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A cotruter arplication system is described which rFro-
vides —nuclear —reactor —prower —rlant orerators with an
imrroved decision surrort sustem. This sysliems combines
traditional computer aprlications such as sdgrarhies
disrlau with artificial intellidence methodologies such
3% reasonind and diadnosis so as to improve plant orer-
. . abilitw., This ramer discusses the issuesr and 3 solu-
- — ————tions——involved with—the-sustem-intedrationof-aprlica-
~ tions develored usinsg trad:t1onal and artificial inlel-

v bl lidence lansuases, .

Introduct;on and Su-naru.

. I-provins nuclear reactor rower :rlaﬁt bﬁrerébility is an

'f‘ever-rresont concern for the nuclear 1ndustrs. ”The definitianhof

S

1ant—ororab11ttv*involves*c*co-rlex—interactaon~of—the—zdea:-nf




'““4-“%*—;€EBR¥fI5;-located in Idaho and:fun'bsjhrsoﬁne Napional'Labbrétdrs‘

for the Derartment Of Enerdss. The 1nr1eneutatxon Proble- is that

the lan5uases used usualls do not rrov:de a mechanxs- for co-tun—-‘

—~_~—~-w~~1cat1on betueen ~39911cat10n coaponents~”uritten-1n"~ﬁrocedural-——~

lansuaSes 3nd Al languades. In the follou;ns Parasraphs we 61s-v

Cuss the 3#911catxon and 1nrle-entat10n Problens and the associ-

ated solutionse -~ o — e e

fis noted by —-Lav -and -Menkelily —currentluy —in -the -United ——

States; there is very llttle dlrecz compruter control of the reac-—

tor in nuclear rower rlants, The oPerator controls the reactor

~—- ————thprough —a8 ‘srecified set of comrlex seguences of switch settings —-

and valve -anlpulatxons that isy 3@ series of cowmronent confxsura-

txons. The knouledd2 base reauired of the reactor oparator is

= vers—extenszve.f~1he-collectzon of -comronents can- be*~vers-larsa

.and .form an elaborate netuork uzth many raths. During operatlon

of the rlantv the rrorer interrretation of the sensor read:nSS

reauxres-that~the -orerator have-a—thoroulh'understand1ns‘of—co-— ----- —

' monent relatzonshzrs and the assoc;ated laws of thsics anc che--

1str9. oo

- 'n—odd:t:on-*to—»knouins-the-—rhusxeal—*folationsh:rs:«wthe~«m

these

d~tr.*ﬁetertined bs -anase-ent.“~01th1n -constraints ———
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_%hére-*is**considerable'~latitude;for“the“ohéfaibr“td?éohtrdi;iﬁé4‘
‘»lant.,

Unant;elrated rlant rara-eter excurszons uh;ch arrroach

*ecSrec —~boundaries - are 3--I3JOP cause - for the rlant to\be~shut e

down uh;ch in turn results in less—than-opt1nal Plant operat1nn.

';lh'f-easure of rlant eff1c1encs is the Plant caracitu factor (PCF)

“which—is-defined -by the following formulad ————— -

365 b 4 24 t author;zed power

- N e e e = IR e e e oo

where MWHT is the nunber of thernal -esauatt-hours SQnerated and

- e—————-4¢ha--aguthorized power is diven in thermzl medgauwatts. - “““W“~W#-¥—

*“’**”‘ff*flt?uas4reported‘in Nuclear NewsC2]-that -in -the United Siztes—the

~-averase annual PCF ranged fré- 51X to 43% from 1976 throush 1981,

Many of the unexrected shut-downs could be avoided if the orera-
fmmm~~m¥w-tor~*had—currentls‘Vilidv rertinent presentation of Plant~rar§ne-~-mw~

terss associated 'traaectorzes of the Paranetersv and valxdated

analss1s nf rroaected chanses in co-Ponenb cunft:urations.

A

‘.-o-ruternaprllcatzons usedﬂin the-feactor«control ~TOOM BT -

luaus llnxted to data collect1onp archiv;nl 8nd lrarhzcs

to

.optrator ‘ﬁith' a8




provide! e

1., flexibles effeciive oserator interactioni'L <

2.~validated sensor readindsji

3, effective rresentation of current rlant status ({includ-
indg -current -comronent status)v e e —— e

: 4; effective eresentation. of reliably PfoJected rlant
raraneterssy . .

S, validated knowledse basci

&. validated analusis and diasnosis of prorosed changes in

: comronent statusr relative wnot onlzs to the rhuwsical

T reauirements but also with resrect-to the ~TecSrecs —and
administrative regulations?$

._’..- - ) - -
e —7.~rerformance and responsiveness - consistent  with —plant ——
reauirements., -

fhelabove specifications combine the more traditional arerlication

*-*m--°sss£ee'~feauireeents*ﬂuith wrccuire-entswec-re-clcselwfesiccieted-4fw

-with AIl. Hereover: the coeponent sustesm can be coe#letels

described in @ data base along with the rules or 1nteractxon $0
e s o--—4that 2 reasoning sustem should "be 'used %0 “prov1de“jvalzdated -

results rather than heur1st1c eethodolas1es.

A sustemy the Coeronent Bonfzsurat1on Control Ssstee'

“1(CCCS)t3]r uhxch tddresees the concerns end sregificet;ons listed

;kebovef hes~been-ﬂevulored end is beinl~instelled~tt*EﬂR-II.’”“Th'

f!enerallugeeplicehle to other

cccs swstee has been desisned tolbb

ues decided to use e Prolos ierleeentations uhere feasiblev‘ for




.;rototupa‘of“that‘portion'uas developed:usins the "language., -

 ‘ ’he—rar;d—develornent of hzsh rerforlance sraphzcs work - sta—-—~9

'tzons ‘(GUS); interrrocess cou-unicatzon uithzn a sxnsle central

[ . — e —

' processinsg units and Frolog languade PPOCESSDPS have made feasi-

'sbio—jthc~intesratioﬁ»of~these~cu-ponents~intora;sinSIE9—effectiQE'—u—

-E?SQEroft7§y§ten‘for EBR-II. The .Sun -Hicrossste-Sr model - SUN-

2/160-4 running under the UNIX orerating sustem with Berklew 4.2

'..rxtenfions;-uas-selected“as"the“GUS;4—The—Prolos"fsssteu*“of-the —

: Ouintus Cormroration was selected because of the excellent rperfor-

mance of its comriled code running on the GWS (20k logical

inferences/ggcond) and because “it‘h35“several-Predicates-which ——————

can be used to call 'C' landuade functions dzrectls[4]. The

features of ’interprocess comuunication’ and ’calllns of C func-

.iions‘f-sreatls-*faeilitated-mthe’*9roc955""of"“intesratinsﬂfthe-~*—

.. diverse conpdnents f ‘he sssten. The c lansuaae is used as the

rrocedural landuase for the non-AI rportions of the sustewm.

The CCCS euite naturally evolved into 3 sustem having four
-~www4~e-ador~~-odu1es:~the users’ grarhics -interaction-wmodule (UGX)r the

functionzl 1-Pact analssxs nodule (FIA); the Para-eter component

. state valxdatzon -odule (PCSV):- and the alarn Preaxctzon and

nrend analuszs~-odu1e-(APTH).~";n this-sche-ev the ‘UGI alsae func-

executzve routine callxns on the serv:ces of the

3V .8 Usuallu onevuould de513n the sustem
';FUGI-ts the -ain rr01ra-*and FIAv PCSO ‘and AFTH as sub-

ouiiﬁii.; Since Prolus PTOSTaNS cannot easzls be made to act as

subsrosrams it was decided to have FIAs PCSV and APTH be

-5



“'““"*W“lindependent ‘"server" processes luhich cdnnunicéte with ~-the ——

"client® UGI process using tne -UNIX 'socket' nechanlsn for

interrrocess comnunxcat;on[ﬁ]. The Prolos PTrOSTRS create and -

- usé-*the——sockets by calling C funetions.~~Couiunication'hetueen»“—~

the rrocesses is in the forn of str;nSS of ASCII characters.
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