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Abstract

We reporton an ongoingprojectaimedat providing an exemplaryarchitecturefor an elec-
tronic disseminatiorervironmentfor scientifichandbooksWe focuson our way of facilitat-

ing navigationthroughandaccesgo electronichandbooksy usinga WordNet-like concept
hierarchyconsistingof synsetghat are connectedo eachotherandto external sourcesy

semantiaelationsfor navigationalpurposes.

1 Intr oduction

Electronicpublishingoffersmary opportunitiesfor readersauthorsandpublishersalike. While tech-
nical reports,conferenceproceedingsandjournalsareincreasinglybeing madeavailablein an elec-
tronic form, sometimeseven exclusively, otherkinds of scientificpublicationshave, by andlarge, not
beenrecastfor electronicdisseminatioryet. In particular for scientificknowledgeof a unifying kind,
astraditionally found in a handbook several proposaldor a suitablearchitectureare only now being
tried out or explored.

Therearemary reasonshatjustify electronicversionsof scientifichandbooksuchastheHandbook
of Logic and Languaye (van Benthemandter Meulen,1997)or the Handbookof AutomatedReason-
ing (RobinsonandVoronkov, 2001). It makesdistribution easierandquicker, andreadercanbehelped
considerablyvhensearchindgor information: evensimplekeyword searchearemoreusefulthanscan-
ning tablesof contentor indexes,especiallyfor large handbooksandtrackingdown areferenceanbe
assimpleasamouseclick. Also, electronicpublicationsarelessrigid thantheir papercounterpartsthe
publicationcanbeadaptabl¢o thereaderthusbettersatisfyingherinformationneeds Electronicavail-
ability alsofacilitatesintegrationwith othermediatypes:e.g.,computersimulationsandvisualizations,
movies,andtools.

Electronicbooksfacilitateamoremodularway of readingthantraditionalpaperooks.Indeedmary
websitesconsistof mary relatvely smallmodulesconnectedby hyperlinks.(Harmsze2000)proposes
amodularstructurefor articlesin experimentakcienceshut it is not clearwhetherthisapproactcanbe
adaptedo handbookghatcontainmoreabstractontent.A potentialproblemwith the‘small modules
—mary links’ structuringof informationis disorientatiorof thereadeConklin,1987). A readershould
know wheresheis in the hypertet network, andhow to getto otherlocations:high quality navigation
toolsareessential.

In our approacho the developmentof an electronicdisseminatiorervironmentfor scientifichand-
books, we intend to facilitate navigation through and accessto electronichandbooksby using a
WordNet-like concepthierarchy It consistof synsetghatareconnectedo eachotherandto external
sourcedy semantiaelations.

2 Strategy

Topic or concepthierarchiesare often usedfor the purposeof navigating throughlarge collections
of documents. They are very useful for the organization,display and exploration of large amounts
of information. Well-knowvn examplesinclude Yahoo!s topic hierarchyfor exploring the Web, and
Googles directoriesbasednthe DMOZ opendirectoriednitiative).



Oneof the advantageof using concepthierarchieds that usersdo not have to know exactly what
informationthey arelookingfor. Without having to phraseheirinformationneedin preciseterms,they
canbrowsefrom generato morespecificcatgories,or from exampleto countergample,andthusgeta
clearerideaof theinformationbeingsought.Thisis especiallyhelpful for readerghatarelessfamiliar
with thetopic for which they consultthe handbook.

It hasbeenshavn that usersin a hypertext searchtask who had hierarchicalbrowvsing patterns
throughthe hypertext performedbetterthan userswho had sequentiabrowsing paths(McEneang,
1999). Thereforeijt is veryimportantthatarchitecturesor electronichandboolallow, or evenenforce,
suchhierarchicapatternsandaconcepthierarchyis agoodway of doingthis.

Basedon theseconsiderationsit wasdecidedto investigatethe useof fine-grainedconcepthierar
chiesfor navigation throughandaccesgo scientific handbookswithin the Logic & Language Links
project. To make mattersconcretethe projectaimsto develop an electronicversionof the Handbook
of Logic and Languaye (van Benthemandter Meulen,1997). However, the ervisagedresultsandour
discussiorbelow areapplicableto mary otherdomains.

3 Organization of the Hierar chy

The building blocksof the concepthierarchyarethe conceptsandits cementconsistsof several se-
manticrelationships.In line with WordNet (Fellbaum,1998), we make a distinction betweenwords
or termson the one hand,and conceptson the otherhand: a conceptis denotedby a synseta setof

synorymouswords. Words are synorymousif they have (more or less)the samemeaningin some
setting. Thesemantiaelationshipsomein two kinds: internal to concepthierarchy andonesthatlink

theconceptdo externalresources.

3.1 Internal Architecture

Conceptsn the hierarchyareannotatedvith a gloss:for instance,Thestudyof language meanings a
glossfor semanticsMoreover, they comewith multiple, increasinglymoretechnicaldescriptionspnly
oneof whichwill besenedto anindividual readerdependingon herlevel of expertise.

The main semantiaelationshipthat structuresour concepthierarchyis relatedsubtopi¢ or simply
subtopic While it coversthe usual‘is-a-kind-of relation(e.g.,epistemiclogic is arelatedsubtopicof
modallogic in this sense)the subtopicrelationextendsit in anumberof ways. For instancewe allow
thesubtopicrelationto cover merorymic casesswell: therelationshiphetweercompactnesandlogic
(in thesenseof ‘a systemof reasoning’)s of thiskind.

We don't requirethatthe concepthierarchybe a strict tree. Exceptthe root, every nodemay have
multiple parents.We do not allow cyclesin the subtopichierarchy sincecyclesdisorientatereaders.
Moreover, we dont allow ary concepto be unconnectedo therestof the hierarchy At presentgevery
concepts belowv oneof four ‘beginners’(computersciencemathematicslinguistics philosophy.

As to additional(non-hierarchicalpavigationalrelations theseincludethefollowing:

Similarity : conceptsaresimilar if they sharesomepropertiesor are someha analogougo each
other For instancefinite statemadiineis similarin this sensdo regular language.

Antonymy: learningthe antorym of a conceptnot only teachesis more aboutthe meaningof the
antorym, but alsoaboutthe concepttself (Muehleisen1997).

Sibling: informal experimentshave corvincedusthatreaderdind it usefulto know whatthesiblings
of agivenconceptare;it helpspreventthe‘lost in space’problem.

Other meanings for every namein thesynsef agivenconceptwe provide links to otherconcepts
in whosesynsethe namestringoccurs.

3.2 External Connections

In additionto the internallinks, our concepthierarchyhasexternal links in the sensethat they are
betweenconceptsandtargetsoutsidethe hierarchy We distinguishbetweerhandboolinks (to infor-



mationin thehandboolbut outsidetheconceptierarchy) andweblinks (to informationsourcenthe
web). Again, we make this distinctionfor the benefitof the readerwe have foundthatit is important
for areaderto know whetheralink tametis outsidethe spacecontrolledby us.

Thetagetof ahandbookink canbeof differentlevelsof granularity(a part,a chapterasubsection,
a definition, etc.). Ideally, conceptshigherin the hierarchyreferto larger fragmentsan the handbook,
while lower conceptseferto smallerparts.However, asthe handboolkchaptersarewritten by different
authorsyesultingin a differentstructuringandwriting stylefor every chapterthisis hardto achieve.

Internalandexternallinks in the concepthierarchytake advantageof a setof metadatdhatis auto-
matically generatedInternallinks are establishedisingthe referencegiven by the uniqueidentifier
associatedo eachnode.

Handbooklinks come with metadatadescribingcrucial information aboutthe publicationlinked
(e.g.,author editor, publisher),enrichedwith anindicationof the link type (e.g.,definition, theorem,
discussed-inexample/counteseample). As to web links, they too comein a small numberof types,
including researchgroup, home pages,tools (links to software relatedto the concept;for example,
informationretrieval hasalink to the ng system)andpublications.

We mostly adhereto the Dublin Core, even thoughin our approacha large part of the metadata
suggestedby the Dublin Coreplaystherole of actualdata. Even dataaboutauthorsandeditorsof the
concepthierarchyis meantto be availableasuseruser Dataaboutcreation/modificatiomf conceptsn
theconcepthierarchyhasa somehw differentrole. At presentt is metadatabut in afuturescenariat
will beuserdataaswell.

4 Building the Hierar chy

The Logic & Languaye concepthierarchyis currently beingbuilt, by hand. Our efforts are basedon
TheBluffer's Guideto ComputationalSemanticgFracas,1996),andthe glossaryof the Handbookof
Logic andLanguaye (Groeneeld, 1997).

At presenthe focusof our work on constructingthe hierarchyis on creatingthe hierarchicalrela-
tionships,completewith glossesandinternalrelations;extensve descriptionsandexternallinks have
mostlybeenleft outatthis stage Domainexpertsattheauthors’homeinstituteareaboutto beinvolved
in the procesof building the hierarchyaslarge-scaleeommunitybuilding effort.

4.1 The Curr ent Prototype

The currentversionof our hierarchyis populatedwith closeto 1000 conceptsprovided by us. For
every conceptwe maintaina single XML file. FromtheseXML files aLogic & Languae websiteis
generatectregularintenals, to incorporatechangeso theunderlyingXML files.

We are currently settingup a web-basednterfaceto enabledomainexpertsto easily add further
conceptor modify existing ones. Editorsare beingapproachedo take responsibilityfor subpartsof
the hierarchy(suchascomputationallogic or dynamicsemantics We planto launcha versionof the
Logic & Language concepthierarchyon a publicly accessiblevebsenerin early2002.

4.2 Support Tools: Hierarchy Development

In our approacht is essentiathat the concepthierarchybe constructecby a teamof humaneditors
to guaranteéhigh quality. Neverthelessthis actvity is time consumingand error prone. For this
purpose,n constructingthe hierarchyandin linking it, we intendto provide authorswith tools that
make suggestionsindcheckfor coherencef theinserteddata.

Completenesand correctnessare two importantcriteriain our hierarchydevelopmentefforts: the
conceptdn the hierarchyshouldcover the informationin the domaincoveredby the handbook.and
they shouldonly cover informationin that domain. We have carried out two kinds of experiments
to help us ensurethesecriteria. First, we have usedideasbasedon inversedocumentfrequenciesof
termsin collectionsof arbitraryscientificpapersrersuscollectionsof papersn logic andlanguagearea.



Secondwe have exploredmethodgor automaticallygeneratingconcepthierarchies Researclon the
latter comesin threeflavors: patternmatching,basedon partial parsing,and basedon statisticsand
cooccurrenceWell-knovn work on usingmethodsbasedon pattern-matchindor extendingWordNet
were describedby (Hearst,1998), while (Manning, 1993) is an example of work basedon partial
parsing. (Sandersommnd Croft, 1999)aim to generatea hierarchywith the samesubtopicrelationwe
employ in our concepthierarchy a mixture of hyperrymic andmerorymic relationships.In response
to a suitablequery they considerthe setof 500top-ranked documentsFromtheseatermcollectionis
built basedn similarity to thequery whichis thenusedto build the hierarchy

We have carriedout small-scaleexperimentswith the SandersomndCroft algorithm. To be applied
to the constructiorof a concepthierarchyfor the Logic & Languagearea,someadaptationdadto be
made.First,we needed sufiiciently large corpusof papersn thearea.Secondwe donothave aquery
whosetermscanbe usedaspotentialconceptsn the hierarchy;we simply usehierarchytermsthatare
alreadypresent.

Having automaticallygenerated hierarchy we may be facedwith the needto memge (partsof) it
with the existing handbuilt one. Recentwork on ontology developmentand enlagement,suchas
ChimaergMcGuinnesstal., 2000)andPrompt(Noy andMusen,2000),is particularlyrelevantto us
for this purpose.

4.3 Support Tools: Linking the Hierarchy

Finally, let's turn to the taskof generatindinks from the concepthierarchy which is anothematural
task begging for automation. So far, we have experimentedwith automaticallygeneratinghypertext

links from conceptsan the hierarchyto (electronicversionsof) the chapterin the handbook.We used
the vector spacemodel, exploring a variety of options. As the documentgo be retrieved, we have

taken pagesof the original handbookwhile arbitrary this choicewasforceduponus by the diversity
of the writing stylesof the contrituting authors. Somepreliminary experimentsindicatedthat cosine
similarity providesthe bestweightingschemefor this setting,with normalizationfor the queries,but

not for the documents.For the querieswe explored several possibilities(term, term plus description,
termanddescriptionplus additionalweightingson the term). We have foundthatbestretrieval results
wereobtainedby factoringthekey terms(takenfrom theconcephierarchy)with ahigherconstanthan
thedescriptionf theterms(Monz etal., 2000).

5 Conclusion

We have reportedon ongoingwork aimedat providing an exemplary architecturefor an electronic
disseminatiorervironmentfor scientifichandbooksWe focusedon facilitatingnavigationthroughand
accesdo electronichandbookdy meansof a WordNet-like concepthierarchyconsistingof synsets
connectedo eachotherandto externalsourcesy varioussemantiaelations.
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