R A L F O R M 

CALL READ ( F '  H RD\L SOFTW ' MODE �TA ms] ) 

F :  F CODE 

H RDW : CAMAC ADD R E S S  I N FO RMAT I O N ( NAMED ) 

A )  S I N G LE ADDR E S S : 

1 )  ADD R E S S  VALU E  

2 )  PO I N T E R  

B )  G I VE N  A R RAY 

C )  CALC U LATED AR RAY 

D )  Q S cAN AR RAY 

SOFTW : NAME oF A MEMB E R  O F  A C LAS S OF H o sT  DATA 
TY P E  OR STR UCTUR E  

MODE AR RAY : WAY O F  A C C E S S  AND  ADD I T I ONAL  I N FO RMAT I ON 
( U S E  O F  Q ,  X ,  ERROR  E TC , ) 

STATU S AR RAY : 

A )  MAY B E  I N  A C OMMON Ä R EA  H O LD I N G ( U R R E NT  

STATU S ( WC ,  LAS T  0 ,  ETc , )  

B )  STATU S  VAR I ABL E  ( Ü PT I O NAL )  F O R  REALT I ME 

SY S TEMS  ( RE E NTRAN CY ) 

E X A M P L E 

CALL  READ ( 0 ,  ScALER , H oLD , EASY , ER R )  
AR RAY EASY : 

R E P EAT COU NT  
WA I T  FOR  EACH  I N P U T  WORD  ( R E P EAT MOD E )  
TRY Ü N LY 1000 T I ME S  93 

F T G ,  14 




