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

William Ubiak and Earl Minor 

Lawrence l i v e more Nation*! Laboratory 
P.O. Box 5511, L-535 
Livermore, California 

Abstract 

The software design of an executive which performs 
-:r,<;ral purpose data acquisition, monitoring, and qon-
rol is presented. The executive runs on a oemory-
•csed aini or micro-computer and cornnunicates with a 
iiV-bas.-d computer where data analysis and display 
:*• don?. The executive design stresses re l i ab i l i t y 
r,i versa t i l i ty , and has yielded software which can 
rovide control and monitoring for widely different 
arrfvare systems. Applications of this software on 
-o r.ajjr fusion energy experiments at Lawrence Liver-
ere National Laboratory wil l be described. 

Introduction 

The Mirror Fusion Test Facility (MFTF), under con
struction fit Lawrence Livernore National Laboratory, 
i s an experiment to advance the state of the art in 
fusion enerpy systems. Data acquisition and control 
for MFTF will he effected through a two-level hier
archical computer network- The top level of this net
work, c.illt'd tln» Supervisor, i s in charge of provid
er: an intorf.ice for the operators and of doing re
quired dat.i rfiulysis and archiving. The second level 
cf the i>!*firk, cnlterf the Local Controls, inplemencs 
the prnti'<<il of the instrumentation busses (CAMAC and 
yccicon Tn j-rammable Controller), f i l t e r s and 
abstr ctR instrumentation readings for the Super-
v;iur, .ud pcrft'rntii those dosi-d-lonp control func-
tif?r.s uVi;h kit-v been dedicated to sofeward 

The ha.*ilu.irf for the Local Control level i s made 
1.7 c-f si*:y Pfc'f LSJ-M/7 cocputers. These Local Con
trol Coirp'inrs (LCC's) are connected to the Super
visor via RS?3? serial communication l ines . The LCC's 
are interfaced to the experiment through CAMAC and 
through y.odicon programmable control lers . Each LCC 
i s assigned to ur*e major subsystem, such as a neutral 
beam power supply, a superconducting raagnet or a 
rleSRj diagnostic. A general purpose data acquisi
tion and control program, called the Plasma Diagnos
t i c s and LOLJI Control Executive (PLEX), was developed 
tc be used in al l LCC's. Using coenon software for 
a"! LCC'5 avoids the need to write special purpose 
tc'tvare for each subsysten, and provides a uniforn 
i~tL'rfa;e between the Supervisor and the LCC's* 

PLEX was designed with the emphasis on r e l i a b i l i 
ty and versa t i l i t y . Rel iabil i ty i s procoted by hold* 
i-5 the use of interrupts to 3 niniRin. The only in 
terrupt process in PLEX i s the coexunication link to 
the Supervisor; no CAHAC LAM'a or other interrupt l i g -
nals from the hardware are used. Instead the hardware 
i s constantly monitored as a background tasU, and a 
s:~ple scheduling algorithm insures that the sapple 
rate is high enough to detect changes promptly. The 
lack of interrupts makes Che design of PLEX s iople , 
tr.d vhen the inevitable bugs surface they ere ouch 
easier to diagnose* Versatil ity i s provided by the 
ccmand language used to cocttunicate with PLEX, and by 
a data structure called the Device Table. The basic 
decent in the PLEX command language i s called a prim
it ive* There i s a small nuaber of primitives, and 
each primitive causes PLEX to perform a simple action. 
Sy stringing primitives together into commands PLEX 

can be instructed to perform complicated and specific 
manipulations of the hardware. The Device Table hides 
the hardware interface from the Supervisor, It as
sociates a l l hardware addresses and access procedures 
with tags called Device ID's. The Supervisor controls 
the subsystem in terms of the Device ID's. This pre
vents changes in the hardware interface from affecting 
the way the Supervisor controls the subsystem. 

The Design of PLEX 

A structure chart showing the basic design cf the 
PLEX software is presented in Figure 1. Procedures 
arc shown in boxes and the major data structures are 
in ovals. The arrows indicate procedure ca l l s or 
reads and writes to data structures. Some of the 
boxis in Figure 1 actually represent several proced
ures in the final implementation. 

Receive 
conrnands and 
send messages. 

Modi COP 
handler 

Figure 1. The Structure Chart for PLEX. 

The cain prograa schedules the three high level 
tasks of comunication, corr.and execution, and moni
toring. The scheduling algorithm i s to ca l l the cocr 
cunicacions task, then to repeatedly cal l the corsnand 
execution task until a l l cotnands in the buffer have 
been executed, and f inally to cal l the monitoring 
task. This sequence 15 repeated continuously. 

The eonrtunications task handles all message traf
f ic over the serial l ine to the Supervisor. It f irs t 
checks to see i f any commands have been received. If 
a command has been received it i s coved fron an input 
buffer to the Cocxiand Buffer. The tas'n then prepares 
to receive another comrand by in i t ia l i z ing an inter-
rupt-driven receive procedure. Next the ccrmunica-
tions task checks to see i f there are messages to be 
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Read DevlD and re turn i t ' s value in a message. 

Set DevlD to value. 

Transfer the data buffer DevtD from the hardware in te r face 
to an internal PLEX buffer. 

Transfer the data buffer DevlD from an in te rna l PLEX buffer 
to the-Supervisor. 

Wake an entry for DevlD in the Monitor Table* Set the l a s t 
s ignif icant value f ie ld to Value and the de l ta f ield to 
Delta. All messages wi l l have ID HeasagelD. 

Remove the entry for DevlD from the Monitor Table, 

Define a device named DevlD in the Device Tablet Parameters 
ifi a variable length s t r ing required by the I/O sequence for 
the device. For instance, for a CAMAC device parameters 
would include the c r a t e #, c lo t #, end eub-addresi. 

Suspend execution of the command u n t i l the value of DevlD 
tnd Value sa t i s fy the condition specified by Operator (WHEN 
hlO'ii Greater Than 500). I t the condition i s not sa t i s f i ed 
by Tiineout continue the command with an error flag s e t . 

Suspend execution of the command u n t i l i t i s res ta r ted by a 
"START Value" pr imi t ive . 

S ta r t a command which was previously suspended by an "ENTER 
Value" pr imit ive . 

f«en:ly used PLEX pr imi t ives . 

• ~: .' xr.v Cut put Message Buffer* If there a re , a 
-.—. '- £ ;-•-• :i*.*!d by se t t ing uy an interrupt-dr iven 
*-: T ' . ^ ' . - ; 1 - . Tii** comun:catiyr:5 are full duplex 
: : ; , ' . ' . . n i t r r u p t - d r i v e n , and only need service when 

r - i^»- . ' has completed transmission or reception. 
-* t--i i-: rec^iv? procedures execute concurrently 
-.:- .:--*r ?I.U t a sks . 

T*-? c-~f(tnd ^xecutio . taslt c ^ r r ^ s out the cocr 
:--.i rr :"iv*d by pUX and repor ts on r e s u l t s . A 
x=dr= is r ^ t i up of on*! or nore pr imi t ives . A pripr 
;:'.* i.s :'-(? ?.ost basic function which FLEX can be in-
: r . ; : * c ;:> jv r forn . Each pr jnjr ive causes one einple 
: : : : : , *>.;V, as to ri'nd 3 device, set a device to a 
•"..-:, cr m'**! on. entry in the Device Table or the 
; - i . : r ~o!«? (see Table I ) . A cormand, by str inging 
U" r : : " £ ^ s inple pr imit ives together , can cause 
I " -.: ; e r f c m very complicated and specif ic ac t ions . 

t5 :** ccT.iar.ds uhich contain information Epecific 
• : a r : : ; y U r subsystems. Different sets of commands 
•* 4?ed to run di f ferent subsystems, but a l l coicmandfl 
••= -.id* up of tne same pr imi t ives , and are executed 
• *..-* s-aze version of PLEX. 

yiitr the l as t primitive in a command has been ex-
-.te-s, the ccmand i s removed from the Coomand Buffer 
i i i c r c i e t ion aessage is placed in the Output Mes-
r» : - f : * r for subsequent transmission by the CGOT-
-icfeti-ns task . The completion nessage contains the 
Tra-d ra^e or ID, the t i ne the comand completed, 
: *•;•••«-aj f la^s indicating whether any e r rors oc-
?ii c.rir.g command execution. Socie primit ives also 
-•iratg messages, and these are transmitted before 
K c t f r ' .e t ion message, Hot a l l cotraands run to com

plet ion immediately; cer ta in pr imit ives suspend the 
execution of 3 comtasnti and l e a w i t in the buffer fcr 
execution in a la>er cycle of the scheduler. 

The monitor task keeps a constant watch on se lec
ted channels in the hardware interface and reports on 
changes, I t a lso provides a means for data f i l t e r i n g 
by only reporting changes that are greater than cer 
ta in .alues stored in the Monitor Table. The channels 
to be monitored and thei r s ignif icant values of change 
are sent to PLEX in coraands. Monitoring is described 
in de t a i l in a l a t e r sect ion. 

Devices 

One of the most i r^ j r ta t i t jobs for PlEX i s to hide 
the complicated hardware interface from the Super
visor* This is done by a data structure, cal led the 
Device Table and a l ibrary of 1/0 proredures cal led 
seq»ence<odft9. 

The ftructure of an entry in the Device Table i s 
shown in Figure 2 . The entry cons is t s of a fixed 
length header containing pointers into an array of 
var iable length parameter s t r i n g s . One pointer i s 
used for reading or input from the hardwire in ter face 
and the other pointer is used for writ ing or output . 
The header also contains an iden t i f i e r cal led a De
vice ID* Primitives access the hardware in ter face in 
te rns of Device ID 's . For example% the p r i n i t i ve 
"READ CHAM" causes the Device Table to ba searched 
for tbe ID "CHAM"* The read pointer i s then traced 
t o the read sequence code, which i s simply the number 
of an input procedure in the I/O procedure l i b r a r y . 
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The input procedure is called, and it fetches the 
parameters following the read sequence code and uses 
the:n to address the hardware interface and perform the 
input. Seme I/O 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 reads and writes in the 
protocol of the CAMAC and Modicon instrumentation 
evstetus-

Device ID 
read pointer 
write pointer 

read 
sequence 
code 

parameters 

write 
sequence 
code 

parameters 

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 initialized 
to 100, and the "Delta" field to 10. Any monitor mes
sages coming from ATODCKAN will have a message ID of 
1 (a). Every time the monitor task runs ATODCHAN is 
read, and it's value is compared to the last signif
icant value of 100- If 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 significant value field in ;he Monitor Table is 
set equal to the new value (c;. Monitors established 
with the DISCRETE primitive are similar with the ex
ception that for them Delta automatically defaults to 
one* This causes any change to generate a monitor 
message, and is used for devices which have stable 
values such as contact closure and indicator light 
sensors. 

Monitoring provides a mechanism for constantly 
watching and reporting on che hardware without using 
interrupts. By varying Delta the low level random 

ANALOG ATODCHAN 1.100,10 
i Delta = 10 , 

— f | _ - f . 
90 100 110 

last significant 
value 

(a) Initial entry in the Monitor Table. 

Figure 2. An entry in the Device Table, 

The Device Table is filled and modified by primi
tives while PLEX runs. Addinp more devices of an ex
isting ty?*> simply requires making entries in the 
Device Table. Adding new types of devices simply re
quires adding procedures to the I/O library. This 
design affords a high degree of control over code de
velopment* Since the early days of implementation and 
debug the only code added to PLEX has been new proce
dures in the I/O library. This has allowed PLEX to 
evclve cc teet changing system requirements without 
affecting the basic integrity of the executive. 

MsssagelD 1: ATOOCHAM = 114 
new reading = 114 

90 100 I last significant value 

110 

(b) A value outside of the range 
(last significant value + Oelta) 
generates a iressage... 

Monitoring 

Almost all hardware subsystems have some channels 
which need to be constantly Hatched for changes. FLEX' 
ceets this requirement by supplying a function called 
monitoring. A table of Device IP's for devices to be 
monitored is maintained in PLEX* Additions are made 
to the table by the ANALOG and DISCRETE primitives and 
deletions are made by the 1GN0HE primitive. The mon
itor task reads each device listed in the table and 
compares it*s value against a previous value stored 
in the cable. If the two values differ by more than 
Delta, also stored in the table, a message is sent. 
Otherwise the monitor task proceeds to the next entry 
in the table. 

124 _1 , 
104 114 t 

last significant 
value 

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

' Figure 3. An example of monitoring. 
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ar i se frtrn analog channels can be f i l t e red out . Com-
~iz*i v : :h the WJiE.S* pr imi t ive , monitoring also pro-
v : : = 5 ?LEX with a way to take automatic action on the 
izr.s of events in the hardware. This wi l l be de-
t : : i ' : s : in the next sect ion. 

Applications 

?1I.X -as designed to be used in the Hirror Fusion 
: * • : Fac i l i t y , but i t ' s f i r s t applicat ion was 'on 
£ : : : , - *r LL.NL fusion energy experiment, the Tandem 
h : r r : r Inper inent . This application cal led for a 
!r_='.I s:a.-:d-a!cne data acquis i t ion and control System 
: : r ^ a r.eu diagnost ic . The system was required to 
i-e; -;; CA^C based instrumentation before each shot 
«- : :c unload two 4K buffers from a data logger af ter 
= ci- s'rct. The shots were 50ms in duration and were 
t : ~cz\:r approximately every three minutes. The in-
; : r j a c t a t i o n requiring control included the data 
\:-tt*r, four amplifiers uith variable gain and offse t , 
£ variable ra te clock, and relays to switch the *rapli-
: :*? rrcnt ends between the sensors and a ca l ibra ted 
re:"ir*r.ce volcage. The decs acquis i t ion system con-
?;s:?d of an IS1-11/2 running PLEX and connected via 
i I T . : Y.laci link to a disk-based ISI-11/23 with •', 
r r= . r i c s terminal, The usefulness of a general pur 
-.::» s=-::war*s component such *° FLEX quickly became 
izu.rtTi in th i s appl icat ion. To a large extent the 
£:7- ; i i i t icn And control part of the job was already 
; r : i

1 sr.d th*» programming effor t could be coneen-
: : ! ' ; = '! cr. nrchiving and displaying the data once i t 
rTi:-*d tht dovelopnent system. What control program-
T.:'I '-23 r tquired could be carr ied out in thj high 
**v*l ";r.r-rapd language" of •'LEX pr imi t ives . I t was 
a".-: --c-is^ar/ to add one p r^edur? to the PLEX 1/0 
L::rary for tes t ing the "logger f-.ill" flag of the data 

T'-: J - ' ; i i tqu i s i f inn requirenents of the system 
'.-.-T - r : Lv ;!> pi'X rjnwnd shewn iii Figure h. The 
: . : s : :*'77? n r in i t ive causes execution to be suspended 

?*> Tr-!-1 1), so once the conxand is transmitted i t 
- . s t : • act ivated by tHu primitive START 10- The SET 
— •:::::•.•* r ^ v t s the data logger so that i t wi l l begin 
-.;>;— data when i t gets a s t a r t t r igge r . The WHEN 
; r i . t : : i v e then suspends comand execution u n t i l LOC-
: n , ere "\crv.»t f u l l " flflg, equals 1, indicating that 
: -* l : r ? - r is finished taking data (other cocraands, 
c : : . : ; : : r . i , and cormunications continue)- Every time 
i -:-;-. is f ir-d the f ac i l i t y provides a t r igger pulse, 
ET: i r i s i s u?ed ro s t^ r t the data logger. When the 
" , : r :-r is full the WHEN condition is sa t i s f ied and 
"- . : ' -r-c^',Ms to transfer the data buffers to the 
: t - .* : ; : -*n : systen. The final START and ENTER p r i n i -
:. .•i? ;£-jic ine command to be rerun the next time 
:-;:-_;'" the s c h o l a r loop. The data logger i s reset 
*- : :"•<? cc-rand then waits for the next shot . In th is 
-hi- '.'-i cci^rand loops, sending the data to the devel-
; : - : - - : systea s l t * r each shot, then rese t t ing the 
* . ; ; p r cr.d waiting for the next shot . 

EN7E3 10 
•17 10CRESET 1 
VrlN IOCGER EQ 1 32000 
c:?.? Bl'fFERl 
SAVE BUFFERl 
?.?.? B17FER2 
SAVE Sl'fFEP2 
STAiT 10 
-:;-£=: 10 

Fi r - re £. A PLEX ccmand to perform data acquis i t ion . 

The remaining control in the syste* was accomp
lished through a program which allows PLEX commands to 
be entered in ASCII and transmitted over the s e r i a l 
l ink . This program was wri t ten as a tool to debug 
FLEX, and i t was possible to modify i t s l i g h t l y and 
link it into the applications software on the develop
ment system. I t enables the user t o enter simple com
mands to Adjust gain and offset in the amplif iers , set 
the sample ra te in the clock, and switch the ca l i b r a 
t ion signal in and ou t . 

PL£x has subsequently begun to play i t ' s intended 
ro le as the Local Control software for the Hirror 
Fusion Test F a c i l i t y . The applicat ions on MFTF are 
much larger and mare complicated than the Application 
jus t described. The helium liquefaction Subsystem 
contains over 600 channels of 1/0, grouped in PLEX 
in to approximately 170 devices. The super-conducting 
magnet subsystem requires the monitoring of 120 de
vices , SO of which must a lso be stored in en in ternal 
ring buffer to provide a recent his tory in cass the 
magnet goes "normal". There ore several other major 
subsystems in the f a c i l i t y , each of them d i f f e ren t . 
PLEX is helping the Supervisor Computer Croup to p r e 
vide a unified control and data acquisi t ion system for 
a l l of these subsystems. By presenting the Sine in
terface for a l l subsystems it allows Cools and methods 
developed for one to be t ransferred to the o thers . 
PLEX is a lso reducing th» amount of effort which the 
Local Controls Croup must devote to software. The 
number of LSI- l ls which a single programmer can main
ta in is proving to be much higher for Local Controls 
than has h i s t o r i c a l l y been observed in LLHL pro jec t s . 
There are two software engineers in charge of bringing 
up a l l of the Local Control Computers for the group. 
Their effort is mainly directed toward writing new 1/0 
procedures for the Pl€X l ib ra ry **»* t D providing de
vice def in i t ions (CONFIGURE primit ives) to the Super
visor Conputer Group, 

Conclusion 

The task of providing software for the rany MFTF 
Local Control Computers has been accomplished by wr i t 
ing a single general purpose executive, The executive 
is ve r sa t i l e enough to meet a vide variety of require
ments and r e l i ab le enough to be eas i ly maintainable. 
Thp ;4sic executive design, and the techniques em
ployed for hid-'-y? hardware d e t a i l s anJ for noni tor ing, 
are not dependant upon the a rchi tec ture of MfTF and 
could be used in other data acquis i t ion and control 
systems, 
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