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ABSTRACT and FOREWORD 
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> 1. I n t r o d u c t i o n  

This document describes a  s e t  o f  standard subrout ines t o  p rov ide  ac- 
cess t o  CAMAC f a c i  1  i t i e s  i n  a  v a r i e t y  o f  computer-programming languages. 
I t  i s  s p e c i f i c a l l y  in tended t h a t  the subrout ines be s u i t a b l e  f o r  use w i t h  
FORTRAN, al though they a re  n o t  r e s t r i c t e d  t o  t h a t  language. Appendix B 
describes a  recommended implementat ion o f  the  subrout ines expl i c i  t l y  f o r  
FORTRAN. 

The present  approach i s  based l a r g e l y  on IML and IML-MI (Ref.  1) .  A 
d i s t i n c t i o n  i s  made between "dec la ra t ions" ,  which are used t o  name and, 

' 

speci fy  computer and CAMAC e n t i t i e s ,  and "~act ions" ,  which are  used t o  i m -  
plement the  var ious data movements and c o n d i t i o n  t e s t s  which make up the 
CAMAC-related p o r t i o n  o f  a  program. As f a r  as possib le,  . the nomenclature 
o f  IML-MI- has been fo l lowed i n  o rde r  t o  take advantage o f  e x i s t i n g  f a m i l i a r -  
i t y  w i t h  t h a t  system and t o  p rov ide  as un i fo rm a  terminology and s t y l e  as 
poss ib le  among' the  var ious CAMAC sof tware documents. 

Because o f  the widespread use o f  CAMAC on computers w i t h  a  word l eng th  
o f  l e s s  than 24 b i t s  and because o f  t he  g rea t  d i f f e rences  i n  computer and 
operat ing-system features,  spec ia l  , sys tem-dependent fea tures  a r e  o f t e n  r e -  
q u i r e d  t o  p rov ide  g rea te r  e f f i c i e n c y  o r  t o  make appropr ia te  use o f  . the fea- 
tu res  o f  p a r t i c u l a r  systems. The main body o f  t h i s  document describes sub- 
rou t i nes  which, a t  the  user i n te r face ,  depend on l y  on the fea tures  o f  CAMAC 
and there fore ,  when implemented i n  any standard procedural language, should 
be computer-independent. Appendix A describes subrout ines which depend n o t  
on ly  on CAM4C, b u t  t o  some e x t e n t  on i n d i v i d u a l  computers. They cannot be 
made independent o f  t he  system on which =they are  implemented, and the  user 
should take spec ia l  precaut ions when i t  i s  necessary t o  i nco rpo ra te  them 
i n t o  a program. Such a  program may n o t  be t ranspor tab le  from one computer 
t o  another w i t h o u t  m o d i f i c a t i o n .  

The subrout ines have been grouped i n t o  th ree  subsets i n  o rde r  t o  pro-  
v ide  d i f f e r e n t  standard l e v e l s  o f  implementation. The lowest  l e v e l  r e -  
qu i res  on l y  two subrout ines, b u t  never theless g ives access t o  most o f  the 
f a c i l i t i e s  which can be found i n  CAMAC systems. I n  h ighe r  l e v e l s  o f  imple- 
mentat ion subrout ines a re  'added which pe rm i t  procedures t o  be w r i t t e n  i n  
more mnemonic termi  no1 ogy, p rov ide  b e t t e r  hand1 i ng o f  LAM'S, permi t  pro-  
cedures t o  be independent o f  the type of.CAMAC highway used, and prov ide  

. e f f i c i e n t  b l o c k - t r a n s f e r  capabi 1  i t y .  

2. Funct ional  Spec i f i ca t i ons  

This sec t i on  in t roduces and describes i n  d e t a i l  a l l  t he  recommended 
subrout ines.  Since many implementations w i l l  n o t  r e q u i r e  the complete se t ,  
the subrout ines are  grouped i n t o  th ree  subsets corresponding to. t he  recom- 
mended implementat ion l e v e l s .  Level A, the s implest ,  requ i res  o n l y  t he  sub- 
rou t i nes  from sec t i on  2  .l. Level B, an in te rmed ia te  l e v e l ,  requ i res  the  
subrout ines from sec t ions  2.1 and 2.2. Level C i s  the  h ighes t  l e v e l  and 
requ i res  implementat ion o f  t he  subrout ines from sec t ions  2.1, 2.2, and 2.3. 



Two CAMAC f a c i l i t i e s  a re  n o t  a v a i l a b l e  through the  use o f  these sub,- c 

rou t i nes :  t he  X response from an a c t i o n  and the  BZ command. These f a c i l i -  
t i e s  a re  ava i  1 ab l  e through the  use o f  sys tem-dependen t subrout ines descr ibed 
i n  Appendix A. 

Naming conventions, compatible w i t h  the  requirements o f  many computer 
languages,. have been adopted. I n  o rde r  t o  make i t  s imple f o r  a user t o  
avo id  name conf l  i c t s ,  t he  name , o f  each recommended subrout ine  begins w i t h  
the  l e t t e r  "C" .  The second l e t t e r  o f  t he  subrout ine  name i s  coded t o  i n d i -  I 

cate the general func t ion  o f  t he  subrout ine.  S i x  l e t t e r s  have been used 
f o r  t h i  s purpose: 

" C "  i n d i c a t e s  t h a t  the subrout ine  performs a c o n t r o l  funct ion;  

"D" i n d i c a t e s  t h a t  the subrout ine  i s  a d e c l a r a t i o n  o f  a C.4MAC 
e n t i t y ;  

"F" i n d i c a t e s  t h a t  the  subrout ine  t r a n s f e r s  f u l l - l e n g t h  (241b i t )  
data words ; 

"G" i n d i c a t e s  t h a t  t he  subrout ine  analyzes a named CAMAC e n t i t y  
i n t o  i t s  address components; 

"S"  i n d i c a t e s  t h a t  the  subrout ine  t r a n s f e r s  s h o r t  ( l ess  than 
24-bi t )  data words; 

"T" i n d i c a t e s  t h a t  the  subrout ine  t e s t s  the  s t a t e  o f  a s igna l  
o r  s t a t u s  i n d i c a t i o n .  

The remaining l e t t e r s  o f  each subrout ine  name ( t o  a maximum o f  s i x )  a re  
chosen f o r  t h e i r  mnemonic value i n  i d e n t i f y i n g  which f u n c t i o n  the  subrout ine  
performs. 

Since no p a r t i c u l a r  language i s  assumed i n  the body o f  the document, no 
syntax can be def ined f o r  a subrout ine  c a l l .  The subrout ines a re  descr ibed 
i n  terms o f  a subrout ine  name and an ordered sequence o f  parameters. As 
f a r  as poss ib le  every implementat ion should r e t a i n  the designated name and 
the  order  of the  parameters. For t h e  same reason no s p e c i f i c  form can be . 
def ined f o r  the subrout ine  parameters. CAMAC data words are  b i t  s t r i n g s  
w i t h  a l eng th  o f  twenty-four.  An implementat-ion must have the  capac i ty  t o  
represent  such s t r i n g s .  Other subrout ine  parameters are  represented e i t h e r  
as i n t e g e r  values o r  as the  l o g i c a l  values " t r u e "  o r  " f a l s e " .  I n  t h i s  
document the  parameters o f  subrout ines a re  descr ibed as va r iab les  o r  a r rays  
of  types CAM4C word, i n tege r ,  o r  log ica l , .  For  each implementat ion appropr i -  
a t e  s torage u n i t s  and data formats must be chosen f o r  each o f  these gener- 
a l i z e d  e n t i t i e s .  

2.1 Primary Subrout ines 

These two subrout ines,  which are  requ i red  i n  a1 1 implementations, make 
up l e v e l  A. The f i r s t  prov ides the  c a p a b i l i t y  t o  de f i ne  the  address o f  a 
CAMAC e n t i t y  and t o  access it. The second i s  used t o  per form CAMAC opera- 
t i o n s  on t h e  de f ined e n t i t i e s .  I n  p r i n c i p l e  any CAMAC e n t i t y  f o r  which 



there i s  a defined standard mode of access can be accessed through the use 
of these two subroutines. In practice some sys tems may contain' .res'tri c t i  ons 
on the use of crate  controllers or  other system modules. 

2.1.1 Declare CAMAC Register 

Name: CDREG 

Parameters : - ext (external address, see section 3.1 ) 
b (branch number, see section 3.2) - 
c ( c ra t e  number, see section 3.3) - 
n ( s ta t ion  number, see section 3.4) - 
a ,(subaddress, see section 3.5) - 

Function: CDREG combines the branch number b, the crate  number 
.c,  - the s ta t ion number n, and the subaddress .a into a convenient 
system-dependent form and s tores  the ' r e su l t  in - ext.  Since the 
method of encoding depends on the implementation, the contents 
of ex t ,  should not be modified by the program. Some s'ubroutines 
( s e e e c t i o n  2 .2 )  require only a crate  address; i f  the parameters 
n and a are b o t h  zero, CDREG encodes a c ra te  address and stores 

' 

- 
i t  in m. 

2.1.2 Perform Single CAMAC Action 

Name: CFSA 

Parameters: f (function code, see sectidn 3.6) 
eyt (external address, see section 3.1) 
int - (CArAC data ,word, see section 3.7) 

. - q ( Q  response, see section 3.8) 

Function: CFSA causes the CAMaC action specified by the function 
code f t o  be performed a t  the CAMAC address specified by - ext.  I f  
f contains a read or  write code, a twenty-four-bit data transfer.occurs - 
between the CAMAC regis ter  addressed by and the computer s tor -  
age location - i n t .  Otherwise int i s  ignored. The s t a t e  of Q re- 
sul t ing from the operation i s  stored in q, "true" i f  Q=1, "false" 
i f  Q=O. 

2.2 Single-Action Subroutines 

These subroutines, together w i t h  those described in section 2.1, form 
the level B implementation, which provides a complete f a c i l i t y  for  speci- 
fying single CAMAC actions in a way which i s  mnemonic, compact, and inde- 
pendent of the type of highway or  crate  control ler .  Fac i l i t ies  are  provi- 
ded fo r  declaring LAM'S and performing LAM actions using constructions which 
are independent of the LAM access mode ( i . e . ,  subaddress or  regis ter  access) 



2.2.1 Generate Dataway I n i t i a l  i z e  

Name: CCCZ 

Parameter: - e x t  (ex te rna l  address, see s e c t i o n  3.1 ) 

Funct ion: CCCZ causes Dataway I n i t i a l i z e  ( Z )  t o  be generated 
i n  t h e  c r a t e  s p e c i f i e d  by  - .  ex t .  

2.2.2 Generate Crate Clear  

Name: CCCC 

Parameter: - e x t  (ex te rna l  address, see sec t i on  3.1 ) 

Funct ion: CCCC causes Dataway Clear  (C) t o  be generated i n  
t h e  c r a t e  s p e c i f i e d  by - e x t .  

2.2.3 Set  o r  C lear  Dataway I n h i b i t  

Name: C C C I  

Parameters: - e x t  (ex te rna l  address, see sec t i on  3; 1  ) 
1  ( l o g i c a l  t r u t h  value, see sec t i on  3.9) - 

'Function: C C C I  causes Dataway I n h i b i t  ( I )  t o ' b e  s e t  i n  the 
c r a t e  spec i f i ed  by - e x t  if the value of - 1  i s  " t r u e "  and t o  be 
r e s e t  i f  the  value o f  - 1  i s  " f a l s e " .  

2.2.4 ~ e s t  Dataway I n h i b i t  

Name: CTCI 

Parameters: - e x t  (ex te rna l  address, see s e c t i o n  3.1 ) 
1  ( l o g i c a l  t r u t h  value. see sec t i on  3.9) - 

Funct ion: CTCI se ts  the  value o f  1  t o  " t r u e "  if   at away I n -  
h i b i t  i s  s e t  i n  the  c r a t e  specifies by e x t  and se ts  t h e  value 
o f  - 1  t o  " f a l s e "  i f  Dataway I n h i b i t  i s  n i s e t .  

2.2.5 ' -  Enable o r  D isab le  Crate Demand 

Name: CCCD 

Parameters : ext (ex te rna l  address, sec s e c t i o n  3.1 ) 
1  ( l n g i c a l  t.r~.rth value, see sec t i on  3.9) 

Funct ion: CCCD causes Crate Demand t o  be enabled i n  the  c r a t e  
s p e c i f i e d  b y  e x t  i f  t h e  value o f  1  i s  " t r u e "  and causes Crate 
Demand t o  be d i s a b l e d  i f  the  v a l u e  o f  - 1  i s  " f a l s e " .  



2.2.6 Tes t  Cra te  Demand Enabled 

Name: CTCD 

Parameters : ext ( e x t e r n a l  address, see s e c t i o n  3.1 ) 
1 ( l o g i c a l  t r u t h  value, see s e c t i o n  3.9) - 

Func t ion :  CTCD s e t s  t h e  va lue  o f  1 t o  " t r u e "  i f  Cra te  Demand 
i s  enabled i n  t he  c r a t e  s p e c i f i e d  b y  e x t  and s e t s  t h e  va lue  of  
1 t o  " f a l s e "  i f  Cra te  Demand i s  d isab led .  - 

2.2.7 Tes t  Cra te  Demand Present  

Name: CTGL . 

Parameters : - e x t  ( e x t e r n a l  address, see s e c t i o n  3.1 ) 
1 ( l o g i c a l  t r u t h  va lue,  see s e c t i o n  3.9) - 

Func t ion :  CTGL s e t s  t h e  va lue  o f  1 t o  " t r u e "  i f  any demand 
i s  p resen t  i n  t he  c r a t e  s p e c i f i e d  by gxJ and s e t s  t h e  va lue  
o f  - 1 t o  " f a l s e "  i f  no demand i s  p resen t .  

2 .2 .8  Declare LAM . . 

Name: CDLAM 

Parameters: lam (LAM i d e n t i f i e r ,  see s e c t i o n  3.10) 
b (branch number, see s e c t i o n  3.2) - 
c ( c r a t e  number, see s e c t i o n  3.3) - 
n ( s t a t i o n  number, see s e c t i o n  3.4) - 
m (LAM access s p e c i f i e r ,  see s e c t i o n  3 . i l )  

i f i a  ( i n t e g e r  a r ray ,  see s e c t i o n  3.12) - 
Funct ion :  CDLAM encodes t h e  branch number b, t h e  c r a t e  number 
c, t he  s t a t i o n  number and a l l  o t h e r  necessary i n f o r m a t i o n  - 
concern ing a LAM i n t o  a system-dependent, i n t e g e r  form and s t o r e s '  - 

t h e  r e s u l t  i n  lam. The parameter m i s  i n t e r p r e t e d  as a subaddress 
i f  i t s  va lue i s  g r e a t e r  than  o r  equal t o  zero. I t  i s  i n t e r p r e t e d  
as t h e  nega t i ve  o f  a b i t  p o s i t i o n  i f  i t s  va lue  i s  l e s s  t han  zero. 
Th i s  i n f o r m a t i o n  i s  encoded i n  t h e  va lue ass igned t o  lam and used 
by  o t h e r  subrou t ines  t o  determine whether t he  LAM i s  accessed v i a  
spec ia l  f u n c t i o n s  f o r  LAM access o r  v i a  r ead ing  and w r i t i n g  group 
2 r e g i s t e r s .  The i n fo rma t i on  con ta ined  i n  t he  a r r a y  i n t a  i s  com- 
p l e t e l y  implementat ion-dependent.  I t  con ta ins  any i n f o r m a t i o n  
which may be r e q u i r e d  by t h e  computer system o r  the  CAMAC i n t e r -  
face  t o  enable the  program t o  access t h e  LAM. The use o f  i n t a  
by  CDLAM i s  n o t  requ i red ,  b u t  i n t a  must appear. i n  t he  parameter 
s t r i n g  regard1 ess . 
Enable o r  D isab le  LAM 

Name: CCLM 



Parameters: - lam (LAM i d e n t i f i e r ,  see s e c t i o n  3.10) 
1 ( l o g i c a l  t r u t h  value, see sec t i on  3.9) - 

Funct ion: CCLM causes the  LAM s p e c i f i e d  by lam t o  be enabled 
i f  the value of 1 i s  " t r u e "  and causes i t  t o b e  d isab led  i f  
t h e  value o f  - 1 is " fa lse" .  

2.2.10 Clear  LAM 

Name: CCLC 

Parameter: - lam (LAM i d e n t i f i e ' r ,  see s e c t i o n  3.10) 

Funct ion: CCLC causes t h e  LAM s p e c i f i e d  by lam t o  be c leared.  - 
2.2.11 Test  LAM 

Name: CTLM 

Parameters: - lam (LAM i d e n t i f i e r ,  see s e c t i o n  3.10) 
1 ( l o g i c a l  t r u t h  value, see sec t i on  3.9) - 

Funct ion: CTLM se ts  1 t o  t h e  value " t rue "  i f  the CAM s p e c i f i e d  
by - lam i s  asserted, ana se ts  1 t o  t h e  value " fa lse"  if the LAM 
i s  n o t  asserted. 

2.2.12 L i n k  LAM t o  Serv ice Procedure 

Name: CCLNK 

Parameters: - lam (LAM i d e n t i f i e r ,  see sec t i on  3.10) 
l a b e l  ( e n t r y  p o i n t  i d e n t i f i e r ,  see s e c t i o n  3.13) 

Funct ion : CCLNK perforr~ls an assoc ia t i on  between the LAM speci -  
f i e d  by and a procedure i d e n t i f i e d  hy the parameter l a b e l .  
As a r e s u l t  o f  t h i s  assoc ia t i on  the,  procedure w i  11 be executed 
whenever the LAM i s  recognized b y .  t h e  system. 

2.3 Block Transfers,  M u l t i p l e  Act ions,  and Inverse  Declarat ions 

These subrout ines,  toqether  w i t h  those descr ibed ' i n  sect'ions 2.1 and 
2.2, form a comprehensive CAMAC support  system, l e v e l  C, w i t h  very general . 
features and a p o t e n t i a l  f o r  e f f i c i e n t  e.xecution of b lock  t r a n s f e r s  and 
m u l t i p l e  ac t ions .  (See Ref. 2)  

A l l  t he  a c t i o n  subrout ines i n  t h i s  sec t i on  cmploy a "control  block" ,  
cb,'which i s  an i n t e g e r  a r r a y  con ta in ing  four  elements as fo ' l lows: - 

element 1 : Repeat count, 
element 2: T a l l y ,  
element 3: LAM i d e n t i f i c a t i o n ,  
element 4: Channel i d e n t i f i c a t i o n .  



The repeat  count s p e c i f i e s  the  number o f  -CAMAC ac t i ons  o r  the maximum 
number o f  data words t o  be t rans fe r red .  The t a l l y  i s  re tu rned  by the  sub- 
r o u t i n e  and i nd i ca tes  the  number o f  ac t i ons  ac tua l l y ,execu ted  o r  the  number 
o f  data. words a c t u a l l y  t rans fe r red .  Thus the  c a l l i n g  program can de tec t  
and analyze a premature te rm ina t i on  o f  an a c t i v i t y .  The LAM i d e n t i f i c a t i o n  
i s  a coded i d e n t i f i e r  o f  the  same form and i n t e r p r e t a t i o n  as t h a t  re tu rned  
by the  subrout ine CDLAM. The channel i d e n t i f i c a t i o n  i s  a system-dependent 
o r  implementation-dependent parameter which may n o t  be requ i red  i n  a l l  i m -  
plementat ions. It i s  used t o  i d e n t i f y  any computer-related f a c i l i t i e s  
necessary f o r  t h e  execut ion o f  t he  s p e c i f i e d  CAMAC ac t i on .  Examples of  
f a c i l i t i e s  which might  'be  requ i red  t o  be i d e n t i f i e d  i nc lude  computer i n p u t /  
ou tpu t  channels and ope ra t i ng  system f a c i  1 i ti es such as u n i t  numbers. 

2.3.1 General M u l t i p l e  Ac t i on  

Name: CFGA 

Parameters : - f a  ( f u n c t i o n  codes, see sec t i on  3.14) 
exta (ex te rna l  addresses, see s e c t i o n  3.15) 
i n t c  (CAMAC data ar ray ,  see s e c t i o n  3.16) 

( Q  responses, see s e c t i o n  3.17) 
cb ( c o n t r o l  b lock,  see sec t i on  3.18) - 

  unction: CFGA causes a sequence o f  CAFIAC func t i ons  s p e c i f i e d  
i n  successive elements o f  fa t o  be performed a t  a corresponding 
sequence o f  CAFIAC addresses s p e c i f i e d .  i n  successi ve elements o f  
ex ta .  Any read o r  w r i t e  f u n c t i o n  i n  f a  causes a CAMAC data word 
t o  be t r a n s f e r r e d  between the  corresponding element of i n t c  and 
the s p e c i f i e d  CAMAC r e g i s t e r .  The Q response f o r  each i n d i v i d u a l  - 
CAMAC a c t i o n  i s  s to red  i n  t h e  corresponding element o f  ga. The 
number o f  ac t i ons  performed and the number o f  elements requ i red  
i n  the ar rays  fa, exta, i n t c ,  and i s  given by the  value con- 
t a ined  i n  t he  f i r s t  element o f  cb. I f  the t h i r d  element of ch 
conta ins t h e  value zero, the s p e c i f i e d  sequence o f  ac t i ons  i s  
executed immediately; i f  i t  conta ins a LAM i d e n t i f i c a t i o n ,  then 
the sequence o f  ac t ions  i s  n o t  i n i t i a t e d  u n t i l  the  LAM i s  recognized. 

2.3.2 Address Scan 

Namc: CFMAD 

Parameters: f ( f u n c t i o n  code, see s e c t i o n  3.6) 
e f i b  (ex te rna l  addresses, see s e c t i o n  3.19) 
i n t c  (CAMAC data ar ray ,  see s e c t i o n  3:16) 
4 r-- 

cb ( c o n t r o l  b lock,  see sec t i on  3.18) - 

Function: CFMAD causes a s i n g l e  CAMAC f u n c t i o n  s p e c i f i e d  by the value 
o f  f t o  be executed a t  a succession o f  addresses computed us ing  the 
~ d d r e s s  Scan a l g o r i t h m  descr ibed i n  Ref. 3, s e c t i o n  5.4.3.1 and Ref. 
2, sec t i on  3.2. I n  the Address Scan mode the  s p e c i f i e d  f u n c t i o n  i s  
executed f i r s t  a t  the  address g iven by the f i r s t  element o f  ex tb .  
Then i f  the  Q response i s  1, the  subaddress i s  incremented by 1 and 
,the index i n t o  the data a r r a y  i n t c  increme,ited by 1, and the  f u n c t i o n  
i s  executed a t  t h i s  new subaddress. I f  the subaddress i s  incremented 
beyond 15, i t  i s  s e t  t o  zero, and the  s t a t i o n  number i s  incremented. 



If t h e  Q response i s  0, the  subaddress i s  s e t  t o  zero and 
the  s t a t i o n  number i s  incremented, b u t  t he  index  i n t o  i n t c  
i s  n o t  changed. Execut ion o f  the s p e c i f i e d  f u n c t i o n  i s  a t -  
tempted a t  t h e  r e s u l t i n g  new address, and t h e  process i s  
repeated u n t i l  e i t h e r  the requested number of ac t i ons  (g i ven  
i n  . the  f i r s t  element of cb) have been performed o r  the  address 
computed by the  p r o c e d u r r d e s c r i b e d  above exceeds the  address 
conta ined i n  t h e  second element o f  ex tb .  If the t h i r d  element 
of fi conta ins  t h e  va lue 0, execut ion  o f  t he  CAMAC a c t i o n s  i s  
begun immediately.  If i t  conta ins  a LAM i d e n t i f i e r ,  execut ion  
does no3 beg in  u n t i l  t he  s p e c i f i e d  LAM i s  recognized. Ref. 3 
def ines Address Scan w i t h i n  a s i n g l e  c r a t e  on l y .  For  t h e  pur- 
pose o f  t h i s  document Address Scan i s  extended t o  o t h e r  address 
components as f o l l o w s .  I f  t h e  s t a t i o n  number i s  incremented 
beyond the'number o f  s t a t i o n s  i n  a c ra te ,  i t  i s  s e t  t o  1, and 
the  c.ra.te number i s  incremented. I f  the c r a t e  number i s  i n -  
cremented beyond the  number o f  c ra tes  i n  t h e  branch, t h e  c r a t e  
number i s  set t o  1, and the branch number i q  incremented. 

Contro l  le r -Synchron i  zed Block Trans fer  

Name: CFUBC 

Parameters: f ( f u n c t i o n  code, see s e c t i o n  3.6) 
e y t  (ex te rna l  address, see sec t i on  3.1) 
ix (CAMAC data a r ray ,  see s e c t i o n  3.16) 

cb ( c o n t r o l  b lock ,  see sec t ion '3 .18)  - 

FUNCTION: CFUBC causes the  s i n g l e  CAMAC f u n c t i o n  g iven  by the  va lue 
o f  f t o  be executed a t  t he  CAMAC address s p e c i f i e d  by t h e  va lue o f  e x t .  
I n  Th i s  mode t h e  CAMAC address i s  never changed, bu t  t h e  s i n g l e  r e g n e r  
i s  expected t o  supply  o r  accept many words of data. I t  i s  assumed ab le  
t o  supply o r  accept a data word whenever t he  c o n t r o l l e r  addresses i t  
u n t i l  t he  b lock  i s  exhausted o r  t he  c o n t r o l l e r  terminates t h e  process 
because t h e  number o f  data t r a n s f e r s  exceeds t h e  l i m i t  g iven  by the  
f i r s t  element o f  cb. I f  the  t h i r d  e l ~ m ~ n t  o f  cb conta ins  the  va lue 0, 
execut ion  o f  t he  B Y A C  ac t i ons  i s  begun immediately.  If i t  conta ins  
a LAM i d e n t i f i e r ,  execut ion  does n o t  begin u n t i l  t h e  s p e c i f i e d  LAM i s  
recognized. 

The module i n d i c a t e s  t h a t  t h e  b lock  i s  exhausted by i t s  Q response. 
Two methods f o r  do ing t h i s  a re  descr ibed i n  Ref. 2-- i . e .  Stop Mode 
( s e c t i o n  3.1 ) and Stop-on-Word Mode ( s e c t i o n  4.1 ) .  I n  general  bo th  
methods a re  n o t  implemented i n  a g iven  hardware system and no con- 
Tusion should occur.  However, i f  bo th  methods a re  permiss ib le ,  then 
the  f o u r t h  cl cmcnt. nf which conta ins  systelii d,eyer~clcr~ 1 f a c i  1 l t i c s  
must be used t o  s p e c i f y  f o r  each case which method the  module i s  us ing.  

2.3.4 LAM-Synchronized Block Trans fer  

Name: CFUBL 

Parameters: f ( f u n c t i o n  code, see s e c t i o n  3.6) 
e x t  (ex te rna l  .address, see s e c t i o n  3.1 ) - 

i n t c .  (CAMAC data a r ray ,  see sec t i on  3.16) 
cb ( c o n t r o l  b lock ,  see sec t i on  3.18) - 



Funct ion: CFUBL causes the  s i n g l e  CAMAC f u n c t i o n  s p e c i f i e d  
by t h e  contents o f  f t o  be executed a t  t he  CAMAC address 
s p e c i f i e d  by t h e  contents of  - ext ,  w i t h  t h e  usage of t he  Q 
response and the  LAM s igna l  de f i ned  as i n  Ref. 2, s e c t i o n  
4.2 f o r  t h e  ULS mode. I n  the ULS mode the CAMAC address 
i s  n o t  changed, b u t  the  s i n g l e  address i s  expected t o  supply 
o r  accept many words o f  data. I n  t he  ULS mode the  module 
asser ts  a LAM whenever i t  i s  ready t o  p a r t i c i p a t e  i n  a data 
t r a n s f e r ,  and the  c o n t r o l  1 e r  responds w i t h  t h e  app rop r i a te  
command t o  e f f e c t  t he  t r a n s f e r .  Any data words t r a n s f e r r e d  
a re  p laced i n t o  o r  taken from t h e  a r r a y  i n t c .  The c o n t r o l l e r  
terminates the  process i f  t h e  number o f  execut ions exceeds 
the  l i m i t  g iven by the  contents o f  the  f i r s t  element o f  &, 
o r  t he  module may te rmina te  the  process by responding w i t h  
Q=0. The response Q = l  i n d i c a t e s  t h a t  t he  s p e c i f i e d  f u n c t i o n  
was p r o p e r l y  executed. The response Q=0 i n d i c a t e s  t h a t  t he  
attempted data t r a n s f e r  was n o t  completed and t h a t  the  process 
should be terminated.  The LAM which synchronizes the  process 
i s  s p e c i f i e d  by t h e  contents o f  t he  t h i r d  element o f  cb. Upon 
te rm ina t i on  the  number o f  Q = l  responses i s  s t o r e d  i n  t h e  second , . 

element o f  &. 

Repeat Mode Block Transfer  

Name: CFUBR 

Parameters: ' f ( f u n c t i o n  code, see s e c t i o n  3..6) 
& (ex te rna l  address, see s e c t i o n  3.1 ) 
i n t a  (CAMAC data a r ray ,  see s e c t i o n  3.16) 
cb ( c o n t r o l  b lock ,  see s e c t i o n  3.18) - 

Funct ion:  CFUBR causes t h e  single.CAMAC f u n c t i o n  s p e c i f i e d  by 
the contents o f  f t o  be executed a t  t h e  CAMAC address s p e c i f i e d  
by t h e  contents o f  ext w i t h  t he  usage o f  the  Q response de f ined  
as i n  Ref. 3, s e c t i o n  5.4.3.2 and Ref. 2, s e c t i o n  3.3 f o r  the  
Repeat mode. I n  the Repeat mode t h e  CAMAC address i s  never  . 
changed, b u t  t he  s i n g l e  address i s  expected t o  supply  o r  ac- 
cep t  many words o f  data. Q i s  used as a t i m i n g  s i g n a l .  Q=l  
i n d i c a t e s  t h a t  t he  p r e v i o u s l y  executed func t i on  succeeded; Q=0 
i n d i c a t e s  t h a t  t he  module was n o t  ready t o  execute the  func t i on  
and t h a t  the  c o n t r o l l e r  should t r y  again. Any data words t rans -  
f e r r e d  are  p laced i n t o  o r  taken f rom t h e  a r r a y  i n t c .  If the  
response i s  Q=0, no t r a n s f e r  took p lace,  and the index  i n t o  the  
a r r a y  - i n t c  i s  n o t  changed. The number o f  Q=l responses expected 
i s  g iven by t h e  contents o f  the f i r s t  element o f  cb. I f  t h e  
t h i r d  element o f  & conta ins  zero, the  process i s i n i  t i a t e d  i m -  
mediate ly ;  i f  i t  conta ins a LAM i d e n t i f i e r ,  t he  process i s  i n i t i a t e d  
o n l y  when the  s p e c i f i e d  LAM i s  recognized. , 

> 

2.3.6 Analyze LAM I d e n t i f i e r  

Name: CGLAM 

Parameters: - lam (LAM i d e n t i f i e r ,  see s e c t i o n  3.10) 
b (branch number, see s e c t i o n  3.2) - 



c ( c r a t e  number, see s e c t i o n  3.3) - 
n ( s t a t i o n  number, see s e c t i o n  3.4) - 
m (LAM access i d e n t i f i e r ,  see s e c t i o n  3.11) 

i n t a  ( i n t e g e r  a r r a y ,  see s e c t i o n  3.12) 

Func t ion :  CGLAM decodes t h e  LAM i d e n t i f i e r  lam i n t o  i t s  com- 
ponent p a r t s ,  c o n s i s t i n g  o f  t h e  branch n u m b e r ,  t h e  c r a t e  
number c, t h e  s t a t i o n  number n, t h e  subaddress-or b i t - p o s i t i o n  
my and The system-dependent i n f o r m a t i o n  i n t a .  Th is  sub rou t i ne  - 
e x a c t l y  reverses t h e  process performed by CDLAM, and a l l  para- 
meters have t h e  same i n t e r p r e t a t i o n  and form, 

2.3.7 Analyze R e g i s t e r  I d e n t i f i e r  

Name: CGREG 

Parameters: & ( e x t e r n a l  address, see section 3.1 ) , 
L  (Lr 'a i ic l~ ~.~unrGer., s e t  s t c L i s r ~ ~  3. 2 )  - 
c ( c r a t e  number, see s e c t i o n  3.3) - 
n ( s t a t i o n  number, see s e c t i o n  3.4) - 
d ( ~ ~ b d d d t " t ! f ; ~ ,  -See S [ ? C ~ . ~ U I S  3.5) - 

Funct ion:  CGREG decodes the' CAMAC address i d e n t i f i e r  ext i n t o  
i t s  component p a r t s ,  c o n s i s t i n g  o f  t h e  branch number - b, t h e  c r a t e  
number c, t h e  s t a t i o n  number n, and t h e  subaddress a. Th i s  sub- 
r o u t i n e  e x a c t l y  reverses  t h e  process performed by C ~ R E G ,  and 
a l l  parameters have t h e  same, i n t e r p r e t a t i o n  and form. 

3. D e f i n i t i o n s  o f  Parameters 

The meanings o f  t h e  parameters used i n  t h e  sub rou t i ne  d e f i n i t i o n s  a re  
g i ven  b r i e f l y  i n  t h e  sub rou t i ne  f u n c t i o n  d e s c r i p t i o n s .  S ince  s i m i l a r  par-  
ameters a re  used i n  many subrou t ines ,  the  var ious  symbols a r e  de f i ned  and 
d iscussed more comple te ly  i n  t h e  subsect ions which f o l l o w .  Th i s  in forma-  
t i o n  i s  i n t ended  p a r t i c u l a r l y  as a gu ide t o  implementors i n  t h e  hope t h a t  
i t  w i l l  r e s u l t  i n  t h e  g r e a t e s t  p o s s i b l e  degree of  u n i f o r m i t y  among d i f f e r e n t  
imp1 ementat ions. 

3.1 ext ( e x t e r n a l  address) 

The symbol e x t  r ep resen ts  an i n t e g e r  which i s  used as an i d e n t i f i e r  
of  an e x t e r n a l  CAMAC address. The address may rep resen t  a  r e g i s t e r  which 
can be read o r  w r i t t e n ,  a  complete CAMAC address which can be accessed by 
c o n t r o l  o r  t e s t  f u n c t i o n s ,  o r  a  c r a t e  address. The va lue  of  - e x t  i s  ex- 
p l i c i t l y  d e f i n e d  t o  be 'an i n t e g e r .  Norma1l.y i t  can be expected t o  be an 

, encoded ve rs i on  o f  t h e  address components, i n  which t he  cod ing  has been 
s e l e c t e d  f o r  t he  most e f f i c i e n t  execu t i on  o f  CAMAC a c t i o n s  on t he  i n t e r -  
f ace  t o  which t h e  imp lementa t ion  a p p l i e s .  Other p o s s i b i l i t i e s  a re  al lowed, 
however. Fo r  example - e x t  may be an i ndex  o r  a  p o i n t e r  i n t o  a  da ta  s t r u c t u r e  
i n  which t h e  a c t u a l  CAMAC address components a r e  s to red .  



3.2 - b (branch number) 

The symbol b  represen ts  an i n t e g e r  which i s  t h e  branch number component 
o f  ' a  CAMAC address. I t  may rep resen t  a  phys i ca l  highway number i n  mu1 t i p l e  
highway systems, o r  i t  may r e p r e s e n t  s e t s  o f  c r a t e s  grouped t oge the r  f o r  
f unc t i ona l  o r  o t h e r  reasons. I n  some systems i t  may be ignored,  a l though 
i t  must be i n c l u d e d  i n  t he  parameter l i s t  f o r  t he  sake o f  c o m p a t i b i l i t y .  

3.3 - c ( c r a t e  number) 

The symbol c  represen ts  an i n t e g e r  which i s  t h e  c r a t e  number component 
o f  a  CAMAC address. "Crate number" i n  t h i s  c o n t e x t  can be e i t h e r  t h e  phys i -  
c a l  c r a t e  number o r  i t  can be an i n t e g e r .  symbol wh ich .  i s  i n t e r p r e t e d  by  t he  
computer sys tem so f twa re  t o  produce a p p r o p r i a t e  hardware access i n fo rma t i on .  

3.4 - n ( s t a t i o n  number) 

The symbol n  represen ts  an i n t e g e r  which i s  t h e  s t a t i o n  number compo- 
n e n t -  o f  a  CAFIAC zddress.  

3.5 . - a (subaddress) 

The symbol a  represen ts  an i n t e g e r  which i s  t he  subaddress component 
o f  a  CAMAC address. 

3.6 - f ( f u n c t i o n  code) 

The symbol - f represen ts  an i n t e g e r  which i s  t h e  f u n c t i o n  code f o r  a  
CAMAC a c t i o n  .' 

3.7 i n t  (CAMAC da ta  word) 

The symbol int represen ts  a  CAMAC da ta  word s t o r e d  i n  computer memory. 
The fo rm i s  n o t  s p e c i f i e d ,  b u t  t h e  word must be s t o r e d  i n  an addressable 
s to rage  e n t i t y  capable o f  c o n t a i n i n g  twenty-. four b i t s .  ' I n  a  computer o r  
programming system which does n o t  have an addressable u n i t  o f  s t o rage  which 
ca'n c o n t a i n  twen ty - f ou r  b i t s ,  mu1 t i p l e  u n i t s  must be used. 

The symbol q represen ts  a  l o g i c a l  t r u t h  va lue which corresponds t o  t he  - 

CAMAC Q response. I t  i s  s e t  t o  " t r u e "  i f  t he  Q response i s  1, t o  " f a l s e "  
i f  t h e  Q response i s  0.  

3.9 - 1 ( l o g i c a l  t r u t h  va lue)  

The symbol - 1 rep resen ts  a  l o g i c a l  t r u t h  va lue which can be e i t h e r  " t r u e "  
o r  "false". 

3.10 - lam ( L A M i d e n t i f i e r )  , 

The symbol lam represen ts  an i n t e g e r  which i s  used. as t he  i d e n t i f i e r  of  
a  CAMAC LAM s i g n a l .  The in fo rmat i .on  assoc ia ted  w i t h  t he  i d e n t i f i e r  must i n -  
c lude  n o t  o n l y  t h e  CAMAC address b u t  a l s o  i n f o r m a t i o n  about  t h e  means o f  
access ing and c o n t r o l l i n g  t h e  LAM, i . e . ,  whether i t  i s  accessed v i a  data' less 
func t ions  a t  a  subaddress o r  v i a  r e a d / w r i t e  f u n c t i o n s  i n  group 2 r e g i s t e r s .  



The va lue  o f  lam i s  e x p l i c i t l y  de f i ned  t o  be a  non-zero i n t e g e r ;  whether i t  
i s  an encoded r e p r e s e n t a t i o n  o f  t h e  i n f o r m a t i o n  r e q u i r e d  t o  desc r i be  t h e  
LAM o r  s imp l y  p rov ides  a key f o r  access ing t h e  i n f o r m a t i o n  i n  a  system da ta  
s t r u c t u r e  i s  an implementat ion d e c i s i o n .  The va lue  0 i s  used t o  i n d i c a t e ,  
where app rop r i a te ,  t h a t  no LAM i s  be ing  s p e c i f i e d .  

3.1 1  ' - m (LAM access s p e c i f i e r )  

The symbol m  rep resen ts  an i n t e g e r  which i s  used t o  i n d i c a t e  t he  mode 
o f  access o f  a  LKM and t h e  lowes t -o rder  address component f o r  LAM address ing.  
I f  m i s  zero o r  p o s i t i v e ,  i t  i s  i n t e r p r e t e d  as a  subaddress and t h e  LAM i s  
assumed t o  be accessed v i a  da ta l ess  f u n c t i o n s  a t  t h i s  subaddress. I f  m i s  
nega t i ve ,  i t  i s  i n t e r p r e t e d  as t h e  nega t i ve  o f  a  b i t  p o s i t i o n  f o r  a  LAR 
which i s  accessed v i a  reading,  s e t t i n g ,  o r  c l e a r i n g  b i t s  i n  t h e  group 2 
r e g i s t e r s  a t  subadresses 12, 13, o r  14. 

3.72 i n t a  ( i n t e g e r  a r r a y )  

The symbol i n t a  r ep resen ts  an i n t e g e r  a r ray ,  t he  l e n g t h  and con ten ts  o f  
which a r e  n o t  de f ined  i n  t h i s  document. It i s  i n tended  t o  c o n t a i n  system- 
q.ependent o r  implementat ion-dependent i n f o r m a t i o n  assoc ia ted  w i t h  t h e  d e f i -  
n i  t i o n  o f  a  LAM. I f  no such i n f o r m a t i o n  i s  requ i red ,  t he  a r r a y  need n o t  be 
used. ' Th is  i n f o r m a t i o n  can i n c l  ude parameters necessary f o r  i n t e r r u p t  1  i n k -  
age, even t  s p e c i f i c a t i o n ,  e t c .  The documentat ion f o r  an implementat ion must 
desc r i be  the r e q u i  rements f o r  any parameters con ta ined  i n  t h i s  a r r a y .  

3.13' l a b e l  ( e n t r y  p o i n t  i d e n t i f i e r )  

The symbol l a b e l  r ep resen ts  an e n t r y  p o i n t  i n t o  a  programmed procedure. 
Such a  procedure w i l l  t y p i c a l l y  be executed i n  response t o  t h e  r e c o g n i t i o n  
o f  a  LAM, and i t  may i n t e r r u p t  t he  process be ing  executed a t  t h e  t ime  o f  
r e c o g n i t i o n  o f  t he  LA?4. Under these  c i rcumstances t h e  procedure must be 
capable o f  sav ing  and r e s t o r i n g  t he  s t a t e  o f  t h e  computer so t h a t  t h e  i n t e r -  
r u p t e d  process can be resumed. A t  l e a s t  one va lue  o f  l a b e l s  should i d e n t i f y  
a  system e r r o r  procedure which dea l s  w i t h  LAM'S n o t  l i n k e d  t o  user  processes. 

3.14 fa ( f u r i c t i o n  codes) 

The symbol fa represen ts  an a r r a y  of  i n t e g e r s ,  each o f  which i s  t h e  
f u n c t i o n  code f o r a  CAMAC a c t i o n .  The l e n g t h  o f  f a  i s  g i ven  by t h e  va lue 
o f  t h e  f i r s t  e lement o f  - cb (see s e c t i o n  3.18) a t  t h e  t ime  t he  sub rou t i ne  i s  
executed. 

. . 

3.15 - e x t a  (CAMAC e x t e r n a l  address)  

The symbol e x t a  represen ts  an a r r a y  o f  i n t e g e r s ,  each o f  which i s  a  
CAM4C r e g i s t e r  a E s s .  l h e  f o rm  and i n f o r l l ~ a t i o r ~  cur l tent  o f  each element 
o f  e x t a  must be i d e n t i c a l  t o  t h e  fo rm and i n fo rma t i on  con ten t  o f  t he  quan- 
t i t y  e x t  (see s e c t i o n  3.1) .  The l e n g t h  o f  e x t a  i s  g iven  by t h e  va lue  o f  
1 - 

t h e  f i r s t  e lement o f  - cb (see s e c t i o n  3.18) a t  t he  t ime t h e  sub rou t i ne  i s  
executed. 

3.16 - i n t c  (CAMC da ta  a r r a y )  
. .  . 

The symbol i n t c  represen ts  an a r r a y  o f  CAMAC data words. Each element 
o f  - i n t c  has t he  same fo rm as t h e  CAF.IAC da ta  word v a r i a b l e  - i n t  (see s e c t i o n  



3.7). The l eng th  o f  i n t c  i s ,  g iven by the  va lue o f  t he  f i r s t  element o f  - .  cb 
(see s e c t i o n  3.18) a t  t h e  t ime the  subrou t ine  i s  executed. 

3.17 * ( Q  responses) 

The symbol qg represents an a r r a y  o f  Q response values. Each element 
of ga- has the  same form and can have the  same values as the  parameter 9 (see 
s e c t i o n  3.8). The l e n g t h  o f  qa i s  g iven by t h e  va lue o f  t he  f i r s t  element 
.of - cb (see sec t i on  3.18) a t  the t ime t h e  subrou t ine  i s  executed. 

3.18 - cb ( c o n t r o l  b l o c k )  

The symbol & represents an i n t e g e r  a r r a y  having f o u r  elements. The 
contents o f  these elements are:  

element 1: Repeat Count, 
element 2: T a l l y ,  
element 3: LAM i d e n t i f i c a t i o n ,  
element 4: Channel i d e n t i f i c a t i o n .  

The repeat  ,count  s p e c i f i e s  t he  number o f  i n d i v i d u a l  CAMAC ac t i ons  o r  
the  maximum number o f  data words t o  be t rans fe r red .  Some m u l t i p l e  a c t i o n  

' and b lock  t r a n s f e r  subrou t ines  pe.rmit t e rm ina t i on  o f  t he  sequence upon a  
s i g n a l  f rom the  addressed module. I n  such cases t h e  repeat  count  represents 
an upper l i m i t .  The t a l l y  i s  t h e  number o f  ac t i ons  a c t u a l l y  performed o r  
the number o f  CAMAC data words a c t u a l l y  t r ans fe r red .  I f  the  b lock  t r a n s f e r  
o r  mu1 t i p l e  a c t i o n  i s  te rmina ted  by the  c o n t r o l l e r  due t o  exhaust ion o f  t he  
repeat  count, the  t a l l y  w i l l  be equal t o  the repeat  count; o therw ise  i t  may 
be l e s s .  The LAM i d e n t i f i c a t i o n  i s  an i n t e g e r  va lue having the  same form 
and i n f o r m a t i o n  conten t  as t h e  v a r i a b l e  - lam (see s e c t i o n  3.10). The channel 
i d e n t i f i c a t i o n  i s  an i n t e g e r  va lue which i d e n t i f i e s  system-dependent f a c i l i -  
t i e s  which may be necessary t o  per fo rm t h e  b lock  t r a n s f e r  o r  m u l t i p l e  a c t i o n .  
This  number, i f  i t  i s  requi red,  has the same form and.conten t  as t he  parameter 
chan (see Appendix A, sec t i on  A6.2) and can be c rea ted  by the  subrou t ine  
CDCHN (see Appendix A, s e c t i o n  A3.1). 

3.19 ex tb  (ex te rna l  addresses) 

The symbol represents an a r r a y  o f  i n t e g e r s  con ta in ing  ex te rna l  
CAMAC addresses. The a r r a y  has two elements; t he  f i r s t  con ta ins  the  s t a r t i n g  
address f o r  an Address Scan m u l t i p l e  ac t i on .  The second conta ins  t h e  f i n a l  
address which can be pe rm i t t ed  t o  p a r t i c i p a t e  i n  t he  Address Scan sequence. 
Each element has the  same form and i n f o r m a t i o n  conten t  as t he  parameter ext 
(see s e c t i o n  3.1). 
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APPENDIX A . . 

SYSTEM-DEPENDENT SUBROUTINES 

A l .  I n t r o d u c t i o n  

I t  i s  o f t e n  usefu l ,  even necessary, t o  u t i l i z e  subrout ines which de- 
pend s t r o n g l y  on an i n d i v i d u a l  computer o r  ope ra t i ng  system a rch i tec tu re .  
These subrout ines cannot 'be made completely t ranspor tab le  even i n  an imple- 
mentat ion f o r  a h i g h l y  s tandardized language. The func t i ons  they must per- 
form are  u s u a l l y  very s i m i l a r ,  however, and may be i d e n t i c a l  w i t h i n  re -  
s t r i c t e d  classes o f  systems. This  appendix describes a number o f  such sys- 
tem-dependent subrout ines.  They are  n o t  requ i red  t o  be i n  any l e v e l  of i m -  
plementat ion, b u t  any o f  them may be supp l ied  i n  an implementat ion a t  the  
d i s c r e t i o n  o f  the implementor. The documentation f o r  a g iven implementat ion 
must i n d i c a t e  which ones are  supp l i ed  and must descr ibe completely t h e i r  
system-dependent fea tures  and parameters. 

A2. Access t o  Special  S ignals 

These subrout ines g ive  access t o  feitures o f  CAMAC systems for which 
a standard access method i s  n o t  de f i ned  o r  which are  n o t  a v a i l a b l e  i n  a l l  
sys tems . 

A2.1 Branch I n i t i a l i z e  . 

Name: CCINIT 

Parameter: . - b (branch number, see . s e c t i o n  3.2) 

Function:, CC'INIT causes the  branch i n i t i a l i z e  s igna l  (BZ) t o  be 
* 

asser ted on the  .branch i d e n t i f i e d  by the parameter b. I f  b iden- 
t i f i e s  a group o f  c ra tes  n o t  i n t e r f a c e d  v i a  a p a r a l l e l  braEch, 
t he  f u n c t i o n  may be s imu la ted  by causing Crate I n i t i a l i z e  s i g -  
na l s  t o  be asser ted i n  t h e  c ra tes .  The user o f  a system should 
be warned t h a t  the  response o f  many modules t o  the  i n i t i a l i z e  
s igna l  i s  such as t o  p lace  the system i n  unders i rab le  s ta tes ;  
thus t h e  fea tu re  should be used w i t h  caut ion .  

'A2 .2  Test s ta tus  o f  Precedi r ~ g  Ac t ion  
, 

Name: CTSTAT 

Parameter: k ( s ta tus  code, see s e c t i o n  A6.1) 

Funct ion: CTSTAT s tores  an i n t e g e r  s ta tus  code i n t o  the  parameter 
k .  The s ta tus  code s to red  r e f l e c t s  the  r e s u l t s  o f  the l a s t  a c t i o n  - 
executed i n  the  program; the code has a value g iven by the  expres- 
s i o n  4e+d, where e and d are  non-negative i n tege rs .  The meaning 
o f  d i s  g iven by the  f o l l o w i n g  t a b l e :  



meaning 

I f  e i s  zero, there  are no e r r o r s  reported; if e i s  g rea te r  
than zero, then some e r r o r  o r  except ion i s  i nd i ca ted .  The 
exact  meanings of e a re  system-dependent and must be def ined 
i n  the  documentation f o r  each implementati.on. 

A3. Channel I d e n t i f i e r  

I t  may be necessary i n  some computers o r  i n  some opera t i ng  systems 
t o  u t i l i z e  spec ia l  1/0 channel c o n t r o l l e r s  or opera t i ng  system fea tures  such 
as l o g i c a l  u n i t  numbers and device codes t o  access CAMAC systems. These 
two subr'oytines p r o ~ l d e  a mean< t o  s p e c i f y  o r  i n t c r r o g s t s  such infat-n1atio1.1. 

A3.1 Declare Channel 

Name: CDCHN 

Parameters : chan (channel i d e n t i f i e r ,  see s e c t i o n  A6.2) 
a d d i t i o n a l  parameters, depending on implementat ion 

Funct ion: CDCHN encodes system-dependent parameters i n t o  a 
convenient form and re tu rns  the  r e s u l t s  as the  value o f  chan. - 
It s p e c i f i e s  the  compu,ter hardware and/or sof tware 1/0 fa- .  
c i l i t i e s  t o  be used and poss ib l y  a d d i t i o n a l  i n fo rma t ion  re -  
l a t i n g  t o  t h e i r  use. The a d d i t i o n a l  parameters must be com- 
p l e t e l y  descr ibed i n  t he  documentation f o r  each implementat ion. 

' A3.2 . Analyze Channel Dec la ra t i on  

Nam~: GGCHN 

Parameters: scan (channel i d e n t i f i e r ,  see s e c t i o n  A6.2). 
a d d i t i o n a l  parameters, depending on implementat ion 

Funct ion : CGCHN e x t r a c t s  the sys tem-dependent parameters from 
the channel i d e n t i f i e r  chan. I t  reverses the  process performed - 
by CDCHN . 

A4. Short  Data-Word Transfers 

I n  many systems and a p p l i c a t i o n s  i t  i s  ioconvenient  and i n e f f i c i e n t  ' 

t o  u t i l i z e  t h e  f u l l  twenty- four  b i t  l eng th  of  the  CAMAC data word and su f -  
f i c i e n t  t o  use a . t runcated.  data word. The appropr ia te  degree o f  t runca t i on  
i s  dependent on the  system, b u t  t h e  computer word l e n g t h  i s  the most common 
choice. T l~e  l e r l l ~ u s t  b l t s  o f  t h e  CAMAC data word are discarded, w h i l e  the  
r i gh tmos t  b i t s  a re  re ta ined .  The l e n g t h  o f  a t runca ted  CAl4AC .data word must 
be s p e c i f i e d  i n  the documentation. These subrout ines d u p l i c a t e  func t i ons  
performed by  subrout ines descr ibed i n  s e c t i o n  2 o f  the  main body o f  t h i s  



document, except  t h a t  t r unca ted  CAMAC data words are  used. 

A4.1 Perform S i n g l e  CAWC A c t i o n  
. . 
Name: CSSA 

Parameters: f ( f u n c t i o n  code, see s e c t i o n  3.6) 
e x t  (ex te rna l  address, see s e c t i o n  3.1) : - 
i n t s  ( t r unca ted  CAMAC data word, see sec t ion .$  - 

A6.3) 
q (Q response, see s e c t i o n  3.8) 

Funct ion:  CSSA performs t h e  same f u n c t i o n  as CFSA (see s e c t i o n  
2.1.2) except  t h a t  i n t s  con ta ins  a  t runca ted  CAMAC data word. 

A4.2. . General Mu1 t i p l e  A c t i o n  

. . Name: CSGA 

Parameters: . f a  ( f u n c t i o n  codes, see sec t i on  3.14) 
e z a  (ex te rna l  addresses, see s e c t i o n  3.15) 
i n t t  ( t r unca ted  CAPNC data a r ray ,  see s e c t i o n  

A6 .'4) 
. . 

(Q  responses, :see. s e c t i o n  3.17) 
cb ( c o n t r o l  b lock,  see s e c t i o n  3.18) - 

Function: CSGA performs the  same f u n c t i o n  as CFGA (see sec t i on  
2.3.1 ) except t h a t  t he  elements o f  i n t t  a re  t runca ted  CAMAC 
data words. 

.A4.3 Address Scan 

Name.: CSMAD 

' Parameters: f ( f u n c t i o n  code, see s e c t i o n  3.5) 
e z b  (ex te rna l  addresses, see s e c t i o n  3.19) . . . . 

i n t t  ( t r unca ted  CAM4C data a r ray ,  see s e c t i o n  
A6.4) 

cb ( c o n t r o l  b lock ,  see s e c t i o n  3.18) 

Funct ion:  CSMAD performs t h e  same f u n c t i o n  as CFMAD (see sec t i on  
2.3,2) except  t h a t  t h e  elements o f  i n t t  are t runcated  CAMAC data 
words. 

A4.4 Cont ro l  ler -Synchronized Block Trans fer  

Name: CSUBC 

Parameters: f ( f u n c t i o n  code, see s e c t i o n  3.6) 
e x t  (ex te rna l  addresses, see s e c t i o n  3.1 ) . - 
i n t t  ( t r unca ted  CAMAC data a r ray ,  see s e c t i o n  - 

A6.4) 
cb ( c o n t r o l  b lock ,  see sec t i on  3.18) . . 



Funct ion: CSUBC performs the  same f u n c t i o n  as -CFUBC (see 
s e c t i o n  2.3.3) except  t h a t  t h e  elements o f  i n t t  a re  t r u n -  
ca t e d  CAMAC data words. ' . 

A4.5 LAM-Synchroni zed Block ~ r a n s  f e r  

Name: CSUBL 

Parameters: f ( f u n c t i o n  code, s,ee s e c t i o n  3.6) . . 

, - e y t  (ex te rna l  address, see s e c t i o n  3.1) 
i n t t  ( t r unca ted  CArWC data array,  see 

sec t i on  A6.4) 
cb ( c o n t r o l  b lock ,  see s e c t i o n  3.18) - 

Function: CSUBL performs t h e  same .?unction' as CFUBL (see 
sect ion.  2.3.4) except t h a t  t h e  e1einent.s of - int.t. a re  t run -  
cated CAlvlAC data words. . . , 

A4.6 Repeat Mode Block Trar is fer  . ' , . 

Name; CSUBK 

Parameters: f ( f u n c t i o n  'code, see s e c t i o n  3.6) 
e x t  (external .  address, see sec t i on  3.1 ) - 
i n t t  (truncateii:"CAMAC data ar ray ,  see - 

s e c t i o n '  A6 .'4) 
cb ( c o n t r o l  b lock,  see s e c t i o n  3.18) - 

Function: CSUBR performs the  same f u n c t i o n  as CFUBR (see 
s e c t i o n  2.3.5) except t h a t  the elements o f  i n t t  a re  t run -  
cated CAMAC data words. 

A5. Def ine Crate I d e n t i f i e r  

Nane: CDCRT 

Parameters: c ( c r a t e  number, see sec t i on  3.3) 
i a b  ( i n t e g e r  a r ray ,  see s e c t i o n  A6.5) 

Funct ion: CDCRT def ines,  t he  c r a t e  number c i n  terms o f  the 
system-dependent i n fo rma t ion  conta ined i n  The a r r a y  - i n t b .  I t  
permi ts  t he  meaning o f  the  c r a t e  number c t o  be changed, w i t h i n  
a procedure execut ion. 

I 
A6. D e f i n i t i o n s  o f  Parameters 

A1 though many of the  parameters used i n  the  subrout ines of Appendix A 
a re  i d e n t i c a l  w i t h  those descr ibed i n  sec t i on  3 o f  the  main body o f  t h i s  doc- 
ument, a few new ones have been int roduced.  The parameters r e f e r r e d  t o  o n l y  
i n  t h i s  appendix a re  descr ibed below. 



A6.1 - k (s ta tus  code) 

The symbol k represents an i n t e g e r  used, t o  p rov ide  s ta tus  in format ion 
w i t h  respect  t o  a ~ A M A c  ac t i on .  The r igh tmost  two b i t s  con ta in  the  comple- . 

ments o f  t he  X and Q responses; t he  remaining b i t s  i n  a word conta in  system- 
dependent e r r o r  codes. The lowest-order  b i t  conta ins  t h e  complement o f  the  
Q response; the  n e x t  b i t  t o  t h e  l e f t  ( t h e  2 ' s  b i t )  conta ins the  complement 
o f  X. 

A6.2 - chan (channel i d e n t i f i e r )  

The symbol chan represents an. i n t e g e r  which conta ins  a channel iden- 
ti f i e r .  I 

A6.3 i n t s  ( t runca ted  CAMAC dat.a 'word) 

The symbol - i n t s  represents a s to rage c e l l  i n  computer memory used t o  
h o l d  b i t s  1 t o  n o f  a CAMAC data word, where n i s  de f ined fo r  the  implemen- 
t a t i o n  t o  be l ess  than twenty- four .  Higher  b i t s  i n  the  CAMAC word are n o t  
used when the  f u n c t i o n  i s  a READ; they a re  s e t  t o  zeros i f  the  func t ion  i s  
a WRITE. 

A6.4 - i n t t  ( t runca ted  CAMAC data a r r a y )  
. . 

The symbol i n t t  represents an a r r a y  i n  computer memory each element 
o f  which conta ins a t runcated CAMAC data word having the  same form as i n t s  
(see sec t i on  A6.3). 

A6.5 - i n t b  ( i n t e g e r  a r r a y )  

The symbol i n t b  represents an i n t e g e r  array,  t he  l e n g t h  and contents 
o f  which a re  n o t  de f ined i n  t h i s  document. I t  i s  in tended t o  con ta in  sys- 
tem dependent o r  implementation-dependent i n fo rma t ion  associated w i t h  the 
d e f i n i t i o n  o f  a c r a t e  number i d e n t i f i e r .  The i n fo rma t ion  may i nc lude  physi -  
c a l  c r a t e  number, highway o r  computer i n t e r f a c e  i d e n t i f i c a t i o n ,  o r  opera t ing  
system parameters necessary f o r  access. The documentation fo r  an implemen- 
t a t i o n  must descr ibe  the  requirements f o r  any parameters conta ined i n  t h i s  
a r ray ,  



APPENDIX 'B 

FORTRAN IMPLEMENTATION 

B1. Genera 1 

This appendix recommends an implementat ion o f  t h e  CAMAC standard sub- 
r o u t i n e s  f o r  use w i t h  FORTRAN f o r  t h e  purpose of communicating w i t h  CAMAC- 
i n t e r f a c e d  devices and synchron iz ing  program execut ion w i t h  events associated 
w i  t h  such devices . 

B2. Desc r ip t i on  o f  subrout ines 

B2.1 Primary Subrout ines 

B2.1.1 Declare CAMAC Regi s t e r  

r~riii. CALL CDREG [cut.,h -- r n a )  - 

Funct ion:.  CDREG combines the components - b, - c, - n, and a - 
i n t o  a s i n g l e  CAFlAC r e g i s t e r  reference.  

Implementat ion Notes: 

ex t :  The subrout ine  must r e t u r n  a value which un ique ly  de f ines  - 
the s p e c i f i e d  CAMAC r e g i s t e r  o r  c r a t e  f o r  o the r  subrout ines i n  
t h e  implementat ion. The means by which t h i s  o b j e c t i v e  i s  accom- 
p l i s h e d  a re  n o t  s p e c i f i e d .  The most common procedure i s  expected 
t o  be t o  r e t u r n  a value i n  which the parameters b, c, n, and a 
have been packed i n t o  a s i n g l e  i n t e g e r  w i t h  the  Tie ids-def inea 
f o r  t h e  most e f f i c i e n t  execut ion o f  CAMAC ac t i ons  on the i n t e r -  
face t o  which the  implementat ion app l ies .  Other p o s s i b i l i t i e s  
a r e  allowed, however. For example the values o f  t he  parameters 
cou ld  be s to red  i n  a da ta  s t r u c t u r e  and a p o i n t e r  t o  the  e n t r y  
re tu rned.  I f  - n and a arc de f ined  t o  be zero, then e x t  i s  derirsed 
t o  be a c ra te .  I f  n a n d  a are  n o t  zero, then e x t  i s e f i n e d  t o  - 
be a r e g i s t e r  o r  o t6e r  adaressable e n t i t y .  

Tables o f  Reg is te r  References: I t  i s  advantageous i n  many a p p l i -  
ca t ions  t o  have tab les  o f  CAMAC r e g i s t e r  references, i d e n t i c a l  i n  
forin t o  t h e  value re tu rned  by CDREG, a v a i l a b l e  on a permanent ba- 
s i s  t o  be loaded by programs o r  as ar rays  o f  constants w i t h i n  pro-  
grams. Such tab les  n o t  on l y  save the t ime requ i red  t o  d e f i n e  the  
r e g i s t e r  references each t ime a program i s  executed b u t  a l s o  can 
form p a r t s  o f  l a r g e r  tab les  o f  l o g i c a l  device d e f i n i t i o n s .  I f  
such f a c i l i t i e s  cart be suppur lcd by an implementst lon, t h e  docu- 
mentat ion should descr ibe  how t o  c rea te  these references i n  assem- 
b l  e r  code o r  i n  DATA statements i n  t he  compi ler .  

\ 

82.1.2 Perform Sing1 e CAMAC Act ion  

Form: CALL CFSA ( f ,  ex t ,  i n t ,  q) - - -  



Funct ion: This  subrout ine performs a  s i n g l e  CAMAC f u n c t i o n  
a t  a  single'CAM4C address. I f  the  f u n c t i o n  f i s  a  read o r  a  
w r i t e  func t ion ,  a  2 4 - b i t  data word i s  transferred. 

'Implementation Notes: 

i n t :  . The i n t e r n a l  reference int must be ab le  t o  con ta in  24 - 
b i t s .  I f  the  FORTRAN implementat ion supports i n t e g e r  v a r i -  
ables o f  24 b i t s  o r  more, - i n t  can be an i n t e g e r  expression 
( f o r  w r i t e )  o r  an i n t e g e r  v a r i a b l e  o r  a r r a y  element ( f o r  read) .  
Otherwise int must be an i n t e g e r  a r r a y  ( o r  a  p o r t i o n  o f  one) 
w i t h  enough elements t o  conta in  24 b i t s .  When a  CAMAC data 
word i s  s t o r e d  i n  an i n t e g e r  va r i ab le ,  o r  when an i n t e g e r  con- 
s t a n t  i s  used as - i n t ,  CAMAC b i t  1  occupies the  low-order b i t  
p o s i t i o n ,  and b i t  .24 occupies the twenty - four th  b i t  p o s i t i o n  
t o  the  l e f t .  ( I n  a  b i n a r y  machine. I n  o t h e r  rad ices  an ap- 
p r o p r i a t e  t rans format ion  t o  equ iva len t  i n t e g e r  va l  ues must 
be made). I f  the FORTRAN ' implementat ion does n o t  support  i n -  
tegers w i t h  a  l eng th  as great  as 24 b i t s ,  then the b i t s  o f .  the 
CAMAC data word are  s to red  i n  t he  a r r a y  elements such t h a t  b i t  
1  i s  the  lowest  o r d e r  b i t  i n  t he  h ighes t  numbered element. A l l  
t h e  b i t s  i n  the h ighes t  element a re  f i l l e d  and the  remaining 
b i t s  a r e . s t o r e d  beginning i n  t he  lowest  o rde r  b i t  o f  the  nex t  
lowest  numbered element, e t c .  For what i s  probably the  most 
common example, 1 6 - b i t  words, one cou ld  de f i ne  an a r ray  o f  l e n g t h  
2, say CAMDAT. Then b i t s  1 t o  16 are  s to red  i n  CAMDAT(2) w i t h  
b i t  1  t he  lowest  and b i t  16 the  h ighes t .  B i t s  17 t o  24 are  
s to red  i n  CAFlDAT(1) w i t h  b i t  17 i n  t he  lowest  o rder  p o s i t i o n  i n  
the  word. The upper e i g h t  b i t s  o f  CAMDAT(1) a re  c leared t o  zero. 

R e s t r i c t i o n s  on Parameter Val ues: I n  mu1 t i p l e - u s e r  systems 
where CAMAC f a c i l  f t i e s  a re  shared among several  independent 
users, i t  may be necessary t o  r e s t r i c t  access t o ' c r a t e  c o n t r o l -  
l e r s  and c e r t a i n  modules by n o t  a l l o w i n g ' c r a t e  c o n t r o l l e r  ac- 
t i o n s  t o  be issued v i a  CFSA and by f o r b i d d i n g  access v i a  CFSA t o  
c e r t a i n  o the r  modules used f o r  system c o n t r o l .  I n  s imp le r  sys- 
tems, however, such r e s t r i c t i o n s  are unnecessary and prevent  the 
implementat ion o f  t e s t  and d iagnos t i c  codes. Each implementor 
must judge h i s  own s i t u a t i o n .  Such r e s t r i c t i o n s  can, o f  course, 
be c o n t r o l  l e d  by s e t t i n g  mode switches e i t h e r  du r ing  opera t ion  
o r  a t  system generat ion.  Where such r e s t r i c t i o n s  appear t o  be 
necessary, i t  i s  recommended t h a t  t he  implementat ion g i ve  the  
system manager the  o p t i o n  o f  i nvok ing  them o r  no t .  

B2.2 S ing le  Ac t i on  Subroutines 

Th is  s e t  cons i s t s  o f  A p lus  the fo l l ow ing :  

B2.2.1 gene rat.^ Dataway I n i t i a l i z e  

Form: CALL CCCZ (s) 



Funct ion: This  subrout ine  generates t h e  c r a t e  I n i t i a l i z e  
s igna l ,  Z, on the  Dataway o f  t he  addressed c ra te .  

B2.2.2 . Generate Crate C lear  

Form: CALL 'CCCC ' ( e x t )  - 
Function: This  subrout ine  generates t h e  c r a t e  C lear  s igna l  
on t h e  Dataway o f  t he  addressed c ra te .  

82.2.3 Set o r  C lear  Dataway I n h i b i t  

Form: CALL C C C I  ( e x t  - ,l) 
. Funct ion: This  subrout ine  se ts  the  c r a t e  1nh ib i  t 's igna l  
i n  . the  addressed c r a t e  i f  1 i s  " t r u e "  and c lea rs  i t  i f  1 - - 
i s  ' ' fa lse ' ' .  

B2.2.4 Test.  Dataway I n h i b i t  

Form: CALL CTCI ( e x t  -- ,l ) 

Funct ion: This  subrout ine  re'turns the  value " t r u e "  i n  1 
i f  the  i n h i b i t  s i g n a l  i n  t he  addressed c r a t e  i s  se t ,  " f a s e "  
i f  no t .  

B2.2.5 Enable o r  D isab le  Crate Demands 

Form: CALL CCCD ( e x t  , l )  -- 

Funct ion: This  subrout ine  enables o r  d isab les  demands f rom 
t h e  s p e c i f i e d  c ra te .  

B2.2.6 Test Crate Demand Enabled 

Form: CALL CTCD ( e x t  ,l ) - -  
Funct ion: This  subrout ine  re tu rns  i n  1 the  value " t r u e "  i f  
c r a t e  demands are  enabled, " f a l se "  i f  n o t .  

B2.2.7 Test  Demand Present 

Form: CALL CTGL ( e x t  ,1) 

Funct ion: This  subrout ine  re tu rns  i n  - 1 the  val i~e  " t rue "  i f  any 
GI- b i t  i s  present,  " f a l s e "  i f  no t .  

B2.2.5 Declare LAM 

Fat-111: CALL CDLAM (lam,b,c,n,m,inta) - - . - - - -  

Funct ion: CDLAM combines the  components - - - -  b, c, n, m, and i n t a  - 
i n t o  a s i n g l e  reference t o  the LAM. 



Implementat ion Notes: 

lam: The .subrout ine must r e t u r n  a value which un ique ly  de- - 
f i n e s  the  .specif iedt.LAM f o r  o t h e r  subrout ines i n  the  imple- 
mentat ion. The means by which t h i s  o b j e c t i v e  i s  accomplished 
are  n o t  spec i f i ed .  I f  t h e  parameters necessary t o  s p e c i f y  
t h e  address o f  a LAM and any necessary a u x i l i a r y  i n f o r m a t i o n  
can be packed i n t o  a s i n g l e  i n t e g e r  va r i ab le ,  then the  value 
re tu rned  may con ta in  t h i s  i n fo rma t ion .  Otherwise i t  may be 
necessary t o  supply an a r b i t r a r y  index, o r  o t h e r  code, which 
i d e n t i f i e s .  t h e  LAM t o  t h e  o t h e r  subrout ines which access it. 

Permanent Assignment o f  Log ica l  LAM's: I n  many systems LAM's 
a re  n o t  dynamic and can be known t o  the  opera t ing  system o r  
the. CAMAC 1/0 programs more o r  l e s s .  permanently. I n  such 
cases' the  f u n c t i o n  CDLAM i s  no t . requ i red .  The LAM's can-be 
def ined v i a  tab les  which are  p a r t  o f  t he  CAMAC 1/0 software o r  
which may be loaded b y  a p a r t i c u l a r  program t o  i d e n t i f y  t he  
LAM's w i t h  which i t  deals. I f  a p a r t i c u l a r  implementat ion 
supports d e f i n i t i o n  by such tab les ,  t h e  documentation -should 
descr ibe how t o  c rea te  LAM references us ing  assembler code o r  
compi ler  DATA statements. 

B2.2.9 Enable o r  Disable LAM 

Form: CALL CCLM (lam,l -- ) 

Funct ion: This  subrout ine  enables o r  d isab les  the  module 
LAM i d e n t i f i e d  by  - lam. 

B2.2.10 C lear  LAM 

Form: CALL CCLC (lam) - 

Function: This  subrout ine  c lea rs  the  module LAM i d e n t i f i e d  
by the  argument. 

B2.2.11 ~ e s t  LAM 

Form: CALL CTLM ( l a m , l ) -  

Funct ion: This  subrout ine  r e t u r n s  i n  1 t he  value " t r u e "  if 
the  addressed LAM i s  asserted, " f a l s e "  i f  no t .  

82.2.12 L i n k  LAM t o  Serv ice Procedure 

rorm: CALL CCLNK ( 1  am, 1 abel ) 

Function:. Per form-a run  t ime assoc ia t i on  between a l o g i c a l  
LAM and an i r ~ t e r r u p t  s e r v i c e  r o u t i n e .  



0 2 . 3  Block Transfers, Mu1 ti p l  e Act ions,  and Inverse Declarat ions 

This s e t  cons is t s  o f  se ts  A and B p lus  the  fo l l ow ing :  

82.3.1 General M u l t i p l e A c t i o n  

Form: CALL CFGA (fa;exta,intc,qa,cb) - - - - - .  

Funct ion: This subrout ine performs a sequence o f  CAMAC 
func t ions  a t  a corresponding sequence , o f  CAMAC addresses ' 

and re tu rns  a sequence o f  Q responses. The number o f  func- 
t i o n s  executed, addresses accessed, and Q responses re turned 
i s  g iven by t h e  value o f  the parameter cb(1)  . CAMAC data 
words are  t r a n s f e r r e d  between. t h e  ~ A M A ~ s y s t e m  and the  a r ray  
i n t c  whenever the  s p e c i f i e d  f u n c t i o n  i s  read o r  w r i t e .  Since 
the a r ray  f a  can con ta in  bo th  read and w r i t e  func t ions  : da ta  
wnrds may w r i t t e n  t o  and read from t h e  same a r ray  by a 
sing1.e c a l l  t o  t h i s  subrout ine.  CAMAC-data-word p o s i t i ~ n s  
i n  the  array i n t c  whish correspond t o  func t ions  i n  t h e  a r ray  

. - f a  which a re  n e i t h e r  read nor  w r i t e  are  n o t  accessed by t h i s  
subrout ine.  

Imp1 emen t a  t i on Notes : 

fa :  Note t h a t  i n  t h i s  subrout ine a succession o f  poss ib l y  - 
unre la ted func t ions  a re  executed a t  a succession o f  CAMAC 
addresses. 

i n t c :  The i n t e r n a l  reference ' i n t c ,  - unless a1 1 func t ions  i n  
the  a r ray  f a  a re  c o n t r o l  o r  t e s t  funct ions,  which use no data, 
must be a b l e  t o  conta in  a CAMAC data word f o r  each f u n c t i o n  exe- 
cuted. I n  order  t o  main ta in  the  ~ o s i  t i o n a l  cor res~ondence be- 
tweenva lues i n f a ,  exta,  i n t c ,  a;ld =, a p o s i t i o n '  i n  i n t c  i s  
skipped whenever? c o n t r o l o r t e s  t f u n c t i o n  i s  executed. I f  
the FORTRAN imp1 ementa ti on supports i n teger  a r ray  e l  ements o f  
24 b f t s  o r  more, then each execut ion o f  t he  f u n c t i o n  accesses 
a successive element o f  t h e  ar ray .  The CAMAC data word occupies 
the  low-order 24 b i t s  o f  the i n t e g e r  ar ray  element; h ighe r  order  
b i t s  a re  c lea red  by a read func t i on  and ignored by a w r i t e .  I f  
the FORTRAN implementat ion supports o n l y  i n t e g e r  ar rays  whose 
elements con ta in  fewer than 24 b i t s ,  then each CAMAC data word 
i s  conta ined i n  an i n t e g r a l  number o f  elements ( a  "b lock")  su f -  
f i c i e n t l y  large t o  con ta in  24 h i t s .  The leng th  n f  the array rn~rqt. 

be g rea t  enough t o  i n c l  ude a b lock.  f o r  each CAMAC data word t rans-  
ferred. Each CAMAC data word i s  pos i t i oned  w i t h i n  i t s  b lock  so 
t h a t  t he  element w i t h i n  the  b lock  w i t h  the  h ighes t  index i s  f i l l e d  
w i t h  the lowes l  order  b i t s  o f  the data word, and any bSts n o t  r e -  
qu i red  t o  con ta in  data are  a t  th.e h ighes t  'order  p o s i t i o n s  o f  t he  
element w i t h  t h e  lowest  index. Thus i n  the  t y p i c a l  1 6 - b i t  case, 
where a b lock  cons is t s  o f  elements n and n + 1, element n conta ins 
CAMAC b i t s  24 through 17 i n  i t s  low-order e i g h t  b i t s  and element 
n + 1 conta ins b i t s  16 through 1. 



: This a r r a y  conta ins  the Q responses f o r  each func- 
t i o n  executed. The format  o f  each element o f  the.  a r r a y  

. . s. i s  i d e n t i c a l  t o  t h e  format of the  v a r i a b l e  q i n  sub- 
r o u t i n e  CFSA, i .e., a l o g i c a l  value i s  re tu rned.  . No 
a c t i o n  based on these values i s  taken by the  subrout ine.  

R e s t r i c t i o n s  on Parameter Val ues : I n  mu1 ti p l  e-user sys- 
tems where CAMAC f a c i  1 i t i e s  a re  shared among several  i n -  
dependent users, i t  may be necessary t o  r e s t r i c t  access 
t o  c r a t e  con t ro3 le rs  and c e r t a i n  modules by n o t  a l l o w i n g  
c r a t e  c o n t r o l l e r  ac t i ons  t o  be issued v i a  CFGA and by 
f o r b i d d i n g  access v i a  CFGA t o  c e r t a i n  o the r  modules used 
f o r  system c o n t r o l  . ' I n  s imp ler  systems, however, such r e -  
s t r i c t i o n s  are  unneccessary and prevent  t he  implementat ion 
o f  t e s t  and d iagnost ic  codes. Each implementor must judge 
h i s  own s i t u a t i o n .  Such r e s t r i c t i o n s  can, o f  course, be 
c o n t r o l l e d  by s e t t i n g  mode switches e i t h e r  dur ing  opera t ion  
o r  a t  system generat ion.  Where such r e s t r i c t i o n s  appear 
t o  be necessary, i t  i s  recommended t h a t  t he  implementat ion 
g i v e  the  system manager the  op t i on  o f  i nvok ing  them o r  no t .  

A p p l . i c a b i l i t y :  This subrout ine i s  use fu l  p r i m a r i l y  i n  sys- 
tems i n  which the  overhead associated w i t h  i n i t i a t i n g  o r  
s p e c i f y i n g  a CAMAC a c t i o n  i s  g r e a t  compared w i t h  the  t ime 
requ i  red  t o  perform an i n d i  v i  dual CAMAC command. Sys tems 
which s u f f e r  from a h igh  I / O  overhead i n  the  system sof t -  
ware o r  where there  i s  a remote i n t e l l  i g e n t  processor w i t h  
a r e l a t i v e l y  h igh  communications overhead are  among those 
i n  which t h i s  subrout ine  may be needed. . 

Address-Scan 

Form: CALL CFMAD ( ---- f ,extb , intc,cb) 

Funct ion: This  subrout ine  executes a s i n g l e  CAMAC operat ion,  
f, a t  a succession o f  addresses computed us ing  the' Address Scan - 
algor i thm.  

Imp1 emen t a  ti on Notes : 

i n t c :  See implementat ion no te  on i n t c  i n  s e c t i o n  82.3.1, 

Q: The Q responses t o  t h e  CAM4C func t i ons  are  n o t  saved. 
The Q response i s  used t o  c o n t r o l  t he  addressing a lgo r i t hm 
and can prov ide  no i n fo rma t ion  t o  the  c a l l i n g  program. 

X: Specia l  a t t e n t i o n  must be p a i d  t o  the  X response i n  
the  Address Scan mode. When a module responds w i  t h  Q=0, 
i t  may a t  the  same t ime g i v e  e i t h e r  X=l o r  X=O; consequently 
i n  th is .mode o f  access the  X response i s  ignored when t h e  
Q response i s  0. 



R e s t r i c t i o n s  on Parameter Values: I n  mu1 ti ple-user  systems 
where CAMAC fac i  1 i t i e s  a re  shared among several  independent 
users, i t  maybe  necessary t o  r e s t r i c t  access t o  c r a t e  con- 
t r o l l e r s  and c e r t a i n  modules by n o t  a l l o w i n g  c r a t e  c o n t r o l l e r  
ac t i ons  t o  be issued v i a  CFMAD and by f o r b i d d i n g  access v i a  
CFMAD t o  c e r t a i n  o t h e r  modules used f o r  system c o n t r o l  . 

I 

B2.3.3 Contro l  1 er-Synchroni zed Block Trans fer  

Form: CALL CFUBC (f ,ext; intc;cb) - --- 

Funct ion:  This  subrout ine  executes a s i n g l e  CAMAC func t ion ,  
f, a t  a s i n g l e  address, w i t h  t h e  usage o f  the  Q response de- - 
f i n e d  as f o r  the  Stop Mode. 

Implementat ion Notes: 

i n t c :  See implane~sls t iun 11ut.e or1 - I n t r :  I n  ser.r.inn Hz. 3.'1 , 

Q: The Q responses t o  t h e  CAMAC func t i ons  a re  n o t  saved. 
Since t h e  Q response i s  used by  t h e  module t o  i n d i c a t e  end 
of  b lock ,  i t  can c a r r y  no o the r  i n fo rma t ion  t o  the  c a l l i n g  
program. 

. . 

R e s t r i c t i o n s  on Parameter, ,Val ues: I n ,  mu1 ti ple-user  systems 
where CAMAC f a c i l i t i e s  a re  shared among several independent 
users, i t  may be'necessary t o  r e s t r i c t  access t o  c r a t e  con- 
t r o l l e r s  and c e r t a i n  modules by n o t  a l l o w i n g  c r a t e  c o n t r o l l e r  
ac t i ons  t o  be issued v i a  CFUBC and by f o r b i d d i n g  access' v i a  
CFUBC t o  c e r t a i n '  o the r  modules used f o r  system c o n t r o l  . 

B2.3.4 LAM-Synchronized Block Transfer 

Form : CALL CFUBL 

Funct ion: This  s i ~ b r o u t i n e  executes a s i n g l e  CAMAC func t ion ,  
f, a t  a s i n g l e  address, w i t h  the  usage o f  t he  Q response and - 
LAM s igna l  f o r  t he  ULS mode. ' 

Implementat ion Notes: 

i n t c :  See implemen'tation no te  on i n t c  i n  sec t i on  B2.3.1. - 
A: The Q responses t o  t h e  CAMAC func t i ons  a r e  n o t  'saved. 
Since the  Q response i s  used by the  module t o  i n d i c a t e  
end n f  b lock ,  i t  can cab-r-y no other' in,for~nal;.ion t o  t h e  
c a l l i n g  program. 

LAM Cont ro l :  .Modules designed t o  be used i n  t h i s  mode must 
c l e a r  t h e  synchroniz ing LAM d u r i n g  the  execut ion o f  a read 
o r  w r i t e  command. 



Restrict ions on Parameter Values: In mu1 t ip le-user  systems 
where CAM4C f a c i l i t i e s  a r e  shared among several independent 
users,  i t  may be necessary t o  r e s t r i c t  access f o  c r a t e  con- 
t r o l l e r s  and ce r ta in  modules by not allowing c r a t e  con t ro l l e r  
actions t o  be issued via CFUBL and by forbidding access via 
CFUBL t o  ce r t a in  other modules used fo r  system control .  

B2.3.5 Repeat-Mode Block Transfer 

Form: CALL CFUBR ( f  , ex t ,  in tc ,cb)  

Function: This subroutine executes a  s ing le  CAMAC function,  
f ,  i n  the Repeat mode. - 

Imp1 emen t a  ti,on Notes : 

i n t c :  See implementation note on i n t c  i n  section B2.3.1. 

Q: The Q response t o  the  CAMAC functions a r e  not, saved. 
Since the  Q response i s  used by the module t o  ind ica te  
data synchronization, i t  can carry  no other  inforination 
t o  the  ca l l ing  program. 

System In tegr i ty :  A malfunction or  erroneous operation may 
produce a  s i t ua t i on  in  which a.module wi l l  never respond with 
Q=1, causing an unendi.ng loop. To guard against  t h i s  case a  
time out  or  maximum repe t i t ion '  count should be implemented i n  
the  control 1  e r  hardware o r  software. 

~ e s  t r i c t i o n s  on Parameter ' ~ a l  ues: In mu1 t i  ple-user systems 
where CAM4C f a c i l i t i e s  a r e  shared among several independent 
users,  i t  may be necessary, t o  r e s t r i c t  access t o  c r a t e  con- 
t r o l  l e r s  and ce r ta in  modules by not a1 lowing c r a t e  control 1  e r  
ac t ions  t o  be issued via. CFUBR and by forbidding access via 
CFUBR to  ce r ta in  other modules used fo r  system control .  

82.3.6 Analyze LAM Iden t i f i e r  - 
Form: CALL CGLAM (lam,b,c,n,m,inta) ------ 

Function: CGLAM accepts a  LAM i d e n t i f i e r  as  input and re turns  
the values of the  hardware o r  operating system parameters which 
define i t .  I t  performs the  inverse transformation of CDLAM. 

B2.3.7 Analyze Register I den t i f i e r  

Form: CALL CGREG (ext ,b ,c ,n ,a)  -----  

Function: C G R E G  accepts a  r e g i s t e r  i d e n t i f i e r ,  G, as input,  
analyzes i t  i n to  i t s  components, and s to r e s  them in to  - - -  b ,  c ,  n ,  
and -, a .  



. . 
'1 . , 

B3. Parameter Types 

� he types of  t h e  's.ubrou'tink iar'ameters are g iven i n  t h i s  sec t i on .  
See s e c t i o n  3 f o r  t h e  meaning of  each parameter. 

83.1 S i n g l e  I n tege rs  

I f  a sub rou t i ne  returns. 'a  va lue i n  a parameter of t h i s  type, i t  must 
be e i t h e r  an i n t e g e r  v a r i a b l e  of  an i n t e g e r  a r r a y  element. If no value i s  

, re turned,  i,t may be any. inte.ger expression. The parameters o f - , th is  c l ass  
a re :  

e , ~ ,  , f ,  _- lam, - my - n. 

B3.2 S i n g l e  Log i ca l  Val ues 

I f  a s u b r u u t i r ~ e  re tu rns  a value i n  a parameter o f  thi'S type, i t  must 
be e i t h e r  a l o g i c a l  v a r i a b l e  o r  a l o g i c a l  a r ray  element. I f  no value i s  
t.etur.r~ed, I L 111dy t)e any l o y i c a l  express ion .  The parameters o f  t h i s  c lass  
are:  

B3.3 I n t e g e r  Arrays 

These parameters must be i n t e g e r  arrays.  The parameters o f  t h i s  
c l ass  are:  

cb, exta, extb,  fa, i n t a .  - - - - -  
B3.4 Logi ca 1 Ar ray  

This parameter must be a l o g i c a l  a r ray .  The on l y  parameter o f  t h i s  
c l ass  i,s: 

B3.5 CAMAC Data Word 

Th is  parameter must be capable of s t o r i n g  d CAMAC data word twenty- 
four  b i t s  i n  l eng th .  If t h e  FORTRAN i n t e g e r  v a r i a b l e  can con ta in  twenty- 
four  b i t s  o r  more, then the  t ype  f o r  CAMAC data word i s  t h e  same as f o r  a 
s i n g l e  i n t e g e r  (see s e c t i o n  B3.1). I f  the  i n t e g e r  v a r i a b l e  l eng th  i s  
g r e a t e r  than the  equ i va len t  o f  twenty- four  b i t s ,  t h e  CAM4C data word i s  rep-  
resented as an unsigned i n t e g e r  w i t h  b i t  24 represent ing  the  h ighes t  o rder  
b i t  and b i t  1  rep resen t i ng  t h e  lowest, I f  the  FORTRAN i n t e g e r  v a r i a b l s  
cannot c o n t a i n  twenty-four b i t s ,  then t h e  parameter must be an i n t e g e r  a r r a y  
s u f f i c i e n t l y  l ong  t o  con ta in  twenty - four  b i t s .  The CAMAC da ta  word must be 
represented i n  t h e  a r r a y  as a m u l t i p l e - p r e c i s i o n  i n t e g e r  w i t h  the  lowest-  
o r d e r  p o r t i o n  i n  the  l a s t  a r r a y  element and the  h ighes t -o rder  p o r t i o n  i n  
t he  f i r s t  element. B i t  24 o f  t h c  CAMAC word i s  taken t o  be the  h ighes t -  
o rde r  b i t  and b i t  1  t h e  lowest .  The o n l y  parameter o f  t h i s  c l ass  i s :  

i n t  



B3.6'  CAMAC Data Array 

This parameter must be an . ,.- ar,yay : of:.el.ements each o f  the  same type as 
t h e  CAMAC data word (see s e c t i o n  :83.5) . . : ?he on'iy pardmeter o f  dji s c lass  
i s :  . . 

i n t c  -- ? . . ;  

. . . ,. 
B 3;~7. .Label . . . . ! :  . . . .  

. . 
. .  . T h i s  parameter cannot be de f ined o r  assigned a t ype"  w i  t h i n  t h e  bounds 
o f  s t r i c t l y  standard FORTRAN, s ince  i t  l a b e l s  a procedure which i s  in tended 
t o  be executed o u t  o f  sequence w i th '  respect  t o  t h e  . c a l l  i n g  pro.gram. It must 
be def ined a p p r o p r i a t e l y  f o r  each implementat ion. The only '  parameter of 
t h i s  c lass  i s :  

l a b e l .  



Symbol 

APPENDIX C 

FUNCTION-CODE MNEMONIC SYMBOLS 

RD1 
RD2 
RC 1  
RC M 
TL M 
CL 1  
CLM 
CL2 
kJTl 
WT2 
SS1 

. SS2 
SC1 
SC2 
DIS 
XEQ 
E  NB 
TST 

D e f i n i t i o n  , 

Read Group 1  R e g i s t e r  
Read Group 2 R e g i s t e r  
Read and C lea r  Group 1  R e g i s t e r  
Read Complement o f  Group 1 R e g i s t e r  
Tes t  LAM' 
C lea r  Group I K e g i s t e r  
C lea r  LAM 
C lea r  Group 2 R e g i s t e r  
W r i t e  Group 1  R e g i s t e r  
W r i t e  Group 2  R e g i s t e r  
S e l e c t i v e  Se t  Group 1  R e g i s t e r  
S e l e c t i v e  Se t  Group 2 R e g i s t e r  
S e l e c t i v e  C lear  Group 1 R e g i s t e r  
S e l e c t i v e  C l e a r  Group 2 R e g i s t e r  
Di  sab l  e  
Execute 
Enable 
Tes t  
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