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AMTRACT

The !mflttvl $yStOm fOF the TT’itiurn SyatCrn
Teat Assembly (TSTA! suat exoouti oo~lioatad
●lgcr:th~ for the control of several
sophlsticatodsubsystem!. It must implement
this oontrolwith requirementsfor aaay modifl -
sbility, for high availability,and provide
Stringat protection for personnel ●nd the
●nvironment. Softwareteohniquasu%d to decl
with these rwquiroments ●re deacribd,
includingmodularizationbaeed on the atrua tun
of the phyaioal8ystem, u two-levelhiemrohy
of concurrency,a dymmiotlly mdifisble aan-
machtme inter!hce, and a epaaifioction●l
documentation tinguago baaed on a oovutirizd
form of ●truetured tlowoharts.

~NTRODUCTION

-> / The purpose of the Tritium System Test
.-Assemblyis to designand operatea fioilityto
demnstrati the safe handlingof tritium in ●

manner similar W that ~quired for t !Ututw
fusioa rwtotor. Many of the oo~rnefit8and
system required for thib purpose are tivol and
it is expected they wIII b. undergoing oha~e
●s experience with the fhcility●v$ivea. The
lntegtmted nerd-re, Doftware, and instru-
mentation muat provide ● broad ren60 of
functions,includingdata acquisition,rou ine
●nd emergaey oontrol, opemtor inter40 tion,
●nd 4 u archiving. The facility opoNWt
utier ●utomtio oontroi with & tinimum of
operator tittmetion.

we ●uM the tea8ibility of a f’wion
reec tor depmds m the availability af the
trltium-deutiriumfuel ay’hem, high WaJlabil-
ity in mu of tho major design objectives for
TSTA. In ●ddition, the redieactivit.ypmeent
in the tritium aandsus a number of aaf~ty
pmoautionc shove and boyrnd those ●xp@Wd for
other ayeto~ of this size and oo~l.xity. ?or
bnth of theM roaaons, t variety of rndundant
c~aentm aro inoiud.d,both h the tritiua
ha,dling sybcern ●nd in tht oontrel ayetem, A

@
Work perfornmd utxlerthe ●uspioes of tho

USDOE*

ordination of the redundancynaoeasary for
reliability ●nd the desire ta divide the
prooeasingload in e baefiolal way h~s led to
a oonflgumtion of two minioo~utera and
eeveral miorooo~utars ●s doaoribod in the
first put, of this paper, The nead for
●ffectivehman intO~OtiOn with the 8y8tem,
both from the opermtorsand the designers, 8nd
for the rned to nodi~ that inte-otlon 8s
experience dovelope has lod to the form oF 14an
Maohi?e Interfhoe desoribed in ● lawr ●cotion.
Finally, tho hot that the apeoifioatlon and
verifloation of oontrol●lgorithm ●uot he done
by non-pmgmamora lm~ put ● pwat daal of
●~haals on 9cUularity ●nd on etruotured
design. The &araotir of thiz Mdularicy ●d
the &.ructured flowoharta used to 8peoif’y the
design are desoribedb the hot part of the
papar.

OVSRALLCON~OURATION

~Q hardwatioonfigu~tion la split into a
prooem ay8tem wd a safety 8yWem. Eaoh ti an
indopadent oo~u~r-bmed ayatem with ita own
intorfkoe to the phyaioal prooeaees, Both
●y8te~ mu 8t handle st )e:ml t!!ouaand TSTA
&eaaurwsenta●nd oontroic. ‘(heonly intor@on -
neotiona between tho two system are four
optioally.lsotitodaeriallines.

Duringnorrnlop9mtton tho prooeas cyatem
Oontrole the faoility. It ha looeas to *11
TSTA pwawtera and oontrola Qli TSTA
aubsystom. The prooeee Dystom la the fYrat
line of defense atainet an aooidental
mal?unotion. The Bafaty My#tern ●dd8 f’urthor
protectionwith indepmdent routia for eensing
and oontrol of oritioul parsmte{.s, During
norm:. oporationtho at fety syotom is COICIY s
>onitor. However if it detoote either a
failutw of tfio preooas syetes or 4 p0t4ntislly
dangerous citustion within tho hoility it
ohuts down the fioilitytnd runs the ~ercm?y
Tritlu9 Cleanupsystem(B’YC)if nooeaaary,

TM proo~ernsystem la built arouti two
Date Oonernl C-330Boiipw minio~utira. On.
is ueed fbr ●ystom Oontrol ●nd the Moood
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serves●s bmk~. The baok~ rnohlne la alao
Used for mftuare developunt. Both ●m
ccanectidto the TSTA tranaduoorsand oontrola
thm~h ● Otsndtrd CAMAC ( @~Ut4r AuMrntid
MeasurementAnd Control)intirfaoo.

The CA14AC hard-m is ocmflgu~d into two
branchesof CAJ’IACorubs. Within -oh bmnch
are tuo DigitalEauipmenti91-11 miorooowut.ah.
that act ●a front-endmntrollers (FIX). Saoh
FEC cmtrols ● didtinot aat of the CAMAC
orstea. The data acquisition and ocmtrol
oompcmentsfor eaoh TSTA eubayatom●rw gwupd
tigetherinto one of thorn sct~. Thin -ults
in aach FEC having con#let4responsibilityfor
the interfacem ● numberof subsyaten!with no
subsystemovwl.ap.

The procow oowutara use the Data 09n0~l
AdvancedOpemting SYstem(AOS),● Ultiproooem
operatingsystem which ●llows many !wlatively
aUWnOWUS oo~uter progrs~, oalledprooe~es.
to exeoute oonou?mntly, with the ope.mting
system tfie-sllcingtheir●xaution. By meana
of ex,,licitlyprogfi~od system oalla, one of
these proce=os may aend data to ●nothor,
●muming tho other has also >rogm~ed ●

request tO tWC@iVO auoh da~. This highly
structuredinterchangeof dsti oontrib’j~sM
programclarity●nd tinimiz@atha poaaibllity
of unintended intcraotionabstwoon the dif-
~crnntprocoses.

The sofiware for the prooo~ 00QUMP
Ccmsiats of several of these indopmdent
proces9es. Those prootaeesmay b. vienad as
being of two kinds. The first (resource
managers)managoacme of tho gmeml oo~on.nts
of the aoRware systcm while th @ acc ond
(control proce~es) manages ● spaifio TSTA
pky~icalSubsyatom. Among thb fire?kind ●tw ●

proceu ~ mana~e the data oom! ng from ●nd
going to the FEC miorwoa~uurs (CAJ4AC),●
prucaw u manage data pa~ed betueen oontrol
procecbses\IPU), and ● procoaato oontrolthe
men-maohinointtrfhco(WI), Other proceuaas
hard1~ daLa arohiving, and loggin~. The
respocaibllity for t.hea@ gmoml purpose
procosaas 11.s primarily with the softwar’e
staff. Tho swond kind of prco~w handlesthe
Oontrolof ● apecifiophyaloaisuboyatemsuoh
as th@ iaotopc?Hl)u’ationsystem (1.%3) or the
fuel oloanup @yattm(PCU). Them w. ●bout ton
.@. tno.w ocntroi prooe~es, Tho major
Naponbibiiity tOI’those al~orlthrn1108 with
tho rnubayatemdoaignerslhouevor, it la tha
raaponsibiiity of the so-war+ otaff to
maintain b pNci80 opacifluation or tna
4180rittllu8nd tn innurn ita ●ooutnt@
impinwntntiot). One msst.er oontrol prooes~
ooord:natao the interaction of ●il of fhe

aubayatca . However, we will be de~!ribed
below, tho amunt of intiraotionbetween the
uubaystorn1.0very Mmitod and avwy ●ttemt is
~d~ w i80hu t.fi.seintem,otions ~ the
Binglo mater oontrolprooeea.

The oontrol prooess a~cr ithrn ●re
iaplolmnted using ● few primitivsa oor-
ra*onding Oloaaly to simple p~aioal
opamtiona,i.0., oloaing●nd Opmlng valvoa,
aett ing aatpoints, ●nd aonaing p~sical
paraDOtars. The details of how these
opem tionsam tranaaittodthough the oomuter
ayatornand CAM!C hard-re are handladby the
ramumo aanagera ~d 81’+ hidden from the
pmcaba oodo.

%. front-ond oontrollors utilize the
RT-1 opemting ayntgm. Their principal
functionla the acquisitionof tit.afrom the
CAMAC interfioos and the transmittal of
oornanda ta thaae interfhoes. Wring norm:
opemtiona theaatwo !bnotionsare perforrnd●s
off-loadin~for the preooas oot~putara.TO this
●nd, a mnatantly ruining foregroutiprogmm
readsall of the data mdulea #!rnooiaMd with ●

Pvtioular FEC ●nd abul.zteatto data valueab
tho CAMAC 8emrY rnilbox whore it MY be
●cooaaad by tho proooam o~~~tirs, A aec ond
part of this forcgrouti grogmm receives
Oontrol raquats plaoad in tho U@ry sailbox
by the proooaa oo~utira WI axaouba thorn
throughthe CAi4AChadmre.

Tho ?EC software la Wri:tcn in ● table
driva rnnnar. It maintaina11a CiMAChard-re
ocaflgumtion md variabloans:,gnmwta in a eet
of dymmioaiiy altomble tables. On initial-
ization 6803 front-ondoontrollorrnada in a
aot of data filoa dsfintng ita particular
oonfigumtion, This pomita the UM of tho
same forogmu!xlcod. in ●ll four of th$ FRC!!,
It alas allows cho dymmic roaaaignmentof
CAUAC modulca via proo~asooqwtir oo~.l,itiin
tho oaae of oo~onont f~ilurw,

CJHJ INTERFACEM~AQER.—

Tht purpo8Q of thu TSTA CAHAC intorfhce
~arugor 11 W provido Lh@ eubsyatemproccwes
with the abilityto ●tnae ●nd Mt th~ valuesof
TSTA p~sieal meaeufwwnt and co,~trolvwiabl~s
in ● atraightforwaroaannor, For *M log
sosaummsnts and oontrole this mans dealing
with the vcrhbloa in appropriau alginoering
units. Por digital naau!wwhts mnd oontroin
this ●oans providinga l~mitodm~mnic a@t of
dtflnodatataaror -oh,
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Theremre two levelsto thi8 proble- The
first la the motusl oatrol of the CM.!AC
hard~rw b mad or write digital values for
pwalo~l maaw~rnnts and ucmtrola. The aeoond
is that of ocmvertingbetuaenthe mH digital
data wad by tha CAFIAChardbnra and the
●ngineeringunitsw definedetatesuaad by the
subsystem proaemes. The CA14AC Inter!koe
manager 18 divided Inti theea two lavela. A
large submyatemomt.&lne●bout 200 rnawrw~nt
●nd oomtrol devioea. A naming oonvation for
these devioeshad bean epaoifiadearly in the
T~A design prooeaa. It lo there fore of ~nat
value that any algorithm apaoifioationurn
these notation., and ;hat tny oo~ilation
procedure use them au~rnti~ally h ●void
errors de to human transition between the
device desi,gmtionand the numerical●dd~ m
epacifloation in the ooqutir. A pmprooeasing
symbol definitionfacilityrnkee this Mtter
straightforward;a oontraldefinitionfileuaad
by ●ll T~A progmrn makea tha translationfFom
the Aandard device domig-tion w the
appropriate oo~uter ●ddm-es. All
interaction with TS7A seaaummant and oontrol
variables done by prooemes ooneiats of
subroutine or funotion ualls utilizing the
defined value of the variable●long v:th the
•~log r d~ithl data W be mad Or Wittfin.

Data tabla$in FEC mawries kedp traok of
●l; of the CA14AChmd-ra, the T3TA veriatle
arnignmnts W that hard~w and the ourrent
valuea for the TSA’A vtriables, Theaa tables
am initializedon 8tartupfrom 8p~ial files.
All ocm~~g,-tion depmdant inforrntion is

oontainod in the~ tables, Thio ●llows the
same upk t? and inte?fhoe 8oftuare to be used
for any T.STA vwiable-CN4AC hwdmre
ocmfigurntion.The input tits iJ t=ansf4rred
to the prooem oo~u~r on a oyoliobaeis. The
ccmtrol infor~tion 18 transmittedto an ?EC
queueand proooaaedin aequanoo.

The function of the high level CAMAC
aoftwatw in the proouaeoomutir is to oonvwt
botwen tho TWA variabie vaiuee used by the
high Wol prooeaaes and the di#ital valuoe
sent ~, or obta;ned from the CAMAC htrdmrn.
E4ch fSTA vwfible Me a ooavcreiontype ano
subtype aaaooiat~d with it, Cxcmple of types
●reI PRESSURE, TWPSRA’ ‘RE, SET_T?XP2RAWRE,
VALVE, SET-VALVE.
numbers from 1 b
omversion for-la
for thatvarlabie,

Subtypwl we- Omncutivo
n that indioatithe exact

to be used uithin the tYBO

IM~iWCiXS DATA

All oo~unioatiun betueen the di.ffenwt
Omtrol proceaaes (as oontramted t3
Oornunioation betveen● oontrolproremsan~ th~
plwsioal equipment,or the ocmtrol prooomses
●nd the operawr interfkoe) is through the
Int.erprwem Dati Wmmgor (IPD). IPD etores
data In logioel nilboxes. Those Milboxes
have aooeaa oontrol aoh that any prooemsmay
read them but only the owning prooeas rny
ohange them. The dati th@y oontainare oalled
●boumlaryoonditionan,s terminologyWloh la
uaad to deno+~ both physioalpummetirs vhioh
may aflaot tha Intemotion betweenaubsyste~,
&nd ●etpoint vaq.uesand tie euitoh aatLings
uhloh my ba eitheropam Wr or $lgor~thmioally
detomined. For ●x~le, e mqueet from HSP
(Keter Saquanoing Prooeas) to go to the
isolat.aeafety made la aant to the Interprooass
Data Wnager (IPD) uhioh than providesit to
●aoh of the eubsystemoon’”.rolprocesses,uhich
of neoemaity, wet interrogatethis parameter
on ● fhequat Vclioal baeis. The subsystem
Oontrol prooeaaes oan then diroo t their
aubsyetern in ~ banner ooneia:ent with the
dymmically ohanging p~eioal boundary data
f- tne IPD ●nd With the subsystem’ainternal
dn~ ●a obtained from CAMAC ( CA14AC Interfaoe
Maruger).

The >Zacive quality of Inwrproceam data,
togethor With the rslative autonow of ●aoh
oontrol>rooea!),make the OOV1OX intermotion8
betueon ●ubayat6rnoaaier to understand. The
●igw ithm for aaob wbayatem 18 deeignad●nd
●nalyzed in the limitmd Oontext of the
rwiative.y-11 number o:’boudary oondit.ions
uhiot.my impactit.

TJjE!lAN-~IHINEINTERFACE— ——

l%. operatQr interfaoe b the prooess
●yetem & rnco throuh the Wn ~ch~ne
Interfhoe(WI). Tho WI la implementedon ●n
•~ht~olor h@h ~aolution, Ig-inch,oharaotir
cr8phio Aydln terminal. ‘fna terminal has 48
lines of 72 oolu#nn,● etrndardASCII keyboard
plus U!iapaini finctionkeys, ?eature8 ●uoh
ae ot!armoterinteneitloe,blink,?wveraevideo,
prowot, and oolor ●rn aeieouble on ●

oharaoWr by oharaoWr baai$,

The eomen of thie seminal is dividd
Intr thna diatinot fiwtiona~ arnse, The
ountor ●nd Ursa-t part or t.hn eoraen iIt
dwoted to pioturea (diagrmw bnd menus)
selcoud by the ovemtw to best ●asiat h~m in
tha oontrol o!’wnitoring Rinotionof ptwaent
intefwat. Baoh of thaua plotureb\@ identified
by ● Lame throughuhioh it 10 oalled IV. The
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top thins Ilnes of tha so!wen are devotad to
alar= and messages s-~b by the varioua
subsystemproce-es, ●nd queud in ● manner
describd Latar. Tho bottomfour lines of the
screen ●re devoted to operator il~teractlon,
such ●s answer$ to apeciflo q~estion~from ●

sub-~ystem pmceas, and the inrnrtlon of
oomaatiawhen appropriate.

The operator intamo tlon oan ooour on
aeveml levels. The lowest level oonalstaof
typing individual conmanda ta oontr01
components, sonae vartible values, ohange
displays, view alar=, ●nd provide hardu opy
output. Examplea of co=ands ●re 9Z’T,SEN~,
SHOW, OPE?i, CLOSE, and PLOT. Any of these
Comnandsmay be typal in in the oomnand●rea,
At this level of intamctien, aenaors and
ocntrols may be exerc~.&ed in~ividualiy,
(althoughthismode of opeflationK limitedto
testing and check out of the oomponen.s). Any
TSTA co~ment is identifiedin th~se oomands
by the same name used in the engineering
dml’ings and speifloations. Aft@r i~,itial
oheckout of the original or modified System$
operm*Ar intoraction with a aubsystom is
through that subsystem’s oontrol process. At
this level,only modes ●nd optj ,,smay bc set,
the control of individual co~aents baing
●lgwlthmictllydetermined.

Either level or intamction may be
aimpLifiadthrough the use of macros. A macro
is ● file cont~iningm llst cf co~anda b be
executed. The maom my oontain elements of ●

macro :anguagethat bllowstesting,loopingand
●rkumentp~m:ng w the ~orQ. A macro oan b.
gmeratea uhiloP?lI is runningand used without
requiringa re~art of the WI. ticrwsoan be
use~ to providemrc convenienteo=h,tda,●nd
to avoidlong ae~uenoosof oomanaa.

Frefiuentlyused oomnan.40●re a=ignad to
functlan kays in an easy u uae arrangeant.
Those functionkeys uhioh do not ●ffectoontrol
●r+ @xacu*tedwon actuation. Those which
cfYect control ●re aohoad for opormtor
Omfirmatlon. Function keys are provided to
move between mcontly aoca~ed diaplfiya. A
circularQu*ue of picturesallows easy sooeas
to a reiatodaeiectionof plotures,

In order ~ rnduce the ●swnt of typing
and to provlu” the Operator with th,emoat
relevant selection at t~,e ●ppropriate time,
oursor ooleotion fbom Mus la provided. A
oursor mleo tid action la echoed on a oo~and
iino and than oonfirmad by the operator to
insure that w ●rror in selection has been
made+ Hanua may bt &eoly @dded ●t ●ny time
WithobL moo~iling or ~linklng of the

eoftwarathro~h the ●dditionof dafining taxt
filoa.

Subsystem pictures arn defined in a
npmial gmphics language. A file containing
the gmphic langua~e ia proprocea~adinto a
form u-ble by l@tI. ?he preproooasingoan
oocur vhile WI 19 mming, and the new or
modified F:OtUNM or menus oan be made
●vailabla v:thout rastartin~ MI. Sutwymtem
dtiplaya normally oontiin 8 blook diagram
ahowi~ aubsystewparamators. ‘The paramat8rs
are uptitad in ● oyclio fashi@n,●f!dshould a
pammetar CO outside a prwdafinedrange, the
puameter Lo made to blink in order to drau the
operator‘a●ttentio.>.

EVENT LOOOING.—

The purpose of ●vent logging is th?we
fold. Tha flrat la to alert tha opemtor to
potentially dangeroua oonditionathrwgh the
Uae of ●larm. The ●eoond purpose is to
provide a mechaniem by whi>h ● prooeas oan
oomunioate with tho OPOfitO?. The third
purpose la to pPOvide ● hmdoopy history of
ayatom evanta. An avant messageis the =aaage
sent from ● prooew b tho W procoaa. Tha
LC: procass usoa th~ top three Ilnos of the
Aydif,t.e~nal for the displaying of ●vent
messages. All event aaaaagca ●re written to
the hardoopy davioa.

The LOO prooeaaplacas●ont messagesin ●

queue ●ooordin~to priority. Tho Opomtor may
●ckrnuledgc ain~la meaaagoa, or all measagas
from ● givan process, or all uasages of a
givm priority. If ● maasageid diapiaoadfrom
the Aydin aorwenby onc of hlghor p?iority,it
lb Mt Nasvad fi-om the queue until it la
●okrwledgad and it will be diaplawal ●gnin
when it bacomab ona of tho top thraO Mssases
on the quaub.

DATA ARCIUVINO. . ——

The purposs of da(t arohivin8 la th!we
fold , Tha firet is UC *11ow offline data
reduction and tnalysia. Tho ..0ond iJ tO
provido● ~ohaniam whewby the system history
oan be ●nalyzed by Nviewing the arohivcs OR
the brnk UP oornput4r. Tha third iJ to provida
● r+atart oapabiii”,y. An srohiv~ Oonsiata of
the CAMAC abated pagec containingthe pnyaical
variables●nd the IPD shared p~.ea oontainimg
the logioal variabiea, Thua an ●roh!ve
providen a ●nap~hot of tha Byatem @tate ●t t
given pa~nt in time. Ericharohive in urittan
to M arohivefile. A partlouiararohlvc file
oontaina a oertainnumber of orohivos, After
the file has bean filledwith arohlvesit la no
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longer wed for arohivlng●nd ● new mrohlve
file la at.arted.The old and new erohlvefiles
●n ~ained tigetherin ohronologioalorder.

It is desirable for the subsystem
desigrw?ra to be able to rnviewthe paathistory
o? subsystemoperationin order ti determine
the performanceof the subaystom. An offline
version of WI 18 used to displaypiotuna and
to sense varisble values oaptured in tho
●rchive. Nring 8 MV1OW, the user la ●ble to
change whioh archive la ourrentlybe!.nguad.
During this review, Ull eat oo=anda ●re
tiiaabhdeo that the user id mt ●ble @ ●lter
the ●rchive in any my. Finally,● Ubrary aet
of subroutines is prvvided for acceasing the
da+a in the archives ao that acientiats and
engineerscan write P3RTRANprognum to analyze
hiatorical information in an ●rbitrarily
Coqlex way.

— The lhitium Syste= Test Assembly is
oomprisedof saveral aubsyatcam,●aoh with a
well defined function in tha ovw’alloparation.
This modv:arizationof the the Phy8i0alsystem
provides ● Mtulnl modularization of the
re Iated software, and every effort has bean
made to rnfler.t the physicalorganizationof
TSTA in the ●woolated software. Each
aign:flcantphysical aubsystomla implemented
●s a separate processunder tho Data Oenem:
AOS operati.)g systas. Isolation of ●

subsystem’s software has soveml ●dvantage.
It provic?@s a much n9edo4 modular izatlon to
k-p ● given program of comprehensiblesize,
Sinco the phyaioaldovloos ●asooiatod with the
eubsystem may be controlled only from the
●sociatsd process,acoese oontrol to phyaioal
dev:ces is rwadi]y implemented. Verification
●nd deb~ging of the process●rnooiatedwith ●

particularsubsyst~moan b. done indepmdently
of other subsystem, 9ino6 each aubaystcmhas
modas of operationubemin it oan be run alone,
●nd tha software‘a iaolatiun in a OifIg10
procaas makes it possible to Oparate it
aeparatilyfrotnthe software ●mooiated with
othor T.STAsubaysto~.

Mat or the aubsystoaaare aufficiontly
oomplex thst their oontrol progmm bmafit
from furtherdivision. The lergormubayotcrn,
in particular,●re oo~osed of several hutired
oO~C4Wntd, In met oaees, the Ooomenta oar!!
be grOUpd into functional oluatera. ?hme
oluoter8are oslleddevices. The aigfrithmfor
tho control of each of these dwioos la
lxplemantodin a task, ● prog?wming Oonstruot
avaliablowithinthe AOS opemting syatomwhich
●llowa ●llindopmdent Qxacutionpath thro~h a

aet of subroutineswithin a single proceam.
Differenttaaka within the mama process ahare
me=ry space (and therefore nay communicate
through coImnonvariables)but ●re time-shoed
indepmdently. The independenttime slicing is
advantageousbmauae it providesa convenient
mechanism for th? oyclicOheckins of the State
of a single devioewithtn 8 aubaystem with the
clmrityof treatingthat devioe in ●n isolated
sequenoe of oode. This two levelhiemrohy of
oonoun=enoy, first the prooeae level for
eeparateaubaystern, and meoond the taak level
for separate devioes withinaub8Y9te=, la very
●ffeotive in the prneent●pplioacion.

Each sJbsystem,then, oonsiatsof ● Min
taak, which ooordinmtea the varioua e“.ioea,
●nt several devioe taaks, which oomunioate
with the main teak through=ilboxes. AlthouLth
the taska within ● single ●ubs]s~ezi oould
co!mnunicate mxe direotly, for example through
oc-on variables, the mailbox o~unioation
used for interprooeaa oo~unio8tion in utilized
for intertaak oomunication for two reaaona.
?irat, moat of tha data needed for intertaak
oomnuticationla ●lso eeaential or ●t leaat
deairnbloaa data for operator displays ●nd for
●rchiving. Seoond, the uni~orm handling of
dati makes the ●lswithma r’~re ●aaily
oo~rahanaible. The multi-taaking rnohantim
providesthe neoeesary tiola for aynohrocizing
differwnt devioe oluaters when neces3ary
throughstandardOpemting ayatemprocedures.

SUEiSX~D4ALOORXl?it4 SPECIFICATION LANOUAOE——. —

The ooWu’Ar progmm for oontroiof TSTA
are written in thO RATPOR language knd
pwprooeaaed @ PORTRANon the respactive heat
oo~uter ayatew. This givao ● uniform
interficeto the progrmmer foI”very diffarent
oumutar ●>’stea. RATTOR provides oxoellent
aontrol logio facilities and provide~ tho
preprocessingof ●ymbolareferredti @t.eve.

Althoughthe RATPORlanguagehas exoellent
oontrol atructumo, it ha been found that a
g~phical Preaantationof tho logic la superior
f-r Spaifioation and verification,Khi)e this
is impwtant to the moftwareotaff,it nas been
found to be of even greater importanceto the
non-progm-ing eoientiata and a&ineera who
have the ultimate !wapwaibility fbr the
t’unotioning of T3TA. Traditional floWOhNtO
are not aatiafaotory. 10 ●oat viewers, ●

traditionalflowohart1s harder @ utieratand
than ● ol@arlyindmted RATPORprogmm. On the
other hand, oer~ain form of
fiowoharta

structured
have been found to be very

of. eotivo. A atruoturedtiowhart haa unique
Srmphioal ornatruota for tho 8tAndard
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structured progmming Oontrol ●tructume.
Here impmtint, it expmds not by cuine>tion
with Mnes, but by sagnlfication thro~h
blooks.

The three di?femnt kinds of ●ction ohosen
for TSTA algrithn spaifloation are (1) the
simplestep, (2) the mltiway branch,●nd (3)
the iterativeloop. A simple step ●xacuti.s a
single ●ction such ●s Opmling ● Vslve or
raa~ing ● timpwatum. A multiw~y toat
determines which of aeverci ●ltemativos to
execu’tebaaed on tha value of mom physiosl
measurement or some opem tm or slgmithm
determinedoption. Finally, ●n itentive loop
repeats a sequence of steps until some
cond~tion 13 true G’ falsa, or for ● fixed
number of repetitions.

The simpie step is represented in our
structuredflowchartsas a rec”dngle,witn one
or more sxplicit ●ctions rotatedin a terse
mannerinsidethe McQngle, e.g.,

.-. -. . ----- . ------ .-----.$

I Set IWT-CDKM 1 OPEN I
I set ~T-CD-MSB2 OpEN I
I variableX-TWTT RECA1 I
. -- ,.........................

The multiuay test is represented by a
rectangle with internalverticallines“..t~ichdo
not quite iniersectthe top of the r8c~ngle,
●.g.,

, --------------------------- ------- .---0

I What is ColumnI temperaturn? I
I ~qo~i< 500, I tcoM< 1000. I
I . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . I
I Set ISS-CT’-COLI I Set ISS-CT-COLI I
I ON I OFF

--”- . -- . - 0 - . - ” ------------------ , ----

The filjalstructure@ the iteretiveloop.
It is drawn as an inverted‘LH enconpaming the
range of steps to be rep-ted, ●.g. ,

. . . . . . . -------------- ----------- ,
I Rep-t while ISS-L-COM < 33. i

,-------- ------- -------------
I I Set ISS-CL-COM OPEN I
I I Sleep for 1 Second
I I Set ISS-CL-COM CLOSED /. .------------------- 0------------

In order to be ●ble to cream and wdify
strut turwd flowcharts conveniently on a
co~uter, an input language to specify them has
been designedmnd i.mFlemnted. While entering
them exactly●a they ●re to ●ppear is possible
usin~ varioue specialoharactarkeys, such an
input aoheme la both inconvenient initially X4
●akes mtiifioat.ion● difficultJob. The input
language,on the otherhand, is easierto input
●nd moditi. ?t looks very similar ti the
RATFOR oode Aioh will ultimately imple-nt the
flowohart in an ●xecutable program.

SAFETY SYSTR4— —.

The safety system is based on two Digital
Equipcent LSI 11/23 miorooo~utera. One is
used ●s the ●otive safety oo~uter ●nd the
other as backup. The backup machine la also
utilizedfor soRware dev~lopment.

The 8sfety oomutara run the RT-11
Gperating ayetem. They use the RT-11 X?!
(extended memcry) mnitor which allows
opera tion in ● foreground/backgroundmode.
During cpefmti?nthe aotive safety oo~uter’e
foreground progfnm tabulates datA fhom the
safety ayatem’s CAMAC interfhce and executes
CANAC output oomandn lashed by the baokgrou?xl
prograa.

The beokground progrnc of the active
38fety oowutar monitors all oritical *fety
parameters. It provideadisplaysof tne safety
pammstera on both a request basis from the
opemtor and on an alerm basis for ●bwrmal
values. It ●lso continually evaluates the
safety of ●aoh aubayatem ●s revealed by the
ta~ues of oertaln oritioal parameters. If
the.~eexoeedinitiallimits,Wrmir,gsare giveri
to Lhs opera Mr. If thay ●xoeed fbrther
Iimita,the safety oo~uMr undertakes to shut
down the eystem using it8 overridecspabi~ty
On OritioalOOntrOl variablea. The background
a1s0 oarr10s on ● status dialo~ with the
proodas system over the four aeriall’.nks, If
1: deterdnes that +,he proue~ system is not
functionalit will take over control of TSTA
●nd shut the system down. IR the evat of ●

process eystam failure during a tritlum
●mergencythe eai”etyey$tem btill ad4itlonally
take over and run the ETC aubsy$temin order to
re4uoe the tritium in the building b a safe
level.

Structures are neat~d to creete arbitrarily
oo~lex structuredflowcharts,For ●xa~ie, an
iterativeloop may be one of the oclumns of a
multi-waybmnoh,


