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Abstract. The elaborationof a treatmentin cancerologydependon decision
protocols.Theseprotocolsare often adaptedatherthanusedstraightforvardly.
This paperdealswith the acquisitionof the knowvledge exploited during proto-
col adaptationslt shavs that this knovledge acquisitionprocesscan be based
on similarity paths,that are usedfor representinghe matchingsbetweendeci-
sion problems(e.g., sourceand target problemswithin a case-basedeasoning
process).

1 Intr oduction

Case-basetkasoning CBR) consistdn reusingthe solutionsof alreadysolved prob-
lemsin orderto solve anew problem[15]. Suchareasoningelieson aretrieval phase
(selectionof a memorisedsolved problemwith its solution) and an adaptatiorof the
solutionof theretrievedproblem,in orderto solve thenew problem.In mary CBR sys-
tems,theadaptations basedn complex anddomain-dependemtdaptatiorknowledge
which hasto beacquiredandmodelled.

This paperpresentghe acquisitionandmodellingof adaptatiorknowledgefor the
systemKAsIMIR/CBR whoseapplicationdomainis breastcancertreatmentBeyond
this application,our ambitionis to presensomeelementof anadaptatiorknowledge
acquisitionmethodology

Section2 describeshow breastcancertreatmentis managedn the Alexis Vautrin
hospital(cancettherapy centre).The Kasimir project,context of this study is presented
in section3. Theprinciple of theadaptatiorprocesss presentedn section4. Section5
playsa centralrole in this paper:it presentshe adaptatiorknowledgeacquisitionand
modelling. The discussiorof section6 commentshe contribution of this work. Sec-
tion 7 concludeghe paper

2 BreastCancer Treatmentin Alexis Vautrin Hospital

In Alexis Vautrin hospital breastcancertreatmentis basedon a protocol The links
betweerthe physiciansandthe protocolareschematicallypresentedn figure 1.
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protocol BTDC

O Creationandupdatingof the protocolbasedn evidence-basecthedicineprinciples

O Straightforvard (“daily”) useof the protocol

0 Adaptation-basedseof the protocol

O Protocolevolutionsinvolved by the adaptationperformedduring meetingsof theBTDC

Fig. 1. Theprotocolandhow it is used.

0 The protocolis createdby a pluridisciplinarygroupof expertsin breastcancer
who usethe principlesof the so-calledevidence-basednedicine[2] for the mostfre-
quentsituationsof patientswith breastcancer This meansthat theseexpertsexploit
publishedstudiesaboutbreasicancerAnothertaskof this groupof expertsis to update
periodicallythe protocoltakinginto accouninew knowledgein oncology

O Theprotocolcanbe consideredasa setof ruleshelpingthe physiciansn their
daily practice.lt determineghe “standardway” to considerand treatthe patient,or
optionswhenno standards available.

0 Unfortunately the straightforward useof the protocolgivessatisactionin only
about70 % of the casesThe othercases-the“out of protocolcases™are(a) the cases
for which the rules do not provide any answer(or provide incompleteanswers)and
(b) the casedor which the solutionsproposedy therulesraisesomedifficulties (con-
traindication,jmpossibility of applyingcompletelya treatmentgetc.). Most of thetime,
the out of protocolcasesarehandledby adaptatiorof the protocolrules.A role of the
BTDC -breasttherapeutiadecisioncommittee—is to performtheseadaptationsThis
committeegathersevery week several specialistsinvolved in breastcancer(special-
istsin medicaltreatmentsumery, radiotherap, etc.). Theacquisitionandmodellingof
adaptatiorknowledgeinvolved during the meetingsof the BTDC constitutethe subject
of this paper

0 Theadaptationperformedduringthemeetingf theBTDC maybethecauseof
protocolevolutions[16]. Indeed,if anadaptatioris appliedsystematicallyfor certain
typesof casesijt shouldbe possibleto integrateit into the protocol(modificationof a
thresholdusedin arule, useof new parameteraboutthe patient,replacementf arule
by two moreaccuratenew rules,etc.). This remarkhasled to a collaborationbetween
specialistof canceyof egonomicsandof computersciencejn orderto designa pro-
tocol evolution helpingsystembasedon the examinationof the adaptationperformed
in the BTDC. Notethatthis vision of the protocolevolution is incomplete-othertypes



of evolutionsexist—andschematie-theBTDC is notthe uniqueentity takinga decision
aboutevolution, in particular the groupof expertsplaysalsoarole atthatlevel.

3 Towards a KnowledgeManagementSystemof BreastCancer
TreatmentProtocol

In orderto modeltheprotocolevolution by analysisof the protocoladaptationshathas
beenperformedfor specificcasesit is necessaryo model(1) the protocoland(2) the
knowledgeon which adaptatioris based.

Themodellingof the protocolhasled to the systemKAsIMIR/RBR. It canbe con-
sideredthatthe protocolis representeth this systemby a setof rulesk = (Prem —
Ccl®). Prem andCcl® respectiely arethe premissandthe conclusionof the rule R.
Prem is a setof conditionsfor the selectionand the applicationof the rule R. Cc1°
is the therapeuticsolution. The developmentof KAsiIMIR/RBR hasbeendonein a
genericperspectie. Therepresentationf the adaptationperformedduringthe BTbC
sessiongnust give birth to the systemKAsIMIR/CBR. The generalorganisationof
KAsIMIR/CBR hasbeenplannedasdescribedn [8]. This systemwill performaCBR
task. The casedrom the casebaseare the protocolrulesR = (Prem — Cc1°) (for
a discussiomaboutthis unusualapplicationof CBR, in which rulesare consideredas
casessee[8]). Prem represents genericproblemand correspondso a genericpa-
tient. Cc1° is a generictherapeuticsolutionof the problemPrem. KASIMIR/CBR has
to suggesh setof possibleadaptation®f the protocolfor a specifictargetproblem.

In a more distantfuture, a third systemshouldtake into accountthe adaptation
knowledgein orderto proposeevolutionsof theprotocol.Sincethisknowledgechanges
with time, an adaptatiorknowledgeacquisitionmethodologyshouldbe useful. Oneof
the objectivesof this paperis to proposesomeelementof sucha methodology

TheKasimir projectis presenteavith moredetailsin [9].

4 Adaptation Principle

Beforethe descriptionof adaptatiorknowledgeacquisition the principle of theimple-
mentationof adaptationasit is plannedhasto be describedThis principle hasbeen
developedduring the conceptionand implementationof the REsYN/CBR systemof
synthesigplanningin organicchemistry[ 11].

CBR aimsat solving problemsin anapplicationdomain.Let tgt, be a problemto
be solved (atarget problem).Let (srce, Sol(srce)) beacaseretrievedfrom the case
basethatmustbe adaptedo solve tgt: srce is aproblemandSol(srce) is asolution
of srce. Adapting Sol(srce) in orderto solve tgt consistsin building a solution
Sol(tgt) of tgt derivedfrom Sol(srce).

Thefirst adaptatiorstepconsistaisuallyin matdingsrce andtgt, i.e.,in pointing
out how theseproblemsare similar andhow they aredissimilar In our approachthe
matchingresultis a similarity path, i.e. a sequencef relations

pby r1 pb; r2 pb,...pb, ; rg pPb,
suchthat:



— Thepb,’sareproblemsandther;’s arebinaryrelationsbetweerproblems;

— pb, = srce andpb, = tgt;

— Foreachi € {1,2,...q}, apieceof adaptatiorknowledgis availablefor adapting
thesolutionSol(pb, ;) of pb, ; into asolutionSol(pb,) of pb,.

The secondadaptationstepsimply consistsin “following” the similarity pathin
the solution space,involving the adaptationchain: 1°/ Sol(srce) = Sol(pb,) into
Sol(pb, ), 2°/ Sol(pb, ) into Sol(pb,), ... ¢°/ Sol(pb,_,) intoSol(pb,) = Sol(tgt).

Implementingthe adaptationfunction requires(a) the implantationof matching
that points out a similarity path,and (b) the acquisitionand the modelling of adap-
tationknowledge.This knowledge asseemabove, aimsat thedesignof Sol(pb,) from
Sol(pb;_, ), knowing ononehandpb,_, andpb,, andontheotherhandtherelationr;
relatingthe two problems.This relationdetermineshe adaptatiorfunction A,, to be
used:

Az, : (pb;_;,S01(pb;_;),pb;) — Sol(pb,)

Thusthe adaptatiorknowledgeis composedf orderedpairs(zr;, A,,) calledreformu-
lations[12]. A reformulation(r, A,) canbe seenasan“adaptationrule™

if pb r pb’ // pbisrelatedto pb’ by r
then A, (pb, Sol(pb), pb’) = Sol(pb’) // Sol(pb) is adaptednto Sol(pb’) by A,

Theproblemspb,, pb,, ... pb,_, arereifiedduringthe matchingprocessFor KA-
SIMIR/CBR, theseintermediateproblemscorrespondso virtual patients they arein-
troducedduringthereasoning.

Finally, it mustbe noticedthat an adaptationhasa costindicating that the solu-
tion Sol(tgt) of tgt maybeworsethanthesolutionSol(srce) of srce. Theprecise
meaningof this costdepend®n the applicationdomain.For KASIMIR/RBR, this cost
is characteristiof therisk, takenduringadaptationpf a badtreatmenthoice.A refor-
mulation canbe accompaniedby informationson its cost.In particular a methodfor
computinga numericalcostevaluatingthe adaptatioris neededandit is usedto select,
duringtheretrieval phasethe casethatis the leastcostly to adapt.Furthermoresome
qualitative informationsaboutthis costmaybeusefulfor the explanationof thereason-
ing to theuser;it enablego highlighttheadvantageanddisadwantageof theapplication
of a reformulation.For KASIMIR/CBR, theseargumentsarein concernin particular
with thetherapeutigisk associateavith atreatment.

Theacquisitionof reformulationss describedn the next section,with anexample
illustratingthe differentissuegpresentecbove.

5 Study of BTDC adaptations

This sectionaims at describingthe actvity of adaptatiorknowledgeacquisition.The
main stepsof the adaptatiorknowledgeacquisitionare presentedn section5.1. Sec-
tion 5.2 presenta detailedexample.Section5.3 presentdriefly somepiecesof adap-
tationknowledgethathave beenacquired.



5.1 Adaptation KnowledgeAcquisition Sessions

Theadaptatiorof the protocolareperformedduringthe meetingsof theBTDC (cf. sec-
tion 2, ). Summarieof thesemeetingshave beenwritten andanalysedy a psycho-
ergonomist(see[16]). The adaptatiorknowledgeacquisitionsessiongonsistedn the
studyof thesesummariesn presencef expertsin cancerologyof a psycho-egonomist
andof computersciencespecialistsSchematicallysucha sessiorcanbe decomposed
into four phases:

phasel: Presentationf the summaryby the psycho-egonomistwith correctionsand
precisiondrom the experts.

phase2: Discussiorandexplanationof thereasoningeadingto anadaptation.

phase3: Re-descriptiorof this reasonindoy the computerspecialistanddiscussions
onthevariationsof this reasoning.

phase4: Analysisof thereasoningrom the perspectie of generaladaptatiorknowl-
edgepropositiongthis lastphaseusuallytakesplaceafterthe session).

It mustbe noticedthatthe specialistof psycho-egonomicss alsoa physician fact
that facilitatesher interactionswith the expertsand the communicationbetweenex-
pertsandcomputerspecialistsgiving hera statusof interpreter A previouswork ona
knowledge-basedystemin organicsynthesisn chemistryhasshovn the usefulnessf
suchaninterprete{ 13]. In theseworks, it is importantthatthe expertshave someidea
aboutthe modelling. Indeed,contrastingto the approach‘cognitician-expert”, where
thefirst persormonopoliseshepowerrelatedto thecomputeyit is essentiathatthe ex-
perthassomeknowledgeandsomeconsciousnessf thetoolsused of theiradvantages
andlimits, especiallyfor theknowledgerepresentatioformalismsandreasoningypes.
So, during the transferof expertise,the traditional problemsof misunderstandinge-
tweencomputerspecialistandtheexpertsareattenuatedf notcompletelysuppressed:
the former cannotpromiseto the latter all the things that the latter would expectto
have. This knowledgeacquisitionapproachs distributedandhonest,n the sensethat
it considerghattheexpertis arealassociatewho hasarole to play in themodellingof
theknowledge.

5.2 A Detailed Example

Theexamplepresentedh this sectionis anactualexamplewith two modificationsFirst,
thenameof thepatienthasbeenchangedhehasbeencalledJules Secondthecasehas
beenslightly modifiedto simplify the descriptionof the correspondingdaptation(In
this contet, theterm“case”is takenin a medicalsenseandcorrespondso the notion
of targetproblemin CBR). In fact, this casehasbeentreatedin its whole complexity.
Furthermoresomepiecesof informationwere omitted becausehey did not play any
directrole in thereasoning.

Julesis a manwith a cancerat the left breast.Thefirst characteristicenakinghim
anout of protocolcaseis his sex. Indeed,the hugemajority of personssuffering from
breastcancerare women, so the protocol—comingfor the main part from statistical
studies-hasbeenelaboratedor them.Theideais thento do asif Juleswasawomen
andto reasonwith this working hypothesigwhich may be temporary).Note that the



useof expressiongdike “We do asif...” by the expertspointsout the possiblepresence
of adaptatiorknowledge.

Another characteristiof Julesis that his tumourlocalisationin his left breastis
unknown. Thisraisesadifficulty sinceit isimportant from theradiotherapistiewpoint,
to know whetherthe tumouris external,centralor internal. More precisely the most
pessimistiassumptiortheonethatmakestheradiotherag needingnoreprecautions—
is thatthetumouris internalor central. The expertsmake this assumptionThus,if they
arewrong, it would only involve thatuselesgprecautionsvould have beentaken.

To summarisetwo characteristicsnaking Julesan out of protocolcasehave been
successiely (andtemporarily) suppressedThis can be reformulatedby introducing
two virtual patients:(1) a virtual patientJuliewhois justlike Julesbut is awomen,(2)
a virtual patientJuliettewho is just like Julie exceptfor the tumourlocalisation(the
localisationof Julie tumouris unknovn whereaghe localisationof Juliettetumouris
internal or central).Juliette correspondgo the protocol, meaningthat thereis a rule
of the protocolR = (Prem —» Cc1°) suchthatPrem holdsfor Juliette—denotedby
Prem < Juliette(the conditionsPrem areentailedby thedescriptionJuliette). Thusthe
following similarity pathrelatesthe protocolto Jules:

Prem <« Juliette ps Julie cs Jules
whereps andcs arerelationsbetweemroblemsandwhere

Jules= [sex = male tumourlocalisation= unknovn -]
Julie= [sex = female  tumourlocalisation= unknovn -]
Juliette= [sex = female  tumourlocalisation= internalor central - - -]

Prem is a genericpatient(or a classof patients)for which the treatmenSol(Prem) =
Ccle is aradiotheray takinginto accountheinternalor centralpositionof the tumour
andahormonotherapusingtamoxifen.

Whenthesimilarity pathis built —-from Julesto Prem, readingfrom rightto left—, the
reversepathin thesolutionspacemustbefollowed,i.e.,from thetreatmenBol(Prem)
of Prem to atreatmenBol(Juleg of Julesreadingfrom left to right:

similarity pathin the problemspace

cs

. ps .
Prem ———— Juliette Julie Jules

S T

Sol(Prem) " Sol(Juliette ) Sol(Julie) 7 Sol(Jules
= ps cs

modificationpathin the solutionspace

Reformulation (<, A<) ThetreatmentSol(Prem) canbe appliedto Juliettesince
Prem < Juliette.The pieceof knowledgereified by thereformulation(<, A ) canbe
written: “A treatmentdesignedor a generalcasecanbe appliedto a specificcaseof
this generalcasé€. (This reformulationis not a new pieceof knowledge:it is the basis
of thedeductve reasoningf KASIMIR/RBR.)



Reformulation (ps, A,s) Julietteis a“pessimisticspecialisation’of Julie:sheis char
acterisedy thefactthatthe tumourpositionof Julie hasbeenprecisedor Julietteand
that this positionis the one that makes the radiotherag the more complec (without
modifying the othertreatments)Therefore the treatmentSol(Juliettd is transferred
without modificationfor Julie. This reformulation(ps, A,s) modelsthe “Wald pes-
simistic criterion” [1] which stateghatthe decisionsmustbe evaluatedon the basisof
theirworstconsequence$herelationps canbereadas“is a pessimisticspecialisation
of” and. A, is astraightforvardcopy of treatment.

Reformulation (cs, . A.s) Finally, somequestionsare raisedaboutthe applicability
of thetreatmeno1(Julie) of Julieto Jules,hermaleequivalent. Thesequestiongleal
with the consequencesf the changeof sex on the applicability of the treatmenicom-
ponents.Following the principlesdevelopedin [3], we are interestedon the depen-
denciesbetweenthe descriptor‘sex” of the problemsand the descriptors‘radiother

apy”, “hormonotherag”, etc.,of the solutions.In [3], the dependenciearedefinedby

A_y where Az is the variation of a problemdescriptorz and Ay is the variation of
T
Aradiotherap

di
Asex anain

a solutiondescriptory. For Julie and Jules,we areinterestedn

Ah h . N
MP. The knowledgegivenby the expertsindicatesthat thesedependen-

Asex
ciesarenull: theradiotherag andthe hormonotheraprecommendedbr Julieremain
recommendedbr Jules.

. . A .
Thereformulation(cs, A.s) is basedon the dependenues—e, wheref is a par

ticular treatment.The discussioron the variations(cf. phase3 ofses(.l) allows to make
precisehesedependenciedn this example,we try to establishwhatarethetreatments
“invariantunderthe changeof sex” and,for the otherones,how they canbe adapted.
For instancethe hormonotherayp consistingin anablationof the ovariesis notinvari-
antunderthe changeof sex. Thistreatments substitutedy atreatmenthat,for aman,
bringssomesimilar expectedbenefits.

5.3 Someother piecesof adaptation knowledgethat have beenacquired

Studiesof adaptationgperformedduringthe BTDC sessionslike the onedescribedn
the previoussection have led to severalreformulationsFroma studyto anothey some
reformulationshave reappearedyhich enableto make themmoreprecise Above, two
acquiredpiecesof adaptatiorknowledgearebriefly presentedviore detailsaboutthem
togethemwith theneedsn representatiothey involve canbefoundin [10], whichis the
long versionof this paper

Someadaptationgre basedon the knowledgeaboutthe expectedbenefitsandthe
undesirableeffectsof a treatmenton a patient.Usually, the protocolgivesan optimal
compromisebetweernthesepositive and negative effectsof a treatment(giventhe cur-
rentstateof theartin medicine) put, e.g.in caseof contraindicationgthisis notalways
true. For instancejf the patienthasblood coagulatiortroubles the haemorrhagicisk
takenduring a sugeryis anundesirablesffect with a big importanceln suchcircum-
stancesthe sugerymaybe changedn orderto lower this risk.



Anotheradaptatiortypeis linkedwith thethresholdeffect. Indeed,whena numer
ical patientcharacteristide.g.,the age)is closeto a decisionthresholdof the protocol,
thedecisionis doubtful(in particular becausef theuncertaintyon thisthreshold)both
decisionsshouldbe proposedo theuser

6 Discussion

This sectiondiscusses$wo issuegelatedto this work. First, someelementf anadap-
tation knowledge acquisitionmethodologygeneralisedrom this study are proposed.
Then,somerelatedwork arepresentedA moredetaileddiscussiornis givenin [10].

6.1 Elementsof an adaptation knowledgeacquisition methodology

Someelementsof a methodologyfor an acquisitionprocessof adaptatiorknowledge
involving experts(and,if possiblean “interpreter”) andthe study of specificadapta-
tions,aresummarisedlt mustbe noticedthattheseelementsof methodologymustbe
evaluatedon alargerscaleandin otherapplicationdomains.

Thefirstissue-maybehemostimportant-is thedecompositiomf adaptatiorbased
on the notionsof similarity pathandof intermediatgroblemsbetweerthe sourceand
target problems,which involves adaptationknowledge expressedoy reformulations.
The adaptatiorknowledgeacquisitionthat we describeis basedon informal descrip-
tions of adaptatiorprocesseperformedby experts.For eachof theseadaptatiorpro-
cessesthe stepsof knowledgeacquisitionis asfollows:

— Re-descriptiorof theadaptatiorprocessn severalstepsby introducingintermedi-

ateproblemspb,, pb,, ...pb, ; andtheirrespectiesolutionsSol(pb;, ), Sol(pb,),
...Sol(pb,_,). Recallthatpb, = srce is thesourceproblemandthatpb, = tgt
is thetargetproblem.
Theelicitationof theintermediatgroblemss oftenmadefrom theright to theleft,
i.e., from pb; to pb, ;. For example,whenthe expert makes a working hypoth-
esisonpb, ; (“We do asif someconditionsof pb, ; werechanged”),it canbe
expressedy introducingpb;,.

— Foreachi € {1,2,...q}, analysisof theadaptatiorstep

(Pbi—1> Sol(pb;_;), Pbi) + Sol(pb;)

This analysisaimsat giving a reformulation(r;, A.,) whichis eitherareformula-

tion belongingalreadyto the adaptatiorknowledgebase or a new one.

The secondssueis linked with the problemandsolutionrepresentationdndeed,
it is usefulnot only to representvhata solutionis but alsoin whatit answerswell (or
not) the problemit is supposedo solve. For KASIMIR/CBR, this is for examplethe
knowledgelinkedwith the expectedbenefitsandthe undesirablesffectsof atreatment.

Thethird issueconcernghe dependenciebetweenproblemdescriptorse andso-
lution descriptorsy, asseenabove in section5.2, aboutthe reformulation(cs, A.s).

. : A . .
Thesedependenmemnbesymbol|sed3ytherates—y andinvolve questionsuchthat
T
“How doesy vary whenz varies?"thatareusefulto questionthe expert.



6.2 RelatedWork on Adaptation KnowledgeAcquisition and Modelling in CBR

The studieson adaptatiorknowledgeacquisitionandmodellingseento beratherrare.
In [4] the differentknowledgetypesusefulfor CBR and,in particular for the adap-
tation phase are described.The differentadaptationtasks(add, suppresssubstitute,
reomganisegtc.)arepresentedhereanddiscussedt ageneralevel. They areusefulas
aguidebut thatmustbe madeprecisein agivenapplicatve framework.

In [14], the knowledgeaboutthe changesn a medicalcontext is representedThis
work is very differentfrom ourssincethe change®f knowledgeareat the level of the
domainterminology(add, replacemenaind suppressiomf terms,changesn the hier-
archy etc.),whereaur approactconcernghetherapeuti@adaptationsandtherefore,
thechangesn thetreatmentules.

Thepaperd5] and[6] describewo approachesf adaptatiorknowledgeacquisition
by learningfrom the casebaseof a CBR system.Thesetwo approachesgredifferent
from ourssincethey arebasedon two differentknowledgeacquisitionsourcesa case
basefor the formersandexpertsfor the latter Neverthelessthe ideato examinefrom
this point of view the protocol,with automaticor interactive tools, seemgo beinterest-
ing andthusconstitutesa possiblefuture work.

7 Conclusionand Future Work

This paperpresentghe adaptatiorknowledgeacquisitionand modelling for the sys-

temKASIMIR/CBR. This systemwill have to adapta breastcancertreatmenprotocol

for specificcasemot coveredby a straightforward useof the protocol. The notionsof

similarity path, of intermediateproblemand of reformulationplay an importantrole

for theseacquisitionand modelling. The similarity pathsand the intermediateprob-

lems(correspondingo virtual patients)allow to decompos¢he adaptationperformed
in simplerstepsthat can be modelledby reformulationsinvolving generaladaptation
knowledge.

A first future work is to fulfill the knowledgerepresentatiomeedsinvolvedby the
acquiredadaptatiorknowledge.It will alsobe necessaryo instantiatethe conceptual
modelschemai.e. to establisithe knowledgeon which the reformulationgely (repre-
sentatiorof pessimisticspecialisationgquivalencebetweerexpectedbenefitof treat-
mentstreatmenvariationsfunctionof thesex, etc.).Thisinstantiatiorwork is currently
underdevelopmentandis associateavith theimplementatiorof KAsSIMIR/CBR.

Theuseof this knowledgein orderto be ableto automaticallyperformtheseadap-
tationsis anotherfuture work. The centralproblemis the similarity pathelaboration.
For the systemRESYN/CBR [11], a techniquecombining hierarchicalclassification
andsearchin a statespace-the so-calledsmoothclassificatior- hasbeenused.This
techniqueshouldbe reusabldor KasiMmIR/CBR but this still requiresa precisestudy
A first versionof KAsIMIR/CBR taking into accountonly the thresholdeffect thanks
to fuzzyhierarchical classificationhasalreadybeensuccessfullydeveloped[7].

A lastfuturework consistsn studyinghow the protocolexaminationcanbehelpful
to suggestadaptatiorknowledge,following the learningapproachesiescribedn [6]
and[5] anddiscussedn section6.2.
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