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Abstract. Managingknowledge is a difficult and slippery enterprise A wide variety of tech-
nologieshave to beinvokedin providing supportfor knowledge requirementstangingfrom the
acquisition,modelling, maintenane, retrieval, reuseand publishingof knowledge. Any toolset
capableof providing suppat for thesewould be valuableasits effects would percolatedovn
to all the applicationdomainsstructuredaroundthe domainrepresentationGiven the generic
structureof the lattice building algorithmsin Formal ConceptAnalysis,we undetook a setof
experimentso examineits potentialutility in knowledge technologes. We elaborateon our ex-
periencesand speculateon the oppatunitieslying aheadfor a larger uptale of Formal Concept
Analysisapprozhes.

1 Introduction

A distingushing featue of muchof the knowledge techndogiestodayis the attention
paidto representatios of apprgriatedoman knowledgeasscafolding around which

automaed and mixedinitiative processingsystemsare corstructedto provide the re-
quiredfunctionality. In particulay with the promiseof a SemantidNeb a greatdealof

effort is beingdirectedat providing knowledge-level charaterisationsof bothdomains
andfundionality of processe$o achieve inter-operability in an ervironmen asopen

anddistributedasthe Weh

Thesechaacterisationaresignificantfor repiesentingandmocklling domainknowl-
edgein soundandmachineprocessablenanrers.Advancel Knowledge Technolmies
(AKT) 1 is alarge interdisciplirary researclcollabaation betweenrfive UK universi-
ties working on developingtechndogiesto addesstheseissues.Thereare a numker
of techndogiesusedfor knowledge-level domaincharaterisationsnamelyontolagies,
andtoolsto suppat their engireering.However, thereis little supprt for the mocdeller
to helpin identifying apprriate concepual structuresto captue domain semantics.
Formal ConceptAnalysis (FCA)[8] providesa fertile ground for exploitation with its
geneit structue of lattice building algoithmsto visualizethe corsequencesf partial
orderthattheunderlyng mathenaticaltheorybuilds on.

In this paperwe elaboateon our expelienceswith usingFCA in conjurction with
knowledgetechndogiesin thecortext of the AKT prgect. We alsoidentify joint points
where prominent knowledgetechnol@ies, like DescriptionLogics for the Semantic
Web, could berefit from FCA. We do this in a speculatie fashionin the next sec-
tion, coupledwith our exampe casedo shav wherepossiblecollabaation codd be
achieved. We briefly reporton similar work in section3 andconclud the papernn sec-
tion4
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2 Experiencesand opportunitiesfor FCA

FCA hasbeerappliedatvariousstage®f asystemslife cycle:for exanple,in theearly
stagesvhenanalysiig adomain for thepurposeof building andusingaknowledge-ich
represetation of thatdomain- like the work of Bain in [3] whereFCA was usedto
assisthuilding anontolagy from scratch or appliedat later stagesn orderto enhae
anexisting systentor the purposeof providing a specificservice- like the CEM email
manag@mentsystemdescribedn [6].

It appeas thoughthatis beingusedselectvely andopportunistically Thereasorfor
this scatteredareaof FCA applicatiors could be the fundamentalingredents of FCA
andits undelying philosophy FCA emeged in the 80sasa practicalapplication of
lattice theory The core modelling ingredents undepinning FCA are objectsand at-
tributeg which stemfrom predcative intergretationsof settheow. Thus,for a given
object,oneperfamsa “closure operatim to form a setof objectswhich is theinter
sectionof the extensionof the attributesthatthe objectis charaterisedby. Theseare
definedasthe con@ptsin ary particularformal context, with the order ideal (or down
set)] m of ary attributem.

In the AKT project,we experimentedwith identifying theseconceps in a numker
of scenaris from the scientific knavledge managmentrealmwherewe confronted
with looselydefinedobjectsandattributes.Our aim wasto useFCA to helpusiden-
tify the prominentconceps in the domainat question and mostimportantly, provide
uswith a structurel representatio which we could useto perfom certainknowledge
managmenttasks suchas:

Analysing programme committee memberships. One could assumethat pro-
gramne committeememtershipfor a corferenceor similar eventrequres thatthose
on the progammecommittee(PC) are the current and prominentfiguresin the field
at question.Using this as a working hypothesis,and the yearin which they sened
at a specificPC astempaal marker of recogized prominence,we thenappliedFCA
techniaieslik e concept lattice explorationto visualizethe distribution of PC memlers
over anumter of years.This could,arguably; give usanideaof how the specificevent
evolved over a periodof time by virtue of the charges(or otherwise)n their PCs.

In our experimentgbriefly describednline in [11]), the objeds werePC memters
andattributeswere EKAW conferencesn which thesemembes sened A visualin-
spectiorof sortof lattice canrevealtrendsin how theeventhasevolvedovertheyears.
For example we canidentify peopge who wherein PCsof early EKAWSs but are not
appeang in morerecentEKAWS, whereasothershave a sustainablgresencen the
PCsthrowghou thewholeperiodof 1994to 20. If we correlatethis informationwith
informationregarding the researchnterestsof the PCs,we couldendup with a strong
indicationof the evolution of researclthemedor the EKAW confeencesin whatwe
presentwe regard the extractionof researclinterestof theseresearchrsasperipteral
to our discussiorbut we poirt the interestedreaderto the work doneon identifying
communitiesof practicein [2].

Analysing the evolution of research themes: This analysiscanbe suppoted by
anothe lattice which depictsthe evolution of researcithemesn EKAW conferences,
basedon the designatedonfeencesessiortopics. We depictthis lattice in figure 1.
Fromthelattice drawing point of view, we shouldnotethatwe useda pulicly available
FCA tool, ConExg but we delibeately chamgedthe positionof the nodes in the line
diagrans produced.We did thatto enhareits readabity andeassts illustrationwhen

2 Prisspointsout in [13] thesecanbe elementsindividuals, tokens, instances specimensind
featules,characteristics,characters, definingelementsrespectiely.
% Presenteih [17] andcanbe downloadedfrom http://sourcefoge.netiprojects/cong



depictedon pape aswe wantedto includeall labelsfrom objectsandattributes. That
compomisedthe grid projection propety of the diagran without, however, affecting
therepresetationof partialorderbetweemodes.
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Fig. 1. Conceptattice depictingsessiortopicsof the EKAW confereresfrom 1994to 2002.

Again, acloseinspectionshavs sometrendswhich areevidert in todays research
agena@sin mary organisationsknowledg modellingframavorksandgenericcompoe
nentswerepopularin theearly90swherasnovadays theresearcliocusis onsemantic
webandknowled)e managiement Theinheited taxoromicreasoningf conceptattices
canalsoreved interestingelationslips betweenesearchopics,asfor instancehesub-
sumptionof ontolagiesfrom knowledg management knowled@ acquisition andthe
semantiovebtopics.

Analysing research areas attributed to published papers: We alsoapgied FCA
technigies,in particula contet rediction algoiithmslike thosedescritedin the FCA
textbook (p.27 in [8]) to analysethe formal context of online academigournals. Our
aim wasto exposerelatiorshipsbetweerresearctareasusedto classify publishel pa-
pers.The premiseof our analysisis the very algorithmthat GanterandWille describe
in [8] for clarifying andredicing formd contexts: “[. ..] we meige objectswith the
sameintentsandattributeswith the sameextents.Thenwe deleteall objeds, theintent
of which canberepresetedastheintersectiorof otherobjectintents,andcorrespad-
ingly all attributes,the extentof which is the intersectionof otherattributesextents..
This process,if capturedn a step-wisefashion will exposethe objectsandattributes
thatareabou to be memgedwith othes, henceallowing usto infer thatthey arerelated.



For our datasets we useda smallnumtker of articlesfrom the ACM Digital Library
portaf* focusing on the ACM Intelligencejoumal®. The formal context consistsof 20
objects(articles)and 58 attributes(researchareas) The researchareasoriginatefrom
a standarctlassificationsystem the ACM Comptiing ClassificationSysterfi. We also
useda secondlataset,the DataandKnowledg Engireering(DKE) joumal from Else-
vier’. In this context we hadthe samearticles(objects)asin the ACM context, but this
time we classifiedthemagainstthe DKE's own classificationsystem Elsevier’s clas-
sificationof DKE fields®, which used27 researctareas(attributes)for classifyingthe
aforementionedarticles.

For bothdatasetswe choseasobjectsfor their context paperghatappearedhn the
journals. For instancefor the ACM Intelligencejoumal we chosepaperghatappeard
over a period of threeyears,from 1999to 2001 and were accessibldrom the ACM
Digital Library portal. As therewerealreadyclassifiedaccordng to the ACM Comput-
ing ClassificationSystemwe usedtheir classificationcategyolies asattributes.We then
appliedtypical context reductia techniqiesin a step-wisdashion While we wereget-
ting aredwcedcontet, we capturel the conceps thataredeemedo be interrelatedby
virtue of having their exterts (objeds thatrepresenarticlesin thejournd) intersected
For instancethe ACM classificationcategory H.3.5 on Web-basedservicesis the in-
tersectionof H.5 on Informatian Interfacesand PresentatiorandH.3 on Information
Storage and Retrieval by virtue of classifyingthe samearticles. This sort of analysis
suppats identificationof relatedresearctareasusingassuppoting evidencethe clas-
sificationof articlesagainsistandardizedateyolies asthoseoriginating from the ACM
ComputingClassificationSystemandthe inheiited taxoromic reasonig which FCA
concep latticesprovidesto infer their relationship

Althoughtheseexpeimentswerebasedn looselydefinedobjectsandattributes,it
is evidert thatknowledgerepiesentatioriormalismsalsodealwith concepsin asmuch
asthey uncerpinsystemghatrequre expressve domaincharactesation.Much of this
effort involvesa restrictedpredcative appaatusin order thatthe expressvity allowed
by appopriateformalismsdoesnot leadto well-known problens of decidaliity .

Toillustratethepoirt, recallthattheexperimentsve repatedabove werecondicted
within theumtrellaof the AKT projectwhichhasbeendevelopingandapplying knowl-
edgetechrologiesfor the SemanticWeh In the SemanticWeb enterpise ontolagies
have beenidentifiedasa key enablingconstrict, andWeb OntologyLanguage(OWL)
is currertly going through thefinal stagef adogion asthe W3C standadl for the lan-
guage of choicein whichto expressontolagiesontheWeh OWL inheiits charactestics
of DescriptionLogics(DLs) which arelanguaesof restrictedexpressvity designedo
facilitatetractabletaxonamic reasonig. Someof the simplerandcomptationallyless
expersive logics arefragmentsof first-orderprediatelogic with two variales, small
enowghto expresshinary predicates[}t A binarypredcatecanalsobedescribe graph
ically asanedgeconnectilg two nodeseachrepesentingavariable andtheknowledge
modelling experimentsrepatedbelov usesucha diagmammaticrepresetation.

AKT Research Map: We obtaned thesekind of diagiamsfor the samedomain
asthethe onedescribedn the expaimentsrepated above during a knowledge mod
elling exercise,theconstructio of the AKT Reseath Map[5], whichwould capturethe
expetise andareasof researcttondictedby AKT memlers.The specificcasewasto
plan, build, checkand pulish the AKT Reseath Map and its ontolagy which is an

4 Accessibleonline from http://portal.acm.ay

5 Accessibleonline from http:/iwwwacm.og/sigart/int

6 Accessibleonline from http:/www.acm.og/class/1998/
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extensionof the AKT Refeenceontolog/[1]. The motivation of producingsucha map
is to fill the knowledge gapthatwill notnormdly befilled by methals suchasauto-
maticinformationextractiontechnigesfrom Web pagesWhile the Webis vety goad
in adwertising the resultsof researctwork, suchaspulicationsandwhite pagers, it is
alsopoorin pulishing the in-degh knowledge abouthow suchresearchresultswere
produced,whatsortof resourcesvereutilized, what contactspestpractice, etc. This
information,however, is valuable for otherresearcherwho have similar interests.To
addressthis prodem, an AKT Reseath Map hasbeenbuilt to capturesuchin-degh
know-how aswell ascollabaators,softwaresystemsandliteratute thatarecontributors
to forming thefinal result.

The AKT Reseath Map is written usinga modelling methodthatis a specializa-
tion of Entity RelationalData Modelling method15]. As a partof building the AKT
Reseath Map, memters of the AKT project participatedin structuredinterviews to
develop their own individual mapsduring knowledgeacquisition(KA) sessiondy ex-
tendingconcejps andrelationsexpressedin the OWL-basedAKT Refeenc ontology.
As an exanple, figure 2 depictssuchan individual map of the AKT memberNigel
Shadbd.

MNigel Shadbolt
Ecuat or
Is-related-to Project

Integration Experiments on
Ontology Mediated Natural
Language Based Extraction and
Generation from/to Web Pages

-/‘ SR
Has-collaborator

Harith
Alani

Desolve Co-refersnce on the Semantic
Webk (Nick Gibbins, Steve Harris)

Managing and Ensuring Beferential
Integrity of Ontology for the
Semantic Web (Nigel Shadbolt, Hugh L
Glaser, Harith Alani, Steve Harris,
Srinandan Dasmahapatra) -

Fig. 2. The AKT Reseath Map of Nigel Shadbdt.

BetweertheKA sessiongndwhenadraft of the AKT Reseath Map wasfinished,
iterative verification andvalidaion wascarriedout to make surethatthe mapis consis-
tentwithin itself andconsistentvith theunderpinring ontdogy. Thisincludescheckirg
of inconsisteng of the sameinformationthat hasbeendescribedn differert partsof



themap andthata sameobjecthasnotbeenrepresentedunder differentnamesit also
carriesouta pairwisemockel checkingbetweerthe mapandthe ontolagy to make sure
thatthemapontdogy is compldée andtheresearcimapis consistentith the ontology.
This processcould have beenperfomedusing FCA lattice drawing facilities had our
toolsbeensointegrated

In making the comparisonwith FCA, every attribute colurm in the crosstable of
the formal context canbe viewed predicdively in the senseof DLs or equvalentlyin
termsof the diagrans in the AKT Reseath Map — a directededgeor a binary relation
shaws up at the correspading cell marked by the row andcolumnpositiors. To make
the correspadene work, the formulaein the ontolagy needto be instantiatedby in-
dividuds. Concep latticesbuilt with FCA makesconcepdepelenciesmarifest, thus
makingit an appealiig tool for any modeller For instance the fragment of the AKT
Researh Mapin figure 2 depictsalink with thelabel“Has-collabgator” arelationthat
is notpresentn theunderlying AKT RefeenceOntology. By choosingthe setof pe@le
asobjectsanda limited setof attributes—thatof authaship of someindividual papers,
or beinginvestigatorsof someindividual projects— aconcep canemege (aftersuitably
takingintersectionof the apprgriate sets)which includesNigel Shadbtt andall of
his collabaators.A modellercanchocseto extracta relationslip basedn this derived
concep, which canthenbedefinednto the corceptualstructureusingthe syntaxof the
logical formalism. This requres lifting the propcsitionsrepreseted into a first-order
formalism,i.e., introdwcing a varialle in placeof thelist of instancesipan which the
modellermakesherdecision

In DLs, conceplabelsareassigned formal semantic®y their extersion,assetsof
objects.Thesecanbe primitive or definel by conjurction with otherconepts.Binary
relationslips areusedwith existertial or universalquantifierso definepropertiesthese
conceps might possessSo, for examge, in a domain A, conceptC would have as
the domainof its interpreation functionZ : - — A thesetC? C A. Furthernore,
predicaive propertiesare definedby role restriction;hencefor binary relation R and
concep C, we cancreatevR.C' or IR.C whoseextersionsare,respectiely,

(VR.C)L = {z € AVy(z,y) € RT = ye C*} and
(3R.C)% = {z € A|Fy(z,y) € R Ay € CT}.

Classesarealsodefinedby conjunction anddisjundion which facilitatessubsurption
reasonig of theform AZ N BZ C AZ etc.Theseenablethe modellerto checkfor con-
sisteng of theontdogy unde devdlopment in thecasesvhenconceptsareconstruted
in termsof othe's.

However, sinceevery attributeis definedsolelyby its extension concetsgeneréed
by join andmeetopeaationson the lattice may not have obvious labelsthata domain
expett would becomfortablewith, a problemassociatedvith ary bottomup appoach.
Bain[3], notesthat “a dravbackin FCA is thatit does not allow for the introduction
of corceptnamesasnew intermaliate-level termsy. ..] this is necessaryor re-use of
concepual structues,sothatthey maybereferredto by name e.g.to beusedin incre-
mentallearningor theoryrevision while Prissrecord theseasbeingcharaterisedas
“informationless’states[13].

In theDL world, theapprachto modelling is muchmore top-down, andontolagies
are often created(astermindogiesor T-boxes) with no instanceinformation, despite
thesemanticdbeingdefinedextensiomlly (for examge, in A-Boxes).Thismakesdirect
compaisonof FCA latticeswith taxonanic treesrenceredin DLs appioachedifficult.
However, inheritarce of propertiesin ataxoromic hierarcly is possiblebecaus¢heis-a
relationslip (setinclusion is transitve,andonecanidentify thedown setof anattribute
in FCA with therangeof the corresponihg interpretationfunction in DLs. This points



outtherestrictednatureof differenttypesof relationshigg thatarerepresetedin FCA.
It hasbeennotedin theliteraturethatFCA focusseson hypenym hierachy of concepts
but not arbitral relatiors amory them[X4]. The treesdrawn to expresstaxonanic re-
lationshipsare,of course the only onesthat DLs formdismstypically generge, even
thoudh they weredesignedo formalise semantimmetsand ER diagrans thatwerede-
scribedin the AKT Reseath Map above. The work of Hahnet al [9] who introduced
formal structurs to express partwhole relatiorships as taxonanic onesis an inter-
estingavente to exterd the expressvity of relatiorshipscapturedn FCA. A detailed
studyrelatingtheseformalismswould be valuabie to provide methalologcal suppat
for knowledgerepresentation.

3 Redated work

FCA hasbeenappliedin a variety of applicatiors alongthe whole spectrun of knowl-
edgemangementwith emphais on the early stagesof acqusition, analysisandmod
elling. For instanceijn [12] theauthos describehe KANavigator a web-basedrows-
ing meclanismfor domainspecificdocumentretrieval. Their work is closelyrelated
to our experimentson analysingresearcthinterestausingFCA. However, KANavigator
is amore geneit systemaimingnotonly at navigational aid whenbrowsinga dormain
but alsoproviding suppat for incrememal developmert andevolution of the concepts
involved. This could be achieved by the openernvironmentin which the KANavigator
was deplo/ed whereuserscan updatethe concep lattice with new objectsof interest
astheseemepge. On the otherhand our aim wasto simply capturethe depedencies
betweenseeminglyrelatedresearctinterestsas our apprachwasto perfam further
analysisand modellirg usingricher knowledge modelling structureslike ontolagies.
Identifying relatedconceps then,wasour priority asit wasin [10] work wherethe au-
thorsappliedFCA asa concepual clusteringtool by usingtheintentiona descripions
of objedsin adomainasindicatos of clustermembeship.As our KA experiencescript
highlightedin section2 theresultsof this sortof analysisneedto combnedwith other
techndogies.

Theer are few exampes of combining FCA with other popular knovledgetech-
nologes, one of themis the Troika apprachdescribedn [7]. The authos combinel
repertay grids, concepual grapts and FCA in orde to overcomethe acknavledged
KA bottlereckwherethereexist a plethaa of methals, techniqesandtools but nore
of themis adeqate enowgh to carry out its task elegartly without neediry the input
of another The authorsargued that thesethreetechnolgies could be combnedin a
streamlinedashion,whete repertay grids are usedfor acquisition,FCA for analysis
andconcetual grapls for represetation. The Troika appoachis a setof algorithmic
stepswhich dictatethe orderandthe way in which thesethreetechndogies canbe
combired.

Ther have beenattemptdn theliteratureto integratedifferentapprachesn order
to suppot knowledge modelling, asindicatedabove. Furtherwork hasbeendore by
Tilley andcolleagies[16] who proposeda solutionto provide somemoreinteraction
with themockllerin orderto questiorandverify the elementof theformal context by
editing,remaving or addingnew ones.n thedomain of softwareengireeringthey used
FCA to modelthe classhierarcly in a given domainand compaed it with a typical
softwareengineringuse-casebasednoddling appioach.Although identifying initial
nours from thetextual specificatiorascanddatesfor objeds in the formal context was
alaboriows andtime consuming exercise, the authors praisedthe valueof appioachas
it makesclearerandmorecollatorative the designprocess.



4 Conclusions

FCA providesa setof tools that allows for formalising a setof informal descrigions
of a domain thus providing the basisfor ontolagy building. The modeltheory of DL
formalismsallow for adirectcompaisonwith thesetsthatform theextentsof concepts
in FCA. However, therelationslip betweersubsumpon hierachiesthatarecommnon-
placein ontdogiesto the partialordes in FCA latticesneedgo beexploredin detailif
FCA techniqesareto be exterdedto assisthe knowledgeenginer.
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