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ABSTRACT and FOREWORD

This reportJr presents a reconmended set of software subroutines prepared by the Software Working Group of the
U.S. Departwent of Energy NIM Committee* and the ESONE Conmittee** of European Laboratories for use with the
CAMAC modular instrumentation and interface system of IEEE Standard 583-1975 (EUR 4100e)}. . These subroutines

- provide a general capability for.communicating with CAMAC systems. They will be of primary interest to those
who wish to write their own data-processing programs in a high-level programming language, such as Fortran.

The achievable data transfer rate is, of course, dependent on a number of factors, including the language used,
the operating system, the compiler, the method and level of subroutine implementation and the computer.
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Introduction

This document describes a set of standard subroutines to provide ac-
cess to CAMAC facilities in a variety of computer-programming languages.
It is specifically intended that the subroutines be suitable for use with
FORTRAN, although they are not restricted to that language. Appendix B
describes a recommended implementation of the subroutines explicitly for
FORTRAN.

The present approach is based largely on IML and IML-M1 (Ref. 1). A
distinction is made between "declarations", which are used to name and
specify computer and CAMAC entities, and "actions", which are used to im-
plement the various data movements and condition tests which make up the
CAMAC-related portion of a program. As far as possible, -the nomenclature
of IML-M1 has been followed in order to take advantage of existing familiar-
ity with that system and to provide as uniform a terminology and style as
poss1b1e among the various CAMAC software documents.

Because of the widespread use of CAMAC on computers with a word length
of less than 24 bits and because of the great differences in computer and
operating-system features, special, system-dependent features are often re-
quired to provide greater efficiency or to make appropriate use of the fea- -
tures of particular systems. The main body of this document describes sub-
routines which, at the user interface, depend only on the features of CAMAC
and therefore, when implemented in any standard procedural language, should
be computer-independent. Appendix A describes subroutines which depend not
~only on CAMAC, but to some extent on individual computers. They cannot be
made independent of the system on which they are implemented, and the user
should take special precautions when it is necessary to incorporate them
into a program. Such a program may not be transportable from one computer
to another without modification.

The subroutines have been grouped into three subsets in order to pro-
vide different standard levels of implementation. The lowest level re-
quires only two subroutines, but nevertheless gives access to most of the
facilities which can be found in CAMAC systems. In higher levels of imple-
mentation subroutines are ‘added which permit procedures to be written in
more mnemonic terminology, provide better handling of LAM's, permit pro-
cedures to be independent of the type of- CAMAC highway used, and provide

.efficient block-transfer capability.

Functional Specifications

This section introduces and describes in detail all the recommended
subroutines. Since many implementations will not require the complete set,
the subroutines are grouped into three subsets correspond1ng to the recom-
mended implementation levels. Level A, the simplest, requires on]y the sub-
routines from section 2.1. Level B, an intermediate level, requires the
subroutines from sections 2.1 and 2.2. Level C is the highest level and
requires implementation of the subroutines from sections 2.1, 2.2, and 2.3.



Two CAMAC facilities are not available through the use of these sub-
routines: the X response from an action and the BZ command. These facili-
ties are available through the use of system dependent subroutines described
in Appendix A. .

Naming conventions, compatible with the requirements of many computer
languages, have been adopted. In order to make it simple for a user to
avoid name conflicts, the name of each recommended subroutine begins with
the letter "C". The second letter of the subroutine name is coded to indi-
cate the general function of the subroutine. Six letters have been used
for this purpose:

"C" indicates that the subroutine performs a contr01~function-

"p" 1nd1cates that the subroutine is a declaration of a CAMAC
entity;

- "F" indicates that the subroutine transfers full-length (24;bit)
data words;

“G" indicates that the subroutine analyzes a named CAMAC entity
into its address components;

"S" indicates that the subroutine transfers short (less than
24-bit) data words;

"T" indicates that the subroutine tests the state of a signal
or status indication.

The remaining letters of each subroutine name (to a maximum of six) are
chosen for their mnemonic value in identifying which function the subrout1ne
performs.

Since no particular language is assumed in the body of the document, no
syntax can be defined for a subroutine call. The subroutines are described
in terms of a subroutine name and an ordered sequence of parameters. As
far as possible every implementation should retain the designated name and
the order of the parameters. For the same reason no specific form can be
defined for the subroutine parameters. CAMAC data words are bit strings
with a length of twenty-four. An implementation must have the capacity to
represent such strings. Other subroutine parameters are represented either
as integer values or as the logical values "true" or "false". In this
document the parameters of subroutines are described as variables or arrays
of types CAMAC word, integer, or logical. For each implementation appropri-
ate storage units and data formats must be chosen for each of these gener-
alized entities.

2.1 . Primary Subroutines

These two subroutines, which are required in all implementations, make
up level A. The first provides the capability to define the address of a
CAMAC entity and to access it. The second is used to perform CAMAC opera-
tions on the defined entities. In principle any CAMAC entity for which



2.1

2.1

2.2

there is a defined standard mode of access can be accessed through the use
of these two subroutines. In practice some systems may contain restrictions
on the use of crate controllers or other system modules.

.1

.2

Declare CAMAC Register
Name: CDREG

Parameters: ext (external address, see section 3.1)
b (branch number, see section 3.2)

¢ (crate number, see section 3.3)

n (station number, see section 3.4)

a

{subaddress, see section 3.5)

Function: CDREG combines the branch number b, the crate number

c, the station number n, and the subaddress.a into a convenient

system-dependent form and stores the result in éxt. Since the

‘method of encoding depends on the implementation, the contents

of ext.should not be modified by the program. Some subroutines
(see section 2.2) require only a crate address; if the parameters
n and a are both zero, CDREG encodes a crate address and stores
it in ext.

-Perform Single CAMAC Action

Name: CFSA

Parameters: f (function code, see section 3.6)
" ext (external address, see section 3.1)
int (CAMAC data word, see section 3.7)
g (Q response, see section 3.8)

Function: CFSA causes the CAMAC action specified by the function

code f to be performed at the CAMAC address specified by ext. If

f contains a read or write code, a twenty-four-bit data transfer. occurs
between the CAMAC register addressed by ext and the computer stor-

age location int. Otherwise int is ignored. The state of Q re-
sulting from the operation is stored in q, "true" if Q=1, "false"

if Q=0. : :

Single-Action Subroutines

These subroutines, together with those described in section 2.1, form

the level B implementation, which provides a complete faciiity for speci-
fying single CAMAC actions in a way which is mnemonic, compact, and inde-
pendent of the type of highway or crate controller. Facilities are provi-
ded for declaring LAM's and performing LAM actions using constructions which
are independent of the LAM access mode (i.e., subaddress or register access)




2.2.1

2.2.2

2.2.3

2.2.4

2.2.5°

Generate Dataway Initialize
Name: CCCZ
Parameter: ext (external address, see section 3.1)

Function: CCCZ causes Dataway Initialize (Z) to be generated

~in the crate specified by ext.

Generate Crate Clear
Name: CCCC
Parameter: ext (external address, see section 3.1)

Function: CCCC causes Dataway Clear (C) to be generated in

the crate specified by ext.

Set or Clear Dataway Inhibit
Name: CCCI

Parameters: ext (external address, see section 3.1)
1  (logical truth value, see section 3.9)

Function: CCCI causes Dataway Inhibit (I) to be set in the

crate specified by ext if the value of 1 is "true" and to be
reset if the value of | 1 is "false".

Test Dataway Inhibit
Name: CTCI

(external address, see section 3.1)

Parameters:
: (Togical truth value. see section 3.9)

ext
1

Function: CTCI sets the value of 1 to "true" if Dataway In-
hibit is set in the crate specified by ext and sets the va]ue
of 1 to "false" if Dataway Inhibit is not set.

- Enable or Disable Crate Demand

Name: CCCD

Parameters: ext (external address, see section 3.1)

1 (lngical truth value, see section 3.9)

"Function: CCCD causes Crate Demand to be enabled in the crate

specified by ext if the value of 1 is "true" and causes Crate
Demand to be disabled if the value of 1 is "false"."



2.2.6

2.2.7

2.2.8

2.2.9

‘Parameters:

Test Crate Demand Enab]ed
Name: CTCD

(external address, see section 3.1)

ext
"1 (logical truth value, see section 3.9)

Function: CTCD sets the value of 1 to "true" if Crate Demand
is enabled in the crate spec1f1ed by ext and sets the value of
1 to "false" if Crate Demand is disabTed.

Test Crate Demand Present

Name: CTGL

(external address, see section 3.1)
(logical truth value, see section 3.9)

Parameters: ext
1

Function: CTGL sets the value of 1 to "true" if any demand
is present in the crate spec1f1ed by ext and sets the value
of 1 to "fa]se" if no demand is present. :

Declare LAM
Name: CDLAM

Parameters: lam (LAM identifier, see section 3. 10)

b (branch number, see section 3.2)

¢ (crate number, see section 3.3)

n (station number, see section 3.4)

m  (LAM access specifier, see section 3.11)
t

(integer array, see section 3.12)

Function: CDLAM encodes the branch number b, the crate number

c, the station number n and all other necessary information
concerning a LAM into a system- dependent, integer form and stores’
the result in lam. The parameter m is interpreted as a subaddress
if its value is greater than or equal to zero. It is interpreted
as the negative of a bit pos1t1on if its value is less than zero.
This information is encoded in the value assigned to lam and used
by other subroutines to determine whether the LAM is accessed via
special functions for LAM access or via readlng and wr1t1ng group
2 registers. The information contained in the array inta is com-
pletely implementation-dependent. It contains any information
which may be required by the computer system or the CAMAC inter-
face to enable the program to access the LAM. The use of inta

by CDLAM is not required, but inta must appear in the parameter

- string regardless.

Enable or Disable LAM
Name: CCLM




2.2.10

2.2.1

2.2.12

2.3

2. 2

(LAM identifier, see section 3.10)
(Togical truth value, see section 3.9)

Parameters: lam
1

Funétion: CCLM causes the LAM specified by 1gm_to bé enabled
if the value of 1 is "true" and causes it to be disabled if
the value of 1 is “false".

Clear LAM

Name: CCLC |

Parameter: lam (LAM identifier, see section 3.10)

Funétion: CCLC causes the LAM specified by lgm tovbe cleared.
Test LAM |

Name: CTLM

m (LAM identifier, see section 3.10)

Parameters: lam
1 (logical truth value, see section 3.9)

Function: CTLM sets 1 to the value "true" if the LAM specified
by lam is asserted, and sets 1 to the value "false" if the LAM
is not asserted.

Link LAM to Service'Proceddre

Name: CCLNK

Parameters: lam (LAM 1dent1f1er, see section 3.10)
label (entry point identifier, see section 3.13)

Function: CCLNK performs an association between the LAM speci-
fied by lam and a procedure identified hy the parameter label.
As a result of this association the procedure will be executed

~ whenever the LAM is recognized by.the system.

Block Transfers, Multiple Actions, and Inverse Declarations

These subrout1nes, together with thoJe described in sections 2.1 and
form a comprehensive CAMAC support system, level C, with very general

features and a potential for efficient execution of b]ock transfers and
multiple actions. (See Ref. 2)

A1l the action subroutines in this section employ a "control block",

cb, which is an integer array containing four elements as follows:

element 1: Repeat count,

element 2: Tally,

element 3: LAM identification,
element 4: Channel identification.



The repeat count specifies the number of-CAMAC actions or the maximum
number of data words to be transferred. The tally is returned by the sub-
routine and indicates the number of actions actually executed or the number
of data words actually transferred. Thus the calling program can detect
and analyze a premature termination of an activity. The LAM identification
is a coded identifier of the same form and interpretation as that returned
by the subroutine CDLAM. The channel identification is a system-dependent
or implementation-dependent parameter which may not be required in all im-
plementations. It is used to identify any computer-related facilities
necessary for the execution of the specified CAMAC action. Examples of
facilities which might be required to be identified include computer input/
output channels and operating system facilities such as unit numbers.

2.3.1 General Multiple Action
Name: CFGA
Parameters: fa function codes, see section 3.14)

(
exta (external addresses, see section 3.15)
intc (CAMAC data array, see section 3.16)
(
(

Q responses, see section 3.17)
control block, see section 3.18)

o
&8

Function: CFGA causes a sequence of CAMAC functions specified

in successive elements of fa to be performed at a corresponding
sequence of CAMAC addresses spec1f1ed in successive elements of
exta. Any read or write function in fa causes a CAMAC data word
to be transferred between the corresponding element of intc and
the specified CAMAC register. The Q response for each Fndividual
CAMAC action is stored in the corresponding element of ga. The
number of actions performed and the number of elements required
in the arrays fa, exta, intc, and ga is given by the value con-
tained in the first element of cb. If the third element of ch
contains the value zero, the specified sequence of actions is
‘executed immediately; 1f it contains a LAM identification, then
the sequence of actions is not initiated until the LAM is recognized.

2.3.2 Address Scan
Namc: CFMAD

Parameters: - f function code, see section 3.6)

(
extb (external addresses, see section 3.19)
intc (CAMAC data array, see section 3.16)
“cb (control block, see section 3.18)

Function: CFMAD causes a single CAMAC function specified by the value
of f to be executed at a succession of addresses computed using the
Address Scan algorithm described in Ref. 3, section 5.4.3.1 and Ref.
2, section 3.2. In the Address Scan mode the specified function is
executed first at the address given by the first element of extb.

Then if the Q response is 1, the subaddress is incremented by 1 and
the index into the data array intc incremeated by 1, and the function
is executed at this new subaddress. If the subaddress is incremented
beyond 15, it is set to zero, and the station number is incremented.
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2.3.3 .

2.3.4

If the Q response is 0, the subaddress is set to zero and

the station number is incremented, but the index into intc

is not changed. Execution of the specified function is at-
tempted at the resulting new address, and the process is
repeated until either the requested number of actions (given

in the first element of cb) have been performed or the address
computed by the procedure described above exceeds the address
contained in the second element of extb. If the third element
of cb contains the value 0, execution of the CAMAC actions is
begun immediately. If it contains a LAM identifier, execution
does not begin until the specified LAM is recognized. Ref. 3
defines Address Scan within a s1ng]e crate only. For the pur-
pose of this document Address Scan is extended to other address

~ components as follows. If the station number is incremented

beyond the number of stations in a crate, it is set to 1, and
the crate number is incremented. If the crate number is in-
cremented beyond the number of crates in the branch, the crate
number is set to 1. and the branch numbher is incremented.

Controller-Synchronized Block Transfer
Name: CFUBC |

Parameters: f (function code, see section 3.6)
ext (external address, see section 3.1)
intc (CAMAC data array, see section 3.16)

cb  (control block, see section 3.18)

FUNCTION: CFUBC causes the single CAMAC function given by the value

of f to be executed at the CAMAC address specified by the value of ext.

In this mode the CAMAC address is never changed, but the single register
is expected to supply or accept many words of data. It is assumed able

. to supply or accept a data word whenever the controller addresses it

until the block is exhausted or the controller terminates the process
because the number of data transfers exceeds the limit given by the
first element of cb. If the third element of cb contains the value 0,
execution of the CAMAC actions is begun immediately. If it contains

a LAM identifier, execution does not begin until the specified LAM is
recognized. :

The module indicates that the block is exhausted by its Q response.

Two methods for doing this are described in Ref. 2-- i.e. Stop Mode
(section 3.1) and Stop-on-Word Mode (section 4.1). In general both
methods are not implemented in a given hardware system and no con-
fusion should occur. However, if both methods are permissible, then
the fourth clement. of ch which contains system dependent facilities
must be used to specify for each case which method. the module is using.

LAM-Synchronized Block Transfer
Name: CFUBL

Parameters: f  (function code, see section 3.6)

ext (external -address, see section 3.1)
(CAMAC data array, see section 3.16)
(control block, see section 3.18)
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Function: CFUBL causes the single CAMAC function specified
by the contents of f to be executed at the CAMAC address
specified by the contents of ext, with the usage of the Q
response and the LAM signal defined as in Ref. 2, section

4.2 for the ULS mode. In the ULS mode the CAMAC address

is not changed, but the single address is expected to supply
or accept many words of data. In the ULS mode the module
asserts a LAM whenever it is ready to participate in a data
transfer, and the controller responds with the appropriate
command to effect the transfer. Any data words transferred
are placed into or taken from the array intc. The controller
terminates the process if the number of executions exceeds

the 1imit given by the contents of the first element of cb,

or the module may terminate the process by responding with
Q=0. The response Q=1 indicates that the specified function
was properly executed. The response Q=0 indicates that the
attempted data transfer was not completed and that the process
should be terminated. The LAM which synchronizes the process
is specified by the contents of the third element of cb. Upon
termination the number of Q=1 responses is stored in the second
element of cb.

2.3.5 Repeat Mode Block Transfer
Name: CFUBR
Parameters: 'f  (function code, see section 3.6)
ext (external address, see section 3.1)
E

inta (CAMAC data array, see section 3.16)
control block, see section 3.18)

cb
Function: CFUBR causes the single -CAMAC function specified by
the contents of f to be executed at the CAMAC address specified
by the contents of ext with the usage of the Q response defined
as in Ref. 3, section 5.4.3.2 and Ref. 2, section 3.3 for the
Repeat mode. In the Repeat mode the CAMAC address is never
changed, but the single address is expected to supply or ac-
cept many words of data. Q is used as a timing signal. Q=1
indicates that the previously executed function succeeded; Q=0
indicates that the module was not ready to execute the function
and that the controller should try again. Any data words trans-
ferred are placed into or taken from the array intc. If the
response is Q=0, no transfer took place, and the index into the
array intc is not changed. The number of Q=1 responses expected
is given by the contents of the first element of cb. If the
third element of cb contains zero, the process is initiated im-
mediately; if it contains a LAM identifier, the process is initiated
only when the specified LAM is recognized.

2.3.6 Analyze LAM Identifier
Name: CGLAM

Parameters: (LAM identifier, see section 3.10)

la
b (branch number, see section 3.2)
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¢ (crate number, see section 3.3)

n (station number, see section 3.4)

m  (LAM access identifier, see section 3.11)
inta (integer array, see section 3.12)

Function: CGLAM decodes the LAM identifier lam into its com-
ponent parts, consisting of the branch number b, the crate
number c, the station number n, the subaddress or bit-position
m, and the system-dependent information inta. This subroutine
exactly reverses the process performed by CDLAM, and all para-
meters have the same interpretation and form.

2.3.7 Analyze Register Identifier
Name: CGREG

~

(external address, see section 3.1)
(branch pumber, sec scclion 3.2)
(crate number, see section 3.3)
{station number, see section 3.4)
(subaddress, see sectlon 3.5)

Parameters: ex

lﬂi3|0i01

Function: CGREG decodes the CAMAC address identifier ext into
its component parts, consisting of the branch number b, , the crate
number ¢, the station number n, and the subaddress a.  This sub-
routine exactly reverses the process performed by CDREG, and

all parameters have the same interpretation and form.

'3. Definitions of Parameters

The meanings of the parameters used in the subroutine definitions are
given briefly in the subroutine function descriptions. Since similar par-
ameters are used in many subroutines, the various symbols are defined and
discussed more completely in the subsections which follow. This informa-
tion is intended particularly as a guide to implementors in the hope that
it will result in the greatest possible degree of uniformity among difterent
implementations. S

3.1 ext (external address)

The symbol ext represents an integer Wthh is used as an identifier
of an external CAMAC address. The address may represent a register which
can be read or written, a complete CAMAC address which can be accessed by
control or test functions, or a crate address. The value of ext is ex-
plicitly defined to be an integer. Normally it can be expected to be an
encoded version of the address components, in which the coding has been
selected for the most efficient execution of CAMAC actions on the inter-
face to which the implementation applies. Other possibilities are allowed,
however. For example ext may be an index or a pointer into a data structure
in which the actual CAMAC address components are stored.

-10-



2 b (branch number)

The symbol b represents an integer which is the branch number component
of a CAMAC address. It may represent a physical highway number in multiple
highway systems, or it may represent sets of crates grouped together for
functional or other reasons. In some systems it may be ignored, although
it must be included in the parameter list for the sake of compatibility.

.3 ¢ (crate number)

The symbol ¢ represents an integer which is the crate number component
of a CAMAC address. "Crate number" in this context can be either the physi-
cal crate number-or it can be an integer. symbol which is interpreted by the
computer system software to produce appropriate hardware access information.

.4 n (station number)

The symbol n represents an 1nteger which is the station number compo-
nent of a CAMAC address.

.5 - a (subaddress)

The symbol a represents an integer which is the subaddress component
of a CAMAC address.

.6 f (function code)

The symbo] f represents an integer which is the funct1on code for a
CAMAC action.’ :

.7 int (CAMAC data word)
The symbol int represents a CAMAC data word stored in computer memory.
The form is not specified, but the word must be stored in an addressable
storage entity capable of containing twenty-four bits. In a computer or
programming system which does not have an addressable unit of storage which
can contain twenty-four bits, multiple units must be used.

3.8 q (Q respdnse)

The symbol g represents a logical truth value which corresponds to the
CAMAC Q response. It is set to "true" if the Q response is 1, to “false"
if the Q response is 0. _

.9 vl' (logical truth value)

The symbol 1 represents a logical truth value which can be either "true"
r llfa]se”.

.10 lam (LAM identifier)

The symbol lam represents an integer which is used as the identifier of
a CAMAC LAM signal. The information associated with the identifier must in-
clude not only the CAMAC address but also 1nformat1on about the means of
accessing and controlling the LAM, i.e., whether it is accessed via dataless
functions at a subaddress or via read/write functions in group 2 registers.
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The value of lam is explicitly defined to be a non-zero integer; whether it
is an encoded representation of the information required to describe the
LAM or simply provides a key for accessing the information in a system data
structure is an implementation decision. The value O is used to indicate, -
where appropriate, that no LAM is being specified.

311 'm (LAM access specifier)

The symbol m represents an integer which is used to indicate the mode
of access of a LAM and the lowest-order address component for LAM address1ng.
If mis zero or pos1t1ve, it is interpreted as a subaddress and the LAM is .
assumed to be accessed via dataless functions at this subaddress. If m is
negat1ve, it is 1nterpreted as the negative of a bit poswt10n for a LAM
which is accessed via reading, setting, or clearing bits in the group 2
registers at subadresses 12, 13, or 14,

3.12 inta (integer array)

The symbol inta represents an integer array, the length and contents of
which are not defined in this document. It is intended to contain system-
dependent or implémentation-dependent information associated with the defi-
nition of a LAM. If no such information is required, the array need not be
used. This information can include parameters necessary for interrupt link-
age, event specification, etc. The documentation for an implementation must
~describe the requirements for any parameters contained in this array.

3. 13 label (entry point identifier)

The symbol label represents an entry po1nt into a programmed procedure.
Such a procedure will typically be executed in response to. the recognition
of a LAM, and it may interrupt the process being executed at the time of
recognition of the LAM. Under these circumstances the procedure must be .
capable of saving and restoring the state of the computer so that the inter-
rupted process can be resumed. At least one value of labels should identify
a system error procedure which deals with LAM's not linked to user processes.

3.14  fa (function codes)

The symbol fa represents an array of integers, each of which is the
function code for a CAMAC action. The length of fa is given by the value
of the first element of cb (see section 3.18) at the time the subroutine is
executed.

3.15 exta (CAMAC external address)

The symbol exta represents an array of integers, each of which is a
CAMAC register address. The form and information content of each element
of exta must be identical to the form and information content of the quan-
tity ext (see section 3.1). The length of exta is given by the value of
the first element of cb (see section 3.18) at the time the subroutine is
executed.

' 3.16 intc (CAMAC data array)

The symbol 1ntc represents an array of CAMAC data words. Each element
of intc has the same form as the CAMAC data word variable int (see section
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3.7). The length of intc is given by the value of the first element of cb
(see sect1on 3.18) at the time the subroutine is executed.

3.17 ga (Q responses)

The symbol qa represents an array of Q response values. Each element
of ga has the same form and can have the same values as the parameter g (see
section 3.8). The length of ga is given by the value of the first element
of cb (see section 3.18) at the time the subroutine is executed.

3.18  ¢cb (control block)

The symbol cb represents an integer array having four elements. The
contents of these elements are:

element 1: Repeat Count,

element 2: Tally,

element 3: LAM identification,
e]ement 4: Channel identification.

The repeat count specifies the number of individual CAMAC actions or
the maximum number of data words to be transferred. Some multiple action
and block transfer subroutines permit termination of the sequence upon a
signal from the addressed module. In such cases the repeat count represents
an upper limit. The tally is the number of actions actually performed or
the number of CAMAC data words actually transferred. If the block transfer
or multiple action is terminated by the controller due to exhaustion of the
repeat count, the tally will be equa] to the repeat count; otherwise it may

“be less. The LAM identification is an integer value having the same form

and information content as the variable lam (see section 3.10). The channel
jdentification is an integer value which identifies system-dependent facili-
ties which may be necessary to perform the block transfer or multiple action.
This number, if it is required, has the same form and.content as the parameter
chan (see Appendix A, section A6.2) and can be created by the subroutine

CDCHN (see Appendix A, section A3.1).

3.19 extb (external addresses)

4.

The symbol extb represents an array of integers containing external
CAMAC addresses. The array has two elements; the first contains the starting
address for an Address Scan multiple action. The second contains the final
address which can be permitted to participate in the Address Scan sequence.
Each element has the same form and information content as the parameter ext
(see section 3.1).
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APPENDIX A
SYSTEM-DEPENDENT SUBROUTINES
Al.  Introduction

It is often useful, even necessary, to utilize subroutines which de-
pend strongly on an individual computer or operating system architecture.
These subroutines cannot'be made completely transportable even in an imple-
mentation for a highly standardized language. The functions they must per-
form are usually very similar, however, and may be identical within re-

.stricted classes of systems. This appendix describes a number of such sys-
tem-dependent subroutines. They are not required to be in any level of im-
plementation, but any of them may be supplied in an implementation at the
discretion of the implementor. The documentation for a given implementation
must indicate which ones are supplied and must describe completely their
system-dependent features and parameters.

A2. Access to Special Signals

These subroutines give access to features of CAMAC systems for which
a standard access method is not defined or which are not available in all
systems.

A2.1 Branch Initialize
Name: CCINIT
Parameter: . b (branch number, see.section 3.2)

Function: CCINIT causes the branch initialize signal (BZ) to be
asserted on the branch identified by the parameter b. If b iden-
tifies a group of crates not interfaced via a para]]e] branch,

the function may be simulated by causing Crate Initialize sig-
nals to be asserted in the crates. The user of a system should
be warned that the response of many modules to the initialize
signal is such as to place the system in undersirable states;
thus the feature should be used with caution.

"AZ2.2 Test Status of Preceding Action
Name: CTSTAT
Parameter:  k (status code, see section A6.1)
Function: CTSTAT stores an integer status code into the parameter
k. The status code stored reflects the results of the last action
executed in the program; the code has a value given by the expres-

sion 4e+d, where e and d are non-negative integers. The meaning
of d is given by the following table:
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- A3,

A3.

“A3.

A4,

value meaning

0 Q=1, X=1
1 Q=0, X=1 -
2 Q=1, X=0
3 Q=0, X=0

If e is zero, there are no errors reported; if e is greater
than zero, then some error or exception is indicated. The
exact meanings of e are system-dependent and must be defined
in the documentation for each implementation.

Channel Identifier

It may be necessary in some computers or in some operating systems
to utilize special I/0 channel controllers or operating system features such
as logical unit numbers and device codes to access CAMAC systems. These
two subroutines provide a means to specify or interrogate-such infornatioi.

1  Declare Channe]
Name: CODCHN

Parameters: chan (channel identifier, see section A6.2)
’ additional parameters, depending on implementation

Function: CDCHN encodes system-dependent parameters into a
convenient form and returns the results as the value of chan.
It specifies the computer hardware and/or software I/0 fa-
cilities to be used and possibly additional information re-
lating to their use. The additional parameters must be com-
.pletely described in the documentation for each implementation.

2 - Analyze Channel Declaration
Name: CGCHN

Parameters: chan (channel identifier, see section A6.2)
additional parameters, depending on implementation

Function: CGCHN extracts the system-dependent parameters from
- the channel identifier chan. It reverses the process performed
by CDCHN.

Short Data-Word Transfers

In many systems and applications it is inconvenient and inefficient
to utilize the full twenty-four bit length of the CAMAC data word and suf-
ficient to use a truncated data word. The appropriate degree of truncation
is dependent on the system, but the computer word length is the most common
choice. The leflmust bits of the UAMAC data word are discarded, while the
rightmost bits are retained. The length of a truncated CAMAC data word must
be specified in the documentation. These subroutines duplicate functions
performed by subroutines described in section 2 of the main body of this
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document, except that truncated CAMAC data words are used.

A4.1

A4.2

-A4.3

Ad.4

Perform Single CAMAC Action
Name: CSSA

Parameters: f (function code, see section 3.6)

_53 (external address, see section 3.1)

nts (truncated CAMAC data word, see sect10n
A6.3)
q (Q response, see section 3.8)

Function: CSSA performs the same. function as CFSA (see section
2.1.2) except that ints contains a truncated CAMAC data word.

General Multiple Action

" Name: CSGA

Parameters: - fa (function codes, see section 3.14)
exta (external addresses, see section 3.15)
intt (truncated CAMAC data array, see section
A6.4)
ga (Q responses, see section 3.17)
cb (control block, see section 3.18)

Function: CSGA.performs the same function as CFGA (see section
2.3.1) except that the elements of intt are truncated CAMAC
data words.

Address Scan

Name: CSMAD
" Parameters:  f (function code, see section 3.6)
t (external addresses, see section 3.19) .
t (truncated CAMAC data array, see sect1on

A6.4)
cb (control block, see section 3.18)

Function: CSMAD performs the same function as CFMAD (see section
2.3.2) except that the elements of intt are truncated CAMAC data
words. '

Controller-Synchronized Block Transfer
Name: CSUBC

£ (function code, see section 3.6)
_52 (external addresses, see section 3.1)
t (truncated CAMAC data array, see section
A6.4)
cb (control block, see section 3.18)

Parameters:
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Function: CSUBC performs the same function as CFUBC (see
section 2.3.3) except that the elements of intt are trun-
cated CAMAC data words.

A4.5 LAM-Synchronized Block Trénsfer
Name: CSUBL
Parameters: f (function code, see section 3.6) .

. ext (external address, see section 3. 1)
intt (truncated CAMAC data array, see
section A6.4)
cb (control block, see section 3.18)

Function: CSUBL performs the same ‘function as CFUBL (see
section 2.3.4) except that the elements of intt are trun-
cated CAMAC data words.

A4.6 - Repeat Mode Block Transfer -
Name: CSUBR

‘Parameters: f (function code, see section 3.6)
ext (external address, see section 3.1)
intt (truncated ‘CAMAC data array, see

section A6.4)

cb (control block, see section 3.18)

Function: CSUBR performs the same function as CFUBR (see
section 2.3.5) except that the elements of intt are trun-
cated CAMAC data words.

A5. ‘Define Crate Identifier

Naie: CDCRT
Parameters: ¢ (crate number, see section 3.3)

intb (integer array, see section A6.5)

Function: CDCRT defines the crate number ¢ in terms of the
system-dependent information contained in the array intb. It
permits the meaning of the crate number c to be changed within
a procedure execution.

_ ' (
A6. Definitions of Parameters

Although many of the parameters used in the subroutines of Appendix A
are identical with those described in section 3 of the main body of this doc-
ument, a few new ones have been introduced. The parameters referred to only
in this appendix are described below. '
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A6 .

A6.

A6.

A6.

A6.

1 k (status code)

The symbol k represents an integer used. to prov1de status information
with respect to a CAMAC action. The rightmost two bits contain the comple-
ments of the X and Q responses; the remaining bits in a word contain system-
dependent error codes. The lowest-order bit contains the complement of the
Q response; the next bit to the left (the 2's bit) contains the complement
of X.

2 chan {channel identifier)

The symbol chan represents aniinteger which contains a channel iden-
tifier. : , ,
3 - ints (truncated CAMAC data'word)

The symbol ints represents a storage ce]] in computer memory used to
hold bits 1 to n of a CAMAC data word, where n is defined for the implemen-
tation to be less than twenty-four. H1gher bits in the CAMAC word are not
used when the function is a READ; they are set to zeros if the function is
a WRITE.

4 intt (truncated CAMAC data array)

The symbol intt represents an array in computer memory each element
of which contains a truncated CAMAC data word having the same form as ints
(see section A6.3).

5  intb (integer array)

The symbol intb represents an integer array, the Tength and contents
of which are not defined in this document. It is intended to contain sys-
tem dependent or implementation-dependent information associated with the
definition of a crate number identifier. The information may include physi-
cal crate number, highway or computer interface identification, or operating
system parameters necessary for access. The documentation for an imp]emen-
tation must describe the requirements for any parameters contained in this
array.
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APPENDIX B
FORTRAN IMPLEMENTATION
B1. General

This appendix recommends an implementation of the CAMAC standard sub-
routines for use with FORTRAN for the purpose of communicating with CAMAC-
interfaced devices and synchronizing program execution with events associated
with such devices.

B2. Description of Subroutines
B2.1 Primary Subroutines
B2.1.1 Declare CAMAC Register
Fovin.  CALL CDREG (ext,h,r,n,a)

Function: CDREG combines the components b, ¢, n, and a
into a s1ng1e CAMAC register reference -

Implementation Notes :

ext: The subroutine must return a value which uniquely defines
the specified CAMAC register or crate for other subroutines in
the implementation. The means by which this objective is accom-
plished are not specified. The most common procedure is expected
to be to return a value in which the parameters b, ¢, n, and a
have been packed into a single integer with the fields defined
for the most efficient execution of CAMAC actions on the inter-
face to which the implementation applies. Other possibilities
are allowed, however. For example the values of the parameters
could be stored in a data structure and a pointer to the entry
returned. If n and a arc defined to be zero, then ext is defined
to be a crate. If n and a are not zero, then ext is s defined to
be a register or other addressable entity.

Tables of Register References: It is advantageous in many appli-
-cations to have tables of CAMAC register references, identical in
form to the value returned by CDREG, available on a permanent ba-
sis to be loaded by programs or as arrays of constants within pro-
grams. Such tables not only save the time required to define the
register references each time a program is executed but also can
form parts of larger tables of logical .device definitions. If
such facilities can be suppurted by an implementation, the docu-
mentation should describe how to create these references in assem-
‘bler code or in DATA statements in the compiler.

Ad

B2.1.2 Perform Single CAMAC Action
Form:  CALL CFSA (f, ext, int, q)
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B2.2

B2.2.1

Function: This subroutine performs a single CAMAC function
at a single CAMAC address. If the function f is a read or a
write function, a 24-bit data word is transferred.

Implementation Notes:

int:. The internal reference int must be able to contain 24
bits. If the FORTRAN implementation supports integer vari-
ables of 24 bits or more, int can be an integer expression

(for write) or an integer variable or array element (for read).
Otherwise int must be an integer array (or a portion of one)
with enough elements to contain 24 bits. When a CAMAC data
word is stored in an integer variable, or when an integer con-
stant is used as int, CAMAC bit 1 occupies the low-order bit
position, and bit 24 occupies the twenty-fourth bit position

to the left. (In a binary machine. In other radices an ap-
propriate transformation to equivalent integer values must

be made). If the FORTRAN implementation does not support in-
tegers with a length as great as 24 bits, then the bits of .the
CAMAC data word are stored in the array elements such that bit
1 is the lowest order bit in the highest numbered element. All
the bits in the highest element are filled and the remaining
bits are stored beginning in the lowest order bit of the next
lowest numbered element, etc. For what is probably the most
common example, 16-bit words, one could define an array of length
2, say CAMDAT. Then bits 1 to 16 are stored in CAMDAT(2) with
bit 1 the lowest and bit 16 the highest. Bits 17 to 24 are
stored in CAMDAT(1) with bit 17 in the lowest order position in
the word. The upper eight bits of CAMDAT(1) are cleared to zero.

Restrictions on Parameter Values: In multiple-user systems
where CAMAC facilities are shared among several independent
users, it may be necessary to restrict access to crate control-
lers and certain modules by not allowing crate controller ac-
tions to be issued via CFSA and by forbidding access via CFSA to
certain other modules used for system control. In simpler sys-
tems, however, such restrictions are unnecessary and prevent the
implementation of test and diagnostic codes. Each implementor
must judge his own situation. Such restrictions can, of course,
be controlled by setting mode switches either during operation
or at system generation. Where such restrictions appear to be
necessary, it is recommended that the implementation give the
system manager the option of invoking them or not.

Single Action Subroutines
This set consists of A plus the following:
Generate Dataway Initialize

Form: CALL CCCZ (ext)

-21-



B2.2.

B2.

B2.2.

B2.2.

B2.2.

B2.2.

B2.

‘Function: This subroutine generates the cfate Initialize

signal, Z, on the Dataway of the addressed crate.
Generate Crate Clear -
Form: CALL 'CCCC (ext)

Function: This subroutine generates the crate Clear signal
on the Dataway of the addressed crate.

Set or Clear Dataway Inhibit
Form: CALL CCCI (ext.l)

-Function: This subroutine sets the crate Inh1b1t‘s1gna1

in the addressed crate if 1 is "true“ and clears it if 1
is "false".

Test Dataway Inhibit
Form: CALL CTCI (ext,1)
Function: This subroutine returns the value "true" in 1

if the 1nh1b1t signal in the addressed crate is set, "false"
if not.

‘Enable or Disable Crate Demands

Form: CALL CCCD (ext.l)

Function: This subroutine enables or disables demands from
the specified crate. :

Test Crate Demand Enabled
Form: CALL CTCD (ext,l)

“Function: This subroutine returns in 1 the value "true" if

crate demands are enabled, "false" if not.
Test Demand Present
Form: CALL CTGL (ext,l)

Function: This subroutine returns in 1 the value "true" if any
G. bit is present, "false" if not.

Declare LAM

Form: CALL CDLAM (lam,b,c,n,m,inta)

Function: CDLAM combines the components b, c, n, m, and inta
into a single reference to the LAM. ‘
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Implementation Notes:

Tam: The subroutine must return a value which uniquely de-
fines the specified LAM for other subroutines in the imple-
mentation. The means by which this objective is accomplished
are not specified. If the parameters necessary to specify
the address of a LAM and any necessary auxiliary information
can be packed into a single integer variable, then the value
returned may contain this information. Otherwise it may be
necessary to supply an arbitrary index, or other code, which
identifies the LAM to the other subroutines which access it.

Permanent Assignment of Logical LAM's: In many systems LAM's
are not dynamic and can be known to the operating system or
the CAMAC I/0 programs more or less.permanently. In such
cases the function CDLAM is not required. The LAM's can._be
defined via tables which are part of the CAMAC I/0 software or
which may be loaded by a particular program to identify the
LAM's with which it deals. If a particular implementation
supports definition by such tables, the documentation -should
describe how to create LAM references using assembler code or
compiler DATA statements.

B2.2.9  Enable or Disable LAM
Form: CALL CCLM (lam,1)

Function: This subroutine enables or disab]es the module
LAM identified by Tam.

B2.2.10 Clear LAM
Form: CALL CCLC (1am)

'Function: This subroutine clears the module LAM identified
by the argument. ' '

" B2.2.11 Test LAM

Form: CALL CTLM (lam,1)"

Function: This subroutine returns in 1 the value “true" if
the addressed LAM is asserted, "false" if not. ‘

u82.2.12 Link LAM to Service Procedure
Form: CALL CCLNK (lam,label)

Function: Perform_a run time association between a 1ogita1
LAM and an interrupt service routine. .

-23- -



B2.3

B2.3.1

Block Transfers, Multiple Act1ons, and Inverse Declarations

This set consists of sets A and B plus the fo]]ow1ng
General Multiple Action

Form: CALL CFGA (fa,exta,int¢;qa,cb)

Function: This subroutine performs a sequence of CAMAC
functions at a corresponding sequence of CAMAC addresses

and returns a sequence of Q responses. The number of func-
tions executed, addresses accessed, and Q responses returned
is given by the value of the parameter cb(1). CAMAC data
words are transferred between' the CAMAC system and the array
intc whenever the specified function is read or write. Since
the array fa can contain both read and write functions. data
words may he written to and read from the same array by a
single call to this subroutine. CAMAC-data-word positions
in the array intc which correspond to functions in the array
fa which ere neither read nor write are not accessed by this
subroutine.

Implementation Notes:

fa: Note that in this subroutine a succession of possibly
unrelated functions are executed at a succession of CAMAC
addresses.

intc: The internal reference intc, unless all functions in

the array fa are control or test functions, which use no data,
must be able to contain a CAMAC data word for each function exe-
cuted. In order to maintain the positional correspondence be-
tween values in'fa, exta, intc, and ga, a position in intc is
skipped whenever a control or test function is executed. If

the FORTRAN implementation supports integer array elements of

24 bits or more, then each execution of the function accesses

a successive element of the array. The CAMAC data word occupies
the Tow-order 24 bits of the integer array element; higher order
bits are cleared by a read function and ignored by a write. 1If
the FORTRAN implementation supports only integer arrays whose
elements contain fewer than 24 bits, then each CAMAC data word

is contained in an integral number of elements (a "block") suf-
ficiently large to contain 24 hits. The length of the array must
be great enough to include a block for each CAMAC data word trans-
ferred. Each CAMAC data word is positioned within its block so
that the element within the block with the highest index is filled
with the lowesl order bits of the data word, and any bits not re-
quired to contain data are at the highest order positions of the

element with the lowest index. Thus in the typical 16-bit case,

where a block consists of elements n and n + 1, element n contains
CAMAC bits 24 through 17 in its low-order eight bits and element .
n + 1 contains bits 16 through 1.
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ga: This array contains the Q responses for each func-
tion executed. The format of each element of the array
qa.is identical to the format of the variable q in sub-
routine CFSA, i.e., a logical value is returned. -No

action based on these values is taken by the subroutine.

Restrictions on Parameter Values: In multiple-user sys-

" tems where CAMAC facilities are shared among several in-
dependent users, it may be necessary to restrict access
to crate controllers and certain modules by not allowing
crate controller actions to be issued via CFGA and by
forbidding access via CFGA to certain other modules used
for system control. 'In simpler systems, however, such re-
strictions are unneccessary and prevent the implementation
of test and diagnostic codes. Each implementor must judge
his own situation. Such restrictions can, of course, be
controlled by setting mode switches either during operation
or at system generation. Where such restrictions appear
to be necessary, it is recommended that the implementation
give the system manager the option of invoking them or not.

Applicability: This subroutine is useful primarily in sys-
tems in which the overhead associated with initiating or
specifying a CAMAC action is great compared with the time
required to perform an individual CAMAC command. Systems
which suffer from a h1gh 1/0 overhead in the system soft-
ware or where there is a remote intelligent processor with
a relatively high communications overhead are among those
in which this subroutine may be needed.

B2.3.2 Address-Scan
Form: CALL CFMAD (f extb,intc,cb)

Function: This subroutine executes a single CAMAC operation,
f, at a succession of addresses computed using the Address Scan
algorithm.

Implementation Notes:
jntc: See implementation note on intc in section B2.3.1.

Q: The Q responses to the CAMAC functions are not saved.
The Q response is used to control the addressing algorithm
and can provide no information to the calling program.

X: Special attention must be paid to the X response in

the Address Scan mode. When a module responds with Q=0,

it may at the same time give either X=1 or X=0; consequently
in this.mode of access the X response is 1gnored when the

Q response is 0.
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- Restrictions on Parameter Values: In multiple-user systems
where CAMAC facilities are shared among several independent
users, it may be necessary to restrict access to crate con-
trollers and certain modules by not allowing crate controller
actions to be issued via CFMAD and by forbidding access via
CFMAD to certain other modules used for system control.

i

B2.3.3 Controller-Synchronized Block Transfer

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

Function: This subroutine executes a single CAMAC function,
f, at a single address, with the usage of the Q response de-
fined as for the Stop Mode.

Impiementation Notes:
mtc See implementation note on Inte in section B2 3.1,

Q: The Q responses to the CAMAC functions are not saved.

. Since the Q response is used by the module to indicate end
of block, it can carry no other information to the calling
program.

Restrictions on Parameter Values: In multiple-user systems
where CAMAC facilities are shared among several independent
users, it may be necessary to restrict access to crate con-
trollers and certain modules by not allowing crate controller
actions to be issued via CFUBC and by forbidding access via
CFUBC to certain other modules used for system control.

B2.3.4 LAM-Synchronized Block Transfer

Form: CALL CFUBL .(f,gﬁg)intc,gg)
Function: This subroutine executes a single CAMAC function,
f, at a single address, with the usage of the Q response and
LAM signal for the ULS mode.’
Implementation Notes:
intc: See implementation note on intc in section B2.3.1.
A: The Q responses to the CAMAC functions are not saved.

. Since the Q response is used by the module to indicate
end of bhlock, it can carry no other informalion to the
calling program.
LAM Control: Modules designed to be used in this mode must

clear the synchronizing LAM during the execution of a read
or write command.
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B2.3.5

B2.3.6

B2.3.7

Restrictions on Parameter Values: In multiple-user systems
where CAMAC facilities are shared among several independent
users, it may be necessary to restrict access to crate con-
trollers and certain modules by not allowing crate controller

~actions to be issued via CFUBL and by forbidding access via

CFUBL to certain other modules used for system control.
Repeat-Mode Block Transfer
Form: CALL CFUBR (f,ext,intc,cb)

Function: This subroutine executes a single CAMAC function,
f, in the Repeat mode.

Implementation Notes:
intc: See implementation note on intc in section B2.3.1.

Q: The Q response to the CAMAC functions are not saved.
Since the Q response is used by the module to indicate
data synchronization, it can carry no other information
to the calling program.

System Integrity: A malfunction or erroneous operation may
produce a situation in which a.module will never respond with
Q=1, causing an unending lToop. To guard against this case a
time out or maximum repetition count should be implemented in
the controller hardware or software.

Restrictions on Parameter Values: In multiple-user systems
where CAMAC facilities are shared among several independent
users, it may be necessary to restrict access to crate con-
trollers and certain modules by not allowing crate controller
actions to be issued via CFUBR and by forbidding access via
CFUBR to certain other modules used for system control.

Analyze LAM Identifier

Function: CGLAM accepts a LAM identifier as input and returns
the values of the hardware or operating system parameters which
define it. It performs the inverse transformation of CDLAM.

Analyze Register Identifier

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

Function: CGREG accepts a register identifier, ext, as input,
analyzes it into its components, and stores them into b, ¢, n,
and a. :
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B3.

B3

B3.

B3.

B3.

B3

 Parameter Types

"The types of the subrout1ne parameters are given in this section.
See section 3 for the meaning of each parameter. :

. Single Integers

If a subroutine returns'a value in a parameter of this type, it must
be either an integer variable of an integer array element. If no value is

,returned, it may. be any. integer expression. The parameters of this class

are:

2 Single Logical Values
If a subrouline returns a value in a parameter of this type, it must
be either a logical variable or a logical array element. If no value is

returned, 1L may be any logical expvess1on The parameters of this class
are: .

1, g
3 Integer Arrays

These parameters must be 1nteger arrays. The parameters of this
class are:

cb, exta, extb, fa, inta.
4 Logical Array

This parameter must be a logical array. The only parameter of this
class is: '

qn.

) CAMAC Data Word

This parameter must be capable of storing a CAMAC data word twenty-
four bits in length. If the FORTRAN integer variable can contain twenty-
four bits or more, then the type for CAMAC data word is the same as for a
single integer (see section B3.1). If the integer variable length is
greater than the equivalent of twenty-four bits, the CAMAC data word is rep-
resented as an unsigned integer with bit 24 representing the highest order
bit and bit 1 representing the Towest. If the FORTRAN integer variable
cannot contain twenty-four bits, then the parameter must be an integer array
sufficiently long to contain twenty-four bits. The CAMAC data word must be
represented in the array as a multiple-precision integer with the lowest-
order portion in the last array element and the highest-order portion in
the first element. Bit 24 of the CAMAC word is taken to be the highest-
order bit and bit 1 the lowest. The only parameter of this class is:

int
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B3.6 CAMAC Data Array

This parameter must be an array of elements each of the same type as
the CAMAC data word (see sect1on B3 5): The on]y parameter of th1s class
is:

inte
B3.7 ‘Label
*This parameter cannot be defined or assigned a ‘type’within ‘the bounds
of strictly standard FORTRAN, since it Tlabels a procedure which is intended
to be executed out of sequence with respect to the calling program. It must
be defined appropr1ate1y for each 1mp1ementat1on The only parameter of
this class is:

label.
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~ APPENDIX C
FUNCTION-CODE MNEMONIC SYMBOLS .

Symbol . Value Definition

RD1 0 Read Group 1 Register

RD2 1 Read Group 2 Register ‘
RC1 2 Read and Clear Group 1 Register
RCM 3 Read Complement of Group 1 Register
TLM 8 Test LAM A

CL1 Y ~ Clear Group .| Register

CLM 10 Clear LAM ’

CL?2 1 o Clear Group 2 Register

WT1 16 Write Group 1 Register

WT2 17 Write Group 2 Register .

SS1 18 Selective Set Group 1 Register
SS2 19 ‘ Selective Set Group 2 Register
SC1 21 Selective Clear Group 1 Register
SC2 23 Selective Clear Group 2 Register
‘DIS 24 Disable

XEQ : 25 - Execute

ENB : 26 Enable

TST . 27 : Test
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