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THE LEE OF ARTIFICIAL IMTELLIGENCE IMN MUCLEAR EMNGINEERIME

Feter Tve and Wm. J. Garland
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MoMaster University

Hamilton Ont.,

Manv re2al time praoblems, zuch as plant control, require the
ability to process a huges  anount of datas weryw guickly L
determine the stats of the zvstem. To do thisz CANDU REACTORE use
Digital Comntrol Compubters to monitor the reactor and  algorithm
based programs to perform tasks such as power—upl and power —down.
The probiem with thiz syvstem lies in the $fact that Wi e the
pperator most needs help r the computer can noh
offer any real assi e [ = mF determining the
cauvsze of & problem lacks  the mathematically tractable cors
meaded by most compuber programs to function.
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An sxpert system is 2 computer program that uses both koowlsdge
and interence techninues to solve problems that normally regquire
the sgpecialized knowledge of a2 human expert fo solve. Thesze
oroblems, by their nature, tvpiocally lack a mathematically
tractable core and wounl o orove unsolvable e rormal

computationsl techniques.

The components of an

i}

vpert system incloude a knowlsdge
base, an inference procedure and a working memory.
FNOWLEDGE EBASE: The knowlsadge base of an suxpert swystem

consists of both factzs and heuris
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temperature, The heuristics are the methods of a

characterize esupertise 1n the field. They @provide =244 il

unjustified sxcept for the fact that they have bsesn proven to

INFEREMCE FROCEDURES: The inference procedures  asre  Lhis

control structurs  of the expart

which sre used to apply
Biy

the knowledge that the expert svstem ha

WORFIME  MEMORY: The working memory of an supert is
much like the memory of a human. It keeps track o f the currasnt
gtatus of the probklem and ths present state and history of any
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There are many different wavs of reprasgsenting the reguired

knowledge in an expert svstem. The most useful one for  our

1

e

uwposes is known as a production rule type system. The control

shtructure invalves the use of both forward and hackward

chaining.

i

In forward chairming the

t

vatem deoes not art with EY

7

Lt
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particular goal defined for it. Instead, it uses the evidences at

Y

hand applwving production rules to it until a particul ar

ot
fix

conclusion is reached that satisfies all the available evidence.
Forward chaining can be considered to be an event drivan
analysis of the problem, where the events dictate a conclusion.

The backward chaining type expert system can be considered
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to be goal directed. backward chaining, the svstem 1s given

rt

a set of final goals that it must reach, the production rules
are then applied to probklems in a reverse manner. For example,
i+ the gproduction rules were of the Yif,..(conditiond +then..

tconclusion) . type, the final goals that are given to the systen

are the conclusions that must be reached. The syztem then

zxamines which conditions must be met such that the desired
conclusion iz reached from the present conditions without
winlating system paramsters. In & nuclear reactor such a goal

might be to reach a desired power level without producing large
Xenon tramsisnts. The conditions the supesrt svyvstem generates in
accomplishing this tashk would be the operating instructions to

the opsrator.



Frediction systems infer likelvy outcomes o current or

7

postulated situations. As in the interpretation svsbtems
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praediction svstems can give numerical probability factors

generated outcomes.

Diagnostic systems infer system malfunctions from ohssrvead

data. Theres are two different technigues typically u

ad in such

in

svstems to relate operational irregularities to observations,

the First involves a simple table of associ

1o hetwean

in

observations and their underlving cause. The other method uses
Enowledge of potentiszl problem areas in design, opsEration  or
equipment to produce a list of malfunctions which are comsistent

with the observations.

Flanning systems are generally used by the military to plan
attack strategies. They could however be uszed to plan repair

strategies S0 az to minimize exposure time in high radiation

Monitoring systems perform much  the zame function as the
computer syvstem cuwrrently in use in CAMNDU REACTORS. Howewver Lhey
use & knowledge based control structure as opposed fto the

algorithm control now in use.



AFPLICATION OF FPRODUCTION SY¥ETEM TO CAMDU CONTROL
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Al though CAMDU REACTORE use di ot computer control of =zll
maior  functicons and systems, the operator is still required to
monitor the operation of the plant and take correchtive action
during abrnormal situations, Unfortunatel v, technology 13

progressing faster than the ability of bumans to keep up with

ter

]

it. This has lead to each succesive plant design having gre
quantities of instrumentation, to more accurately represent  and
moni tor »the behaviour of the reactor, while the operators are
Raving mors and more trouble learning the svstem and coping with
all infaormation that is being presented to them. Thiz situation
may not be so0 apparent under normal  gperating conditions.

Howewvear, in the esvent of an upset, detailed information aszs ¢

the nature of the alarm is sent to a ZZ00 linme per minute alarm
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logging printer. The rate of intormation outpu
far exceeds hthe maximum rate of information processing capable

bv human operators. Furthermore, human memory and human response
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erfect, espesecially under presswe. It iz dus to  these
reazons that I would like to propose the crzation of an 2upert
svystem to zerve as part of & man—machine partnerships in the

field of reactor control .

The task of expert svstem design in the case of a CANDU
nuclear power plant iz made feasible due to the fact that most
of the monitoring of the reactor is alresady done by & compulsr.
This 2liminates the nesed for complexs interfacing between

monitoring equipment and the computer supporting the expert

1

vatem. The +first generation supert svstem I propose will have



along with re2cent problesms wiith piecss

zection would ideally be reprogrammable by the opesrator at  any
time by the wuse of simple guesstions and answers to allow +or
raepairs being done and new problems that have developed.

In fterms of the requlirsments that the task must smest in
order for an experit system to be feasible, we must consider  the

followings
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reguirement 1z quite easily met by simply Finding the most

sparienced  operators, an added besnefit iz  that  vears of
operato experience can be maintained esven  when peocple have

retirad. This first reguirement might ze2m auite simplistic but
whern taken in conjunchtion with the next three requiremenits it

becomes one of the hardest tasks o fullfill.

EyDadn {2y The expertise the sxzpsris possezs must come from
gpecial knowledge, judgement and experiencs, (3 Thay must he
J8. 3 = :

abrle to eupress  thelr knowledge, judgement and esxperiencs in a

quantifizble mamnner, {43 They must be abkle *to esuplai;c the
methods used to apply this knowledge and superiencs to &

particul ar task. Thesze threes requirsments dezal with the ability



DATA STRUCTURES AND SEARCH SFACES

As has already been mentioned the viability of the proposed
expert system 1is direchtly related fto the size of szeasrch space
that must be deslt with. The larger the size of this search
space the less helpful the superit system becomes in real time
Considering the complexity of a nuclear reactor control system,
the search space would seem to large to be handled ef+ficisntly
There are, however, methods of breaking wp the space into
resonably sized segments, this section will desl with  thsese
mathods
The table below shows the accepted claszses of data +tyvpes and
search spac

CES.
l

Daqta Type

et qu“ Se [ution Spqce, Data Reliable

and Fixed, felioble Knowled ge

Solh tion———

vExhauS'tive. Search, Monotonic Reojoninj

Single L‘gne of BeQSOnLng

a |

y 1

Unrealiable data or Knowledge

%me‘\‘érqinq Data Bi F'trble o‘Lufion

Belief Revision For
Plausible RGQSomIng

Combinir? Evidence From Sta.'te. 'T'-:ijjefea’ Hierarchical,Generate v test
Multiple Seurces, Frobability Models Expectation
lFuzzy Models, Exact Meodels
5 9 | L
No Evaluator Jor Brtial Sylution S inj(e line of Beas"ningI Represento tien Method
Fixed Order of Abstracted Steps Tos Wea i oo Thnefficient
§ J Se e l e fS«L bl !f,ult:g(g Line’s °fﬁea§0m'gg T'ANQJ quq S'truci'ures
“oligg 2‘4 (<19 §0 eﬁo M
: F;bstract Sealrch Space - éczn T h'nodledge KC’W“'-etlge Campilatcon
Subproblems Interact Se u?'ce toe Whka K ogaitive Economy
Constrcg.i nt 'Propaaaféon Hetero genous Models
east Coemmitment Oppertunistic Schedulin
~ ppertuus (- 13 j
Ej’ficien't Gj@SSlng Variable -Width Search
(s Necgde




discrete component as a3 "window” into the working of the

LComparing this windowsd wvariable allows action to !
control the variable if its walue ie not optimum.

Im s=situational calculus =sach action has associsted with it
a particular series of consequences. For example if the pressure
i the heat transport svstem was too low  and decreasing, the

expart system would recommend increasing the

output, This action would have assaciated with it a conssquaences
{ig. pressure increase),. If thiz was found to be the caze ths
function would be satisfied and no new achtion would be taken,
provided no other conditions are wiolatad. I+, however, the
pressure  wWas shtill found to be low and decrsasing., further
action would be initiated anmd a sesarch would be started +o
determine the cause of the problem.
CLASS 4
LARGE BUT FACTORABLE SOLUTION SFACE
In many cases it i3 vitallvy important +to consider a1
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explanaticons of the observed data. The direct approach

would be to consider every possible combination of wvariables

-

related to the observation. This method is known as reasoning by

elimination. It is completely svhaustive and guarenteed +o i=ld
the correct solution. It is also conpletely usslese for real

time analvsis since i
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The appropriate method of carrving owut the

not only the use of heusistics that are de
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inconsistent data early, but zalse s modular data structurs that
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The Following 1= an  gxaminatiaon of  the sxoert

written by Hitachi for Boiling MWatsr Resctor start up. Thse task

that the eupert svstem iz required to perform iz o minimize

transients in the core caused by Xsnon build-up during rzactor
start—-up. The method uszed by the system involves +ths

application of both forward and bachkward chaining techrnigues  to

it

determine the correct start up procedurs. In the backward

chaining mode the operator would give the zyvstem the power lsvel

to be reached, the system would then work backward to detsrmins
the correct start up procedur=. In the forward chaining mods  Lbhe
state of +the reactor is analvzed and guidance iz given in the

form of operating instructions. The expert svstem BE-X-F
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inherant  knowledge of Yenon build up and decay along with the

power history to estimats the cwrent Xenon lsvels  and thus

it

affear the proper guidance. The technigues used, whilz not as
accuwrate as numerical methods, ars

enough to operate in real time.

gquite good despite the +act that
rules. The rules that are ussd For this task ars those of
operating constraints, corractive action £ op comstraint
violation, Xenon transiemnt state and hewristics for infzrasoce
control.
Theze rules include:
10— for operational constaints
20— for correctve action

20— Ffor Zencon transients
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= cturs o the bknowledge bBass Foll
taormat, an example wsing the twenty rulss go
transisnts 1z shown below.

Po wWer His‘to r‘;:

—Power C,')a. nje

° D63 ree
OELQPSQCJ Time

Rttern of Xenon Change
Monotenically Increasing
Menotonically Dec"(’QSinj
E?uélibréum
OvershOo‘t}n3
Un der shootin 9

nwWs A standard
VvEerning “enon

DJ}PGC? Of Xenan Change
Rema r/fab/y Incr‘eQSinj
Grac)uo.lly Inc,reasin9

Eguilcbri.u m
Grac]ua“g Decreasing

IZ lgd_e of OFgm‘h‘on

Contrat ﬁoJ Of'Cofc ;low

I

Ntaae

Tait: a‘i

°Power- - up
o Power - hold
o Power - down

Iptermediate

Final

2

Dﬁgm’_i&ar_ﬁbgngf.

Great
Iatermediate

Small

The rules wses ths twpical i+  then structure of all
production rule tyvpe ewpert svetems. An szample of such a rule
iz shown below.

(IF (AND (YXEMON-TEAMNSIEMT OVERSHDOOT)
(FOWER-CHANGE GREAT)
N (ELAFSED-TIME SHORT) ) (THEM XEMOM IMORESZSING REMAFREARLYD
The svstem thsn suggestz & corrective action:
CDRREETlQE ACTIOM: WAIT OUT POWNER DOMM BY {ERNIOM



In Jcerence Gngine

User <

Knowlodge
enﬂineerinj

environment
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‘mir’on ment
BQ(QS - Fac'ts
Hnowledae base
Rules N Facts
Development £ngine
Editor Debujainy A Knowledge
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