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ABSTRACT

The sontrol system for the Tritium Systces
Test Assembly (TSTA) sust execute compliosted
algorithms for the control of several
sophisticated subsystems. It wmust implement
this oontrol with requirements for easy modifi-
ability, for high availability, and provide
stringent protection for personnel and the
environment. Software teohniques used to deczl
witn these requirements are descrided,
including modularization based on the structure
of the physical systems, u two-level hierarchy
of concurrency, a dymzioally mxdifiable man-
sachine interface, and a speification and
documentation language baassd on a computerized
fors of structured flowcharts.

JNTRODUCTION
/ / /

/ The purpose of the Tritiuw Systemm Test
_Assembly is to design and operate a fucility to
demonstrate the safe handling of tritiue in a
manner similar to that required for a future
fusion reactor. Many of the ocomponeats and
systems required for this purpose are novel and
it is expected they will be undergoing change
as experience with the facility evolves. The
integrated nardware, softwvare, and instrua-
mentation must provide a broad range of
functions, including data sacquisition, rou ine
and esergency oontrol, operator {nteradtion,
and “ata archiving. The facility operates
under automatio oontrol with a wsinimum of
operator interaction.

Pecause the fesaidility of a fusion
rerctor Jdepends on the avalladility of the
tritium-deuteriue fuel sy’'cem, high avallabile-
ity {8 one of the wmajor design objectives for
TSTA. 1In addition, the radiocactivity present
in the tritiun mandates & nuesder of safely
precautions above and beyond those expected for
other aystems of this size and oomplexity. FPor
bath of these ressons, a variety of redundant
craponents are inoluded, bdoth (n the tritium
hadling systoms and in the ocontrol system. A

.
Work performed wunder the auspices of the
USDOE.

ocombination of the redundancy necessary for
reliability and the desire to divide the
processing load in a beneficilal way has led to
a oconfiguration of two ainicomputers and
several =miorocomputers as described in the
first part of this paper, The nesd for
effective human interaotion with the system,
both from the operators and the designers, and
for the need to modify that intemction as
experience develops has led to the form of Man
Machire Interface desoribed in a later scotion,
Finally, the fact that the specification and
verification of oontrol algorithas sust he done
by non-progremmars has put a great dsal of
emphasis on wmxdularity and on structured
design. The character of thiz modularity and
the siructured flowoharts used to speoify the
design are descridbed in the last part o the
paper.

OVERALL CONFIOURATION

The hardwvare configuration is split into a
procesy systed and a safety system. Eaoh (s an
independent ocozputer-based system with ita own
interface to the physical processes. Both
system must handle se/¢:el thousand TSTA
wvessuresents and controls. ‘The only interoon-
nections batween the two systems are four
opticallye-isolated serial lines.

During normal operation the process systec
controls the faoility. It has access o all
TSTA parameters and ocontrols all TSTA
subsystems. The process system is the first
line of defense against an asocidental
malfunction. The safety systex adds further
protection with independent routes for sensing
and oontrol of oritioul parsmete:rs, During
norma. operation the safaty system is solely a
sonitor, However Af 4t detocts either a
failure Of the proceas systes or a potentially
dangerous eituation within the feolility 4t
shuts down the fac{lity and runs the Dmergency
Tritlium Qeanup systes (ETC) 4f necessary.

-
T™he process asyster i3 Dduilt around two

Data Oeners) C-330 Bolipse minicomputers. One
is uesed for systes oontrol and the seoond

PROCESS



serves as baockwp. The baokup machine is also
used for software developaent. Both are
connected Lo the TSTA transducers and oontrols
through a standard CAMAC (Computer Automated
Measurement And Control) interface.

The CAMAC hardware is oconfigured into two
branches of CAMAC crates. Within each bdranch
are two Digita) Equipment LSI-11 microcompute..
that act as front-end controllers (FEC)., Each
FEC controls a distinct set of the CAMAC
oretes. The data aoquisition and oconirol
components for each TISTA subsystem are grouped
together into one of these scts. This resdlts
in each FEC having conplete responsibility for
the interface to a rumber of subsystems with no
subsystem ovarlap.

The process computers use the Data General
Advanced Operating System (AOS), a multiprocess
operating system which allows many relatively
autnnomous computer progrems, called processes.
to execute oconocurruntly, with the operating
system tume-slicing their exeocution. By means
of explcitly progrmmmed systom oalls, one of
these processes may send data to another,
assuming the other has also  rogremmed a
request to receive suoch data. This highly
structured {nterchange of data oontributes %0
progran clarity and minimizes the possibility
of unintended intersctions between the dif-
ferent processes,

The
consiats

software for the process ocomputer
of ssveral of these independent
processes. These processes may be viewed as
being of two kinds, The first (resource
sanagers) manages one of the general components
of the software aystem while the second
(control processes) manages a spesific TSTA
physical subsvstem. Among the first kind are a
process to wmanage the data oom'ng from snd
going to the FEC miorcosmputers (CAMAC), a
prucesy %0 manage data passed between oontrol
proceases (IPL), and a process to oontrol the
san-pachine 4interfuace (MMI), Other proceuses
handle data arohiving, and 1logging. The
resporaibility for these geermal purposa
processes lies primarily with the software
ataff. The sevond kind of process handles the
oontrol of a specific physlioal suboystem suoh
as the isotope cs«paration system (1SS) or the
fuel cleuanup asystzm (FCU). There are adout ten
t®  tnese ocntrol  processes, The major
responsibility for these algorithms lies with
the subsystes designers; however, it s the
reasponsibility of tha software ataff to
maintain a precise epecifivation of tne
algorithm  and to i{nsure its acourate
{oplementation. One master oontrol process
acordinates the intersction of all of the

subsystess. However, as wili be des ribed
balow, the amount of interection betwsen the
subsystems 18 very liamited and avery attempt s
sades to 4sclate tnese interscotions to the
single master oontrol process.

The
implemented
responding

control  proocess

using a few primitives oor-

closely to simple physiocal
operations, 1.e., olosing and opening valves,
setting setpoints, and sensing physical
parameters. The details ef how these
operations are transaitted though the computer
systems and CAMAC hardware are handled by the

slgorithms are

resource managers and are hidden from the
process oode.

‘he fronteend oontrollers utilize the
RT-1. operating syatem. Their principal
function 1a the aoquisition of data from the
CAMAC interfaces and the transmittal of

comands to thoss interfaces. During norml
operations these two funotions are performed as
off -loading for the prooess cosputers. To this
end, a 2onstantlv rumning foreground program
reads all of the data wodules n#ssooiated with a
partiocular FEC and tabulates the data values to
the CAMAC wemory mailbox where it may be
acoessed by the process oomputers, A second
part of this foreground progrem receivas
oontrol requests placed in the memory mailbox
by the process oomputers an! executes thenm
through the CAMAC hardware.

The FEC software is wriiten in a table
driven manner., I maintains {1s CAMAC hardwvare
configuration and variable ans.gnments in a set
of dymmically alteralle tatlus. On initiale
ization each front-end oontroller reads in a
set of data files defining 1ts particular
configuration. This permits the use of the
same foreground code 4in all four of the FECs.
It als> allows tche dymalc reassignment of
CAMAC modules vis process computer oome nd in
the case of ocomponent failure,

CAMAC INTERFACE MaNAQER

Th: purpose of tha TSTA CAMAC interface
wanager 18 to provide the eudbsystem processes
with the ability to sense and set the values of
TSTA physical measurement and coutrol variadles
in a straightforwvara aanner, For analog
sessurements and oontrols this wmeans dealing
with the variablea {n appropriate engineering
unites. For digital seasuresents and oontrola
this means providing & limited mnemonic set of
defined astates for eaoh,



There are two lsvels to this problem. The
firat 418 the eactus]l control of the CANAC
hardware to read or write digital values for
physical seasurements and controls. The second
is that of oonverting detwsen the rauv digital
data used Dby the CAMAC hardwmre and the
engineering units or defined states used by the
subsystenm proocesses. The CAMAC 4interfuce
sanager {8 divided into these two 1levels. A
large subsystem contains about 200 measuresent
and control devices. A naming oonvention for
these devioces had been specified early in the
TSTA design process. It is therefore of great
value that any algorithen specification use
these notations, and :hat eny oompilation
procedure use ther automtinally to avoid
errors due to human translation between the
device desigration and the nusmerical address
specification 4in the computer. A preprocessing
symbol <cefinition facility makes this wsatter
straightforward; a central definition file used
by all TSTA progreas makes the translation from
the atandard device desigmtion to the
appropriate computer addresses. All
interaction wits TSTA smeasurement and ocontrol
variables done by processes oonsists of
subroutine or funotion wvalls utilizing the
defined value of the variadble along with the
analog or digital data to be read or writtan,

Data tables in PEC memories kevp track of
al. of the CAMAC hardware, the T3TA variatle
assignments ¢0 that hardwarw and the ourrent
values for the TSIA variables. These tables
are initislized on startup from special files.
All oonMg.=stion dependent information is
contained 4in these tables. This allows the
same Wd te and interface software to Do used
for any TSTA variable-CAMAC hardware
configurstion. The input data s t-ansferred
L0 the process ocomputer on a oyolic basis. The
control information {s transmitted to an FPEC
queue and prooessed in sequence.

The function of the righ level CAIAC
software in the procuss computar is to convert
between the TSTA variable values used by the
high level processes and the digital values
sent V. or obta:ned from the CAMAC hardware,
Lach (STA variadle has a oconversion type anc
subtype assoolated with it, Exasple of types
are) PRESSURE, TEMPERA" 'RE, SET_TEMPERAURE,
VALVE, SET_VALVE. Subtypes are aonsecutive
numbers from 1 to n that (ndicate the exact
conversion formila to be used within the type
for that variable,

INTERTROCLIS DATA

All ocommunicatiun between the different
oontrol processes (as oontrasted to
oomaunication between a control process and the
physical equipsent, or the ocontrol procasses
and the operator {interface) is through the
Interproness Data Menager (IPD). IPD stores
Gata in logiocal meilboxes. These mailboxes
have acoess control suon that any process may
read thea but only the owning process may
change them., The data they contain are oculled
"boundary oonditions", a terminology wiioh is
used to denote bdoth physical parameters vhich
say affect the interaction detween sudbsystems,
and sstpoint values and mode switch settiings
which msay be eithor opermator or rlgorithmically
deterzined. For example, a request from MSP
(Master Sequencing Proocess) to go to the
isolate eafety mode is sent to the Interprocess
Data Msnager (IPD) whioch then provides it to
each of the subsyatem oon-rul processes, wvhich
of nece2sity, must interrogate this parameter
on a frequent Jycliocal basis, The subsystenm
oontrol processes oan then direct their
aubsystems 4in « manner oonsisient with the
dymmicully ohanging physical bdboundary data
froa the IPD and with the subsystem’s internal
dnta as obtained from CAMAC (CAMAC Interface
Manager).

The paacive Quality of interprocess data,
together with the relative autonomy of eaoh
oohtrol process, make the complex interactions
between subsystcms easier to understand. The
algorithe for each subsystem i35 designed and
amdlveed (n the limited oontoaxt of the
relative.y saall number of boundary oonditions
whiocl may impact it.

THE NANMACHINE INTERFACE

The operator interface o the process
systen it made nrough the Man  Machine
Interfmoes (MMI). The MMI {s implemsnted on an
eight-oolor high mresolution, 19«inch, ocharaoter
graphic Aydin terminal. Tne terminal has U8
lines of 72 ocolusna, a stendard ASCI! keyboerd
plus 45 specinl function keys. Features asuch
ap oraracter intensities, ULlink, reverse video,
protect, and oolor are pselectadble on a
charaoter by charaoter baais.

The sareen of this ‘terainal s divided

intr three distinot functional areass. The
omter and largest part of tLha soreen s
devoted to piotures (diagrens &nd smenus)

seleoted by the opereator to best amsist h'm in
thy oontrol or monitoring fumction of present
interest. BEach of thess piloturen (s identified
by a mame through which it is oalled wp. The



top three lines of the soreen are devoted to
Alarms and mwessages as-nt by the various
subsystem processes, and queued in a manner
described later. The bottom four lines of the
screen are devoted to operator iutersction,
such as answers to specific questions from a
sub-system process, and the 4insertion of
comsands when appropriats.

The operator intersction ocan oocour on
saveral levels. The luwest level oonsists of
typing individual comands to control
components, sense variable values, change
displays, view alarms, and provide harduopy
output. Examples of commands are SET, SENSE,
SHOW, OPEN, CLOSE, and PLOT. Any of these
comands pay be typed 4in in the command area.
At this 1level of {intaracticn, sensors and
controls may be exercised individually,
(although this mode Of operation 1s limited to
testing and check out of the componen.s). Any
TSTA component i3 identified 4in these commands
by the same name used in the engineering
dravings and specifications. After 4iitial
checkout of the original or modified systen,
opearator {nteraction with a sudbsysten s
through that subsystem’s control process. At
this level, only modes and opt! .s may be set,
the control of individual components being
algorithmically determined.

Either 1level of 4nteraction wmay be
simplified through the use of macros. A macro
is a file containing « list cf commands tu be
executed., The macro may contain elements of a
wacro language that sllows testing, looping and
arguoent passing to the macro. A macro oan bdbe
geanerated while MMI is running and used without
requiring a restart of the Mil. Macros oan de
usei to provide more convenient commsnds, and
to avolid long sequences of commands.

Freruvently used commandn are sasigned to
function keys in an easy to use arrangement.
Thoss function keys whioh do not effect gontrol
are executed upon actuation. Those which
effect control are ethoed for operator
¢onfirmation, Function keys are provided to
pove between nrecently accessed displays. A
circular queus of pictures allows easy access
to a relatud selection of platures.

In order to reduce the asount of typing
and to proviyu® the operator with the most
relevant selection at the appropriate time,
oursor selection froz wmenus §s provided. A
oursor eslected action is echosd on & ocmmand
line and then oconfirmed by the operstor to
fnsure that no error in selection has been
nade. Menus may bde freely sdded at any time
withou: recompiling or relinking of the

eoftware threcugh the addition of defining text
files.

Subsystens pictures are defined in a
apecial graphics language. A file oontaining
the graphic language is preprocessad into a
form usable by MMI. The preprocessing can
occur while MMI 1= munning, and the new or
podified plctures or menus can bde made
available without restarting MMI. Subsystenm
displays normally coontain & Dblock diagram
showing subsystew parameters. The parameters
are updated in a oyclic fashicn, anrd should a
paraneter go outside a prudefined range, the
parapeter is made to blink in order to draw the
operator’s uttention.

EVENT LOGGING

The purpose of event 1logging is three
fold. The first is to alert the operator
potentially dangerous oonditions through the
use of alarms. The second purpose s to
provide a wmechanisaz by whidh a process oan
comunicate with the operator. The third
purpose is to provide a hardoopy history of
system events. Al event message is the measage
sent frog a process to the LOG process. The
LC3 process usea the top three lines of the
Aydir, terminal for the displaying of event
messages. All event oessages are written to
the hardoopy device.

The LNOG process places svent zessages in a
Queues aodording to priority. The operator may
ackmwledge single cessages, or all wmessages
frooc a given process, or all mussagesr of a
given priority. 1If a message is dispiaced from
the Aydin soreen by one of nhigher pricrity, f{t
is not resoved from the queue until it {»s
acknowledged and it will be displaved again
when it becooes one of the top three messages
on the Queus.

ATA ARCHIVING

—— ——

The purposs of data archiving 4is three
fold, The first {8 O allow offline data
reduction and analysis. The seoond 40 o

provide a machanism wheredby the system history
can be aralyzed by reviewing the arohives or
the daok up computer. The tnird is to provide
a restart oapadbility. An archive oonsists of
the CAMAC shared pagec containing the physical
variables and the IPD shared pages oontaining
the logical variadbles. Thus an archive
provides a snapshot of *“he aystem state at 2
given point in time. Ench archive is wvwritten
to an archive file. A partioular arohive file
contains a oertain nuaber of archives. After
the file has been filled with arohives it is no



longer used for archiving and a new archive
file is started. The 0ld and new archive files
are chained together in chronological order.

It {s desiradle for the aubsystem
designers to be able to review the past history
of subsystem operation in order to determine
the performance of the subsystem. An offline
version of MMI is used to display piotures and
to sense variable values ocaptured 4in the
archive. During a review, the user is able to
change which archive 1is ocurrently belng used.
During this review, all set commands are
uisabled so that the user is not able to alter
the archive in any wy. Finally, a library set
of subroutines is provided for accessing the
data 4in the archives 380 that scientists and
engineers can write FORTRAN progrums to analyze

historical information 4in an arbditrarily
complax way.
TSTA SUBSYSTEM PROCESSES /
7 7 /
The Tritium Systems Test Assexbly is

comprised of ssveral subsystcms, each with a
well Aefined function in the overall operation.
This moduvlarization of the the physical system
provides a naturmal modularization of the
related softwars, and every effort has bdeen
made tu reflect the physical organization of
TSTA in the assoniated software. Each
significant physical subsysten s {pplemented
as & separate process under the Data Qenersl
A0S operatiig systee. Isolation of a
subsystem’s software has severcl advantages.
It provides a ouch needed modularization to
keep a given progma of comprehensidble size.
Since the physiocal devices associated with thae
subsystem may be oontrolled only from the
associated process, access oontrol to physical
devices {s readily implemented. Verification
and dedug3ing of the process asscoiated with a
particular subsystem can be done {ndependently
of other subsystems, 9in0¢ each subsystem has
modes of operation wherein it can be run alone,
and tha software’s 4solatiun {n a single
process makes it possible to operate it
separately frow the software aascociated with
other TSTA subsystems.

Most of the subsystems are sufficiently
complex that their oontrol programs benefit
from further division, The larger subsystems,
in particular, are ocomsposed of several humired
components. In @ost cases, the ocomponents oan
be grouped into functional olusters. These
olusters are celled devices. The algarithe for
the wontrol of each of these devices s
Sauplewanted 4n a task, 4 progremming construot
available within the AOS operating system which
allows an independent execution path through a

set of subroutines within a single process.
Different tasks within the same process share
aemory space {(and therefore may communicate
through common variables) but are time-sliced
independently. The independent time aslicing is
advantageous because it provides & convenient
mechaniss for the cyclic checking of the state
of a single device within a subsystem with the
clarity of treating that device in an 1sclated
sequence of code. This two level hierarchy of
ooncurrency, first the proceas level for
separats subsystems, and second the task level
for separats devices within subsystams, is very
effective in the presant application.

Each subsystem, then, oconsists of s min
which ooordinates the various ue.ioces,
an¢ several device tasks, which comunicate
with the main task through mailboxes. Although
the tasks within a s8ingle sudsssiea could
communicate more directly, for example through
ocmuon variables, the maildbox communication
used for interprocess communicetion is utilized
for intertask oommunication for two reasons.
Firat, @08t of the data needed for intertask
commundcation 4s also essential or at least
desirable as data for operator displays and for

task,

archiving. Second, the uniform handling of
data makes the algorithms rore easily
comprehensible. The aulti-tasking wseochanism

provides the necessary tools for synohronizing
different device olusters when necessary
through standard opersting systen procedures.

SUBSYSTEM ALOORITHM SPECIFICATION LANQUAGE

The compu‘er programs for controi of TSTA
are written 4in the RATTOR language &nd
preprocessed to FORTRAN on the respective host
oomputer systews. This givesa a  uniform
interface to the programer forr very different
quaputer systems. RATFOR provides excellent
oontrol logic facilities and provides the
preprocessing of symbols referred to above.

Although the RATFOR language has exoellent
oontrol structures, it has deen found that a
graphical presentation of the logic 1s suporior
far specification and verification, Wnile this
is {mportant to the software staff, {t nas been
found to be of even greater importance to the
non-programing scientists and engineers who
have the ultimate responsidbility for the
functioning of T3TA. Traditional flowcharts
are not satisfaotory. 10 ®most viewers, a
traditional flowchart {s harder to understand
than a olearly indinted RATFOR progrmem. On the
other hand, oertain forms of structured
flowoharts have Deen found W Dbe very
ef eotive. A ostructured flowochart has unique
graphiosl constructs for the standard



control structures.

it expands not by conne:tion
but by magnification through

structured programing
More important,
with 1lines,
blooks.

The three different kinds of action chosen
for TSTA algorithm specification are (1) the
simple step, (2) the muiltiway branch, and (3)
the {terative loop. A simple step exscutes a
single action such as opeing a velve or
reading s temperature. A mpultivnay test
determines vhich of severt: altematives to
execute based on the value of some physiocal
measurezent or some operator or algorithm
determined option. Finally, an iterative loop
repeats a sequence of steps until some
condition {s true o false, or for a fixed
number of repetitions.

The simple step is represented 4in our
structured flowcharts as a rectangle, with one
or more sxplicit actions stated in a terse
panner inside the rectangle, e.§g.,

R LT T T wescecvesew,

| Set TWT _CD_MSA1Y OPEN |
| Set ™T_ ~cD MSBZ OPEN |
| variable = TWT _T_RECAY |

The pultiway test is represented by a
rectangle with intemal vertical lines 'YHiich do
not quite {ntersect the top of the rectangle,
..,

I what is Column ] temperature? ]
I taoll < S00. | teoli < 1000, |
fosecncccncccracacan | emcecmccacccccaa |
| Set 1SS _CT _coux | Set ISS_CT _COLI |
i ON | OFF |

----- emeccteccvecsesceerarestsene anee

The final 3tructure is the i{terative loop.
It 1s drawn as an inverted "L" encompaasing the
range of steps to be repeated, ¢.g.,

esceccccaseciucnn evascscssvecsccsan,

Repa‘ while ISS_L_COLH < 33.]

emesemcecocanan e remmcececceea]
Set 18S_CL_COLH OPEN |
| Sleep far 1 Second |
| Set ISS_CL_COLH CLOSED |

Csceccccscccncavsssnacasenscnssen

Structures are nestad to credte arbitrarily
complex structured flowcharts. For examp.e, an
iterative loop way be one of the oclumns of a
pultiewvay branch.

In order to be adble to create and modify
structured flowcharts conveniently on a
computer, an input language to specify thew has
been dusigned and implemsented. While entering
them exactly as they are to appear is possidle
using varicus special character keys, such an
input scheme is both inconvenient initially a4
sakes modification a difficult job. The input
language, on the other hand, is essier to input
and modify. Tt looks very similar to the
RATFOR code which will ultimately implement the
flowchart in an executable program.

SAFETY SYSTEM

The safety systenm is based on two Digital
Equipment LSI 11/23 microcomputers. One s
used as the active safety computer and the
other as backup. The backup machine 4is also
utilized for software devalopment.

The safety computers run the R7T-11
cperating systen. They wuse the RT-11 XM
(extended memory) moaitor  which allows
operation in a foreground/background mode.

During cperatisn the antive safety computer’s
foreground progrem tabulates data froz the
safety system’s CAMAC interface and executes
CAMAC output commands issued by the backgiround
prograa.

The background prograc of the active
3afety oomputer monitors all oritical safety
paranmetars. It provides displays of tne safety
parameters on both a request basis from the
operator and on an alarm basis for abnormal
values. It also oontinually evaluates the
safety of each subsystem as revealed by the
7atues of certain oritiocal parameters. Ir
the e exoeed initial limits, warnirgs are given
to vha operator. If they exceed further
limits, the safety ocomputer undertakes to shut
down the system using its override capability
on oritical control variables. The bdackground
also oarries on a »status dialog with the
process system over the four serial léinks, If
{, 4determines that the procvess systeso is not
functional 1t will take over control of TSTA
and shut the system down. Irn the event of a
process aystem failure during a tritium
epergency the sarety system will edditionally
take over and run the ETC subsystem in order to
rejuce the tritius in the huilding to s safe
level.,



