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THE SOFTWARE DESIGN OF A GENERAL PURPOSE DATA ACQUISITION AND CONTROL ENECUTIVE

William Labiak and Earl Minor

lawrence Livermore National laboratory
P.0. Box 5511, L-535
Livermore, California

Abstract

The software design of an exccutive which performs
pzneral purpose data acquisition, monitoring, and con-
tzol is presented. The executive runs on a memory-
besed aini or micro-computer and cormunicates with a
Jisk~based corputer where data analysis and display
z:¢ done, The executive design stresses relisbility
&nd versatility, and has yielded software which can
provide control and sonitoring for widely differenc
Lardvare systems. Applications of this softvare on
tz9 majer fusion energy experizents at Lavrence Liver-
rere National Laboratory will be described.

Introduction

The Mirror Fusion Test Facility (MFTF), under con-
struetion ot lawrepce Livermore National Laboratory,
is an exprriment to advance the state of the art in
tusion energy svstems. Data acquisition and control
for MFTF will be effected through a tuwo-level hier-
archical computer network. The top level of this net-
werk, called the Supervisor, is in charge of provid-
irz an interface for the operators and of deing re-
cuired data snalysis and archiving, The second level
cf the network, called the local Concrols, implements
the pratocal of the instrumentation busses (CAMAC and
Froyrammable  Controller),  Filters  and
abstr-ctk instrumentation readings for the Supet-
visor, ard performs those closed«loap control func-
tiens uhich have been dedizated to software.

Yedicon

The hardware for the Local Control level is made
vy of sixty DEC L51-11/2 computers. These Local Con-
trol Corputers (LCC's) are connected to the Super-~
visor via R5737 sarial cormunication Jines. The LCC's
are irterfaced ta the experiment cthrough CAMAC and
through Modicon proprarmmable controllers. Each LCC
is assigned to ure major subsystem, such as a neutral
beaz powet supply, a superconducting magnet or a
»lasma diagnostic. A genmeral purpose data acquisi-
tien and control program, called the Plasma Diagnos-
tics and Local Control Executive (PLEX), was developed
te be used in all LCC's. Using coomon software fer
all LCC's aveids the need to write special purpose
ccituware for each scubsysten, and provides a3 unifom
interfaze between the Supervisor and the LCC's.

PLEX was designed with the ecphasis on reliabili-
tv and versarility. Reliability is procoted by hold~
ing the use of interrupts to 2 ainimuz. The only in-
terrupt process in PLEX is the cormunication link to
the Supervisor; no CAMAC LAM's or other interrupt sig=
nals froa the harduare are used. Instead the hardvare
is constantly monitored as a background task, and a
simple scheduling algorithm insures that the sample
rate is high enpugh to detect changes promptly., The
lack of interrupts oakes the design of PLEX siople,
#rd when the inevitable bugs surface they ere ouch
easier to diagnose, Versatility is provided by the
cermand larguage used to communicate with PLEX, and by
a ¢atd structure called the Device Table. The basic
elecent in the PLEX command language is called a prio-
itive. There is a small number of primitives, and
each primitive causes PLEX to perform a simple action.
By stringing primitives together into commands PLEX
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can be instructed to perform complicated and specific
manipulations of the harduare. The Device Table hides
the hardware interface from the Superviser, It as-
sociates all hardwdre addresses and aceess procedures
with togs called Device 1's. The Supervisor controls
the subsystem in terms of the Device ID's. This pre-
vents chanzes in the hardware interface from affecting
the way the Supervisor controls the subsysten.

The Design of PLEX

A structure chart showing the basic design of the
PLEX software is presented in Figure 1. Procedures
are shown in boxes and the major data structures are
in ovals. The arrows indicate procedure cnlls or
reads and writes to data structures. Some of the
boxes in Figure 1 actually represent geveral proced-
ures in the final implemrntation.

Schedule
tasks.
Receive Execute vionitor all
commands and one devices in the
send messages.| . command. tabie once.
Execute
one
primitive,
Cormand g::gff
puffer fend
uite Buf fer Execute
an 1/0
0 sequence.
Device | [ tonitor CAMAC | | Modicor
Table Table handler| | handler
Figure 1. Tie Structure Chart for PLEX,
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The cain prugraz schedules the three high level
tasks of cormunication, cecmand execution, and roni-
toring. The scheduling algorithn is to call the coo-
cunicatisns task, then to repeatedly call the comand
execution task until all corwands in the buffer have
been executed, and finally to call the nonitoring
task. This sequence is repeated continuously,

The cormunications cask handles all message traf-
fic over the serial line to the Supervisor. It first
checks to see if any cormands have been received. If
a cormand has been received it is coved from an input
buffer to the Cozmand Buffer, The task then prepares
to receive another cormard by initializing an inter-
rupt-driven receive procedure. lMext the communica-
tions task checks to see if there are ressages to be
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Read DevID and return it's value in a megsage.
Set DavlD to value.

Transfer the data buffer DeviD [rem the hardware interface
to an internal PLEX buffer.

Transfer the data buffer DeviD from an inkernal PLEX buffer
to the.Supervisor.

Make an entry for DevlD in the Monitor Table. Set the last
significant value field to Value and the delta field to
Pelta. A1l messages will have ID MessagelID.

Remove the entry for DevID from the Monitor Table,

Define & device named DeviD in the Device Table. Poramerers
ie a variable length string vequired by the I/0 sequence for
the device. For instence, for a CAMAC device parameters
vould include the crate #, slot #, and sub~address.

Suspend execution of the command wntil the value of DevID
and Value satisfy cthe condition specified by QOperator (WHEN
ATOD Grester Than 500). IE the condition is mot satisfied
by Timeout continue the command with an error flag ser.

Suspend execution of the command until it is restarted by

"START Yalue" primitive,

Start a commapd which was previoysly suspended by an “ENTER
Value" pri

itive,

tives,

tryeuently used PLEX o7

(utput Messafe Buffer, If there are, o
'd by setting up an interrupt~driven
The comuaications are full duplex

receive grocedures execute comcurrently
LY rasks.

T-2 ¢.vand executic . task carries out the com
rezaivad by PLEX and reparts on results. A
¢ is rale up of one or more primitives, A prim
t~e zost basic function which FLEX can be in-
! 1o gerform.  Each primirive causes one simple
shoas to read a device, set a device to a
“e an entry in the Device Table or the
“:57e (see Toble 1). A command, by stringing
:=esv simple primitives together, can couse
= very conplicuted and specific actions.
ands which contain information specific
wlar subsystems. Different sets of commanids
24 to run different subsystems, but all commands
i2 vp of the same primitives, and are executed

-¢ sazve version of PLEX.

c the last primitive in a command has been ex~
e cormand iR renoved from the Commaad Buffer
etion message is placed in the Output Mes-
fer subsequent transmission by che com-
1s task, The completion message contains the
¢ raze or 3D, the tire the cormand cempleted,
r2l flags indicating vhether any errors oc-
irg cormand execution. 5ome primitives also
Tessages, and these are transmitted before
=».etion message, Lot all cosmands run to com=

-

piction immediately; certain primitives suspend the
execution of 2 command and leave it in the buffer fer
exzcution in o larer cycle of the scheduler.

The monitor task keeps a ctonstant wateh on selec~
ted channels in the hardware interface and reports on
changes, It also provides s means for data filtering
by only reporting changes that are greater rhan cer-
tain .alues stored in the Monitor Table. The channels
to be monitored and their significant values of change
are sent to PLEX ifi cormands. Monitoring i5 described
in detail in a later section,

Devices

one of the most im.ortant jobs {or PLEX Is to hide
the complicated hardware interface from the Super-
visor, This is done by a data structure called the
Device Table and a library of 1/0 procedures called
sequence~codes,

The structure of an entry in the Device Table is
shown in Figure 2. The entry consists of a Fixed
length header containing pointers inte an array of
variable length parameter strings. One pointer is
used for reading or input frow the hardwire interface
and the other pointer ir used for writing or output.
The header also contains an identifier called & De-
vice 10, Primitives access the hardware interface in
terns of Device ID's. For example, the primitive
“READ CHANI" causes the Device Table to ba searched
for the 10 "CHANI”, The read pointer is then traced
to the read sequence code, which is simply rbe number
of aa input procedure in the 1/0 procedure library.
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The input procedure is called, and it fetches the
parazeters following the vead tequence code and uses
then to address the hardware interface and perform the
input., Scme I/0 procedures are very complicated, re-
quiring several reads and writes to be done through
the hardware interface handlers. These handlers are
low level drivers which do teads and writes in the
protocol of the CAMAC and Modicon instrumentation

systems.
T N
read
3 )
code
: parameters
'Y .
.
[}
Device ID A
read pointer —
write pointer |—-— ~
* write
» i Sequence
. code
.
) parameters
[J
AT N
Figure 2. An entry in the Device Table,

The Device Toble is filled and modified by primi-
tives while PLEX runs. Adding more devices of an ex-
isting tvpe simply requires making entries in the
Device Tahle. Adding new types of devices simply re-
quires addirg procedures to the 1/0 library. This
design atfords a high degree of control over code de-
velopment, Since the early days of implementation and
debuz the only code added to PLEX has been new proce-
dures in the 1/0 libraty. Tbis has allowed PLEX to
evelve to peet changing system requirements without
affecting the basie integrity of the executive.

Monitoring

Aloost all bardware subsystems have some channels
which need to be constantly watched for changes.
ceets this requirement by supplying & fumction called
ronitoring. A table of Pevice ID's for devices to be
ponitered is maintained in PLEX. Additions are made
to the table by the ANALOG and DISCRETE primitives and
deletions are made by the IGNORE primitive. The mon=
itor task reads each device listed in Lhe table and
compares it's value against a previous value stored
in the table. If the two values differ by more than
Delta, also stored in the table, a message is sent.
Othervise the monitor task proceeds to the next entry
in the table.

PLEX’

Figure [3 is an example of how monitoring works for
a typical case. The ANALOG primitive makes an entry
in the Monitor Table for device ATODCHAN, which has
already been defined in the Device Table. The "last
significant value" field of the entry is initizlized
to 100, and the "Delta" field to 10. Any monitor mes=
sages coming from ATODCHAN will have a message ID of
1 {a), Every time the monitor task runs ATODCHAN is
read, and it's value is compsred to the last signif-
icant value of 100. 1f the two values differ by more
than Delta a message containing the Device ID and the
new value is queued for transmission (b). Also, the
last sipnificant value field in the Monitor Taoble is
set equal to the new value (cj. Monitors established
with the DISCRETE primitive are similar with the ex~
ception that for them Delta automatically defaults to
one. This couses anv change to penerate a monitor
message, and is used for devices which have stable
values such as contact closure and indicaror lipht
BROSOTS.

Monitoring provides a mechanism for constantly

watching and reporting on the hardware without using
interrupts. By varying Delta the low level random

"ANALOG ATODCHAN 1,100,10

lDelta =10
—p— T
9 100 110
4

“ last significant
value

{a) Initial entry in the Monitor Table.

MessagelD 1: ATONCHAN = 114
new reading = 114

'
: 1 +—¥—
90 100 110

last significant
value

(b) A value outside of the range
{1ast significant value + Delta)
generates a ressage. ..

last significant
value

(c) and causes ths Monitor Table entry to
be updated.

"Figure 3. An exanple of monitoring.



frem analog channels can be filtered out. Com=
:h the WRIN primitive, monitoring also pro-
PLEX with 2 way to take sutomatic action on the
s of events in the bardware. This will be de-
in the next section.

Applications

vas designed to be nsed in the Mirror Fusion
ility, but it's first epplication was “on
%L fusion energy experiment, the Tandem
xperizent, This application called for a
taad-alcne data acquisition and control system
- a nevw diagrostic, The system was required to
s CAMAC based instrumentation before each shot
vaload two UK buffers from o data logger after
“ct, The shots were S0ms in duraticn and were
¢ approxicately every three winutes. The in-
ration requiring control included the data
four emplifiers vith variable gain and offset,
abie rate clock, and relays to switeh the ampli-
¢ encs between the sensors and a calibrated
vence voltage. The data acquisition system con-
of an 151-11/2 running PLEX an¢ connected via
2 ¥3acd link to a odisk-based LST-11/23 with =
cs terminal, The usefulness of a general pur
frare compenent guch as FLEX quickly became
in thie appiication. To a large extent the
icn aad contrsl part of the job was already
the programming effort could be coneen-
archiviag and cisplaying the data once it
the dovelopment system. What control program-
5 recuired could be carried out in the high
~rard language" of PLEX primitives, It was
28,ar+ to add one preredure to the PLEX 1/0
are for testing the "logger full" flag of the data

12 acquisition requirements of the system
;1% PIEX zommand shown ia Figrre 4. The
primitive causes execution to be suspended
12 1), 60 once the command is transmitted it
activated by the primitive START 10. The SET
'« resnts the data logper so that it will begin
data when jt gets a start trigger. The WHEM
¢ then suspends cormand execution until LOG-
te "iorver Full" flag, egquels 1, indicating that
r is finished taking dats (other cormands,
and cormunications continue). Every time
s fired the facility provides a tripger pulse,
is veed ro start the data logger. When the
i¢ full the WHEN condition is satisfied and
224s to transfer the data buffers to the
ent svstem, The final START and ENTER primi-
suse the command to be rerun the next Lime
» the tchedular loop. The data logger is reset
¢ ¢cmrand then waits for the next shot. In Ehis
2 cermand loops, Sending the data to the devel-
systen after each shot, then resetting the
znd waiting for the next shot.
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Fip.rs Lo A PLEX cermand to perfomn data sequisition.

The remaining control in the systew was accomp=
lished through a program which allows PLEX cosmands to
be entered in ASCII and transmitted over frhe serial
link. This program was written as a tool to debug
PLEX, and it was possible to modify it slightly and
link it into the applications software on the develop-
ment system. It enables the user to enter simple com=
mands to adjust gain and offset in the asplifiers, set
the sample rate in the clock, and switch the calibra-
tion signal in and out.

PLEX has gubsequently begun to play it's intended
role as the Local Control software for the Mirror
Fusion Test Facility. The applications on WFIF are
much larger and mare complicated than the application
just described. The helium liquefaction subsystem
containg over 600 channels of 1/0, prouped in PLEX
into approximately 170 devices. The super-conducting
magnet subsystem requires the monitoring of 120 de-
vices, 60 of which must also be stored in an internal
ring buffer to provide a recemt history in cas2 the
magnet goes "normal”, There are several ather major
subsyatems in the facility, each of them different.
PLEX is helping the Supervisor Computer Group to pro-
vide & unified control and data acquisition system for
all of these subsyster.s. By presenting the same in-
terface for all subsyslems it allows tools gnd methods
developed for ome to be transferred to Lhe others.
PLEX is also reducing the amcent of effort vhich the
local Controls Crovp must devote to software. The
number of LSI-11s which a4 single programmer can main-
tain is proving to be muech higher for Local Controls
than has historically been observed in LLNL projects.
There are two software engineers In charge of bringing
wp 411 of the Local Control Computers for the group.
Their effort is mainly directed toward vriting new 1/0
procedures for the PLEX library and to providing de-
vice definitions (CONFIGURE primitives) to the Super-
visor Computer Group,

Conelusion

The task of providing software for the rany MFTF
Local Control Computers has been accomplished by writ-
ing @ single general purpose executive, The executive
is versatile enough to meet a wide variety of require=
vents and reliable enough to be easily maintainable,
The :4sic executive design, and the techniques em-
ployed for hidi~3 hardvare details and for oonitoring,
are nat dependant upon the architecture of NMFTF and
covld be used in other data acquigition and control
systems,
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