
An Algorithm for Adaptation in Case-BasedReasoning
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Abstract. Theadaptationprocessis animportantandcomplex step
of case-basedreasoning(CBR) andis mostof the time designedfor
aspecificapplication.Thisarticlepresentsadomain-independental-
gorithmfor adaptationin CBR. Casesaremappedto a setof numer-
ical descriptorsfilled with valuesandlocal constraintintervals.The
algorithmcomputesevery targetsolutiondescriptorby combininga
sourcesolution,a matchingexpressedasintervals of variationsand
dependenciesbetweenthesourceproblemandits solution.It deter-
minesfor every targetsolutiondescriptoraninterval of theadmissi-
blevalues.In this interval, actualvaluessatisfyingglobalconstraints
can be chosen.This genericapproachto adaptationis operational
and introducesgeneraland domain-independentadaptationopera-
tors.Therefore,thisstudyis a contribution to thedesignof ageneral
algorithmfor adaptationin CBR.

1 INTR ODUCTION

Thecasebasedreasoning(CBR) processrelieson threemainopera-
tions:retrieval, adaptationandcasememorisation[9, 10].Adaptation
is at theheartof theCBR processandplaysa centralrole.Moreover,
adaptationis usually consideredasa domain-dependentoperation,
that is complex anddifficult to understandandto apprehend.In this
paperwe proposea genericandoperationalview of adaptationthat
is designedto be (adaptedand)reusedin thecontext of “numerical
problems”,i.e. problemswhosecharacteristicscanbe describedby
attributeshaving partiallyorderedvalues.In thefollowing, westudy:

(1) A strategy for adaptationbasedon a matchingbetweenthepast
caseandthenew case,andondependencieswithin thepastcase;

(2) A generalalgorithmfor adaptingapastcaseto anew casebased
on thedeterminationof intervals of variationsfor theattributes
of thenew case.

We illustrate this generalapproachto adaptationwith a generic
and working example.This approachcontributes to the designof
domain-independentapproachesto adaptation.In this way, adapta-
tion, that is usuallyconsideredasa crucialandcomplex taskfor the
CBR process,canbemoreeasilytakeninto accountandimplemented
in a specificCBR system,usingour generalpurposealgorithmasan
implementationguideline.The presentstudyis of main interestfor
anyonewantingto designaCBR systemworkingon“numericalprob-
lems”, and,moregenerally, for anyonewantingto understandmore
deeplytheadaptationmechanism.

Thepaperis organisedasfollows.First,we presenttheworksun-
derlyingthepresentresearchwork, andthenthehypothesesandthe
mainprinciplesof thepresentapproach.After that,we proposeand�
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detailadomain-independentalgorithmfor caseadaptation.Thissec-
tion is followedby a discussionon thequalitiesof our approachand
its limitations,aswell asresearchperspectives.

2 TWO GENERAL MODELS OF ADAPTATION

CBR usespastsolved cases,called source cases,storedin a case
base,in order to solve a new problem,called the target problem
anddenotedby ���	� . A casedescribesa problem 
	� andits solution��	��� 
	��� , andis denotedby thepair

� 
	��� ��	��� 
	����� . A casein thecase
baseis denotedby the pair

��������� � ��	����������� ��� and
�������

is called
thesourceproblem.Themainstepsof the CBR cycle are:retrieval,
thatconsistsin choosingin thecasebasea problem

�������
similar to���	� , adaptation, that consistsin reusingthesolution

�		����������� � of�������
in orderto build

�		��� �	����� andthusto solve theproblem �	��� ,
andcasememorisation, that consistsin storingthenew solvedcase� ���	��� �	���� �	�	����� in thecasebase.

Generalmodelsof adaptationhave alreadybeenproposed.A first
generalmodel,describedin [5], proposesto connecttheretrieval and
adaptationstepsin a unified way illustratedby the following dia-
gram: "!	#%$
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Adaptinga caseconsistsin building the list of solutiondescrip-
tors leading to the satisfaction of a goal, a goal being one of the
objectives to be reachedin order to build a completesolution.Re-
trieval begins with the elaborationof an index >�?�@ � �	�	��� of �	�	�
(step(a)) thatconsistsin selectingrelevantdescriptors.Startingfrom
this index >�?	@ � �	�	��� , the index >�?	@ ��������� � of a sourcecase

�������
is retrieved (step(b)) that allows to reach

�������
(step(c)). Step(d)

switchesfrom the problemspaceto the solution space.The adap-
tation processbegins with the generalisationof

�		����������� � into��	��� >�?	@ ��������� ��� (step(e)), in accordancewith step(c). Thenstep
(f) transforms

�	���� >�?	@ ��������� ��� into
�		��� >�?	@ � �	�	�8��� by an abstrac-

tion/specialisationprocess.Finally,
��	��� >�?	@ � ���	����� is specialised

into
��	��� �	�	��� , in accordancewith step(a).

Horizontallines(a) to (c) correspondto a similarity pathbetween
problemsin theproblemspace:

�������
and �	��� arelinkedwith asim-

ilarity pathcomposedof a sequenceof relationsbetweenproblems.
Horizontallines(e)to (g) correspondto theapplicationof asequence
of adaptationoperatorsin the solutionspace.Vertical dashedlines
representdependency relationsbetweena problemand a solution;
they expressthat problemdescriptorsplay a role in the determina-
tion of thesolution.

A secondgeneralmodel[6] aimsatdescribingtheadaptationpro-
cessat the knowledge level. The matchingprocessis the starting



point of theadaptationprocessbecauseit providesa setof relations
betweenthesourceandthe targetproblems.Theserelationsencode
the similarities and dissimilaritiesof the sourceand the target de-
scriptorsthat will guidethe adaptationprocess.A matching ACB is
a setof triples D�BFE �;G�H � G�I ��D HJI � where

G�H
is a descriptorof the

sourceproblem,
G I

is adescriptorof thetargetproblem,and D HJI is an
explanationof therelationsexistingbetween

G H
and

G I
.

Theadaptationprocessmodifiesthesetof targetsolutiondescrip-
tors given a matching ACB andon a setof dependenciesbetweena
sourceproblemandits solution.The following schemesummarises
this model:

Solution ?

Solutionsource
case

target
case

Dependency relationsDs = {ds}

Dt = {dt}

Rm={rm}
{r st} adaptationmatching

On the basisof thesetwo models,we proposea generaladap-
tation algorithm describingthe transformationof

�		����������� � into�		��� �	����� . Thisalgorithmtakesasinputamatchingbetweenasource
problemandatargetproblempointingoutadaptationobjectives,and
a setof dependenciesexpressingthe modificationsthat have to be
performedon theappropriatesolutiondescriptors.Thealgorithmis
illustratedby anexamplepresentedin thenext section.

3 HYPOTHESESAND PRINCIPLES OF THE
APPROACH

The adaptationprocesscanbe specifiedas follows: given a source
case

��������� � �		����������� ��� , a target problem �	�	� , a matching be-
tween

�������
and �	�	� anda setof dependenciesbetween

�������
and�		����������� � , whatis thesolution

�		��� �	�	��� of �	��� ?
Our proposalis restrictedto a particularproblemcategory of “nu-

mericalproblems”,wherethe valuesof the problemattributescan
bepartially ordered.Thus,this explainswhy we usenumbersfor il-
lustratingit. However, the following considerationsmay beapplied
to any problemwhoseattributeshave symbolic valuesthat can be
partially ordered:a linearextension(i.e. a total order)canalwaysbe
built on apartialorder[4].

Theexamplein thenext sectionis basedon a PersonalComputer
configurationproblem,inspiredfrom [2]. The userspecifiessome
needssuchas games(G), music (Mu), programming(Pgm), etc.,
with intervalsof numericalvaluesK LNMPOQ�RLNS�T�U expressingtheimpor-
tanceof theneedsandsuchthat VXWYLNMPOZW[L\S�T]W_^,V . A solution
to a PCconfigurationproblemis a list of componentssatisfyingthe
user’s needs:masterboard(Ma), screen(Scr),etc.For example,

Mu `aK b��"b,U meansthatMu E_b8c
Pgm `aK V��,^,V�U meansthatPgmis unconstrained.

A sourceproblem
�������

is composedof a set of descriptors,of
themdescribingaconstraintonanattribute.For everyattribute,there
is a singleconstraintto which is attachedaninterval of legal values.
A descriptorof

�������
is denotedby

G H
;
G H

is anelementof thesetof
descriptors

�������
.

The solution
�		����������� � is composedof a setof descriptorsde-

notedby d H , eachof themcorrespondingto anattributeandavalue,
e.g.,Ma Efe . The scaleof the valuesis supposedto be the inter-
val K V��,^%V�U for every attribute,andevery attribute is supposedto be

normalisedaccordingto this scale.Ma EgV meansthe worst mas-
terboard,Ma Eh^%V meansthe bestmasterboardof the catalogue,
SC EiV meansno soundcard(sinceit is possibleto have a PCwith-
outa soundcard,theworstsoundcardis “no soundcard”).

Thefollowing exampleof sourcecasewill beusedto illustratethe
algorithmof thenext section:

j�k�l�mon
games G p [7, 9]
music Mu p [0, 0]

wordprocessing WP p [6, 10]
programming Pgm p [5, 8]

imageprocessing IP p [7, 10]
easinessto handle ETH p [8, 10]

price Pr p [1800,2200]

q	r�s�t j�k�l�m�uvn

masterboard Ma n 8
processor CPU n 8

additionalpointer AP n 6
CD-Rom CD n 4

color Col n 3
screen Scr n 6

soundcard SC n 0
printer Ptr n 5

The sourceproblem is describedby a list of pairs attributes-
intervals, whereeachattribute denotesa characteristicof a PC and
wherethecorrespondinginterval denotestheimportanceof thischar-
acteristic.For example, the pair

�
G �,K w��*x�Uy� meansthat gamesare

of importancefor this PC configuration,while the pair
�
Mu ��K V��RV�Uy�

meansthatthemusichasno importanceatall. Lookingat theimpor-
tanceintervalsof wordprocessingandprogramming,onecandeduce
that this PC configurationis generalpurposeand,accordingto the
importanceof theattributeETH, thatthePCshouldberathereasyto
move.

A matching z�{�� ��������� �����	��� betweena sourceproblem
�������

and
a targetproblem�	�	� is asetof triples

�;G�H � G�I �J|�}�� where:~ G�H is a descriptorof thesourcecase;~ G I is thedescriptorof thetargetproblemhaving thesameattribute
nameas

G H
and~ |	} is a matching labelexpressingthevariationsof theconstraints

onattributes:|	}�E �<���P�;���;G H �"� ���P���;G H ��� where
�X�;�P���;G H � (respectively,���P���;G H � ) is thevariationfrom

�������
to �	��� for the lower bound

(respectively, upperbound)of theinterval.

For example,
�;G H � G I ��|	}���`�z�{�� ��������� �����	��� with:G H E � Pgm `aK �8�*e�Uy�G�I E � Pgm `aK ���"w�Uy�

|	}XE �<� �;�;� � Pgm�"� � �P� � Pgm����E �<� ^��%��^,�
Thefollowing exampleshows a matchingbetweena sourceprob-

lem(left part)anda targetproblem(right part):

G � [7, 9]
Mu � [0, 0]
WP � [6, 10]
Pgm � [5, 8]
IP � [7, 10]
ETH � [8, 10]
Pr � [1800,2200]

�,�%�����,�����Q�8��,�%�������������8��,�%�� �¡��� �¡��8��,�%�����,�����Q�8��,�%���Q¢��������8��,�%�������� �¡��8�£�£<£¥¤�¦<§�§�¨y¤�©;§�§¥ª

G � [8, 10]
Mu � [2, 4]
WP � [6, 10]
Pgm � [6, 7]
IP � [4, 8]
ETH � [10, 10]
Pr � [2000,2300]

A dependencyis a triple
�;G�H �Rd H �J«	}�� where

G�H ` ������� , d H `��	����������� � and «�} is a dependencylabel. A dependency label «	} is
a realvaluethatcanbeinterpretedasfollows:



~ «	}�¬YV meansthatthevaluesof thedescriptors
G H

and d H vary in
thesameway;~ «	}�YV meansthatthevaluesof thedescriptors

G H
and d H vary in

oppositewaysand~ «	}]E®V meansthat thevariationsof thevaluesof thedescriptorsG H
and d H areindependent.

More precisely, «	}aE � d H��G�H , where
��G�H

(respectively,
� d H ) is

a smallvariationof
G�H

(respectively, d H ), undertheassumptionthat
theotherdescriptorsareconstant.In practice,it is easyto know the
sign of «	} , but the assessmentof its value is more difficult. If the

assessmentof
� d H��G H is V , thenthereis no dependency and d H does

notvary when
G�H

variesaroundits value.
The setof dependenciesis denotedby « � 
�¯P°P±�² ��������� � . It canbe

definedby the personwho recordthe sourcecasein the casebase.
In someCBR systems(seee.g.,[7]), « � 
�¯<°;±�² ��������� � is assessedauto-
matically. Note that thedependenciessuchthat «	}]E³V areuseless,
sothey do notneedto appearin « � 
�¯P°;±�² ��������� � .

The following exampleshows somedependenciesbetweenprob-
lem descriptors

G H
(at the left) andsolutiondescriptorsd H (at the

right):
G ´�µ ¶�·�¸�¹�º

Mu ´�µ »8·�»�¹ º
WP ´¼µ ½�·"¾%»�¹ º
Pgm ´�µ ¿	·�À�¹ º
IP ´¼µ ¶	·"¾%»�¹ º

ETH ´¼µ À�·"¾%»�¹�º
Pr ´�µ3¾ÁÀ�»�»�·�Â�Â�»�»�¹�º

Ma = 8º
CPU= 8º
AP = 6º
CD = 4º
Col = 3º
Scr= 6º
SC= 0º
Ptr = 5º

Ã Ã Ã Ã Ã Ã Ã Ã Ã Ã ÃÄ Ä Ä Ä Ä Ä Ä Ä Ä Ä Ä Ä
Å Å Å Å Å Å Å Å Å Å Å Å
Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ Æ
Ç Ç Ç

Ç Ç Ç
Ç Ç Ç

Ç Ç

È È È
È È È

È È È
È È

É É É É É É É É É É É

Ê Ê Ê Ê Ê Ê Ê Ê Ê Ê Ê

Links areassociatedwith dependency labels «	} : solid lines rep-
resentpositive dependency labelsand the dashedline representsa
negativedependency label.For thesakeof simplicity, for everyposi-
tive «�} , thevalueis assumedto be «	}�E � ^ andfor thenegative «	} ,
thevalueis assumedto be «	}XEË��^ .

In theabove example,we seethatthereexistssolid linesbetween
G in

�������
andCPU, AP andCD in

�	������������ � . This meansthatthe
valueof thedescriptorG in thesourceproblemhasadirectinfluence
on the valuesof the descriptorsCPU, AP and CD in the solution
of this problem.This dependenciesare known in advanceandare
recordedin thesourcecase(they canbeseenasexplanationsassoci-
atedwith it, asin [6]).

The output
�		��� �	�	��� of the adaptationalgorithm is a setof so-

lution descriptorsd I definedas follows. Each d I is given by an
attributenameS takenfrom theattributenamesof

�		����������� � (such
asMa or CPU) andapair

�ÍÌ�Î �JÏ Î � of intervalssuchthat:~ Ì�Î EÐK Ì�Ñ °yÒ � Ì�ÑJÓ;Ô U , the restrictedinterval, is the interval in which
thedefault valueof theattribute S canbechosenand~ Ï Î EÕK Ï Ñ °yÒ �JÏ Ñ�Ó;Ô U , theextendedinterval, is amaximumerrorinter-
val wherethevalueof S canbechosen.

In the following, a descriptor d I of
�		��� ���	��� is denoted byd I E � S]EÖK Ï Ñ °yÒ �%K Ì�Ñ °yÒ � Ì�ÑJÓ;Ô UP�JÏ Ñ�Ó;Ô Uy� . The intervals

Ì�Î
and Ï Î com-

putedthanksto thealgorithmof thenext sectionsatisfythesetinclu-
sion

Ì�Î�× Ï Î .
A global constraint expressesa propertythatmustbesatisfiedby

thesolution.For example,thesumof thepricesof thedifferentcon-
figurationelementsmustbein theprice interval specifiedin thetar-
getproblem.Anotherexampleof globalconstraintis linkedwith the

masterboard:it mustaccepttheothercomponents(processor, sound
card,etc.).Global constraintsarenot formalisedbecausethe algo-
rithm doesnot detail how they areusedin the adaptationprocess.
However, weshow at theendof section4 how globalconstraintscan
betakeninto account.

4 AN ALGORITHM FOR CASE ADAPTATION

Thealgorithmfor adaptationpresentedin thissectionconsiderseach
descriptord H ` �		����������� � andadaptit in taking into accountthe
dependenciesand the matchingbetween

�������
and �	�	� . The func-

tion adapt descriptor performsthe adaptationof d H and returnsd I E � SØEFK Ï Ñ °ÍÒ �,K Ì Ñ °yÒ � Ì Ñ�Ó;Ô UP��Ï ÑJÓ;Ô Uy� , where S is an attribute name
and K Ï Ñ °yÒ �JÏ ÑJÓ;Ô U and K Ì�Ñ °yÒ � Ì�Ñ�Ó;Ô U denotetheextendedandtherestricted
intervals of variationof thevalueof S . Beforegiving thealgorithm
of adapt descriptor, threeexamplesarepresentedin orderto make
explicit thestepsof this algorithm.

1st example. Let us consider d H E �
Col EÚÙ���` �		����������� � .

This descriptordoesnot dependon any descriptorof
�������

. Thus,
the variationsfrom

�������
to ���	� do not causeany variationon this

descriptor. Hence,it is consideredthat thevalue Ù canbepreserved
for theattributeCol in

�		��� �	�	��� . However, asthereisnodependency
on Col, any othervalue in K V��,^%V�U is allowed. So,

Ì�Î EÛK Ù��*Ù�U andÏ Î EÕK V��Á^,V�U andthusCol EÕK V���K Ù��*Ù�UP�,^,V�U is theadapteddescriptor.

2nd example. d H E �
Ma EÜe	� is an exampleof a descriptor

of
�	������������ � dependingon only one descriptorof

�������
, namelyG H E � IP `ÝK w8�,^,V�UÍ� . Thelabelof this dependency is «	}�E � ^ . The

matchinglabel associatedwith IP is |�}ÞE �<� �;�P� � IP�"� � �P� � IP����E� �ßÙ��%�àb�� (seeabove thedescriptionof thecurrenttargetproblem).

Thedependency label «	}ÞE � d H��G H E �
Ma�
IP

entailstwo variations

for Ma, onefor
� �P�;� �

IP� andonefor
� �<� �

IP� :���P�;���
Ma��Eá«�}ãâ �X�;�P��� IP��E �<� ^,�Qâ � �ßÙ	��EË�ßÙ���P���
Ma��Eá«�}ãâ ���P��� IP��E �<� ^,�Qâ � �àb���EË�àb

Accordingto this reasoning,theproposedvaluefor Ma in
�		��� ���	���

lies betweenMa E³e �i� �;�;� � IP�àEä� andMa Eåe �i� �P� � IP�CE� . This provides a first interval of values for Ma in
�	���� �	�	��� :Ì�Î EÕK ������U .

Thedeterminationof
Ì�Î

is mainlybasedon thevalueof «	} which
canbedifficult to assessexactly in practice.If now it is assumedthat
thesignof «�} –whether«	}�áV or «	}\¬YV – is known with certainty,
thesignsof

�X�;�;���
Ma� and

���P���
Ma� arealsoknown with certainty,

thoughtheirvaluesarenot.In theexample,thesetwo signsarenega-
tive,involving thatthevariationof Ma from

��	����������� � to
�		��� ���	���

is negative. Therefore,the value of Ma in
�		��� �	����� is lower than

the value of Ma in
�	������������ � . Thus,accordingto this reasoning,

the interval of valuesof Ma in
�		��� �	����� that hasto be chosenisÏ Î E®K V��*e�U . Indeed,e is thevalueassociatedwith Ma in

�		����������� �
and V is the lowestpossiblevalue.Finally, Ma EäK V���K �8�*��UP�*e�U is the
adapteddescriptord I .
3d example. d H E �

Scr Eæ�	� is an example of descrip-
tor of

�		����������� � dependingon two descriptorsof
�������

, namely�
Pgm `vK ���*e�UÍ� with «	} Pgm E � ^ and

�
ETH `vK e��,^%V�Uy� with«�} ETH Eç��^ . If d H dependedonly on

�
Pgm `iK ���*e�Uy� thenthe low

variationof Scrwould be�X�;�P�*è
Pgm
�
Scr��E[«	} Pgm â �X�;�;��� Pgm��E �<� ^��¥â �<� ^���E � ^



If d H dependedonly on
�
ETH `éK e��,^,V�UÍ� thenthe low variationof

Scrwould be

� �;�;�Áè
ETH
�
Scr��E[«	} ETH â � �;�;� � ETH��E � ��^��¥â �<� b���EË�àb

Thevariation
� �;�;� �

Scr� is computedby thesumof theabove varia-
tions:

� �;�;� �
Scr��E � �;�;�"è Pgm

�
Scr� �Ý� �;�;�"è ETH

�
Scr��EË��^

Thevariation
�]�P���

Scr� is computedin a similarway:

�]�<���
Scr�oE �]�P��è

Pgm
�
Scr� � ���P��è

ETH
�
Scr�E �<� ^��¥â � ��^�� � � ��^,�¥â �<ê V	� E ��^

Since d H E �
Scr Ef�	� is the descriptorto be adapted,the above

variationsgive theinterval
Ì�Î E®K �8�"��U .Ï Î is computedthanksto thesignsof thefour valuesof variation�X�;�;�"è

Pgm
�
Scr� , �X�;�;�"è ETH

�
Scr� , ���P��è Pgm

�
Scr� and

���P��è
ETH
�
Scr� .

Thesesignsarerespectively
�

, � , � and V . If all thesesignswere
positive (respectively, negative) then a positive variation (respec-
tively, a negative variation)of the valueof Scr from

�		����������� � to�		��� �	����� would have given an interval Ï Î EëK ���,^%V�U (respectively,Ï Î EfK V��*��U ). This is not the case,so the way this valuechangesis
undefinedandthus, Ï Î EåK V��,^,V�U . Finally, Scr EåK V��,K ���"�,U<�,^%V�U is the
adapteddescriptor.

Thealgorithmfor adaptationof a singledescriptorof
�		����������� � ,

generalisedfrom thesethreeexamples,is thefollowing:

adapt descriptor (adaptation of one descriptor)

Input: ~ d H E � SXEíì���` ��	����������� � ( S : attribute, ì : value);~ « � 
 : a setof dependenciesrelatingthedescriptorsofG H
to thedescriptord H ;~ z�{�� ��������� ���	����� , a matchingbetween

�������
and �	�	� ,

i.e.,a setof triples
�;G�H � G�I �J|	}�� .

Output: a solutiondescriptord I E � SXE �ÍÌ�Î �JÏ Î ��� .
begin (algorithm)

if « � 
îEiïàð<ñ nodependency, asin 1st exampleñ;ð
then return

� SîE � K ì��"ìCUP��K V��,^,V�UÍ���ð<ñ Ì�Î EÕK ì��"ì�U and Ï Î EÕK V��,^,V�U . ñ;ð�X�;�;��� d H ��òóV�]�<��� d H ��òóV� >���ô � òóïàð�ñ Thesetof signsis initially emptyñPð
for each

�;G�H �*d H �J«�}���`õ« � 

Let
G I

and |	}XE �<�X�;�;���;G H �"� �]�<���;G H ��� such
that

�;G H � G I ��|	}���`�z�{�� ��������� �����	���� �P�;� � d H ��ò � �;�;� � d H � � «	}öâ � �P�;� �;G�H �� �P� � d H ��ò � �P� � d H � � «	}ãâ � �P� �;G�H �
Computethesignsof «	}öâ ���P�;���;G H � and «�}�â ���P���;G H �
( � ,

�
or V for negative,positive or null values)

andaddthemto theset
� >���ô � .

end (for each)D�M � òóì �Ý�X�;�P��� d H �D�M � òóì �Ý���P��� d H �Ì�Î òÜK ÷ùø=úüû�D�M � �JD�M �,ý �R÷�þ�ÿ�û�D�M � ��D�M ��ý U
if
� >���ô � E_û�V ý ð�ñ all thesignsare null ñ;ð
then Ï Î òÜK ì��"ì�U

if
� >���ô � E_û � ý or

� >���ô � E_û�V�� � ý���� all thesignsarepositive���
then Ï Î òÜK ì��,^,V�U

if
� >���ô � E_û8� ý or

� >���ô � E_û8����V ý���� all thesignsarenegative ���

then Ï Î ò K V��"ì�U
if
� >���ô � E_û	��� � ý or

� >���ô � E_û8���RV�� � ý ð�ñ othersituationsñ;ð
then Ï Î ò K V��,^,V�U

return
� SXE �ÍÌ�Î �JÏ Î ���

end (algorithm)

Themainalgorithmof adaptationis thefollowing:

adaptation (of a whole case)

Input: ~ ��������� � ��	����������� ��� , a sourcecase;~ « � 
 ¯P°;±�² ��������� � , thesetof dependenciesbetween
�������

and�		����������� � , i.e.,a setof triples
�;G H ��d H �J«�}�� ;~ �	�	� , a targetproblem;~ z�{�� ��������� �R�	�	��� , a matchingbetween

�������
and �	��� .

Output: a solution
�		��� ���	��� of �	�	� .

begin (algorithm)�		��� �	������òÚï
for each d H ` ��	����������� �

Let « � 
 bethesetof thedependenciesbetween
descriptorsof

�������
and d H :« � 
Xò û �;G �RdN�J«�}���`\« � 
 ¯P°;±�² ��������� ���,d³Eid H ýd I ò adapt descriptor

� d H �J« � 
ü�<z�{�� ��������� ���	��������		��� �	�	����ò �	���� �	�	���	�]û�d I ý
end (for each)
return

�		��� ���	���
end (algorithm)

After the executionof this algorithm,the valuesassociatedwith
theattributesof

�		����������� � aregivenby theintervals
Ì�Î

and Ï Î . For
theexample,theresultis:

�		��� ���	����E

Ma E K V���K �8�*��UP�*e�U
CPU E K V���K ���"w,UP�,^,V�U
AP E K ����K w��"w,UP�,^,V�U
CD E K 
���K ���"�,UP�,^,V�U
Col E K V���K Ù��*Ù�UP�,^,V�U
Scr E K V���K ���"�,UP�,^,V�U
SC E K V���K b���
�UP�,^,V�U
Ptr E K �8��K �8�"��UP�"��U

The choiceof a precisevalue associatedwith eachattribute of��	��� �	�	��� remainsto be done.This choice must be madein ac-
cordancewith the global and local constraints.As an exampleof
global constraint,the price of the PC has to satisfy the relation
Pr `ÖK b�V�V�V��Áb�Ù�V�V�U specifiedin �	�	� , the price being calculatedby
the sumof the pricesof eachcomponent.The local constraintsare
givenby theintervals Ï Î . For example,thevalueof themasterboard
mustbechosenin Ï Î E³K V��*��U . Theinterval

Ì�Î
givessomemoreac-

curatesuggestionsfor thechoiceof thevalue:since
Ì�Î EäK ���*��U the

valuesbetween� and � aresuggestedfor Ma.
A lastremarkremainsto bedoneabouttheinterpretationof there-

sultsof theadaptationalgorithmfor thecurrentproblem,i.e. thePC
configurationproblem.The adaptationoperationsbeing described
aresubstitutionsof values.In certainsituations,thesesubstitutions
can be interpretedas additionsor removals of componentsof the
PC. For example,

�
SC E V��Z` �		����������� � can be substitutedby�

SC E Ù	��` �		��� ���	��� . SinceSC E³V means“no soundcard”, the
substitutionof V by Ù is interpreted,in this context, by theaddition
of asoundcard.



A Few words about caseretrieval. A classicalapproachof re-
trieval [9] consistsin choosinga sourcecaseminimising thediffer-
encesbetweenthe sourceand target problems,i.e. the � �X�;�;���;G H ���
and the � � �P� �;G�H ��� in the presentwork. By contrast,accordingto
the adaptation-guidedretrieval philosophy[11], the differencesto
be minimisedarebetweenthe solutionof the target problem(to be
built) and the solution of the sourceproblem,i.e. the � ���P�;��� d H ���
and the � � �P� � d H ��� . The variationsof the solution descriptorsare
linked with the variationsof the problemdescriptorsby the depen-
dencies.Forexample,minimising � �X�;�;��� Ma��� consistsin minimising
� «	}�â �X�;�;��� IP��� .

Thissuggeststhatthedependency labelsshouldbeusedfor choos-
ing the weightsof the problemattributesin a similarity metric: the
morea problemdescriptorinfluencesthesolution,the moreimpor-
tant it is. This canbe likenedto the useof foot-printing similarity
metrics definedin [12]. A preciseand detailedstudy of retrieval
guidedby thepresentadaptationproceduremuststill becarriedon.

5 DISCUSSION

Adaptationhasbeenstudiedunderdifferentpointsof view. Among
operationalpointsof view areadaptation-guidedretrieval [11], adap-
tationasconfiguration[13] andadaptationasplanning[5]. Thereare
otherworkson adaptation,especiallyon adaptationknowledge,but
the threeprecedingapproachesarethe main inspirationsourcesfor
thepresentwork.

In all theseworks, the main concernis to designa practicaland
domain-independentapproachto adaptation.The works mentioned
above aregeneralpurposeanddefinedat anabstractlevel. By con-
trast, in the presentresearchwork, we try to introducea practical
domain-independentandworking approachto adaptation.The im-
portant featuresthat can be enlightenedand that are also mostly
presentin theotherapproachesare:(1) matchingbetweenthesource
andthetargetdescriptors,(2) dependenciesbetweenthesourceprob-
lemandits solutionand(3) transformationon thedescriptorsandon
the cases.Dependingon the existing positive, null or negative de-
pendencies,thevalueof a sourcedescriptoris changedin thetarget
caseaccordingly. Moreover, descriptorsaremanipulatedoneby one
in thesourcecase(thiscorrespondsto asimplecasedecomposition).

Regarding other approachesto adaptation,and especially the
descriptionof adaptationknowledge (see for example [3], [10],
and[9]), we “implement” in our proposalthemainadaptationoper-
atorsthatarecommonlymentioned:substitution,transformation(in-
cludingcopy), composition(decomposition)andspecialisation(gen-
eralisation),evenif theseoperationsappearundera simplifiedform.
In this way, we have proposeda domain-independentalgorithmfor
adaptation,contributingto show thatadaptationcanbeautomated(at
leastin moresituationsthanusuallyaccepted).

However, althoughbeingoperational,simpleandeasyto “adapt”,
ourapproachsufferssomelimitations,mainlydueto thefactthatwe
only dealwith numericaldescriptors,andthat, in the termsof [13],
weperformsimpleadaptation,i.e.applyadaptationoperatorsonsim-
ple attributesvaluedwith partially orderedvalues.A more precise
studyhasto becarriedout to take into accountmorecomplex adap-
tation operatorssuchas composition/decompositionor specialisa-
tion/generalisation.Oneway to improve ourapproachis to unify the
work presentedin [5] aboutadaptationasplanningwith thepresent
operationalwork, takingadvantageof otherrecentadvancesonadap-
tation(suchastheonepresentedin [13]). Theextensionof thealgo-
rithm canrely on thedesignof adaptationrules(controlling theap-
plicationof adaptationoperators)anda generalstrategy for rule ap-

plication (analgorithm)basedon thenotionsof adaptationasplan-
ning andsimilarity paths.As a final but importantperspective, our
approachremainsto be fully implementedandtestedin orderto be
facedwith realisticproblems.

6 CONCLUSION

In this paper, we have presentedan operational and domain-
independentapproachto adaptationin CBR. Thisapproachis mainly
basedon matchingbetweensourceandtarget problemsandon de-
pendencieswithin thesourcecase.It canbeusedfor problemswhose
characteristicscan be describedby attributeshaving numericalor
partially orderedvalues.This approachhasthe advantageof being
generalandeasyto understandand to reuse.In particular, this ap-
proachfits well with the “real world” applicationdescribedin [8].
However, work remainsstill to bedoneto extendthis approachto a
widercategoryof problemsandto theexploitationof complex adap-
tationknowledge.
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