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Abstract

TheIndianaUniversityCase-BasedReasoningFramework (IUCBRF) is a freelyavailable
open-sourceframework, written in Java, to facilitatethedevelopmentof case-basedreasoning
(CBR) systems.IUCBRF providescodeto handlemany of thegeneral,domain-independent
aspectsof CBR systems,freeingdevelopersto consideronly the domain-dependentaspects
of thesystem.Theframework is designedto facilitatefastandmodulardevelopmentof CBR
systems,providing a foundationfor codesharingby thosedevelopingCBR systems.This
reportdiscussesthecapabilitiesandbene�ts of IUCBRF andprovidesan introductionto the
framework for prospective users.JavaDocdocumentationandinformationon requestingthe
IUCBRF codeareavailableby following theIUCBRF link from theIU CBR resourcespage,
http://www.cs.indiana.edu/� leake/cbr resources.
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1 Intr oduction

Whethera case-basedreasoning(CBR) systemis designedfor research,for an application,or
for educationalpurposes,thereis a divergencebetweenthe true goalsof the effort (try a new
technique,applyCBR to a particulardomain,etc.) andtheneedto developthebasicunderlying
systeminfrastructurerequiredby any CBRsystem.This infrastructurerequiresbasiccomponents
to supportfundamentalprocessessuchas retrieval, similarity assessment,caseadaptation,and
maintenance,and, if desired,supportfor ConversationalCBR (CCBR). Likewise, development
mustaddressgeneralissuesof casebasestructureandproblemandsolutionrepresentation,which
may ariseacrossbroadclassesof goalsandtaskdomains. Oncethe systemhasbeenbuilt, the
developermustalsocodetheproceduresrequiredto testsystemperformance,whichmaybelargely
task-independent.

TheIndianaUniversityCase-BasedReasoningFramework (IUCBRF, whichwewill informally
referto as“the framework”) is a freely-availableopen-sourceframework of Java classesfor CBR
systems.It providesthebasiccomponentsfor aJavaimplementationof CBRsystems.Thesystem
is designedto enablethedeveloper'sfocusto quickly shift to thetruegoalsof thework, to provide
a sharedbasisfor researchandexperimentation,andto facilitatestudents'learningaboutCBRby
makingit easyfor themto experimentwith usingandre�ning CBR systems.The framework's
componentsaredesignedto minimizetheneedfor customizationin typical systems,while at the
sametime allowing for signi�cant customizationshouldthe CBR systemdesignerhave special
needs.

The IUCBRF framework is work underdevelopment.Thecodeis subjectto change,andwe
expectboth thecodeandthis reportto beupdatedover time. However, even in its presentform
it providesa robust setof capabilities. The framework hasbeensuccessfullyusedasthe foun-
dationalCBR enginein a rangeof projects,including distributedcollaborative maintenanceof
naval shipequipment(Leakeetal. 2005), network fault analysis,visualizationof casebaseprop-
erties,a calendarschedulingsystem,anda systemfor recommendingcodesfor earthquake mod-
eling (Aktasetal. 2004). Theframework is alsointendedasa startingpoint for pedagogicaluses
(Bogaerts& Leake2005), andincludescodefor completeimplementationsof simpledemonstra-
tion systemsto illustrateits useandtheCBR process.In addition,it providesinitial capabilities
for automaticallygeneratingsimpletestsetsof problemsandgatheringperformancestatisticsto
aid in evaluatingalternativeapproaches.

Thisdocumentprovidesahigh-andmid-level discussionof IUCBRF, to preparethereaderfor
further investigationof the low-level Javadocdocumentationavailableon-line andcommentsin
thecodeitself. Thoseinterestedin simply applyingthe framework asrapidly aspossible,rather
than in understandingits motivations,may wish to start with Section5 (p. 9), in conjunction
with theexamplein Section6 (p. 20), andits associatedsourcecodein AppendixB.1. JavaDoc
documentationand informationon requestingthe IUCBRF codeareavailableby following the
IUCBRFlink from theIU CBRresourcespage,http://www.cs.indiana.edu/� leake/cbrresources.

IUCBRF is releasedundertheOpenSourceLicense(OSL), andmaybeusedunderthecon-
ditions of that license,provided in appendixA. We ask that all publicationsdescribingresults
obtainedusingIUCBRF codeacknowledge useof the framework and cite this technical report.
Partieswhowishto useIUCBRFwithout therestrictionsof theOSLmaycontacttheIndianaUni-
versityResearchandTechnologyTransferCorporation(http://iurtc.iu.edu/)to arrangealternative
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licensingarrangements.
Thisdocumentassumesafamiliaritywith thebasictenetsof CBRandtheprocessesanddesign

considerationsfor CBR systems.For thosewishing to learnmoreaboutCBR, numerousintro-
ductionsexist, including(Kolodner1993; Leake 1996a; Riesbeck& Schank1989; Watson1997).
Two overviews availableon-lineare(Leake1996b; Aamodt& Plaza1994). ConversationalCBR
is describedin detailin (Aha,Breslow, & Munoz-Avila 2001).

IUCBRF haschie�y beendesignedandimplementedby StevenBogaertsundertheguidance
of David Leake. Somecodehasbeendonatedby ThomasThomas,Neil Briscombe,andPeter
Siniakov, acknowledgedwhereappropriatein thesourcecode. Individualsinterestedin collabo-
rationon re�nementsor extensionsto the framework areencouragedto contactStevenBogaerts
(sbogaert@cs.indiana.edu).

2 Moti vationsfor Developingthe Framework

TheIUCBRFprojecthastwo primarygoals:to facilitatethedevelopmentof CBRsystemsthrough
codereuse,andto facilitatethe teachingof CBR by removing muchof the overheadof imple-
mentingpedagogicalCBRsystems,enablingstudentsto learnby experimentsfocusedon speci�c
aspectsof primaryinterest.

2.1 Furthering CodeReuse

While eachCBR systemmayhave differentrequirements,many necessarycomponentshave sig-
ni�cant commonalities.Unfortunately, it canbeexceedinglydif�cult to reuseexisting code.One
impedimentto codereuseis thatsystemdesignsoftenincludedomain-dependentimplementations
of components.For example,theretrieval processmaybebasedonintimateknowledgeof thecase
basestructure,or theadaptationcomponentmayassumeaparticularformatfor theretrievedcases.
Modifying thiscodefor usein anew domainis likely to beproblematic.

A secondimpedimentis that componentsof CBR systemsmay be tied to eachother. That
is, onecomponentmaymakeassumptionsabouttheimplementationof anothercomponent.If the
new systemdoesnotusethesametechniquesfor eachcomponentastheold system,it is lesslikely
thatthecomponentsof theold systemwill beapplicable.

To theextentthatCBRsystemscanbebuilt from domain-independentcomponentsdecoupled
from oneanother, thedesignof new CBR systemsshouldrequirelessrewriting of commoncode,
andit shouldbepossibleto swapcomponentsin andout of thesystemwithout requiringdetailed
knowledgeof othercomponentsof the system.This shouldenabledesignersto spendlesstime
layingthefoundationof aCBRsystem,researchersto spendmoretimeinvestigatingthetheoretical
issuesof interest,andpractitionersto build runningsystemsmorequickly.

2.2 Serving asa PedagogicalTool

The existenceof standard,modularCBR codecanbe useful in educationalsettingsaswell, by
providing a startingpoint for studentsstudyingCBR, machinelearningor arti�cial intelligence.
In an introductoryarti�cial intelligencecourse,suchcodecanbe usedto illustratethe purposes
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of the variouscomponentsof a CBR system,and,usingconcreteexamples,explore the change
in performancethatoccurswhendifferenttechniquesareusedfor a component.This canall be
accomplishedwithout the signi�cant codingthat would typically be required,enablingstudents
to learntheconceptsthroughexperiencewithin thetime frameof a homework assignment,rather
thana semesterproject.Moreadvancedarti�cial intelligencecoursescanalsomakeuseof sucha
framework. For example,asystemcouldbeput in placewith which thestudentscouldimplement
techniquesfrom currentresearchpapers,or from their own ideas,withoutneedingto worry about
codingdetailsorthogonalto thetopicof interest.For amorecompletediscussionof theapplication
of IUCBRFto CBRinstruction,see(Bogaerts& Leake2005).

3 Capabilities Summary

To facilitatecodereuse,the framework providesstandardimplementationsof components,with
well-de�ned interfacesfor customimplementations.Implementationsexist for componentssuch
asdomainde�nition, casebasestorage,retrieval, adaptation,performancemonitoring,andmain-
tenance,aswell ascompleteGUIsandcomponentpartsfor usein customGUIs.

For example,�gure 1 showsastandardGUI, theepisodesummarypanel,for thesimplesample
realtor domain(which performshouseappraisal)provided with IUCBRF. This �gure provides
illustrationsof:

� Problemandsolutionfeaturede�nition

� Similarity metricsandretrieval

� Adaptationtechniqueof retrievedcases

� Hooksfor alternativeproblem-solvingapproaches

� Solutionquality

In particular, thescreenshotshows:

� A problemdescriptionfor thecurrentsituation(descriptionof thehouseto beappraised)

� A list of themostrelevantcases,with theselectedcasedisplayed

� Solutionsgeneratedby the system,both by using CBR and by applyingan independent
“referencemethod,” usedto evaluatesolutionaccuracy.

� Theresultof comparingtheCBRsolutionandreferencesolutionto assesssolutionquality.

Therearestandardimplementationsfor theaboveandmany otherfunctions,andtheframework
is alsodesignedto be easilyextendablefor the creationof domain-dependentimplementations.
Note suchcustomextensionsare more likely to be neededfor somefeaturesthan others. For
example,simpleweightedaverageandmajorityvoteadaptationtechniquesareavailable,but many
domainswill requiremorere�ned approaches.
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Figure1: EpisodeSummaryOf A RealtorExample

4 Framework Design

The generaldesignof IUCBRF is as follows. Thereareseveral componentpackages, eachof
which minimally includesa basecomponentclass. This classimplementsthegeneraloperations
(if any) commonto all implementationsof that componenttype,andsetsthe foundationfor the
implementationof other commonfunctionsthat are implementation-dependent.A component
subclassextendsthebasecomponentclass,implementingsomeor all of thebasecomponentclass'
abstractmethods.

All classesin the framework are domain-independent. It is the designer's responsibilityto
implementafew remainingdomain-dependentmethodsin theframework,aswell asany additional
domain-dependentcomponentsthatthesystemmayneed.

As discussedpreviously, two typical challengesto reusingcodefrom a previousCBR system
are:

1. Theexistingsystemis tied to a domain

2. Componentsof thesystemaretied to eachother

IUCBRFaimsto decoupletheproblemfrom thedomainandthecomponentsfrom eachother. By
startingfrom generalcodethatcanbeappliedto many domains,with many possiblecombinations
of components,systemscanbedevelopedmuchmorequickly thanasystemfrom scratch.In gen-
eralterms,this is accomplishedthroughpolymorphism- theability of anobjectto haveastandard
interface,yet take many forms,dependingon thedomainandsystemproperties.Object-oriented
designpatterns(Gammaetal. 1995) mayalsobeusedto handledetailsin somesituations.
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4.1 Achieving Independencefr om the Domain and From Other Compo-
nents

To illustrate how IUCBRF maintainsindependencefrom the domain,considerthe exampleof
featuresin problemdescriptions(asimilardiscussionappliesfor solutiondescriptions).A problem
consistsprimarily of acollectionof features.A featureis any classthatimplementstheFeature
interface,which requireseachfeatureto beableto performbasicoperations,suchascomparing
itself to anotherfeature.

Whentwo problemsmustbecompared,their featurecollectionscanbeiterated,andthecorre-
spondingfeaturescompared.Thecodegoverningthis processremainsthesamewhetherworking
in adomainof 5 integerfeatures,or adomainof 500featuresof many types,includinguser-de�ned
types. The detailsof the domainarehiddenfrom the othercomponentsof the codeasmuchas
possible.

Similarly, theimplementationdetailsof onecomponentarehiddenfrom theothercomponents
asmuchaspossible.For example,the collectionof featuresin a problemmay be implemented
in any way, providedthatan iteratoron thosefeaturescanbecreated,anda retrieval component
canexaminethe featuresandmeasuresimilarity betweeneachcorrespondingpair. The retrieval
componentneednotconsiderhow featuresarestoredor how they arecompared.Thesedetailsare
hiddenandcanbechangedwithoutaffectingtheretrieval componentor otheroutsidecomponents.

4.2 Isolating DependentCode

Occasionallymethodsin a componentmust know detailsof thedomainor theimplementationof
someothercomponentin use.For example,seethepseudocodein �gure 2. Here,a specialized
adaptationtechniqueAdaptationTechnique1 requiressomeknowledgeaboutthestructure
of problemdescriptions.Theportionof thecodethatworkswith thisknowledge(doDomainDe-
pendentOperations ) is declaredabstractandpassedto a subclass.ThesubclassDomain-
DependentAdaptation , implementedby the designer, provides the detailsof the domain-
dependentoperationssafely, becausethe entireclassis assumedto be domain-dependent.This
situationof passingon detailsto a subclassis aninstanceof thetemplatedesignpattern,in which
theskeletonof analgorithmis de�ned in anabstractclass,deferringsomestepsto particularim-
plementationsin subclasses(Gammaetal. 1995).

In IUCBRF, only doDomainDependentOperations mustbe implementedin the Do-
mainDependentAdaption class. The codefor doCommonOperations will alreadybe
inheritedfrom AdaptationTechnique1 .

In somecircumstances,the domain-dependentoperations(suchasthosein doDomainDe-
pendentOperations ) may includeconstructinganobjectof a domain-dependenttype. This
is anexampleof the factorydesignpattern,in which the interfacefor objectcreationis de�ned,
but subclassesdecideexactlyhow to instantiate(Gammaetal. 1995).

5 Componentsof a CBR SystemDevelopedwith IUCBRF

Thecomponentsof a CBR systemdevelopedwith IUCBRF canbedividedinto threebasiccate-
gories:1) Processes,2) Representation,and3) Utilities.
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// IUCBRF code
public abstract class AdaptationTech ni que1
extends Adaptation
{

public void doSomeWork() {
// work independent of the specific Solution implementation
doCommonOperati ons( );
// work dependent on the Solution implementation
doDomainDepende nt Oper ati ons( );
doCommonOperati ons( );

}
public abstract void doDomainDependen tOpera ti ons () ;
...

} // end class AdaptationTechn iq ue1
////////////// // /// // // // // /// // // // // /// // // // // /// // // // // /// // //
// domain-dependent code - implemented by the designer
public class DomainDependen tAd apta ti on
extends AdaptationTechn iq ue1
{

public void doDomainDependen tOpera tio ns () {
// safe to make assumptions about problem structure here,
// because this is domain dependent code
}
...

} // end class DomainDependent Adapta ti on

Figure2: Pseudocodefor isolatingdependentcode

To build a systemusing IUCBRF, the designermustspecify the neededcomponents,using
standardimplementationsin theframework andany customizedimplementationsthatareneeded.
Many standardtechniquesfor thesecomponentsarealreadyimplementedin the framework, and
arereadyto usewith little or no additionalcodingby thedesigner, but thereis alwaystheoption
to overrideportionsof a techniqueor to designnew techniquesthat implementa component's
interfaceor extendastandardcomponent.

The framework containsseveralcompletely-implementedexamples,illustrating functionality
in toy domainsandproviding aneasystartingpoint for thedeveloperor studentwhowould like to
developaCBRsystemby case-basedreasoning—adaptingasimilarexampleto �t hisor herneeds.
Oneof theexamplesis a very simplesystemto take asinput a point on thex-y plane,andreturn
thequadrantin which it lies. In this domain,a problemis an orderedpair (x, y), anda solution
is thatpoint's quadrant(1, 2, 3, or 4, counterclockwisefrom upperright). We usethis domainas
a runningexample.Whereapplicablein thefollowing, thecorrespondingcomponentusedin the
quadrantsystemis discussed.A full discussionof thequadrantexampleis providedin Section6,
with thecompletecodein AppendixB.1.
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5.1 Processes

Componentsrelatedto standardCBRprocessesandtheir supportingtoolsinclude:

� Retrieval

� Adaptation

� Conversationalinteractions(for CCBR)

� Maintenance

� PerformanceMonitoring

5.1.1 Retrieval

Thepre-implementedretrieval in IUCBRFis ak-nearest-neighbor(k-NN) algorithm.Thatis, thek
caseswith aproblemdescriptionnearestto thecurrentproblem,accordingto asimilarity criterion,
are retrieved. The designerhasthe option of saving the distanceof eachretrieved casefrom
the currentproblem,as additionalinformationto be usedduring adaptation(e.g., for distance-
weightedaveraging). In the Quadrantexample,5-nearestneighboris used,as speci�ed in the
QuadrantSystem constructor.

5.1.2 Adaptation

IUCBRF providesa small set of domain-independentcaseadaptationtechniques,alongwith a
standardinterfacefrom whicharbitraryuser-de�ned adaptationtechniquescanbeimplementedto
functionwith therestof theframework-basedsystem.Thestandardadaptationapproachesare:

� No Adaptation:The“null adapter”simply returnsthesolutionof the �rst retrievedcaseas
thesystemsolution.

� WeightedAverage: Given a list of casesandweights,returnsa weightedaverageof the
solutionvaluesastheadaptedsolution.

� WeightedMajority: Givena list of casesandweights,takesa weightedvoteandreturnsthe
winningvalue.In theeventof a tie, whichevervalueis associatedwith ahigher-rankedcase
is declaredthewinner.

Theweightedadaptersassumethat thesolutiontypefor this domaincanbeconvertedto a dou-
ble value.Theweightsusedcaneitherbeprovidedstatically, or canbedetermineddynamically
in eachproblemsolvingepisode.Oneexampleof dynamicweightingis in thedistanceweighted
adapter. This adapterusesthe distancesof retrieved cases(saved in the retrieval step)to deter-
mine the weight of that case,with closerneighborsgiven higherweights. A distanceweighted
adaptercanbeusedwith a weightedaverageadapter, a weightedmajority adapter, or any custom
weightedadapter. The Quadrantexampleusesa distanceweightedmajority adapter(a majority
vote),speci�edin theQuadrantSystem constructor.
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Note that in termsof the “Retrieve, Reuse,Review, Revise, Retain” (Aamodt& Plaza1994)
descriptionof the CBR cycle, the adaptationportion of the framework encompassesthe Reuse,
Review, andRevisesteps:it �rst obtainsa solutionandthenperhapsentersa cycle of reviewing
andrevising thatsolution.

5.1.3 CCBR Components

ConversationalCBR systemsincrementallyre�ne caseselectionsby interactively eliciting addi-
tional informationfrom theuser. To supportthisprocess,theframework providescomponentsfor
caselist re�nementandquestionselection.

BecausetheQuadrantexampleis not a CCBRsystem,thefollowing sectionsdo not applyto
it. For aCCBRexample,pleaseseethe“Conversation”exampleprovidedwith thecode.

CaseList Re�ner Thecaselist re�ner determinesthecontentsandorderof thelist of potentially
usefulcasesgiventheconversationsofar. Thereis onecaselist re�ner currentlyimplemented.In
this re�ner, thedifferencebetweeneachcaseandthecurrentproblemis calculated.Thosethatare
above a thresholdareremoved from further considerationin this episode.Remainingcasesare
orderedby distancefrom theproblem,shortestdistance�rst.

QuestionSelector Thequestionselectordetermineswhichquestionshouldbeaskednext in the
conversation,basedon the questionsandanswersso far, the casesunderconsideration,andthe
domain.Theframework currentlycontainsthreeimplementations:

� Ordered

� Flow Chart

� Frequency

Theorderedquestionselectorcontainsa list of thequestionsto beaskedin order. It merelyasks
thenext questionon thelist.

The �ow chart questionselectordeterminesthe next questionto askby referring to a �o w
chartprovidedby thedesigner. The�o w chartspeci�eswhich questionto asknext dependingon
thepreviousquestionandtheanswerprovided. Notethat this approachis a generalizationof the
orderedquestionselector.

Thefrequencyquestionselectordetermineswhichunknown featurein thecurrentproblemhas
a known valuein thelargestnumberof casesunderconsideration.Thequestioncorrespondingto
this feature,asspeci�edin thedomain,is thenext questionasked.

5.1.4 Maintenance

The framework provides simple facilities for casebasemaintenanceinclude caseremoval and
addition. Triggeringmechanisms(Leake & Wilson1998) for bothoperationscanbecustomized,
andtwo implementationscurrentlyexist. Onesimpleimplementation,“null maintenance”,never
addsnor removesany cases.Anotherimplementation,“basic maintenance”periodicallychecks
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for infrequently-usedcasesto remove, andacceptsfor additionany new casecorrespondingto a
problemthatwasjustsolvedsuccessfully.

No maintenanceis usedin theQuadrantexample,asis speci�edby theNullMaintenance
valuein theQuadrantSystem constructor.

5.1.5 PerformanceMonitor

EachCBRsystemusingthisframework hasacustomizableperformancemonitor, whichtracksthe
performanceof theCBRsystemin severalways.Thisdatacouldbeusedto guidemaintenanceor
to evaluatetheoverallsuccessof CBRcomponents.Theperformancemonitortracks:

� Systemage,measuredby thenumberof problemsprocessed

� Thenumberof casesin thecasebase

� Theaverageretrieval time

� Theaverageadaptationtime

� Systemcompetence- thepercentageof problemsfor whichasolutionwasfound

� Solved-wellrating- thepercentageof problemsfor whichanacceptablesolutionwasfound

� Averagequality - theaverageratingfor foundsolutions

Someadditionalperformancedatais tracked for eachindividual case;seethe Casesectionfor
details.

Thestandardperformancemonitoris usedin theQuadrantexample,asspeci�edin theQuad-
rantSystem constructor.

5.2 Representation

Componentsrelatedto representationincludethefollowing:

� Features

� Cases

� CaseBase/ Indexing

� Domain

13



5.2.1 Features

Featuresare the primary placeholdersfor informationaboutboth problemsandsolutions. The
framework implementsthefollowing featuretypes:

� Double

� Integer

� String(with somespecialhandlingfor longstrings)

� Boolean

� ThesetYes,No

� Thesetverymild, mild, moderate,severe,verysevere

� Termvector

� Internetaddress

Any customizedfeaturetype canbe createdby extendingan existing feature,the Abstract-
Feature class,or the AbstractFSMFeature class(for featureswith valuesfrom a �nite
set—FSMstandsfor “Finite SetMember”),or by implementingtheFeature interface.

Every instanceof a featureclassrefersto a speci�c feature,with thegeneraltemplatefor that
featurekept in a featurespeci�cation that resideswith the domain. (See5.2.4.) Thesefeature
speci�cationsaretied to thefeatureinstancesvia a uniquefeaturekey.

Featuresareorganizedin a featurecollection,which is a strongly-typedcollectionof features.
The particulardatastructureor collectionorganizationtechniqueusedis customizable,and for
examplemaybeavectoror hashmap.

In the Quadrantexample, the problemfeatures,correspondingto the x and y coordinate,
are both instancesof the DoubleFeature class. The solution feature,correspondingto the
quadrant,is an instanceof the IntegerFeature class. This is set up in QuadrantSys-
tem.setupDomain .

5.2.2 Cases

A casecontainsthefollowing:

� Problem

� Solution

� InactiveContexts

� UseCounts

� TimeOf Creation

14



� Source

Bothaproblemandasolutionconsistmainlyof a featurecollection.
Eachcasealsohasa setof inactivecontexts. This describesthecontexts of systemoperation

(e.g. “Normal”, “Testing”) in which a caseshouldnot beconsidered.A caseis treatedasabsent
from thecasebaseduringsuchcontexts. For example,to ignorea casefor leave-one-outtesting,
the “Leave OneOut Testing”context is temporarilyaddedto thesetof inactive contexts for that
case.(A simpleleave-one-outtestexampleis providedin AppendixB.1.) Thedesigneris freeto
createcustomcontexts.

A casealsomaintainsa usecountanda successfulusecount. Eachtimeacaseis retrieved,its
usecountis incremented.If theresultingsolutionis deemedof highquality, theneachcontributing
case's successfulusecountis incremented.Thisdatacanbeusefulfor maintenancepurposes.For
example,rarelyusedor rarelysuccessfulcasesmaybetargetsfor removal.1

Casesrecordthepoint in thesystem's history they wereadded(thetimeof creation). This is
recordedin termsof thenumberof problemspreviously processed(e.g.,a givencasemight have
beenafter “212 problemsprocessed”).This datacanbe useful for maintenancepurposes.For
example,oldercasesmaybeconsideredmorelikely to beoutof dateandtargetedfor removal.

Eachcaseis also associatedwith a source. For example, if a casecamefrom a success-
ful problemsolving episode,thenthe casesourcewould be “system-generated.” More speci�c
sourcescanalsobecreated.Sourcedatamaybeusefulin maintenance.For example,if anover-
whelmingmajorityof failedproblemsolvingepisodesinvolvecasesfrom aparticularsource,then
theremaybesomeanomalyat thatsourceleadingto untrustworthy cases,andall casesfrom the
sourceshouldbe reexamined. Casesourceinformationcould alsobe useful in multi-case-base-
reasoning(MCBR),wheremethodscouldbeappliedto respondto thedifferencesbetweensources
(Leake& Sooriamurthi2004).

The Quadrantexampledemonstratesa minimal system,andso it doesnot make useof case
contexts,usecounts,or historicaldata.Thesourceof all casesin theinitial casebaseis “Randomly
Generated”,but a“SystemGenerated”caseis addedwhenthesystemsolvestheproblempresented
to it.

5.2.3 CaseBase/ Indexing

IUCBRFcurrentlyimplementstwo simpleindexing schemes:

� Flatcasebase

� B-tree-backedcasebase

A simple�at casebase(for example,asspeci�ed in QuadrantSystem.setupCaseBase ),
storesall casesin an unorderedlist. This is suitablefor small systemsandsystemsin an early
prototypestage,beforemorerobustandscalableindexing andstorageschemescanbedeveloped.

1Note that the implementationof successfulusecountignoresconsiderationsof credit/blameassignment,which
maygive unexpectedresultswhensolutionsaregeneratedfrom multiple cases.For example,if 5-NN correctlyclas-
si�es a casebasedon four casesvoting for categorymembershipandonevotingagainst,all � ve cases—includingthe
dissentingvote—havetheirsuccessfulusecountincremented.
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Theframework alsoprovidestheoptionof storingthecasesusinga B-tree-backedcasebase.
With this approach,selectedfeaturesareidenti�ed by thesystemdesignerasindicesto beheldin
memoryandusedfor similarity comparisonsin retrieval. Whenthemostsimilar casesareidenti-
�ed accordingto theseindices,the full casesareretrievedfrom a B-tree-backed �le. Essentially,
the fact thata B-treeindexesthe �le allows for muchfasteraccessthana standardsequentialor
binarysearch.For a detaileddiscussionon B-trees,see(Cormenetal. 2001). Thus,by this ap-
proachthefull casesarenotheldin memory, andthesimilarity comparisonsarefast,becausethey
aredoneon structuresin memory, yet the full casescanstill be relatively quickly retrievedonce
thenearestoneshavebeenfoundaccordingto their indices.

For additionalindexing schemesunderdevelopment,seesection8.

5.2.4 Domains

A key partof building a CBR systemis to specifythedomainin which thesystemwill operate.
IUCBRFdomainspeci�cationsincludeinformationaboutthe:

� Problemandsolutionrepresentations

� Problemsimilarity measure

� Problemspace(optional)

� Referencemethod(optional)

� Solutionqualitycriterion(optional)

Theproblemandsolutionrepresentationsconsistof thenumberandtypeof features,theorgani-
zationof thosefeatures,which of thosefeaturesareusedasindices,textual descriptionsof each
feature,and,for CCBRsystems,thequestioncorrespondingto eachfeature.

The standardform of the problemsimilarity measure is a setof weightsfor a weightedEu-
clideandistanceover theproblemfeatures.Thereis alsothepossibilityof specifyingmorere�ned
measures.

Theproblemspaceis anoptionalsetof probabilitydistributionson theproblemfeatures,used
for randomlygeneratingnew problems.

A referencemethodcanalsooptionallybespeci�ed in a domain,to beusedto generate“cor-
rect” solutionsagainstwhich to comparethosegeneratedby CBR.A standardmethod,supported
by IUCBRF, partitionstheproblemspaceinto equivalenceclasses(eitherwith toolsprovidedby
IUCBRF or by someothermeans),eachwith a prototypeproblemanda setof weights,oneper
problemfeature.Theseweightsareusedto weighta linearcombinationof theproblemfeatures
to obtaina solution.This standardreferencemethodcanbedisabledor overriddenin favor of an
alternativeproblemsolvingmethod,if available.

Whena referencemethodhasbeende�ned, a solutionquality criterion canalsobespeci�ed,
to automaticallydeterminethequality of a solutiongeneratedby theCBR system,for evaluation
purposes.

In theQuadrantexample,signi�cant portionsof theproblemandsolutionrepresentationsare
alreadyhandledby theframework. Theproblemspacegenerationcapabilitiesarenot usedin the
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Quadrantexample. The QuadrantDomain de�nes its own simplereferencesolutionmethod
andsolutionquality techniques,ratherthanusingthemoregeneralprede�nedones.

Theothercomponentsof theCBRsystemusethedomainspeci�cationsto performtheir tasks,
but their implementationdoesnotdependona particulardomainspeci�cation.Somecomponents
arebuilt to operateonly with CCBRsystems,ratherthana standardCBRsystem.Asidefrom this
exception,all componentsin the framework aredomainindependent.Of course,thedesigneris
freeto write componentsspeci�c to aparticulardomain,but thismaynotbenecessary.

5.3 Utilities

Componentsprovidedto supporttestinganduseof systemsbuilt with theframework include:

� SystemTester

� RandomGeneratorfor domains,problems,cases,andweights

� StandardGUI Components

5.3.1 SystemTester

IUCBRF includespre-de�nedproceduresfor two categoriesof teststo run on a system:random
problemtestsandleave-one-outtests.A randomproblemtestsimply randomlygeneratesa speci-
�ed numberof problemsaccordingto a speci�edsetof distributions,andrunsthesystemoneach
one.A leave-one-outtesttemporarilyremovesacasefrom thecasebase,andthenpresentstheas-
sociatedproblemto thesystem,whichusestheremainderof thecasebaseto obtainasolution.This
is donefor eachcasein thecasebase.For bothof thesecategoriesof tests,aperformancemonitor
describingtheresultsis created.A simpleleave-one-outtestexampleis providedin appendixB.1.

A systemtesteris not usedin the Quadrantexample. Rather, a singleproblemis manually
givento thesystem.

5.3.2 RandomGeneration

IUCBRF providesmany facilitiesfor randomgenerationof variousobjectsfor usein a CBR sys-
tem. This generationdependson probabilitydistributions.Distributionsalreadyimplementedby
theframework includenormal,uniform, andbinomial. Thefollowing componentscanbegener-
ated:

� Domains

� Problems

� Cases

� Weights
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To useaproblemgenerator requiresspecifyingadistributionfor eachfeatureof theproblem.Note
thatadistributiongeneratesdoublevalues,sothereis anassumptionthata conversionexistsfrom
doublevaluesinto problemfeaturevalues.

A casegenerator requirestheuseof aproblemgenerator, aswell asadomainwith areference
method.Theproblemgeneratoris usedto generateaproblem,andthereferencemethodis usedto
obtainasolutionto thatproblem.

A weightsgenerator is alsoprovided,which cangenerateweight valuesaccordingto speci-
�ed distributions. This couldbeused,for example,to randomlyassignweightsto anadapteror
similarity metric.

The Quadrantexampleusesa casegeneratorto populatethe casebase. The casegenerator
is de�ned togetherby QuadrantSystem.constructProblem Generator , and Quad-
rantSystem.setupCaseBase . The problemgeneratoris alsousedto test the system,by
QuadrantTestClass .

5.3.3 Standard GUI Components

Many standardGUI componentsareincludedin theframework, which maybeusedto provide a
completeGUI for a system.They mayalsobeusedin conjunctionwith designer-de�ned custom
GUI components.

Episode Summary Panel The episodesummarypanel,shown in Figure 1 and discussedon
page7, displaysmuchinformationrelatedto a singleproblem-solvingepisode.Theepisodesum-
maryis theGUI usedin theQuadrantexample.This panelis oneof thelargerGUI components,
in turnmakinguseof severalsmallercomponents.Thedesignercanpresentany of thesubcompo-
nents(say, theproblemdescription)in acustom,designer-de�nedwayandyetstill usethestandard
representationsof theothercomponents.

CaseRepresentationPanel TheCaseclasscontainsmethodsto representacaseasaJavaSwing
object. Figure3 providesan exampleof a caserepresentationpanel. This panelitself contains
modularpanelsdisplayingrepresentationsof theproblemandsolutionof thecase.

List Viewer Panel Any classthat implementsSwingRepresentable or SwingRepre-
sentableWithDomain canmakeuseof theListViewer andListViewerWithDomain
classes.Theseclassespresentselectablelistsof swing-representableobjects,with theselectedob-
jectshown to theright. Case is oneof theclassesthatis swing-representable,and�gure 4 shows
theuseof a list viewer to view a list of cases.

Input Panels Input panelsareextensionsof theJava SwingclassJPanel . They aredesigned
to bepluggedinto a GUI to allow theinput of someobject.They handlethedetailsof prompting
for values,displayinganappropriatevalueinput mechanism,andconstructingthedesiredobject
basedon the input. All currentlyde�ned featuretypeshave a correspondinginput panel,asdo
featurecollectionsandcases.Figure5 showsasimplefeaturecollectioninputpanelfor theRealtor
example,which itself usesthe featureinput panelsof the correspondingfeaturesde�ned in the
Realtordomain.
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Figure3: StandardCaseGUI Representation

Figure4: StandardList ViewerGUI Representation
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Figure5: InputPanelGUI

CCBR GUI Components SomeadditionalGUI componentsuseful in CCBR systemsarein-
cludedin theframework:

� Main CCBRPanel

� QuestionAnd Answer

� FeatureEditor

ThemainCCBRpanelis aJPanel designedto containthebasicGUI neededin aCCBRsystem.
As canbeseenin �gure 6, it containsfour sections:a displayof thecurrentquestionandanswer
panel,thepartialproblemdescriptionobtainedfrom theconversationso far, a caselist panelfor
thecasescurrentlyunderconsideration,anda displayof thecurrentlyselectedcase.

Thequestionandanswerpanelis a JPanel for displayinga question,theappropriateinput
panelfor theanswertype,anda submitbutton. Theinput canbeconvenientlyobtainedfrom this
panel,in theform of a feature.Thispanelis shown in thetop left quadrantof �gure 6.

Thefeature editor, shown in �gure 7, providesa GUI for a designerto de�ne new featuresto
beusedin futureconversations.Thedescriptionandquestiontext is enteredandtheanswertype
is speci�ed.

6 The Quadrant Example

Thereareseveralexamplesprovidedwith IUCBRF, to demonstratebasicsystemconstructionand
use. Theseareextensively commentedandprovide a goodstartingpoint for understandinghow
theframework is used.Theappendixcontainssomeof theseexamples,for convenientreference.

Here,we provide a line by line discussionof thesimpleQuadrantexampleandits associated
conversationalCBR version,QuadrantCCBR.The completecodewith commentsis provided in
theappendixandthesourcedistribution.

In this domain,problemscontaintwo features,x andy, both doublesin [-1, 1]. The square
on thex-y planecorrespondingto this problemspaceis dividedinto four equalquadrantsby the
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Figure6: ThemainCCBRPanelfor asimpledomain

Figure7: A basicfeatureeditor
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coordinateaxes.Thesequadrantsarenumbered1, 2, 3, and4, counterclockwisefrom upperright,
asin basicalgebra.

A caseconsistsof aproblemdescriptionandsolution,wheretheproblemis apair(x,y), andthe
solutionis its quadrant(1, 2, 3, or 4). In thenon-CCBRversion,whenanew problemis presented
to thesystem,the� venearestcasesareretrievedandadaptedby takingaweightedmajorityvoteof
thequadrants,usinginversedistancefrom thetargetproblemasweight. The”winning” quadrant
is saidto bethequadrantof theunknown problem.Of course,CBR is notatall necessaryfor this
domain,but it providesaverysimple�rst example.

In theCCBRversion,theuseris �rst askedfor thex coordinate.A preliminarylist of similar
casesis presented.Theuseris thenaskedfor they coordinate.Thepreliminarylist of similarcases
is thenpareddown furtherbasedon thiscompleteinformation.

TheQuadrantexamplesourcecodeincludesthefollowing:

� QuadrantTestClass.java- containsa mainmethod

� QuadrantSystem.java- de�nesthedomain-dependentsubclassof CBRSystem

� QuadrantDomain.java - de�nessomedetailsof thedomainnot de�ned in thestandardDo-
main class

TheQuadrantCCBRexamplesourcecodeincludesthefollowing:

� QuadrantCCBRTestClass.java - containsamainmethod

� QuadrantCCBRSystem.java - de�nesthedomain-dependentsubclassof CCBRSystem

� QuadrantCCBRDomain.java- de�nessomedetailsof thedomainnotde�ned in thestandard
CCBRDomainclass

We begin with QuadrantTestClass . This demonstratesat a high level theeaseof usingthe
basicfunctionality for a CBR systembuilt with the framework. The classconsistsentirely of a
main method:

public class QuadrantTestClass {
public static void main(String[] args) {

....
}

}

The�rst stepis to constructa quadrantsystem.It is put in “GUI Mode” sothata GUI presen-
tationof any resultsareshown.

QuadrantSystem sys = new QuadrantSystem();
sys.setGUIMode(true);

A problemdescriptionis neededto testthesystem.Thesimplestway to generateproblemsis
to usea randomproblemgenerator, which is de�ned in theQuadrantSystem class.We then
give theproblemto thesystemto solve. Becausewe turnedonGUI mode,adisplayof theresults
will appear:

Problem p = sys.constructProblemGenerator().generateProble m();
Solution s = sys.solve(p);
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We chooseto addtheproblemandresultingsolution,asanew case,to thecasebase:

sys.getCB().addCase(new Case(p, s));

Finally, Javarequiresthatweexplicitly call exit becausea separatewindow wasdisplayed:

System.exit(0);

This is all thatis requiredfor abasicuseof thequadrantsystem.
QuadrantCCBRTestClassis slightly simpler, becauseno generationof a problemis required.

Themainmethodconsistsentirelyof:

QuadrantCCBRSystem sys = new QuadrantCCBRSystem();
sys.setGUIMode(true);
sys.initiateConversation();

The call to the standardinitiateConversation methodtakesover, presentinga GUI
andguidingtheCCBRprocess.

Next we considerwhat happenswithin the QuadrantSystem class. QuadrantSystem
extendsCBRSystem, andso mostfunctionalitycomesfrom that class. The constructorbegins
with acall to thelocally-de�nedsetupDomain method,whichbeginsby constructingaQuad-
rantDomain object,to bediscussedmomentarily:

QuadrantDomain domain = new QuadrantDomain();

Next we tell thedomainwhatproblemfeatureswill beused.We alsosettwo privateinstance
variables,theFeatureKey objectsxKey andyKey , whichareusedinternallyby thissystemto
obtainthex andy coordinatesof acase.Theargumentsto addProblemFeature arethename
of thefeature,thetype(asa String ), its weightin thesimilarity measure,andwhetheror not it
is anindex (to beusedfor retrieval).

xKey = domain.addProblemFeature("x",
"edu.indiana.iucbrf.feature.DoubleFeature",
1,
true);

yKey = domain.addProblemFeature("y",
"edu.indiana.iucbrf.feature.DoubleFeature",
1,
true);

Wealsoregistertheonesolutionfeaturerequiredby thisdomain,whichindicatesthequadrant:

domain.addSolutionFeature("Quadrant",
"edu.indiana.iucbrf.feature.IntegerFeature");

We setup thereferencemethod(seediscussionon page16 concerningthereferencemethod)
for this system.This methodmerelyinitializesthexKey andyKey privateinstancevariablesin
theQuadrantDomain class.

domain.prepareReferenceSolution(xKey, yKey);

Finally, weregistertheconstructeddomainwith thissysteminstance:

setDomain(domain);

23



TheDomain objectis now prepared.
Next, theQuadrantSystem constructorcallsthelocally-de�nedsetupCaseBase method.

The�rst stepis to constructacasegeneratorsothecasebasecanberandomlypopulated:

CaseGenerator cg = new CaseGenerator(constructProblemGenerator() , getDomain());

ThelocalconstructProblemGenerator methodsimplymapseachfeaturekey to adis-
tribution for randomgenerationof thatfeature.

public ProblemGenerator constructProblemGenerator() {
HashMap argMap = new HashMap(2);
argMap.put(xKey, new UniformDistribution(-1, 1));
argMap.put(yKey, new UniformDistribution(-1, 1));

return new ProblemGenerator(argMap, getDomain());
}

The�nal stepof setupCaseBase is to constructandregisterthecasebasewith thesystem.
A simple�at casebasestructureis usedhere:

setCB(new FlatCaseBase(cg, NUM_CASES));

The remainingstepsof the QuadrantSystem constructorare simple. Therewill be no
maintenancein thissimplesystem:

setMaintenance(new NullMaintenance());

The retrieval will be 5-nearestneighbor. The problemdifferentiationtechniqueis de�ned in
thedomain:

Retrieval retrieval = new kNN(getDomain().getProblemDifferentiator(), 5);

We would like to keeptrack not only of the top 5 cases,but alsotheir differencesfrom the
currentproblem:

retrieval.setTrackDifferences(true);

We registertheretrieval algorithmwith thesystem:

setRetrieval(retrieval);

Adaptationwill beaweightedmajorityvote,with closercases'votesmoresigni�cant:

setAdaptation(
new DistanceWeightedAdapter(

"edu.indiana.iucbrf.adaptation.WeightedMajority Adapter "));

A basicperformancemonitorwill tracksystemactivity:

setPerformanceMonitor(new PerformanceMonitor());

Thiscompletestheconstructionof theQuadrantSystem object.
The differencesin preparingthe QuadrantCCBRSystem objectareminor. Insteadof ex-

tendingCBRSystem, it extendsCCBRSystem. In addition, the QuadrantCCBRDomain is
usedinsteadof QuadrantDomain . The questionassociatedwith a featuremustbe speci�ed
alongwith theotherfeatureinformation.Soin setupDomain :
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QuadrantCCBRDomain domain = new QuadrantCCBRDomain();
xKey = domain.addProblemFeature("x",

"What is the x coordinate?",
"edu.indiana.iucbrf.feature.DoubleFeature",
1,
true);

yKey = domain.addProblemFeature("y",
"What is the y coordinate?",
"edu.indiana.iucbrf.feature.DoubleFeature",
1,
true);

...

All otherstepsareidenticalin settingup thedomainfor QuadrantCCBRSystem .
Although the kNN retrieval classcould be usedfor the QuadrantCCBRexampleaswell, it

makesa little more senseto usea thresholdretrieval, whereany casefartherthan 0.1 away is
eliminated.Thus,in theQuadrantCCBRSystem constructor:

Retrieval retrieval =
new ThresholdRetrieval(getDomain().getProblemDiff erentia tor(),

0.1);

Therearealsotwo additionalcomponentsto setin theQuadrantCCBRSystem , theconver-
sationblockselectorandthecaselist re�ner. TheOrderedConversationBlockSelect or
instantiatedbelow will presentquestions(correspondingto features)in the orderthat they were
addedto the domainvia addProblemFeature (calledin the setupDomain method). The
ThresholdCaseListRefiner will re�ne thecaselist originally obtainedby theThresh-
oldRetrieval objectin the�rst stepof theconversation,whennew informationis enteredinto
thesystemby theuser.

setConversationBlockSelector(
new OrderedConversationBlockSelector((CCBRDomain ) getDomain()));

setCaseListRefiner(new ThresholdCaseListRefiner(0.1));

All thatremainsis to examineQuadrantDomain andQuadrantCCBRDomain , whichare
identicalexcept for classname,and that QuadrantDomain extendsDomain , while Quad-
rantCCBRDomain extendsCCBRDomain. By theseextensions,mostfunctionalityis de�ned in
thesuperclass.All that remainsis to de�ne thereferencemethodandthemeansof determining
thequalityof asolution.

Recall that the referencemethodis usedfor testingthe system. It determinesthe solution
in the non-CBRway, hereby examining the signsof the coordinates.We �rst obtain double
representationsof thevaluesof thetwo problemfeatures:

public Solution getReferenceSolution(Problem p) {
double xVal = ((Double)p.getFeature(xKey).getValue()).doub leValu e();
double yVal = ((Double)p.getFeature(yKey).getValue()).doub leValu e();

Next wedeterminethequadrantusingif statements:

int solutionVal;
if (yVal > 0) {

if (xVal > 0)
solutionVal = 1;

else
solutionVal = 2;

} else {
if (xVal > 0)
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solutionVal = 4;
else

solutionVal = 3;
}

We constructaSolutionobjectusingtheDomainobject'sComponentFactory:

Solution result = getComponentFactory().constructSolution(solutio nVal);

We indicatethat this solutionwasobtainedvia a referencemethod,andnot, for example,by
adaptationin CBR:

result.setIsReferenceSolution(true);

Thesolutionobjectis returned:

return result;

Finally, thesolutionqualityobjectdetermineswhetheraproblemwas“solvedwell” according
to thedomain'sspeci�cations.In theQuadrantDomain,asimpleequalitycheckwith theexpected
solution(via thereferencemethod)is done.

public SolutionQuality determineSolutionQuality(Problem p,
Solution s,
Solution expectedSolution) {

boolean solvedWell;

if (s.equals(expectedSolution))
solvedWell = true;

else
solvedWell = false;

return new SolutionQuality(solvedWell, solvedWell ? 1 : 0);
}

SeethegeneralDomaindiscussionabove for moreinformationonsolutionqualitycriteria.
This is all that is requiredto useIUCBRF to make a simpleCBR systemfor the quadrant

domain.All otherfunctionalityandoptionsfor variouscomponentsareprovidedby IUCBRF.

7 Running the Quadrant Example

Runningthe quadrantexampleis very simple. With the CLASSPATH pointing to the directory
containingtheedudirectory, run

javaedu.indiana.iucbrf.examples.quadrant.QuadrantTestClass
from any directory. All otherexamplesarerun in asimilarmanner.

8 ComponentsUnder Development

IUCBRFis anongoingeffort. Thissectiondescribessomecomponentsthatareunderdevelopment
but notyet fully robustandcomplete.Thedomaingenerationandexploration,andd-treeindexing
componentsarenot includedin thedistributedsystem.Preliminaryimplementationsof database
connectivity andperformancemonitoringcomponentsareincludedin thedistributedsystem.
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8.1 Domain GenerationAnd Exploration

In (Aha1992), David Aha suggeststhat a domaincanbe considereda singlepoint in a domain
space(or in his terminology, a databasecharacterizationspace), with its locationdeterminedby
attributessuchasthenumberandtypeof featuresavailablein aproblemdescription,theformatof
a solution,andtheunderlyingreal-world interactionsof thedomain.Aha goeson to describean
explorationof thisdomainspace,for thepurposeof characterizinghow differenttypesof domains
affectsystemperformance.

In IUCBRF, the concretespeci�cation of a domainis suitablefor generatingpoints in the
domainspace,andconductingexplorationof thedomainspace,andsomecodehasbeendeveloped
towardssupportingsuchexploration,in eithera randomor systematicfashion.

8.2 D-TreeIndexing Of A CaseBase

As alludedto in 5.2.3, additionalindexing approachesareunderdevelopment.Onesuchapproach
is d-tree-based,in which eachnon-leafnodeasksa question(correspondingto a feature)that
ultimatelyleadsto aleaf(equivalenceclass)of cases.A d-treeprovidesafastway(withouthaving
to examineall cases)to getto asubsetof thecasebasethatis theoreticallymostlikely to beuseful
for agivenproblem.Threewaysto obtainad-treeindexing areunderdevelopment:

1. Complete,explicit speci�cation

2. InductionusingID3 (Quinlan1993)

3. ID3 andmulti-interval discretizationof continuous-valuedfeatures(Fayyad& Irani 1993)

8.3 DatabaseConnectivity

Storingcasesin adatabaseratherthansolelyin memorycanprovidedatapersistenceaftersystem
shutdown,andcaneasememoryrequirements.Somedatabasefacilitiesrelatedto datapersistence
arealreadyimplemented.For example,the domaindescriptioncanbe storedandreloadedin a
mannerlargely transparentto thesystemdesigner, thoughsomeissuesof convenienceremainto
beresolved.

Of course,an even more importantuseof a databaseis to avoid the unreasonablerequire-
mentof storingall casesin memory, or evenin B-tree-backed�les duringsystemoperation.This
functionalityis currentlybeingdevelopedandre�ned usingacomplex anddata-intensivedomain.

Databaseconnectivity canalsoaid in more�e xible andef�cient indexing of cases,asallowed
by adatabasemanagementsystem'squeryingcapabilities.

8.4 PerformanceMonitoring

As discussedin 5.1.5, theperformancemonitortrackstheperformanceof theCBRsystemin sev-
eralcategories.Onefeatureof this tool underdevelopmentis agraphicaldisplayof aperformance
report.Potentialfuturefeaturesof this reportincludetheability to view trendsin performancevia
plots,aswell asview visualizationsof thecasebase.
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9 RelatedWork

As discussedin (Jaczynski& Trousse1998), traditionalCBRtoolsareapplications,oftensuitable
for non-programmers,with which speci�c classesof CBR systemscanbedeveloped.If thefunc-
tionality providedby sucha tool is suitablefor thedesigner's goals,thenthesetoolscanbevery
usefulin aidingthattask.Thesetoolsoftenallow limited customizationby settingparameters,and
may includesomecodelibrariesfor connectingthetool to a largersystem.However, eventhese
codelibrariestypicallydonotallow completecustomizationof thesystem,allowing insteadaccess
only to the system's inputsandoutputs,andso it may not be possibleto build someenvisioned
CBRsystemswith sucha tool.

In contrast,IUCBRF is aimedat programmers,althoughfor basicsystemsthe programming
requirementsarenotlarge,evento build amoretraditionalCBRtool—theunderlyingmechanisms
for systemde�nition and operationare alreadyin place. Analogousto traditional CBR tools,
IUCBRF is customizableby parametersettingin the code. However, becauseit is opensource,
it alsoallows complete�e xibility . Designerextensionscanbe madeat any point, not merelyat
inputsandoutputsor via parametersettings.

NaCoDAE (Breslow & Aha1998) is anexampleof a moretraditionalCBR tool. It is not pri-
marily acodelibrary but ratheranapplicationsuitablefor activities includingcaselibrary creation
andediting,case,feature,andsolutionbrowsing,problemsolvingusingCCBR,andcollectionand
examinationof problemsolvinghistory for a system.Behavior of thesystemis customizablein
somewaysvia thesettingof variousparameterswithin theapplication,includingdisplayprefer-
ences,selectionfrom providedsimilarity metrics,andthresholdsgoverningthequestionratings,
similarity ratings,andthede�nition of “equality”.

CBR*Tools, describedin (Jaczynski& Trousse1998), is an object-orientedlibrary for CBR
systemdevelopmentin thesamespiritasIUCBRF. It isdesignedasaframeworkwith thesamephi-
losophytowardscodereuseandextensionof abstractclasses,whichcanbedonein caserepresenta-
tion, casestorage,retrieval,andadaptation.Basedonadditionaldocumentationin (Trousse2001),
it appearsthatCBR*Toolsmayhavemoreprede�nedretrieval techniques,includingnotonlyk-NN
but alsok-d trees,prototypes�ltering, andhashtables.While IUCBRFcertainlyallowsfor exten-
sionsof thesetypes,they arenotcurrentlyimplemented.However, IUCBRFprovidesanumberof
capabilities(discussedin thisdocument)beyondthosedocumentedin CBR*Tools,including:

� Explicit domainrepresentation,toassistin maintainingaseparationbetweenvariouscompo-
nents,allowing implementationof domain-independentcomponents,andallowing dynamic
changesto thedomaindescription

� Structuredfeaturerepresentationin customcollectionclasses

� Generalfeaturespeci�cationrepresentation

� Explicit CCBRsupportandCCBR-speci�cfunctionality

� Implementationsof systemmaintenance,performancemonitoring,andtestingfacilities

� PreimplementedstandardGUI components
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JColibri(Bello-Tomás,Gonźalez-Calero,& Díaz-Agudo2004) isanothertoolwith similarities
to CBR*ToolsandIUCBRF. It toosupportscodereuseandindependencefrom thedomainthrough
object-orienteddesign. An interestingfeatureof JColibri is the provision of a GUI to guidethe
constructionof a CBR systemwhenonly pre-de�nedcomponentsareused. JColibri documen-
tation also discussesfacilities for many of the samecomponentsas IUCBRF correspondingto
theCBR cycle,but doesnot mentionfacilitiesfor CCBR,maintenance,performancemonitoring,
experimentation,randomgeneration,or standardGUI components(beyond the GUI for system
construction).

Otherwork includesCASUEL,acommoncaserepresentationlanguagedescribedin (Managoetal. 1994).
It providesa standardrepresentationandinterfacefor a casebase.Thecasesarerepresentednot
asfeaturelists but ratherasa classhierarchy. A goalof CASUEL wasto ultimatelybecomethe
Europeanstandardfor exchangingcasebases.

As discussedpreviously, oneof theaimsof IUCBRFis to assistin educationof CBR.CBRmi-
croprograms((Riesbeck& Schank1989; Schank,Riesbeck,& Kass1994); codeavailableat(Leake2002))
alsoprovidecodedevelopedfor thatpurpose.Thesemicroprogramsareminiatureversionsof CBR
researchprojects,intendedto convey themajorideasof theresearchwhile avoidingthecomplexity
of thedetails.They canbeusedto studyboththefundamentalapproachesandtheassociatedre-
searchprojects,andcanbemodi�ed by interestedindividuals—orin homework assignments—to
behave in differentwaysor usedifferentalgorithms.This is verysimilar to theway IUCBRFmay
beusedto studytheeffectsof differentalgorithmsontheCBRprocess.Of course,theseprograms
arenot intendedto befoundationsfor full CBR systemsasIUCBRF is. They illustratekey points
clearly, but their restrictionsmaybeasourceof frustrationto somestudents.

10 Conclusion

IUCBRF is designedto help usersexploit CBR componentsthatareindependentfrom their do-
mainsandfrom othercomponents.We expectthis to greatlyreducethecodethatmustbewritten
by thedesignerto build a CBR system.With many standardtechniquesfor variousCBR compo-
nentsalreadyimplemented,the framework providesa basisthatwe expectwill enabledesigners
to oftensimplyplug in thedesiredtechnique,or extendframework classesin orderto implementa
few simpledomain-dependentprocedures.

IUCBRF is easilyextensible,so thatothergeneraltechniquescanbe implementedfor future
systems.Eachcomponentpackagecontainsa basecomponentclasswhich outlinesthe general
functionality requiredby any classof that componenttype. In addition,eachIUCBRF compo-
nentmakesminimal assumptionsaboutthedetailsof theothercomponents.Thisallows theCBR
systemdesignerto swap in andout variouscomponentswith minimal changeto otherdomain-
dependentcode.This facilitatesexperimentationandcomparisonof varioustechniquesfor acom-
ponent.At timesaparticulardomainmayrequireverydomain-dependentimplementationsof cer-
tain components.In this case,thedesignercaneasilyextenda componentin a domain-dependent
mannerwhile maintainingtherequiredinterfacewith othercomponents.

IUCBRF is an ongoingeffort. While it hasbeenusedextensively in a numberof projects,
resultingin systemswhich appearto bequitestable,it is likely thatasit is usedmoreextensively
for a variety of projects,additionalareasfor improvementwill be discovered. The framework
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leavesopportunityfor enhancementwithoutsigni�cant structuralchange,andwe hopethatit will
proveausefultool for researchers,educators,andstudents.

11 Acknowledgments

Theauthorswould like to thankThomasThomas,Neil Briscombe,andPeterSiniakov for contri-
butionsto the IUCBRF code,AlejandroValerio for adviceon databasecodeenhancements,and
Alex Breuerfor helpfulcommentsonadraftof thisdocument.

30



A IUCBRF License

IUCBRFis releasedundertheOpenSourceLicense(OSL),andmaybeusedundertheconditions
of thatlicense,providedin appendixA. Partieswho wish to useIUCBRFwithout therestrictions
of the OSL may contactthe IndianaUniversity ResearchandTechnologyTransferCorporation
(http://iurtc.iu.edu/)to arrangealternative licensingarrangements.

Weaskthatall publicationsdescribingresultsobtainedusingIUCBRFcodeacknowl-
edgeuseof theframeworkandcite this technical report.

TheIUCBRFlicenseis printedbelow.

========================================== =================================
The Indiana University Case-Based Reasoning Framework (IUCBRF) License

Indiana University Case-Based Reasoning Framework (IUCBRF)

Copyright (c) 2005 Steven A. Bogaerts, David B. Leake, and the
Trustees of Indiana University
Licensed under the Open Software License v.2.1
<http://www.opensource.org/licenses/osl-2. 1.php> , and listed below.

For all available documentation, please visit the IUCBRF link at
<http://www.cs.indiana.edu/˜leake/cbr_reso urces>

Any publications involving results produced with IUCBRF should cite:

Bogaerts, S., and Leake, D. 2005. IUCBRF: A Framework for Rapid and
Modular CBR System Development. Technical Report TR 617, Computer
Science Department, Indiana University, Bloomington, IN.
<http://www.cs.indiana.edu/˜sbogaert/CBR/I UCBRF.pdf>

========================================== =================================
Open Software License
v. 2.1
This Open Software License (the "License") applies to any original
work of authorship (the "Original Work") whose owner (the "Licensor")
has placed the following notice immediately following the copyright
notice for the Original Work:

Licensed under the Open Software License version 2.1

1) Grant of Copyright License. Licensor hereby grants You a
world-wide, royalty-free, non-exclusive, perpetual, sublicenseable
license to do the following:

* to reproduce the Original Work in copies;
* to prepare derivative works ("Derivative Works") based upon the

Original Work;
* to distribute copies of the Original Work and Derivative Works

to the public, with the proviso that copies of Original Work or
Derivative Works that You distribute shall be licensed under the
Open Software License;

* to perform the Original Work publicly; and
* to display the Original Work publicly.

2) Grant of Patent License. Licensor hereby grants You a world-wide,
royalty-free, non-exclusive, perpetual, sublicenseable license,
under patent claims owned or controlled by the Licensor that are
embodied in the Original Work as furnished by the Licensor, to
make, use, sell and offer for sale the Original Work and Derivative
Works.
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3) Grant of Source Code License. The term "Source Code" means the
preferred form of the Original Work for making modifications to it
and all available documentation describing how to modify the
Original Work. Licensor hereby agrees to provide a machine-readable
copy of the Source Code of the Original Work along with each copy
of the Original Work that Licensor distributes. Licensor reserves
the right to satisfy this obligation by placing a machine-readable
copy of the Source Code in an information repository reasonably
calculated to permit inexpensive and convenient access by You for
as long as Licensor continues to distribute the Original Work, and
by publishing the address of that information repository in a
notice immediately following the copyright notice that applies to
the Original Work.

4) Exclusions From License Grant. Neither the names of Licensor, nor
the names of any contributors to the Original Work, nor any of
their trademarks or service marks, may be used to endorse or
promote products derived from this Original Work without express
prior written permission of the Licensor. Nothing in this License
shall be deemed to grant any rights to trademarks, copyrights,
patents, trade secrets or any other intellectual property of
Licensor except as expressly stated herein. No patent license is
granted to make, use, sell or offer to sell embodiments of any
patent claims other than the licensed claims defined in Section
2. No right is granted to the trademarks of Licensor even if such
marks are included in the Original Work. Nothing in this License
shall be interpreted to prohibit Licensor from licensing under
different terms from this License any Original Work that Licensor
otherwise would have a right to license.

5) External Deployment. The term "External Deployment" means the use
or distribution of the Original Work or Derivative Works in any way
such that the Original Work or Derivative Works may be used by
anyone other than You, whether the Original Work or Derivative
Works are distributed to those persons or made available as an
application intended for use over a computer network. As an express
condition for the grants of license hereunder, You agree that any
External Deployment by You of a Derivative Work shall be deemed a
distribution and shall be licensed to all under the terms of this
License, as prescribed in section 1(c) herein.

6) Attribution Rights. You must retain, in the Source Code of any
Derivative Works that You create, all copyright, patent or
trademark notices from the Source Code of the Original Work, as
well as any notices of licensing and any descriptive text
identified therein as an "Attribution Notice." You must cause the
Source Code for any Derivative Works that You create to carry a
prominent Attribution Notice reasonably calculated to inform
recipients that You have modified the Original Work.

7) Warranty of Provenance and Disclaimer of Warranty. Licensor
warrants that the copyright in and to the Original Work and the
patent rights granted herein by Licensor are owned by the Licensor
or are sublicensed to You under the terms of this License with the
permission of the contributor(s) of those copyrights and patent
rights. Except as expressly stated in the immediately proceeding
sentence, the Original Work is provided under this License on an
"AS IS" BASIS and WITHOUTWARRANTY,either express or implied,
including, without limitation, the warranties of NON-INFRINGEMENT,
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE
RISK AS TO THE QUALITY OF THE ORIGINAL WORKIS WITH YOU. This
DISCLAIMER OF WARRANTYconstitutes an essential part of this
License. No license to Original Work is granted hereunder except
under this disclaimer.

8) Limitation of Liability. Under no circumstances and under no legal
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theory, whether in tort (including negligence), contract, or
otherwise, shall the Licensor be liable to any person for any
direct, indirect, special, incidental, or consequential damages of
any character arising as a result of this License or the use of the
Original Work including, without limitation, damages for loss of
goodwill, work stoppage, computer failure or malfunction, or any
and all other commercial damages or losses. This limitation of
liability shall not apply to liability for death or personal injury
resulting from Licensor's negligence to the extent applicable law
prohibits such limitation. Some jurisdictions do not allow the
exclusion or limitation of incidental or consequential damages, so
this exclusion and limitation may not apply to You.

9) Acceptance and Termination. If You distribute copies of the
Original Work or a Derivative Work, You must make a reasonable
effort under the circumstances to obtain the express assent of
recipients to the terms of this License. Nothing else but this
License (or another written agreement between Licensor and You)
grants You permission to create Derivative Works based upon the
Original Work or to exercise any of the rights granted in Section 1
herein, and any attempt to do so except under the terms of this
License (or another written agreement between Licensor and You) is
expressly prohibited by U.S. copyright law, the equivalent laws of
other countries, and by international treaty. Therefore, by
exercising any of the rights granted to You in Section 1 herein,
You indicate Your acceptance of this License and all of its terms
and conditions. This License shall terminate immediately and you
may no longer exercise any of the rights granted to You by this
License upon Your failure to honor the proviso in Section 1(c)
herein.

10) Termination for Patent Action. This License shall terminate
automatically and You may no longer exercise any of the rights
granted to You by this License as of the date You commence an
action, including a cross-claim or counterclaim, against Licensor
or any licensee alleging that the Original Work infringes a
patent. This termination provision shall not apply for an action
alleging patent infringement by combinations of the Original Work
with other software or hardware.

11) Jurisdiction, Venue and Governing Law. Any action or suit relating
to this License may be brought only in the courts of a
jurisdiction wherein the Licensor resides or in which Licensor
conducts its primary business, and under the laws of that
jurisdiction excluding its conflict-of-law provisions. The
application of the United Nations Convention on Contracts for the
International Sale of Goods is expressly excluded. Any use of the
Original Work outside the scope of this License or after its
termination shall be subject to the requirements and penalties of
the U.S. Copyright Act, 17 U.S.C. ???? 101 et seq., the equivalent
laws of other countries, and international treaty. This section
shall survive the termination of this License.

12) Attorneys Fees. In any action to enforce the terms of this License
or seeking damages relating thereto, the prevailing party shall be
entitled to recover its costs and expenses, including, without
limitation, reasonable attorneys' fees and costs incurred in
connection with such action, including any appeal of such
action. This section shall survive the termination of this
License.

13) Miscellaneous. This License represents the complete agreement
concerning the subject matter hereof. If any provision of this
License is held to be unenforceable, such provision shall be
reformed only to the extent necessary to make it enforceable.

14) Definition of "You" in This License. "You" throughout this
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License, whether in upper or lower case, means an individual or a
legal entity exercising rights under, and complying with all of
the terms of, this License. For legal entities, "You" includes any
entity that controls, is controlled by, or is under common control
with you. For purposes of this definition, "control" means (i) the
power, direct or indirect, to cause the direction or management of
such entity, whether by contract or otherwise, or (ii) ownership
of fifty percent (50%) or more of the outstanding shares, or (iii)
beneficial ownership of such entity.

15) Right to Use. You may use the Original Work in all ways not
otherwise restricted or conditioned by this License or by law, and
Licensor promises not to interfere with or be responsible for such
uses by You.

This license is Copyright (C) 2003-2004 Lawrence E. Rosen. All rights
reserved. Permission is hereby granted to copy and distribute this
license without modification. This license may not be modified without
the express written permission of its copyright owner.
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B SamplesOf SourceCode

Thecompletesourcecodefor IUCBRF is not providedhere. Thepurposeof thesourcecodein
thefollowing sectionsis to demonstrateto thereaderthetypesof stepsto bedoneto createaCBR
systemwith IUCBRFasthefoundation.Includedis aminimalsystemfor a quadrant-determining
domain,a conversationalversionof the samesystem,anda slightly morecomplex systemfor a
realtorproperty-priceestimationdomain.Commentsareprovidedin thecode.

At time of writing, the examplesof IUCBRF codeare up to date. However, they may be
supersededasthe framework is developed,andaslaterexamplesof this documentareprepared.
For themostup to dateexamples(andadditionalexamples),pleaseseetheframework codeitself.

B.1 Quadrant ExampleSourceCode

TheQuadrantexamplesourcecodeincludesthefollowing:

� QuadrantTestClass.java- containsa mainmethod

� QuadrantSystem.java- de�nesthedomain-dependentsubclassof CBRSystem

� QuadrantDomain.java - de�nessomedetailsof thedomainnot de�ned in thestandardDo-
main class

� QuadrantLeaveOneOutTestClass.java - anothermainmethod,this onerunninga leave-one-
out teston thequadrantsystem
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/***************************************** ****** ******* ******* ****** ******* ******
* Initial Version By: Steven Bogaerts *
* Copyright (c) 2001 IUCBRF Group *
* The licence for this code is included in IUCBRF_LICENSE.txt. If you did not *
* get this file with this distribution, request a copy from *
* sbogaert@cs.indiana.edu *
*********************************************** ******* ******* ****** ******* ******/

/*
* QuadrantTestClass.java
*
* Created on October 20, 2003, 2:26 PM
*/

package edu.indiana.iucbrf.examples.quadrant;

import edu.indiana.iucbrf.problem.Problem;
import edu.indiana.iucbrf.solution.Solution;
import edu.indiana.iucbrf.casepackage.Case;

/**
* This class contains a simple main method that constructs a QuadrantSystem
* and tests it on a single problem.
*
* @author Steven Bogaerts
*/

public class QuadrantTestClass {
/** Constructs the system, and tests it on a single problem. */
public static void main(String[] args) {

System.out.println("Hello World!");

// Construct the system.
QuadrantSystem sys = new QuadrantSystem();

// Set the system to show a GUI of its status.
sys.setGUIMode(true);

/* Generate a problem to test the system on. This problem generator is
defined in the QuadrantSystem class. */
Problem p = sys.constructProblemGenerator().generatePr oblem( );

// Solve the problem. The GUI will show what happens.
Solution s = sys.solve(p);

// Add the new case to the case base.
sys.getCB().addCase(new Case(p, s));

System.exit(0);
}

}
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/***************************************** ****** ******* ******* ****** ******* ******
* Initial Version By: Steven Bogaerts *
* Copyright (c) 2001 IUCBRF Group *
* The licence for this code is included in IUCBRF_LICENSE.txt. If you did not *
* get this file with this distribution, request a copy from *
* sbogaert@cs.indiana.edu *
*********************************************** ******* ******* ****** ******* ******/

/*
* QuadrantSystem.java
*
* Created on October 20, 2003, 3:12 PM
*/

package edu.indiana.iucbrf.examples.quadrant;

import edu.indiana.iucbrf.feature.FeatureKey;
import edu.indiana.iucbrf.maintenance.NullMainte nance;
import edu.indiana.iucbrf.retrieval.Retrieval;
import edu.indiana.iucbrf.retrieval.kNN;
import edu.indiana.iucbrf.adaptation.DistanceWei ghtedAd apter;
import edu.indiana.iucbrf.performancemonitor.Per formanc eMonito r;
import edu.indiana.iucbrf.problem.ProblemGenerat or;
import edu.indiana.iucbrf.casepackage.CaseGenera tor;
import edu.indiana.iucbrf.casebase.FlatCaseBase;
import edu.indiana.iucbrf.cbrsystem.CBRSystem;
import edu.indiana.util.distribution.UniformDist ributio n;
import java.util.HashMap;

/**
* This system is intended to be one of the simplest possible uses of the framework.
* In this domain, problems contain two features, x and y, both doubles in [-1, 1].
* The square on the x-y plane corresponding to this problem space is divided into
* four equal quadrants by the coordinate axes. These quadrants are numbered 1,
* 2, 3, and 4, counterclockwise from upper right, as in basic algebra.
* <BR><BR>
* A case consists of a problem description and solution, where the problem is
* a pair (x,y), and the solution is its quadrant (1, 2, 3, or 4). When a new
* problem is presented to the system, the five nearest cases are retrieved, and
* adapted by taking a weighted (by distance) majority vote of the quadrants.
* The "winning" quadrant is said to be the quadrant of the unknown problem.
* <BR><BR>
* See comments in code for additional details.
*
* @author Steven Bogaerts
*/

public class QuadrantSystem
extends CBRSystem {

/** The number of cases to be in the case base. Of course, performance of
* the system depends on how many cases are available.
*/

private static final int NUM_CASES= 200;

/** The keys to the two problem features. */
private FeatureKey xKey;
private FeatureKey yKey;

/** Creates a new instance of QuadrantSystem */
public QuadrantSystem() {

// Define the domain, which describes the type of problems the system will solve.
setupDomain();

// Create the case base and add cases to it.
setupCaseBase();

// Do no maintenance for this system
setMaintenance(new NullMaintenance());
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// Retrieval will be 5-nearest neighbor
Retrieval retrieval = new kNN(getDomain().getProblemDifferentiator( ), 5);

/* Keep track not only of the cases, but also of their differences from
* the current problem. This information will be used in adaptation.
*/

retrieval.setTrackDifferences(true);
setRetrieval(retrieval);

// The adaptation technique is a distance-weighted majority vote.
setAdaptation(

new DistanceWeightedAdapter("edu.indiana.iucbrf.ad aptati on.Weig htedMaj orityA dapter" ));

// Track the system performance with the performance monitor
setPerformanceMonitor(new PerformanceMonitor());

}

// Define the domain, which describes the type of problems the system will solve.
private void setupDomain() {

QuadrantDomain domain = new QuadrantDomain();

/* Add the two problem features: x and y. The textual description,
* type, and similarity weight are specified. The return values are keys
* that will be referred to in additional setup steps.
*/

xKey = domain.addProblemFeature("x", "edu.indiana.iucbrf.feature.DoubleFeature", 1, true);
yKey = domain.addProblemFeature("y", "edu.indiana.iucbrf.feature.DoubleFeature", 1, true);

/* Add the solution feature: quadrant. A key is assigned, but it is not
* needed at this time.
*/

domain.addSolutionFeature("Quadrant", "edu.indiana.iucbrf.feature.IntegerFeature ");

/* The reference solution for this domain requires the xKey and yKey. See
introductory paper for details on reference methods. */
domain.prepareReferenceSolution(xKey, yKey);

setDomain(domain);
}

/** The case base must be populated. For this example, random generation is
* possible and sufficient.
*/

private void setupCaseBase() {
// The case generator can be built from the problem generator.
CaseGenerator cg = new CaseGenerator(constructProblemGenerator(), getDomain());

/** Construct the case base, with a simple flat structure. For this
* constructor, the case generator and the desired number of initial cases
* can be passed.
*/

setCB(new FlatCaseBase(cg, NUM_CASES));
}

/** A problem generator requires specification of arguments to send to
* feature constructors. Here, random distributions are used.
*/

public ProblemGenerator constructProblemGenerator() {
HashMap argMap = new HashMap(2);
argMap.put(xKey, new UniformDistribution(-1, 1));
argMap.put(yKey, new UniformDistribution(-1, 1));

return new ProblemGenerator(argMap, getDomain());
}

}
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/***************************************** ****** ******* ******* ****** ******* ******
* Initial Version By: Steven Bogaerts *
* Copyright (c) 2001 IUCBRF Group *
* The licence for this code is included in IUCBRF_LICENSE.txt. If you did not *
* get this file with this distribution, request a copy from *
* sbogaert@cs.indiana.edu *
*********************************************** ******* ******* ****** ******* ******/

/*
* QuadrantDomain.java
*
* Created on October 20, 2003, 2:51 PM
*/

package edu.indiana.iucbrf.examples.quadrant;

import edu.indiana.iucbrf.problem.Problem;
import edu.indiana.iucbrf.solution.Solution;
import edu.indiana.iucbrf.feature.FeatureKey;
import edu.indiana.iucbrf.domain.Domain;
import edu.indiana.iucbrf.performancemonitor.Sol utionQu ality;

/**
* This class extends the standard Domain class, so that a custom reference method
* can be created for the Quadrant system. See introductory paper for details
* on reference methods.
*
* @author Steven Bogaerts
*/

public class QuadrantDomain
extends Domain {

/** The feature keys for the x and y problem features. */
private FeatureKey xKey;
private FeatureKey yKey;

/** Prepare the reference solution for use. This is done by recording the
* feature keys needed.
*/

public void prepareReferenceSolution(FeatureKey xKey,
FeatureKey yKey) {

this.xKey = xKey;
this.yKey = yKey;

}

/** This method overrides the one involving equivalence classes
* in Domain. It returns the solution to the problem sent to it.
*/

public Solution getReferenceSolution(Problem p) {

/* Get the double values. The DoubleFeature contains a Double, which
* contains a double.
*/

double xVal = ((Double)p.getFeature(xKey).getValue()).double Value() ;
double yVal = ((Double)p.getFeature(yKey).getValue()).double Value() ;

// Determine the quadrant.
int solutionVal;

if (yVal > 0) {
if (xVal > 0)

solutionVal = 1;
else

solutionVal = 2;
} else {

if (xVal > 0)
solutionVal = 4;

else
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solutionVal = 3;
}

// Use Domain.constructSolution(double) to build a Solution.
Solution result = getComponentFactory().constructSolution(so lutionV al);

// The solution is one that was generated by a reference method.
result.setIsReferenceSolution(true);

return result;
}

/** Overrides Domain.determineSolutionQuality(), to have very strict ratings requirements.
*/

public SolutionQuality determineSolutionQuality(Problem p, Solution s, Solution expectedSolu-
tion) {

boolean solvedWell;

if (s.equals(expectedSolution))
solvedWell = true;

else
solvedWell = false;

// The rating is 1 if the solutions are equal, 0 otherwise.
return new SolutionQuality(solvedWell, solvedWell

? 1
: 0);

}
}
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/***************************************** ****** ******* ******* ****** ******* ******
* Initial Version By: Steven Bogaerts *
* Copyright (c) 2001 IUCBRF Group *
* The licence for this code is included in IUCBRF_LICENSE.txt. If you did not *
* get this file with this distribution, request a copy from *
* sbogaert@cs.indiana.edu *
*********************************************** ******* ******* ****** ******* ******/

/*
* QuadrantLeaveOneOutTestClass.java
*
* Created on August 13, 2004, 11:18 AM
*/

package edu.indiana.iucbrf.examples.quadrant;

import edu.indiana.iucbrf.performancemonitor.Per formanc eMonito r;
import edu.indiana.iucbrf.systemtest.LeaveOneOut Test;

/** The class contains a simple main method to run a leave-one-out test on
* a quadrant system.
*
* @author Steven Bogaerts
*/

public class QuadrantLeaveOneOutTestClass {
public static void main(String[] args) {

// Construct the system.
QuadrantSystem sys = new QuadrantSystem();

// Create a LeaveOneOutTest instance and run test().
PerformanceMonitor results = (new LeaveOneOutTest()).test(sys);
// The results can then be examined with the performance monitor.
// See PerformanceMonitor class for details.

}
}
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B.2 QuadrantCCBR ExampleSourceCode

TheQuadrantCCBRexamplesourcecodeincludesthefollowing:

� QuadrantCCBRTestClass.java - containsamainmethod

� QuadrantCCBRSystem.java - de�nesthedomain-dependentsubclassof CBRSystem

� QuadrantCCBRDomain.java- de�nessomedetailsof thedomainnotde�ned in thestandard
CCBRDomainclass
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/***************************************** ****** ******* ******* ****** ******* ******
* Initial Version By: Steven Bogaerts *
* Copyright (c) 2001 IUCBRF Group *
* The licence for this code is included in IUCBRF_LICENSE.txt. If you did not *
* get this file with this distribution, request a copy from *
* sbogaert@cs.indiana.edu *
*********************************************** ******* ******* ****** ******* ******/

/*
* QuadrantCCBRTestClass.java
*
* Created on October 20, 2003, 2:26 PM
*/

package edu.indiana.iucbrf.examples.quadrantCCBR;

import edu.indiana.iucbrf.problem.Problem;
import edu.indiana.iucbrf.solution.Solution;
import edu.indiana.iucbrf.casepackage.Case;

/**
* This class contains a simple main method that constructs a QuadrantSystem
* and tests it on a single problem.
*
* @author Steven Bogaerts
*/

public class QuadrantCCBRTestClass {
/** Constructs the system, and tests it on a single problem. */
public static void main(String[] args) {

System.out.println("Hello World!");

// Construct the system.
QuadrantCCBRSystem sys = new QuadrantCCBRSystem();

// Set the system to show a GUI of its status.
sys.setGUIMode(true);

/* Begin the conversation. When all questions have been asked, the remaining
* cases are displayed.
*/

sys.initiateConversation();
}

}
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/***************************************** ****** ******* ******* ****** ******* ******
* Initial Version By: Steven Bogaerts *
* Copyright (c) 2001 IUCBRF Group *
* The licence for this code is included in IUCBRF_LICENSE.txt. If you did not *
* get this file with this distribution, request a copy from *
* sbogaert@cs.indiana.edu *
*********************************************** ******* ******* ****** ******* ******/

/*
* QuadrantCCBRSystem.java
*
* Created on October 20, 2003, 3:12 PM
*/

package edu.indiana.iucbrf.examples.quadrantCCBR;

import edu.indiana.iucbrf.feature.FeatureKey;
import edu.indiana.iucbrf.maintenance.NullMainte nance;
import edu.indiana.iucbrf.retrieval.Retrieval;
import edu.indiana.iucbrf.retrieval.kNN;
import edu.indiana.iucbrf.retrieval.ThresholdRet rieval;
import edu.indiana.iucbrf.adaptation.DistanceWei ghtedAd apter;
import edu.indiana.iucbrf.performancemonitor.Per formanc eMonito r;
import edu.indiana.iucbrf.problem.ProblemGenerat or;
import edu.indiana.iucbrf.casepackage.CaseGenera tor;
import edu.indiana.iucbrf.casebase.FlatCaseBase;
import edu.indiana.iucbrf.cbrsystem.CCBRSystem;
import edu.indiana.util.distribution.UniformDist ributio n;
import edu.indiana.iucbrf.ccbr.conversationblock .select or.Orde redCon versati onBlock Select or;
import edu.indiana.iucbrf.ccbr.caselistrefiner.T hreshol dCaseLi stRefi ner;
import edu.indiana.iucbrf.domain.CCBRDomain;
import java.util.HashMap;

/**
* This system is intended to be one of the simplest possible uses of the framework.
* In this domain, problems contain two features, x and y, both doubles in [-1, 1].
* The square on the x-y plane corresponding to this problem space is divided into
* four equal quadrants by the coordinate axes. These quadrants are numbered 1,
* 2, 3, and 4, counterclockwise from upper right, as in basic algebra.
* <BR><BR>
* A case consists of a problem description and solution, where the problem is
* a pair (x,y), and the solution is its quadrant (1, 2, 3, or 4). When a new
* problem is presented to the system, the five nearest cases are retrieved, and
* adapted by taking a weighted (by distance) majority vote of the quadrants.
* The "winning" quadrant is said to be the quadrant of the unknown problem.
* <BR><BR>
* See comments in code for additional details.
*
* @author Steven Bogaerts
*/

public class QuadrantCCBRSystem extends CCBRSystem {

/** The number of cases to be in the case base. Of course, performance of
* the system depends on how many cases are available.
*/

private static final int NUM_CASES= 200;

/** The keys to the two problem features. */
private FeatureKey xKey;
private FeatureKey yKey;

/** Creates a new instance of QuadrantCCBRSystem */
public QuadrantCCBRSystem() {

// Define the domain, which describes the type of problems the system will solve.
setupDomain();

// Create the case base and add cases to it.
setupCaseBase();
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// Do no maintenance for this system
setMaintenance(new NullMaintenance());

/* Although kNN retrieval would work here as in the Quadrant example,
* ThresholdRetrieval is a little more appropriate for CCBR in this case.
*/

Retrieval retrieval = new ThresholdRetrieval(getDomain().getProblem Differe ntiato r(), 0.1);

/* Keep track not only of the cases, but also of their differences from
* the current problem. This information will be used in adaptation.
*/

retrieval.setTrackDifferences(true);
setRetrieval(retrieval);

// The adaptation technique is a distance-weighted majority vote.
setAdaptation(

new DistanceWeightedAdapter("edu.indiana.iucbrf.ad aptati on.Weig htedMaj orityA dapter" ));

// Track the system performance with the performance monitor
setPerformanceMonitor(new PerformanceMonitor());

/* Use a conversation block selector, which determines what will be
* presented to the user at each step in the conversaiton.
* The OrderedConversationBlockSelector instantiated below will present
* questions (corresponding to features) in the order that they were added
* to the domain via addProblemFeature() (called in setupDomain() below).
*/

setConversationBlockSelector(
new OrderedConversationBlockSelector((CCBRDomain) getDomain()));

/* Set the case list refiner so that, at any step in the conversation,
* cases farther than 0.1 away from the target case so far are eliminated.
*/

setCaseListRefiner(new ThresholdCaseListRefiner(0.1));
}

// Define the domain, which describes the type of problems the system will solve.
private void setupDomain() {

QuadrantCCBRDomain domain = new QuadrantCCBRDomain();

/* Add the two problem features: x and y. The textual description,
* type, and similarity weight are specified. The return values are keys
* that will be referred to in additional setup steps.
*/

xKey = domain.addProblemFeature("x",
"What is the x coordinate?",
"edu.indiana.iucbrf.feature.DoubleFeature" ,
1,
true);

yKey = domain.addProblemFeature("y",
"What is the y coordinate?",
"edu.indiana.iucbrf.feature.DoubleFeature" ,
1,
true);

/* Add the solution feature: quadrant. A key is assigned, but it is not
* needed at this time.
*/

domain.addSolutionFeature("Quadrant", "edu.indiana.iucbrf.feature.IntegerFeature ");

/* The reference solution for this domain requires the xKey and yKey. See
introductory paper for details on reference methods. */
domain.prepareReferenceSolution(xKey, yKey);

setDomain(domain);
}
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/** The case base must be populated. For this example, random generation is
* possible and sufficient.
*/

private void setupCaseBase() {
// The case generator can be built from the problem generator.
CaseGenerator cg = new CaseGenerator(constructProblemGenerator(), getDomain());

/** Construct the case base, with a simple flat structure. For this
* constructor, the case generator and the desired number of initial cases
* can be passed.
*/

setCB(new FlatCaseBase(cg, NUM_CASES));
}

/** A problem generator requires specification of arguments to send to
* feature constructors. Here, random distributions are used.
*/

public ProblemGenerator constructProblemGenerator() {
HashMap argMap = new HashMap(2);
argMap.put(xKey, new UniformDistribution(-1, 1));
argMap.put(yKey, new UniformDistribution(-1, 1));

return new ProblemGenerator(argMap, getDomain());
}

}
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/***************************************** ****** ******* ******* ****** ******* ******
* Initial Version By: Steven Bogaerts *
* Copyright (c) 2001 IUCBRF Group *
* The licence for this code is included in IUCBRF_LICENSE.txt. If you did not *
* get this file with this distribution, request a copy from *
* sbogaert@cs.indiana.edu *
*********************************************** ******* ******* ****** ******* ******/

/*
* QuadrantCCBRDomain.java
*
* Created on October 20, 2003, 2:51 PM
*/

package edu.indiana.iucbrf.examples.quadrantCCBR;

import edu.indiana.iucbrf.problem.Problem;
import edu.indiana.iucbrf.solution.Solution;
import edu.indiana.iucbrf.feature.FeatureKey;
import edu.indiana.iucbrf.domain.CCBRDomain;
import edu.indiana.iucbrf.performancemonitor.Sol utionQu ality;

/**
* This class extends the standard Domain class, so that a custom reference method
* can be created for the Quadrant system. See introductory paper for details
* on reference methods.
*
* @author Steven Bogaerts
*/

public class QuadrantCCBRDomain extends CCBRDomain {

/** The feature keys for the x and y problem features. */
private FeatureKey xKey;
private FeatureKey yKey;

/** Prepare the reference solution for use. This is done by recording the
* feature keys needed.
*/

public void prepareReferenceSolution(FeatureKey xKey,
FeatureKey yKey) {

this.xKey = xKey;
this.yKey = yKey;

}

/** This method overrides the one involving equivalence classes
* in Domain. It returns the solution to the problem sent to it.
*/

public Solution getReferenceSolution(Problem p) {

/* Get the double values. The DoubleFeature contains a Double, which
* contains a double.
*/

double xVal = ((Double)p.getFeature(xKey).getValue()).double Value() ;
double yVal = ((Double)p.getFeature(yKey).getValue()).double Value() ;

// Determine the quadrant.
int solutionVal;

if (yVal > 0) {
if (xVal > 0)

solutionVal = 1;
else

solutionVal = 2;
} else {

if (xVal > 0)
solutionVal = 4;

else
solutionVal = 3;
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}

// Use Domain.constructSolution(double) to build a Solution.
Solution result = getComponentFactory().constructSolution(so lutionV al);

// The solution is one that was generated by a reference method.
result.setIsReferenceSolution(true);

return result;
}

/** Overrides Domain.determineSolutionQuality(), to have very strict ratings requirements.
*/

public SolutionQuality determineSolutionQuality(Problem p, Solution s, Solution expectedSolu-
tion) {

boolean solvedWell;

if (s.equals(expectedSolution))
solvedWell = true;

else
solvedWell = false;

// The rating is 1 if the solutions are equal, 0 otherwise.
return new SolutionQuality(solvedWell, solvedWell

? 1
: 0);

}
}
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B.3 Realtor ExampleSourceCode

Therealtorexamplesourcecodeincludesthefollowing:

� RealtorTestClass.java- containsthemainmethod

� RealtorSystem.java- de�nesthedomain-dependentsubclassof CBRSystem

� RealtorAdapter.java- speci�esasimpledomain-dependentadaptationscheme

� RealtorMaintenance.java- speci�essomebasicmaintenancepolicies

� RealtorCaseBaseListener.java - reactsto casebaseevents
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/***************************************** ****** ******* ******* ****** ******* ******
* Initial Version By: Steven Bogaerts *
* Copyright (c) 2001 IUCBRF Group *
* The licence for this code is included in IUCBRF_LICENSE.txt. If you did not *
* get this file with this distribution, request a copy from *
* sbogaert@cs.indiana.edu *
*********************************************** ******* ******* ****** ******* ******/

/*
* RealtorTestClass.java
*
* Created on March 30, 2001, 3:22 PM
*/

package edu.indiana.iucbrf.examples.realtor;

import edu.indiana.iucbrf.solution.Solution;
import edu.indiana.iucbrf.casepackage.CaseGenera tor;
import edu.indiana.iucbrf.domain.Domain;
import edu.indiana.iucbrf.domain.componentfactor y.Compo nentFac tory;
import edu.indiana.util.distribution.*;
import edu.indiana.util.doublecollection.DoubleM ap;
import edu.indiana.iucbrf.problem.Problem;
import edu.indiana.iucbrf.problem.ProblemGenerat or;
import edu.indiana.iucbrf.systemtest.SystemTest;
import edu.indiana.iucbrf.systemtest.RandomProbl emTest;
import edu.indiana.iucbrf.systemtest.LeaveOneOut Test;
import edu.indiana.iucbrf.domain.ProblemEquivale nceClas s;
import edu.indiana.iucbrf.feature.FeatureKey;
import edu.indiana.iucbrf.cbrsystem.CBRSystem;
import edu.indiana.iucbrf.casepackage.Case;
import edu.indiana.iucbrf.feature.format.Feature ValueFo rmat;
import edu.indiana.iucbrf.feature.format.NumberF eatureV alueFor mat;
import java.util.LinkedList;
import java.util.HashMap;
import edu.indiana.util.clustering.ArrayListPart ition;
import edu.indiana.util.clustering.Partition;
import edu.indiana.util.clustering.KMedoidCluste ring;

/**
* This class can be run to test the functionality of this CBR House Appraisal system.
* This is a simple example to demonstrate IUCBRF functionality; it is not intended to
* be a fully realistic realtor application.
*
* The "solution" to a case describes the market value of a house, based on five problem
* features: size, age, local traffic congestion, tax rate, and crime rate. When a problem
* is presented to the system, the single nearest case is retrieved, and a simple adaptation
* based on house size is performed. This result is compared to the reference solution.
* See Domain class for details of the reference solution.
*
* There are several options in running this application, selectable by a simple edit of the
* main method. This approach was taken in preference to cluttering this IUCBRF demo with
* extra GUI code.
*
* @author Steven Bogaerts
* @version 1.0
*/

public class RealtorTestClass
extends Object {

// The number of problem features
private static final int NUM_PROBLEM_FEATURES= 5;

// The number of initial cases in the case base
private static final int NUM_CASES= 200;

// The keys used to refer to features of any problem
private static FeatureKey[] problemFeatureKeys;
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// A key of particular interest to RealtorAdapter, pointing to the "house size" feature
public static FeatureKey sizeFeatureKey;

/** Creates new RealtorTestClass */
public RealtorTestClass() {
}

/** Test the functionality of this CBR system
* @param args the command line arguments
*/

public static void main(String[] args) {
CBRSystem sys = setup();

// Set whether or not to provide status information in a GUI format
sys.setGUIMode(true);

// Set whether or not to provide status information as textual output to stdout
sys.setDebugMode(true);

// Test the system on 1 randomly generated problem
randomTester(sys, 1);

// For the following options, it may be wise to set GUI mode (and perhaps DebugMode)
// to false, to avoid a lot of output.
// sys.setGUIMode(false);
// leaveOneOutTester(sys); // Do a leave-one-out test on the case base
// testCBEvents(sys); // View a demonstration of basic event handling in IUCBRF
System.exit(0);

}

/** Prepare the system for operation. */
private static CBRSystem setup() {

/////////////////////////////////////////////// /////// ////// /////// /////
// Set up the features that describe a house
// The types (classes) of each problem feature
String[] problemFeatureTypes = new String[NUM_PROBLEM_FEATURES];

// The textual descriptions of each problem feature
String[] problemFeatureDescriptions = new String[NUM_PROBLEM_FEATURES];

// The weight to be used in similarity measures, for each problem feature
double[] problemSimilarityWeights = new double[NUM_PROBLEM_FEATURES];
boolean[] problemFeatureIsIndex = new boolean[NUM_PROBLEM_FEATURES];

// Optionally specified feature formatting instructions
// (for GUIs and terminal output)
FeatureValueFormat[] problemFeatureValueFormat =

new FeatureValueFormat[NUM_PROBLEM_FEATURES];

// Define the relevant data for each problem feature
// The size of the house is prompted by "Size"
problemFeatureDescriptions[0] = "Size";
// This feature is a DoubleFeature (its value is of type double)
problemFeatureTypes[0] = "edu.indiana.iucbrf.feature.DoubleFeature" ;
// Define the similarity weight for this feature
problemSimilarityWeights[0] = 5.0; // house size is quite important for similarity
// (Optional) Define a formatting specification
problemFeatureValueFormat[0] =

new NumberFeatureValueFormat(new java.text.DecimalFormat("#,###.## ftˆ2"));
problemFeatureIsIndex[0] = true;

// etc, for the remaining problem features
problemFeatureDescriptions[1] = "Age";
problemFeatureTypes[1] = "edu.indiana.iucbrf.feature.IntegerFeature ";
problemSimilarityWeights[1] = 3.0; // house age is pretty important too
problemFeatureValueFormat[1] =
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new NumberFeatureValueFormat(new java.text.DecimalFormat("#,### years"));
problemFeatureIsIndex[1] = true;

problemFeatureDescriptions[2] = "Local traffic congestion";
problemFeatureTypes[2] = "edu.indiana.iucbrf.feature.finiteset.Five Severit yFeatu re";
// traffic is less important (but higher weight due to values 0...4)
problemSimilarityWeights[2] = 400.0;
problemFeatureValueFormat[2] = null; // no special formatting for this feature
problemFeatureIsIndex[2] = true;

problemFeatureDescriptions[3] = "Property tax rate";
problemFeatureTypes[3] = "edu.indiana.iucbrf.feature.DoubleFeature" ;
problemSimilarityWeights[3] = 50.0;
problemFeatureValueFormat[3] =

new NumberFeatureValueFormat(java.text.NumberForma t.getP ercentI nstance ());
problemFeatureIsIndex[3] = true;

problemFeatureDescriptions[4] = "Violent crime rate, per 1000 people";
problemFeatureTypes[4] = "edu.indiana.iucbrf.feature.DoubleFeature" ;
problemSimilarityWeights[4] = 2.0;
problemFeatureValueFormat[4] =

new NumberFeatureValueFormat(new java.text.DecimalFormat("#,###.##"));
problemFeatureIsIndex[4] = true;

// Define the relevant data for the solution features
// The solution is simply the estimated value of the house
String[] solutionFeatureTypes = new String[1];
String[] solutionFeatureDescriptions = new String[1];
FeatureValueFormat[] solutionFeatureValueFormat = new FeatureValueFormat[1];
solutionFeatureDescriptions[0] = "Market value";
solutionFeatureTypes[0] = "edu.indiana.iucbrf.feature.DoubleFeature ";
solutionFeatureValueFormat[0] =

new NumberFeatureValueFormat(
java.text.NumberFormat.getCurrencyInstance(jav a.util .Locale .US));

/////////////////////////////////////////////// /////// ////// /////// /////
/////////////////////////////////////////////// /////// ////// /////// /////
// Build the domain description
Domain domain = new Domain(0.9);

// Customize names of various objects for this domain
domain.setProblemTitle("House Description");
domain.setSolutionTitle("Result");
domain.setRetrievedCasesTitle("Similar Houses");
domain.setCaseTitleBase("House");

// Add the previously defined features to the domain
// Store the keys the domain assigns
problemFeatureKeys = new FeatureKey[NUM_PROBLEM_FEATURES];

for (int i = 0; i < NUM_PROBLEM_FEATURES;i++)
problemFeatureKeys[i] =

domain.addProblemFeature(problemFeatureDescrip tions[ i],
problemFeatureTypes[i],
problemSimilarityWeights[i],
problemFeatureIsIndex[i],
problemFeatureValueFormat[i]);

// store this key separately, for RealtorAdapter
sizeFeatureKey = problemFeatureKeys[0];

// Add solution features in a manner similar to problem features
FeatureKey[] solutionFeatureKeys = new FeatureKey[1];
solutionFeatureKeys[0] = domain.addSolutionFeature(solutionFeatureD escript ions[0 ],

solutionFeatureTypes[0],
solutionFeatureValueFormat[0]);
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// Set up the equivalence classes for the reference solution for the domain
// See Domain.java for details on the reference solution.
LinkedList pecs = new LinkedList();
ComponentFactory componentFactory = domain.getComponentFactory();

/* Basically, high values decrease the price of the house, except for the
* house size (where a high value increases the price of the house)
* Differences in magnitudes between feature weights reflect the differences
* in typical magnitudes of those feature values, as well as
* the difference in importance of the various features in
* determining the final price of the house.
*/

pecs.add(new ProblemEquivalenceClass(
componentFactory.constructProblem(new double[]{13000, 17, 2, 0.2, 40 }),
new DoubleMap(problemFeatureKeys,

new double[]{200, -500, -400, -3000, -100 }),
domain));

pecs.add(new ProblemEquivalenceClass(
componentFactory.constructProblem(new double[]{ 12500, 10, 4, 0.3, 20 }),
new DoubleMap(problemFeatureKeys,

new double[]{ 210, -300, -450, -2500, -150 }),
domain));

pecs.add(new ProblemEquivalenceClass(
componentFactory.constructProblem(new double[]{ 10000, 12, 0, 0.5, 10 }),
new DoubleMap(problemFeatureKeys,

new double[]{ 190, -400, -375, -2700, -125 }),
domain));

// Register the equivalence classes with the domain
domain.setEquivalenceClasses(pecs);

/////////////////////////////////////////////// /////// ////// /////// /////
/////////////////////////////////////////////// /////// ////// /////// /////
// Build the system itself
// Construct a CaseGenerator, to randomly create cases to fill the case base
CaseGenerator caseGenerator = constructCaseGenerator(domain);

// Construct the system with the given domain, with NUM_CASESin the case base,
// to be generated by the CaseGenerator.
RealtorSystem sys = new RealtorSystem(caseGenerator, domain, NUM_CASES);
sys.setTitle("House Appraisal");

return sys;
}

/** Demonstrate the leave-one-out functionality. */
private static void leaveOneOutTester(CBRSystem sys) {

// Build the system to be tested
CaseGenerator caseGenerator = constructCaseGenerator(sys.getDomain());

// Build the tester
SystemTest tester = new LeaveOneOutTest();

// Test the system
tester.test(sys, false);

}

/** Demonstrate the handling of events on the case base. */
private static void testCBEvents(CBRSystem sys) {

int numTests = 100;
int iterations = 5;
Case newCase;
Problem newProblem;

// Build the problem generator, to randomly generate problems
ProblemGenerator tpg = constructTestProblemGenerator(sys.getDomain( ));
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// Build the system tester
SystemTest tester = new RandomProblemTest(tpg, numTests);

// Run the tests
for (int i = 0; i < iterations; i++) {

System.out.println("\n===================== ==================================");
System.out.println("Running the system on 100 problems...");

// test the system
tester.test(sys, true);

// Simulate action that initiates a case base event
System.out.println("\nA realtor decides to add another case from the real world...");

// Generate a case to add to the case base
newProblem = tpg.generateProblem();

Solution fbsol = sys.getDomain().getReferenceSolution(newProble m);
newCase = new Case(newProblem, fbsol, sys.getPerformanceMonitor().getSystemAge());

// Add the case
sys.getCB().addCase(newCase);

}
}

/** Test the system on some randomly generated problems. */
private static void randomTester(CBRSystem sys,

int numTests) {

// Build the problem generator
ProblemGenerator tpg = constructTestProblemGenerator(sys.getDomain( ));

// Build the system tester
SystemTest tester = new RandomProblemTest(tpg, numTests);

// Test the system
tester.test(sys, true);

}

/** Construct a CaseGenerator, by specifying the arguments to send to a constructor
* for each feature. The constructor to use can be specified in the corresponding
* FeatureSpec. Typically (as is the case in all these features), the argument
* to send is a distribution over which to generate the feature values. Of course
* this assumes that there is a reasonable mapping from a double to the feature
* value required. (That is, that each feature class in use implements
* DoubleRepresentable.)
*/

private static CaseGenerator constructCaseGenerator(Domain domain) {

// Map arguments to the corresponding features, via the feature keys.
HashMap argMap = new HashMap(NUM_PROBLEM_FEATURES);
argMap.put(problemFeatureKeys[0], new UniformDistribution(1450, 5000));
argMap.put(problemFeatureKeys[1], new UniformDistribution(3, 26));
argMap.put(problemFeatureKeys[2], new UniformDistribution(0, 4));
argMap.put(problemFeatureKeys[3], new UniformDistribution(0.1, 0.40));
argMap.put(problemFeatureKeys[4], new UniformDistribution(13, 37));

// Build a problem generator based on these arguments
ProblemGenerator problemGenerator = new ProblemGenerator(argMap, domain);

// Define any additional noise to be placed in the feature generation.
// (None in this example.)
NormalDistribution dist = new NormalDistribution(0, 0);
DistributionCollection featureNoiseDistribution =

new DistributionMap(NUM_PROBLEM_FEATURES);

for (int i = 0; i < NUM_PROBLEM_FEATURES;i++)
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featureNoiseDistribution.putDistribution(pr oblemFe atureK eys[i], dist);

Distribution solutionNoiseDistribution = dist;
double problemCount = 0;
double noiseProbability = 0;

// Build the CaseGenerator based on these specifications
return new CaseGenerator(problemGenerator,

featureNoiseDistribution,
solutionNoiseDistribution,
problemCount,
noiseProbability,
domain);

}

/** Construct another ProblemGenerator, distinct from that used to populate the case base. */
private static ProblemGenerator constructTestProblemGenerator(Domain domain) {

HashMap argMap = new HashMap(NUM_PROBLEM_FEATURES);
argMap.put(problemFeatureKeys[0], new NormalDistribution(3500, 1000));
argMap.put(problemFeatureKeys[1], new NormalDistribution(19, 6));
argMap.put(problemFeatureKeys[2], new UniformDistribution(0, 4));
argMap.put(problemFeatureKeys[3], new NormalDistribution(0.25, 0.07));
argMap.put(problemFeatureKeys[4], new NormalDistribution(29, 8));

return new ProblemGenerator(argMap, domain);
}

}
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/***************************************** ****** ******* ******* ****** ******* ******
* Initial Version By: Steven Bogaerts *
* Copyright (c) 2001 IUCBRF Group *
* The licence for this code is included in IUCBRF_LICENSE.txt. If you did not *
* get this file with this distribution, request a copy from *
* sbogaert@cs.indiana.edu *
*********************************************** ******* ******* ****** ******* ******/

/*
* RealtorSystem.java
*
* Created on March 30, 2001, 2:59 PM
*/

package edu.indiana.iucbrf.examples.realtor;

import edu.indiana.iucbrf.solution.*;
import edu.indiana.iucbrf.problem.*;
import edu.indiana.iucbrf.casebase.*;
import edu.indiana.iucbrf.casepackage.*;
import edu.indiana.iucbrf.cbrsystem.*;
import edu.indiana.iucbrf.retrieval.*;
import edu.indiana.iucbrf.adaptation.*;
import edu.indiana.iucbrf.maintenance.*;
import edu.indiana.iucbrf.performancemonitor.Per formanc eMonito r;
import edu.indiana.iucbrf.domain.Domain;
import java.util.Vector;

/**
* This class describes what components will be used for this house appraisal domain.
* @author Steven Bogaerts
* @version 1.0
*/

public class RealtorSystem
extends CBRSystem {

/** This constructor exists for serialization purposes only. */
protected RealtorSystem() {
}

/** Construct a RealtorSystem for the given domain, with a case base
* containing numCases case generated by caseGenerator.
*/

public RealtorSystem(CaseGenerator caseGenerator,
Domain domain,
int numCases) {

super();
setDomain(domain);
nonDataInit();

// Use a simple, flat case base organization
setCB(new FlatCaseBase(caseGenerator, numCases));

// Set up the maintenance policy of the system.
RealtorMaintenance maintenance = new RealtorMaintenance(this.getCB());
setMaintenance(maintenance);

// Set up a listener for case base events.
RealtorCaseBaseListener listener = new RealtorCaseBaseListener(maintenance);
CB.addCaseBaseListener(listener);

}

/** Initialize the components of the system that are never loaded from a file.
*/

private void nonDataInit() {
// Use 5-nearest-neighbor retrieval
kNN retrieval = new kNN(getDomain().getProblemDifferentiator(), 5);
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// Use 1-nearest-neighbor retrieval
// kNN retrieval = new kNN(getDomain().getProblemDifferentiator(), 1);

// Do not provide debugging messages during retrieval
retrieval.setDebugMode(false);

// Do not track the differences between cases retrieved and the current problem
// - only track the cases themselves
retrieval.setTrackDifferences(false);
setRetrieval(retrieval);
setAdaptation(new RealtorAdapter(getDomain(), RealtorTestClass.sizeFeatureKey));
setPerformanceMonitor(new PerformanceMonitor(false)); // send debugMode boolean value

}
}
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/***************************************** ****** ******* ******* ****** ******* ******
* Initial Version By: Steven Bogaerts *
* Copyright (c) 2001 IUCBRF Group *
* The licence for this code is included in IUCBRF_LICENSE.txt. If you did not *
* get this file with this distribution, request a copy from *
* sbogaert@cs.indiana.edu *
*********************************************** ******* ******* ****** ******* ******/

/*
* RealtorAdapter.java
*
* Created on March 30, 2001, 3:03 PM
*/

package edu.indiana.iucbrf.examples.realtor;

import edu.indiana.iucbrf.adaptation.*;
import edu.indiana.iucbrf.solution.*;
import edu.indiana.iucbrf.problem.*;
import edu.indiana.iucbrf.casepackage.*;
import edu.indiana.iucbrf.domain.Domain;
import edu.indiana.iucbrf.feature.DoubleFeature;
import edu.indiana.iucbrf.feature.DoubleRepresen table;
import edu.indiana.iucbrf.feature.FeatureKey;
import java.util.ArrayList;

/**
* This is the domain-dependent implementation of the adaptation policy for this domain.
* @author Steven Bogaerts
* @version 1.0
*/

public class RealtorAdapter
extends Adaptation {

/** The feature key for the house size problem feature, used in this simple
* adaptation approach. */

public FeatureKey houseSizeKey;

/** Creates new RealtorAdapter */
public RealtorAdapter(Domain domain,

FeatureKey sizeFeatureKey) {
houseSizeKey = sizeFeatureKey;

}

/** Domain-specific adaptation of house prices. This is a simple approach that
* only considers house size. It is assumed that the domain sent here is the
* same as the one sent in the constructor.
* @param retrieved Contains only a single solution, because Realtor uses 1NN
*/

public Solution adaptTo(final ArrayList retrieved,
final Problem currentProblem,
final Domain domain) {

// Get the first (and only) retrieved case,
// and its corresponding problem and solution.
Case rc = (Case)retrieved.get(0);
Problem rp = rc.getProblem();
Solution rs = rc.getSolution();

// Adjust price according to relative house size:
// currentProblemPrice = (retrievedSize * retrievedPrice) / currentProblemSize
return domain.getComponentFactory().constructSolution(

(((DoubleRepresentable)currentProblem.getFe ature(h ouseSi zeKey)) .getVal ueAsDouble() *
rs.getValueAsDouble()) /

((DoubleRepresentable)rp.getFeature(houseSi zeKey)) .getVa lueAsDo uble()) ;
}

}
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/***************************************** ****** ******* ******* ****** ******* ******
* Initial Version By: Steven Bogaerts *
* Copyright (c) 2001 IUCBRF Group *
* The licence for this code is included in IUCBRF_LICENSE.txt. If you did not *
* get this file with this distribution, request a copy from *
* sbogaert@cs.indiana.edu *
*********************************************** ******* ******* ****** ******* ******/

/*
* RealtorMaintenance.java
*
* Created on August 5, 2002, 9:06 AM
*/

package edu.indiana.iucbrf.examples.realtor;

import edu.indiana.iucbrf.maintenance.NullMainte nance;
import edu.indiana.iucbrf.casepackage.Case;
import edu.indiana.iucbrf.casebase.CaseBase;
import java.util.Iterator;

/**
* This maintenance policy does none of the standard maintenance approaches (hence extending
* NullMaintenance) except that it provides a method to remove the "worst" case.
* @author Steven Bogaerts
* @version 1.0
*/

public class RealtorMaintenance
extends NullMaintenance {
private CaseBase CB;

/** This constructor exists for serialization purposes only. */
protected RealtorMaintenance() {
}

/** Creates new RealtorMaintenance */
public RealtorMaintenance(CaseBase CB) {

this.CB = CB;
}

/** Remove the "worst" case: the lowest percentage of successful uses - where
* the case contributed to a solution that was deemed successful.
* Expensive (going through entire case base), but is just used to demonstrate a reaction
* to CaseBaseListener events. This method is called in reaction to case base
* event received by RealtorCaseBaseListener.
*/

public Case removeWorstCase() {
Case currentCase;
Case worstCase;
double currentRating;
double worstRating;
double ratingSum = 0;
Iterator CBiter = CB.iterator();

// Guess that the first case is the worst
worstCase = (Case)CBiter.next();
worstRating = (double)worstCase.getSuccessfulUseCount() / worstCase.getUseCount();

// Go through the remaining cases, searching for the worst
while (CBiter.hasNext()) {

currentCase = (Case)CBiter.next();
currentRating =

(double)currentCase.getSuccessfulUseCount() / currentCase.getUseCount();
ratingSum += currentRating;

if (currentRating < worstRating) {
worstRating = currentRating;
worstCase = currentCase;
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}
}

// Remove the worst case
CB.removeCase(worstCase);

// System.out.println("Removed case with rating: " + worstRating);
return worstCase;

}
}
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/***************************************** ****** ******* ******* ****** ******* ******
* Initial Version By: Steven Bogaerts *
* Copyright (c) 2001 IUCBRF Group *
* The licence for this code is included in IUCBRF_LICENSE.txt. If you did not *
* get this file with this distribution, request a copy from *
* sbogaert@cs.indiana.edu *
*********************************************** ******* ******* ****** ******* ******/

/*
* RealtorCaseBaseListener.java
*
* Created on August 5, 2002, 8:59 AM
*/

package edu.indiana.iucbrf.examples.realtor;

import edu.indiana.iucbrf.casebase.event.CaseBas eListen er;
import edu.indiana.iucbrf.casebase.event.CaseBas eEvent;
import edu.indiana.iucbrf.casepackage.Case;

/**
* Listen for case base events and react accordingly.
* @author Steven Bogaerts
* @version 1.0
*/

public class RealtorCaseBaseListener
implements CaseBaseListener {

// Needs the maintenance object for this system, since it uses it to call removeWorstCase().
private RealtorMaintenance maintenance;

protected RealtorCaseBaseListener() {
}

/** Creates new RealtorCaseBaseListener */
public RealtorCaseBaseListener(RealtorMaintenance maintenance) {

this.maintenance = maintenance;
}

/** A Case was added to the case base. */
public void caseAdded(CaseBaseEvent cle) {

System.out.println("Case added: " + cle.toString()); // + ", case added: " + caseAdded);
System.out.println("\nTriggering maintenance to remove the least useful case...");

Case caseRemoved = maintenance.removeWorstCase();
System.out.println("Case removed: " + caseRemoved);

}

/** A Case was removed from the case base. */
public void caseRemoved(CaseBaseEvent cle) {

System.out.println("Case removed:" + cle.toString());
}

/** A Case was replaced in the case base. */
public void caseReplaced(CaseBaseEvent cle) {

System.out.println("Case replaced:" + cle.toString());
}

/** All cases were removed from the case base. */
public void casesCleared(CaseBaseEvent cle) {

System.out.println("Case cleared:" + cle.toString());
}

/** The standard class used to represent cases in the case base was changed. */
public void caseClassChanged(CaseBaseEvent cle) {

System.out.println("Case class changed:" + cle.toString());
}

}
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