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ABSTRACT

This papsr presents the waer's view of and the general

organization

of the EPICS controsl systema at Fermilzsbh,

Yarious subsystems of the EPICS conirol system are discussed.

These include the user coomand languaze,

software protectian,

the device database, remote computer interfaces, and several

application utilities.
papers on EPICS:
‘implementation paper. -

INTRODUCTION

The Experimental Physics Interactive Contral
Systen (erics) at Fermilad is used for
time-sensitive ponitoring and control of devices on
the beamlines. This papar preseats the user's view
of the EPICS system and 1is partxtioned into the
follovwing categzories:

1. user comnand language

2. software protection

3. database

4. useor console

5. data acquisition

6. . systea resource displays

7. ‘error reporting and logzing

USER COMMAND LANCG'ACE

The user comnmand language is CBASIC, which is =
superset of standard BASIC. CBASIC ‘s the user's
only access point into the EPICS control system. Ve
obtained from . Lawrence Livermore Laboratory =a
version ~nf BASIC called REBEL BASIC and modified and
extended .. to meet our needs.

‘There are several differences between the
CBASIC language end a standard version of BASIC.
First of all, there is explicit declaration of
variable types in CBASIC. A variable may be
declared &3 real, integer, doudle intoger, byte,
logical, or string. If a varieble is rot explicitly
declared, the paze is “typed” using the firat letter
of the nane. Initially, all first 1letters
correspond to type real. However, this nay b2
changed by use of the IMPLICIT statement.

There are twa clsases of variables Iin CBASIC:
external and internal. An external variable is the
nane of a beanmline device which is defined in the
database and hence is shared among all users. The
type of an external variable is elso defined in the
database. . An external variable name consists of
four to nine alphanuneric charactera. An internal
variable is unique to esch counsole. Its type and

This papar is related to tso other
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detailed.

value are specified by <The user. An intornal
varizble neme consists of one to threze alphanumerie
characters. -If an uanderscorz is part of the nawe,
the length nmay be a maxinur of rine ~harac ters.

Ve have 1mp1e:xented the 1lowest 1level of the
stanlard subroutinea defined for CAMAZ mccess by the
Deparinent of Energy:
1. cDbREG(e,b,c,n,a)
2. crsa(f,e,d,q)

The subroutine CDREG is used 1o assign a CAMAT
location (b = branch, ¢ = crate, n = station, and

? ')= subaddress) to the name 0% an 1nternal variable
e).

The subroutine CFSA is use? to issue 2 function
code (f) to & previously declared CAMAC location
(e). A 24-vit data word (4) rcay be read or writtea.
The Q response (q) is always raturned.

We have also provided a siabroutine to retum to

a varisble (k) the Ybit-eaccded status of the
preceding CAMAC operation:

CTSTAT(k)

Another feature the C34SIZ cozmand language
provides is the accessing of utility end application
tasks via RSX spawning. We have 2dd=d a number of
verds to CBASIC which are procezased by passing the
reat of the command line to 2 spawned task. Some
exanples of these are the verds 7Y?3, DIR, PURGE,
and UNSAVE, which are spawned to the PIP utility for
processing. The HELP processor 1is spawned to
provide the users with concise irformation or a-
specified subject. The text editor EDT is also
spawnad froam CBASIC.

SOFTWARE PROTZCTION

Software protection is iapleanszated via a user
account scheme. We use the XSX system accounting



~v.f3 2725X11.5YS. - A-gtandazd record in this
“"1,51; tha following information:

{. aczounh raa?

2. ngsua:d

3. Ukl

4. 1last loson

5. =muzdar of 1lazans

Yo have adl2d the following fields to & record
entry:

{. resource class
2. resourca privileges
3., device acceas privileges

A user ideatifies himself to the system via the
10C utility, vwhich has & user interface similar to
that of ths ISX ETLLO utility:

10G C2ccount-named/{password>

The account editor (AED) is wused to create,
delete, mpodify, and exanine entries in the
accounting file.

Software protection conslats of a numder of
elenents. The UIC under RSX providea for file
protection. It also defines whether & user is
privileged in the RSX sanse.

The resourc2 class specifies wnat type of user,
e.4., oOperator, canagsr, or systen. Thia is used
for the gezsral assignment of resource privileges.
Fer exaople, the account editor will not allow eny
user lower than ranager class %o 1list account
pesswords except his own. Resource class is also
used to determine quotas when assigning resources to
B user. :

The ' ressurce access mask 1s used for the

specific assigoaent of resource privileges. TFor
exaaple, the CBASIC 1interpreter uses this to
determine if a user 1s ellowsd to use the MCR verb
or the direct-CAMAC-access subroutines. It is

recessary to explicitly restrict usage of the CAMAC
suabroutines because they bypass the normal beamline
device protection nechanisma.

The device access mask is used to provide
beanline device protection. Ersch device has a
protection sask associated with it. VWhen a user
requeats acceas to a device, the protection mask of
the device is loglcally “anded” with the Qevice
access nesk of the user's account. The result of
this logical operetion nust be nonzero, i.e., the
intersectioa of the two masks must contain the type
of acczss raquestei (e.g., read, write, or control),
for the device acceas to succeasfully complete.

DATABASE

The beamnline device database 1s a file of
beasmline device names on disk. A subset of the disk
database i3 maintained in menory. Entries in the

in-mezory database are hash-indexed to provide for
quicker access. The in-pemory database Is updated
from the disk datadase on e demand basis. When a
reference 1is mnade to a beamline device, the
in-nenory datadase is sparched for the device entry.
If it is vot found, the disk database 1is searchad

ard the eatry 1s put into the fn-nezory databasa.

It 1s possible that a device entry in t%ae
in-neaory databtase i3 not the noat receat, i.e., the
davice entry in the disk database has bsea updated
by a ussr. In this case, the extry fron the disk is
moved to the in-menory database on the next new
reference to the device. Tha 0ld entry is delated
when the last referenca to Lt coapletes. Undar this
scheae, it is possible for a single device to have
several in-zmenory databese entries which are of
different "mgea.” ’

Eventually, an atteap to insert an entry into
the 1ai-meaory database froo the disk databaaas will
fail because the in-nsmory database is full. VWhen
this occurs, ths leaat recently used databaae entry
is deleted and the space is u3zed for the naw eatry.

There ave four t&pes of descriptor records in
tha beanlire device datmbase:

$. ¥D2 - Module Descriptor Record
2. PDR -~ Prysical Descriptor Recorl
3. SDR - Simple logical Descriptor Racord

4. CDR —~ Compound loglcal Dascriptor Record

The Hodule Descriptor Record (MDR) describes

coomon characteristics of a nodule typs. Some of
the characteristics described are:

1. status bits

2. ettributes such as reading, setting,

status, and control
3. data foroats for each atiribdbute
4. units of neasurement

The Physlcal Descriptor Record {PDR) describes

the wunique physical characteristica of a module. A

PDR is linked to ea MDR via the module typa. Some
of the characteriatics described by a PDR are:

1. CAMAC mddreas - crate and

uniquely identify the PDR :

2. setting limits for selected attribuies

slot, which

The Simple logical Descriptor Record (SDR)
describes the variadble characteristics of a nodule's
physicel occurrence describded by a PDR. An SDR s
linked to a PDR via the CAMAC address. SDiAs which
reference the same PDR ere synmonym=s. An SIDR
supports different ways of using a device. Soms of
the characteristica described by an EDR are:

1. device name, which unigquely identifies <the
SDR

2. transformation paramesters,
factor

3. protection mask

4. owner UIC

€e8., scale

The Conpound logical Descriptor Record. (CDR)
describes an arithmetic or boolean relation of
sinple logical device attributes. An example is the
ratio of the reading attributes of two devices.
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Sox2 of the {zformation cantaired i a CDR ia:
1. coapouad devica nans
2. coaponant SDR nanes
J. attridbute for each cozponant SDR
4. transformatiomn paraseters, e.g., scale
factors
5. coapourd device type

A CDR haa oaly one sitribute which 13 either
read-only or write-only.

There mre two disk databasez utili’ es: (1) the
databasa editor (DBE) and (2) the database list
utility (PBL). The database editor is wussd to
create 2nd oodify entries im the disk database. It
interacts with the user in a question and anawer
foranat. The database 1list utilicy lists sele ted
entries in the disk database. The user may select
which devices to 1list eccording to a nuzber of
different criteria:

1. =2ll =module types

2. all oczcurrancea of a module type
1. & single type
2. a2 alphabetical rangs of types

3. device nane
1. a single nanms
2. =n alphabetical range of nazes
3. all nazes

4. =11 references to a CRWI\C location
- 1. ecrate and slot
2. crate
3. = range of crates

Tor each device entry listed, the following
iunformation is output:

1. device rame

2. nodule type

3« crate

4. slot

5. chancel (sudbaddress)
6. scale factors

USER CONSOLE

A typical beanline console consists of a CAMAC
nodule, & C3?, and e keybosrd. A device neme must
be defined in the detabase for the CAMAC module. In
pddition, a default user account must be associated
with this nsdule definition. The default user
account 1s associated with the console whenever a
‘earriage raturn is typed st the console and no

BASIC task 1s . aessociated with the console, which
occurs after:

3. systea redoot

2. %the.C3ASIC interpreter exits, which' occurs
when: ’
1. the user types BIEL

2. -the conaole tines-out as a reault of no

1/0 sctivity

The default user mccount continues to be 4in  effect
uctil a user specifies another amccount via the LOG

_utility.

The C2T may be divide2 <iato =ultiple display
fraz2a, which are canaged by *a2 tarainal ACP. I
the console has local microprocessa- intelligence, a
graphica fraze nmay also ba d=2fin22 oz the C2T.

The keyboard cocsists of tarcee parts, each of
which is separately ettachabls dy = uiility prograa:

1. typewriter keys

2. euriliary keypad - us2d Zor apeclal editlng
functions and device coztrsl

3. spzcial function keys - utility specific

As 2 result of the cultiple displey fremes znd
the nultiple keyboard sectis=i, =ore than onae taak

may be interacting with the coasola at the ' sans
time. ‘

DATA ACQUISI2ICSH

The prizary input to =03t of the data
ecquisition procesaes - in the 3I2ICS system is the
nans of a file on disk. This fil= is called a page
file and specifies a list o2 22vice names. The

fqruat of the file is:

1. a record coatzining 2 oz2 line description
of the file

2. a default device r2coxd containing the
values to be substitatzd izto correspordiag
device record fields =not explicitly
specified by the usar

3. & naximum of 127 devicz rzcords

The fornat of a device racord ia 4khis file is:

1. the pame of the device
2. the time st which thz 2devize is to be read
3. the velue to which tke device 13 to be set
4. device nonitoring paca=atacs )

1. the time at which %h= 2avice is to bte

read
2, loWer and uppsr 1inits oa the value of
the device
3. & 24-bit dats mask
4. the ninimua ruzba>  of
. violetions before 2larzing
5. the nane of 2 C3ASIC program to be
exscuted upon alarzing

consecutive

The page editor (PEDIT) is used tq create and
nodify page files. This i3 = :e‘atxvely simple
line-oriented editor. 1Its coz=3al parameters may be
positional, keyword, or positisral followed by
keyword.

Data acquisition in the ZPICS saystex may be
classified 4in one of five categariza:

3. setup

2. repetitive displey

3. device monitoring

4. repetitive distributica
5. graphics
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ap: Save end Restors Utility (SAR

e prinary purpose-of- the -Save ani Restore Utility
to save the values of a list of devices and thea

ter restore these values to the devices. The list

davicas is specified by a_page file.

|2 441

o - i1l
ry 2 W

Tor the save function, SAR reads tha valus of
gach device specified via the page file and then
writes the value into the settiog field of the
device record in the file.

For the restore function, SAR r=ads the values
from each dJdevice racord in the page file and then
writes the values to the correspoadiang devices.
Alternatively, the user nray spacify that a value,
usually zera, be written to each device spacified by
the paga file.

Rep2*itive Display: Page Display Utility (PACE)

The paga display utility displays a list of beanline
devicea and their valuea. The list of davices ia
spacified by & pages file. PAGE displays a window of
conaecutive davice racord entries fromz the file.
This display window may contain as few as one record
or a3 cany as fifteen records. PAGE allows the user
to scroll this window forward ani Ybackward through
the fils in incremants of either & single device or
a window of devices. i

The page utility gathers data only for the
devices displayed oa the screar. For each displayed
davice, 1t reads the device registers end displays
tha currant values for a maximunz of three
zttridutes: rTeading, setting, and status. Davice
data is gathored at ons of threa rates:

1. once each accelerator cycle at the time
specified in the device record

2. opnce every two seconds if tha user
specified &8 read time of continuous in the
device racord

3. five times per second 1f the user has
requeated the page utility perfora “fast”
data acquisiticn on a device. At most
threa "fast"™ data acquisitioas may be
assoclated with a single display.

If allowed by protection and device attributes,
a8 user nay increnaent or decrement a displayed device
by sttaching a kmob to the device. A page display
zay have two knobs (X and Y) associated with it.
Four keys on the auxiliary keypad are used to
control eack knob process: attach, detach,
increnent, and decrement. Dats for a knobded device
ia gathered and displayed at the fast rate of five
tioes per second.

~ When a page display is initisted, the page
utility =attaches to the keypad and to the apecial
function keys of the console but not to  the
keyboard. For 4ts output, page uses only part of
the CRT display, the size of which is specifiable by
the wuser. - Therefore, another utility may use the
console at the same time as PAGE if all that utility
ceeds is keyboard input.

Device Monitoring: “atch Utility

The watch utility wmonitors readings of devices
specified via & page file and esctivates an slarm if
specified constraints ara violated. There are two

types -of alara ronttoving wihich may be initia.
upon a davice: (1) limit ani (2) bit-pattern.

For a linit watch, ths uvsec speclifies & lowar
liait end aa uppsr 1lizit. Thres passidle 1ioit
types nay ba specified:

1. =& value

2. =a delta value ~ the 1liait i3 calculatsd by
deternining en initial value and <then
adding the delta value to the initial value

3. a delta percentzge - the 1limit 1s
calculatzd by detatniniag an initial valgs,
taking the apecified p2rcentage of this
initisl value, an2 thez edding the result
to the initial value .

The initlial valus is obtained by reading the dsvice
et the specified time for a punbsr-of accalerator
cycles and taking the mvesaga of the readings.

For a bit-patterm watch, the ussr specifies a
24-bit mask with each bit positioa contalning = O,
1, X, or B. The X indicates izmora that bit. The R
indicates determine am initizl value for that bit
position by rezading the device.

Whenever the watch utility h2s to Qetermine the
initial value it i3 to uvsa for & device, it must go
through a setup phase of rzeding the device miltiple
tines. Th2 user specifiea the rpuaber of =ccelerator
cycles in this setup phasa viz the rspeat parameter
in the device’s record entry. This repeat paraneter
also epecifies the number of consscutive violations
of the boundary constraints which oDuat occur before
WATCH generates an alarm for the devicae.

Vhenever a device goes inta ealarm, the watch
utility activates an =udidble alarz and/or displays .
an alarm message at a spzcified console. A nessage
is also displayed when a device goes out of alamm.
An alarm message may identify which device changed
state or it ray only sp2cify tae puaber of devices
currently in alarm.

The maximun nuaber of devicas which mnay be

monitorad at one time by a pavticular user depeads
on the resource class of the user's account.

Rapetitive Distribution

Pulse Train Manazer (PTY) - A pulse train module

serves as a relatively sizple data acquisition
interface betwean the EPICS aysten and aun
experimenter's computer. A pulse train module is
Placed in a CAMAC crate =eccessidle by EPICS. A
cable is connected from the front of -the pulse train
podule to a2 scalar module in a CAMAC crate connacted
to the experinmeater’s computer. When a value 1is
written by the EPICS systex to the pulse train
nodule, the rodule generates sn integral numbar of
pulses. These are transnitted via the connecting
cable to the scalar maodule and 2re counted by the
podule. This count is then read by the
experinenter's coaputer. ;

The ypulse <¢raln nsnager r2ads data "at =&
specified time from & specified source device and
writes that data to a specifisd destination, vwhich
is 8 channel in a pulse train wodule. The prinary
input to PTM is the name of =& pulse train Tfile,
which 33 an ASCII text file crzated using the text
editor EDT. A record in this file has the following
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<destination-aane> ¢gource-nana> {read-tinma>

Also izpat to the pulse train panager is the
naze of a page file which contalns ell source
devices refercnced ia the pulse train file. The
device specifications in the page file nust exactly
match the source specifications in the pulse train
file. The primary purpese of this page file is to
enable the usar to sce a display of the mnazes and
data wvalues of the devices which are being
distributed to pulse train modules.

Rezots Computer Dats Acquisition (RCDA) ~ The Renmote
Coaputer Data Acquisition ~utility - links en
exparimenter’s computer to the EPICS systen for the
purposs of acquiring relatively large amounts of
data. Coamunication detween the RCDA utility and
the experimenter’s coamputer is done through parallel
032 CAMAC podules. An 032 module has an input FIFO
and an ouiput FIFO, each consisting of 256 16-bit
vords. One 032 module resides in a crate on the
EPICS systea. This module is connected via cables
to a second module which resides im a crate oa the
experimenter’s system. The experimenter’s computsr
writes comnands inte ita 032 module. These commands
are direcily transalttad to the 032 module on the
EPICS systea whers they are read by the RCDA
utility. The RCDA utility writes responsas and datas
into its 032. module. This information is
transuitted to the parallel module and is read by
ths experimenter’s computer.

The list of devices %o raad is specified via a
page file. In this case, however, the experimenter
does not apecify a complete file name but only =
one-digit identifying number. This number is then
inserted into a filename of the format EXPDAQ#.PAG.
A user account nane must bde associated with the
device nane of the 032 CAMAC module residing on the
EPICS systea. The associated UIC is accessed froa
this -account and combined with the constructed
filename. The requested page file is then opened
for input.

The communications sequence which occurs
between the experimsnter's computer and the RCDA
utility is =s follows:

1. R # = the experimonter's computer issues a
reed request for a data =cquisition process
to be .setup. The specified number
identifies a particular psge file which
contains the list of devices from which to
gather data.

2. GOOD ~ when the RCDA utility has
successfully initiated the data acquisition
process, it returss a response of GOOD to
the experimenter’'s computer.

3. data =~ at the completion of data
ecquisition in an accelerator cycle, the
RCDA utility outputs the data. 1 header
Plock for the transmission specifies the
identifying nunber of the data acquisition
prozess and the amount of data being
transferred. '

4. A # -~ after Treading all the 3data, the
- experimenter’s computer must issue an

acknowledge in order to recaive more Qdata.
The {Q=etifying mnunber must ba spaclfied
becausz there mnay be multiple data
acquisition processss unlerway for a single
experinanter interface.

S. E # ~ the passing of data and acknouwledges
coantinues until the experimenter’s coaputer
issues an end raqueat to terminate ths
specifiad data acguisition process.

6. COOD -~ the RCDA utility terminatss - the
assoclated data =zcquisition process and
returns a rasponse of GOOD to ‘the
experineater’'s conputer. . '

Craphics: PLT utility

Each user executing the graphics utility PLT rap
gather and plot data for 2 naximun of fomr devices,
A ratio of tha values from two devices may also be
plottad. - Because graphics puts a relatively heavy
load on the system, the total number of devices
being plotted at any one tine needs to ba limited.

Thare are twé types of plots:- (1) time and (2)
scatter. For a time plot, nultiple points are
gathered between specified tines each eaccelerator
cycle for each device. The time range is divided
into 120 equal intervals a2nd a date vzlue is read at
the satart of esch interval. The Y coordinate of a
point on the graph is the value read from the device
and the X coordinate is the tize at which the Qevice
was read. Multiple device values may be plotted on
the Y-axis for each tine value on the X-axis. )

For a scatter plot, & slingle data point -is
gathered at e specified time each accelerator cycls
for each device. The Y coordirate of a point on
this graph is the value of = device read at a
spzcified time. The X coordinate is the value of
another device read at possidly 2 different tine.
Ae with the tice plot, mnultiple devices may bde
plotted on the Y axis.

SYSTEM RESOURCE DISPLAYS

The SHOW utility enables the user %o display
various systea status information. The cocmand
options ere the following:

t. USERS - displays the conssles currently
active on the system. The following
inforzation is displayed for each active
consoles

1. logical consols number

2. physical conssle numbsr and CAMAC
location

3. UIC

4. wuser account nane

5. mnanes end states of attached tasks

2. SHAREDMEMORY - displays the allocation and
usag2 of the nemory region shared between
the level 2 and level 3 corputers

3. UIC - displays the terminal’s default UIC

4. POOL -~ displays the size of the pool
dynanic storage region

5. TASKS - displays a list of the names of all
active tasks : ‘
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EXROR REPOATING AND LOGGING

Tusks -1z the EPICS system which detect an error
ccnditioa foraat a data packet of ralated
informaticos and issue a _send-data  request to
transalt the icformaiion _packet to tha error
reporting systea. The error processing utllity usses
a key in the packet to locats B correapoanding text
string oo dlak. The RSX systexm subroutine SEDUSC is
then us=2d to format the passad information into the
text striang end the result is written to the console
log and, optionally, to a deaignated termirzal.



