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SYSTEM SUPPORT SOFTVARE FOR TSTA

Garnett V. Clahorn, lLawry W. Mann, and Clalr ¥. Hielson
Los Alamos National Laboratoiy
Los Alamos, NM 87545

Abstract: The softvare at the Tritium Systems
Test Assembly (TSTA) is logically broken into tvo
parts, the system support softvare and the subsystem
softvare. The purpose of the sys.em support softvare
i{s to isolate the subsystem softvare from the physical
hardvare. In this sense the system support softvare
forma the kernel of the softvare at TSTA. The kernel
softvare performs several functions. It gathers data
from CAMAC modules and makes that data available for
subsystem processes, It services requests to send
commands to CAMAC modules. It provides s system of
logging functions and provides for a system-vide
global program state that allows highly structured
interaction betveen subsystem processes. The kernel’'s
@03t visible function is to provide the Man-Machine
Interface (MM1). The MMI allows the operators a
vindov inta the physical hardvare and subsystem
process state. Finally the kernel provides a data
archiving and compressjon function that allovs
archival data to be accessed and plotted. Such kernel
softvare as developed and implemented at TSTA s
described.

The Tritium Syctems Test Assemhly (TSTA) s
dedicated to the .evelopment, demonstratfon, and
inteifacing of technologles related to the
deuterium tritium fuel cycle for laige scale fusion
reartor systems. The control softvare must support
the major objectives of TSTA, «hich are to provide a
demonstration of the fuel cycle for fustion pover
reactors, to develop and test ervironmental and
personnel protective systems, and to demnn<trate the
lorg-term reliability of components {nvolved in the
safe handling of tritium, At TSTA the pilmary conce:n
ix to prevent the exposure of perszonnel and of the
envitonment to radioactive suhstances. The control
softvare tor ISTA is implemented in such a way as to
provide nafety inteylockx for persnnnel and for the
envitonment. The control xystem for 1STA miat execule
con*tol wulgorithme te {nsure the =xafe handling of
significant amounts (100 grams) of tritium in W
exper imental environment., Many of the compoanents In
use are novel and change as different expetiments are
pei foimed; thus the control algorithma are subject to
modification as more infoimation is gainea fiom
sctually running the facility,

The fact that TSTA is an experimental feclility
makes {t impossible and undeviiable to tiy to forecart
the exact softvare requirements. Thus the softvare
had to be wrltten §n a manner that wonuld allov
modifications  without compromiaing the  nefety
requirementa imposed hy the handling of tritium. This
suggested a multi level approach to the goftvare. In
this approach (much like the 150 netvork model) each
level i8 {solated fiom the level belov and above Ly
cleauly defined Interfscesx, For examply, the
subsystem auppott leve) {nterfaces with the subsyaten
hardvare through the softwvaie suppor: level, Routines
fn the anftvare support level p.ovide operations lik:e
"OPFN VALVE" and "CLOSFE V2LVE™ tn the suhaystem level.
Thie {solatex the asuhsystem level from the artual
hatdvare. Thia {8 adventageous because changex can
orcul {n any level wvithout the nead for propageting
the change to any othei lsvel.

The “STA rontinl ayctem consjats pf the hardvrie
leve], the data conversjon level, the operaton
Inteiface level, and the asubayatem proceas level

Theas Jeveln are nov dearpibed,

The Hardvare Level

The Hardvare level is dlvided 1into thiee
sublevels: the signal conditioning, the Front End
Controllers (FECs), and the process computers. (See
diagram at end of paper.) A signal wvire is brought
into the control room through a8 patch nanel and into a
signal conditioning unit. The patch panel provides a
means of changing vhich signal conditioning unit and
vhich CAMAC module a signal s routed to. If such a
change vere required by a faulty wlie or CAMAC module,
the change could be made vithout affecting the highe:
levels. The signal conditioning units take signals of
varying ranges of voltages and maps the signals into a
-9.12 volt to 5.12 volt range. The modifird signal is
then taken to the appiopriate CAMAC modu'e.

CAMAC modules are grouped together under the
control of & front end controller (Digital LSI 11/21).
Typically an FEC handles 3-4 CAMAC crates each capable
of holding 24 CAMAC modules. Individual crates can he
poveied off for module replacement vithout alfecting
the FEC operation. The FEC gatheirs data fiom the
CAMAC modules and formats the data for tiansmisslon to
the process computer. An Etheinet link lc used as the
transmjssion media for FFC/process computer
communication. The high bandvidth and vide
avallability of the Ethernet make it attractive as
this communication channel. The Ethernet also
provides "hot" connect and disconnect making {t ensy
to svitch to the standby net if{ problems aie detected.
Furthermore, the Ethernet provides total flexihilliry
of interconnection and facilitates redundant
implementation.

‘The da'a {s received by the tvo process computers
(Data General HMV/4L000'sm). OUne i considered to he
running the process vhile the other {a In standhy
mode, teady for ‘“"varm® switchover. The standby
computer is also used for softvare development. A
third class of computer alsn residex on the Ftheiper,
a dedicated shutdown computer. In case both process
computers fall, the shutdovn computer provides the
ability to control individual hardvare componente and
to nafely shutdovn subsyntems by the use of predelined
macros.

The entire hairdiare system {s proterted hy nan
unintertuptible pover supply (JPS), vith hoth battery
and diesel povered pgenerator povetr hackup. The
control room is cooled by tvo air-conditionera and a
third, standby air-conditionetr {is housed {n the
contiel 1oom.  All this redundancy {s provided to
insure the nafe handling of the tritium in the aystem.

The Data Communications Level

Data i belng continvoualy collected from the
CAMAC modules by the FEC's.  This data fs pridodically
pliced on the Ethernet. oOnce on the FEthernet {t |i=

avajlahle to all ptocesses that have a need for §1u,
On the procesp computer the Data Commuricationa leuel
receives the Ftheinet packets and placex the data {nta

the appropiiate plare {n a read only shared databarre,
This level provides a rclean lntetface to the Datn
Convernien Jevel fnr acesaning the rav data. The dnra
Ie xtoned n the 12 bit CARAC form.  Thin 1educea the

alze aof the databa=e and  makesx
comptession sacin)

archiving  and



Archiving of data is an important task of the
Data Communications level. Snapshots of the database
are taken once a mlnute and stored on dick. This
archiving {s done an hnth the continlling and standhy
process computers creating a disk [lle of about )2
megabytes of {information per day. This data 1is
available for access by subsyetem designers, operatars
and TSTA management and |s used for system analysis
At shortly after midnight the previous day's data Is
compiessed. The compiession algorithm notes a
varjiable’s starting value and then stotes the changes
from that value in as fev bits as possible. Currently
a 15 to 1 compression ratio is obtained. At TSTA )
months of archives are kept on the disk vith older
data available on tape. (Purchase of a disk to allov
2 years of data online s planned.)

The other task of the Data Communication Level is
to provide communication between various softvare
processes. This communication Is provided through
logical "mailboxes”. A process Is sa d to "ovn" a
mailbox {f that process is authoiized to vrite to the
majlbox. (Only one process is alloved to viite in any
majlbox.) The mailbox data, like the FEC data, Is
stored in a read only databacse. The Data
Communications Level also places thic data on the
Etheinet perfodically. The standby process computer
reads in this mailbox data so that {ts database is
kept current. This greatly facilitates varm (operator
inttiated) switchover betveen the 1vae process
computers. Processes at the upper levels are unavare
of the svitchover because of the piresence of laoglcal
variables vith current values. A system designed in
this manner wvould be easily adaptable to a wmultl or
distributed processor environment. This database is
also arrhived the same as the FEC data.

The last task of the Data Communications level is
to provide an Inteiface betveen upper levels and the
7EC’'a. Commands for FEC evecutiecn are collected here
and routed to the appiopriate FFC vith the necescary
errol detection and correction. This frees the upper
levels from the detajls of hov commands are executed
and hov errors atre handled.

The_Data . inversion Level

The Data Conversion level piovides the conversion
betveen the 17 bit data stoiad in the database to
engineering unlits used by the upper levels. The
convercions go both vays. As commande fir execution
ale tecelved, the set valus {8 in englneering units or
is a diglital value like OFPEN or CLNOSFED. Tlese values
are converted to 12 hit integers understi-~4 hy the
Data Communicatione level. Vhen data {s tead by the
uppet levcls, the Data Conversion leve] converts the
12 bit data into analog engineering units or to the
appropriate digital value. The converaions are done
oh an "as needed" basis to reduce computer overhead.

This leve! also provides limit checking by
periodically cherking varlablex vith predefined limita
for being In tange. 1! & variahle i« found tn bhe out
of tange then a bhit s set in the database. An
intetface to this 1imit data is provided for the upper
levels vhich vill pravide varinue anite nf alarme.
Another function of this level §x to combine asveia]
rav data points intn one logical measuypenent., Fot
example the tritium 1nom monitnrs provide a digital
tange information signal and un analog level signal
These tvn xignals ate combined to give the physically
meaningfol value of radiation level, The compn=ite
value = atored In the databace az a logical maillbox
MeATUL emenT .

The Operator Interface Level
This level provides the human user wvith an access
to the database. This level is suhbdivided inte tvn
levels, the dialog level and the databace acrceacs
level. The dialog level provides the subsystem level
and the lover levels with a mechanism to get
information to and from the human operator. The
dialog level collects messsager called alarms from the
upper and lover levels. The dialog level maintains a
separate read-only database of outstanding requests
for information. The database access level thiough
the Man Machine Interface (MM]l) accesses thls 1equest
database for questions tc pose to the human operator.

The MMI runs on 5 Aydin cnlor, chatacter graphirc
terminals. Through the MMl the operator is able to
display predefined plping diagrams, system status
displays, and alarm lists. 1The HMMI provides the
interface betveen the upper Jevels and the human
opeirator. Upper levels can ask the operator pertinent
questions and receive replies acrtoss the level
boundary In a clean fashion. The MMl screen s
divided into 4 parts. The top 3 lines aie reserved
for alarms. These prioritized alarms are messages
from all levels reporting errory, cond'tions that need
{mmediate attention, and general information. The
bottom 2 lines of the sacreen provide the aperator
command line and response line.

Fiom the command line the cperator can continl
individual subaystem components with commands like
"OPEN TVUT_CD_LPR1" vhich means "open the value to the
first lov pressure recelver {n ‘Le Tritium Vacte
Treatment suhsystem”. Some parameters a.e decignated
as more huzardous to operate. These are pintercted by
a second layer vhich requiree coniirmation prior tn
being operaied. The confirmation can be nne wav, such
as on OPEN only, or both way=, such as for OPFH and
tor CLOSE. The operator can also communicnte with the
subsystem level by setting logical mode myilboxes =urh
a8 "SET TVT.OPRRODE RUN" vhich means "Set the opeiator
choice for the Tritiim Vaste Tisatment subsystem 1o
RUN mode”. All operator commands are logged on a
hardcopy device and in a dailv disk flle. The dally
disk files are seaiched veekiy for unuenal happenings
and such ate repoited 10 management In a wvarkly
report.

The MMl  provide A menn  diojven  tiackball
ifnterface and a Fevhomrd diiven Intertrre, Fouy
displays are stored in local memory and mie availahle
instantly through the use of function keve, othrp
diaplays are aval'ahle after a 1 4 wecond delay fo
dovnloading into laecni mwemory. Thete mier curtienty
over YO diaplays defined. Alsn an extensive marin
language allovs for the execution of jredefine!
sequences of commands ayrh as "STARTETC" which means
"start the Emergency Tritjum Cleanup Suheyatam”,

Another part of thir lsvel piovidea giaphiral
information on system paiameters, The michive can hn
accexved and the data presented in  tabmlar o
graphical format. Suven graphies  terminaly  min
available fou graphicral output. Tvo of thece have NP
6-pen colnt plotters attachad o1 havdeapy outpuor,
Any terminal can send graphical data ton a lase
printet for hlack and white onipat, Real time
tiending Intotmation can be ob'alned hoth in geaphica!
and tabular form. The acan  ate can be an faxt a- o
seconda betveen updates. The data o captured = alne
avajlable for hardcopy outpur,

The laat levej ix the Sub-y- ter Prarewe levei
It s turther described in the ftolloving paper in
these procesdings,



Conclusions

There are many advantages to a system {mplemented
in levels such as the one at TSTA. It i{s possible tn
upgrade individual levels without propagating any
errors introduced to other levels. It facilitares
softvare testing, as each level can he eastly tested
vithout the upper levels, and wvith a minimum of codlng,
can bhe tested Independent of the lower levels. The
presence of the levels and of the Etheinet adds
flexibility to the software and harduare design. For

example, the HMM1 rould be uperaded to crand alone

graphlical work stations that ate connected on the
Etheinet, The control soltvare has heen {n plare at
TSTA for four years. During that time the camputer
hardvaie ha= undergone a malor  upgrade  and  the
softvare statf has been redured from thiee to one,
That such an npgrade could ocewr with no dicruption of
operatinns and the fart that one person nov maintalns

and enhances the snftvare {s an indication of the
effectiveness of the TSTA softvare design.
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