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Abstract

Markup languagedasedon XML areincreasinglypopular andlanguagedor otherformatssuch
asRDF areunderactive development.Oneof the problemsinvolvedin corvertinglegacy documents
to use XML or other markupformatsis the insertionof tagsinto the documentand the consequent
rearrangemensf text requiredwhenmarkupis addedto an existing, un-marled-updocument. This
paperdescribes methodfor automatingpartof the procesof markingup suchlegag/ documentsThe
approachis designedfor semi-structuredext documentsfor example,technicaldocumentatiorand
narrative descriptions.

1. Intr oduction

Markuplanguagevasedn XML (ExtensibleMarkupLanguagdW3C, 200Q) areincreasinglybeingused
ontheWorld Wide Weh OtherformatssuchasRDF (ResourcéescriptionFramevork [W3C, 1999) and
DAML (DARPA AgentMarkup LanguaggHorrocksetal., 2001)) arealsogainingacceptanceUnfortu-
nately corverting existing documentdo use suchmarkupformatscan be a highly laborintensve task,
especiallyfor text documentsvhich wereoriginally written by humangcomparedo thosewhich canbe
generatechutomaticallyfrom a database).Tools to help this corversionprocesswvould be useful. Such
editorsmustbe ableto work with generalizednarkup,sincetherearenumerousnarkuplanguagesinder
developmentfor differentdomains.

One part of our currentDigital Governmentproject consistsof developing an XML-based markup
languagdMIML - Maritime InformationMarkup Languagefor maritimeinformation.MIML is intended
to be usedfor multiple purposesand applicationswithin the domainof maritime information, ranging
from databasenteroperabilityto information management.MIML (in a future deployment edition) is
expectedio seeusewithin the context of a ervisagedprojectfor informationmanagemenfior waterborne
transport[SpaldingandPirzada200], Spaldingetal.,2003. Oneapplicationof MIML will be marking
up text documentausedby marinerswith a view to facilitating information extraction and presentation.
The developmentandstructureof MIML is describedn [Malyankar 2003. This paperdescribesa semi-
automatecaeditorwe aredevelopingto facilitatethis task.

Theeditordescribechereis designedor XML markupof text thatusesa somevhatrestrictedvocab-
ulary andrestrictedsententiaktructure put which is written in naturallanguage.The applicationdomain
for our Digital Governmentprojecthaslarge quantitiesof legag/ text thatwill needto be marked up at
somepoint of time. Much of thetext in this domainis semi-structuredin the sensehatthe samesen-
tentialforms are usedwith slight variations(anddifferent placenames coordinatescompasdirections,
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<xs:element name="scope">

<xs:complexType>

<xs:sequence>
<xs:element ref="from" /> <xs:element ref="to" />
</xs:sequence>

</xs:complexType>

</xs:element>

<xs:element = name="from">
<xs:complexType>
<xs:attribute name="name" type="xs:string" default="" />
<xs:attribute name="latitude" type="xs:string" default="" />
<xs:attribute name="longitude" type="xs:string" default="" />

</xs:complexType>
</xs:element>

Figurel: The scope'and'from' elementfrom asampleMIML schema

etc.) to describedifferentcircumstancesplaces,features.etc., andtherefore ts the requirementdor a
restrictedvocatulary andrestrictedsententiaktructurementionecearlier We believe this obseration may
betruefor muchother professionaltext documentatiomswell. ("Professionatlocumentationis usedin
the senseof engineeringdocumentationin particular operationmanualsjnstallationguides,etc. It also
covers similar documentsn non-engineeringelds, e.g.,governmentregulationsandreports,etc.) Such
documentsare,by design,written usingstandardsocalulariesandstructure(which areusuallyspeci c to
the applicationarea),andthereforeseemamenabldo the approachadoptedn this tool. Further ashas
beenpointedout elsavherein this paperthe sheewvolumeof this materialwill imposearealneedfor even
simpleautomatiorof markup.

MIML is usedto implementtext extractionandcondensatiorapabilitiesn a prototypedemonstration
(describedn [Malyankar 2001)). MIML is currentlybeingusedin the prototypeto markupa targetdoc-
ument(Chapterd of Volume7 of the CoastPilot, atext documentescribingfeaturesof the United Sates
coastline¥or subsequerquery(usinganimplementatiorof XML Query)andinformationextraction.Note
thatmarkupdoesnot consistof simply placingtagsaroundsentence thetext, but involvesa limited de-
greeof “understanding”analysis,andrearrangementMost suchcorversiontasksare essentiallysimple,
but, consideringhe high degreeof repetitvenessandattentionto detailrequired,areproneto errorwhen
doneby a human.Suchfeaturesmake thesetasksideal candidate$or automation.

2. Outline of Solution

XML schemaqW3C, 20013 describethe contentsof XML documents. They provide de nitions of
markuplanguageelementsattributes,anddatatypes. Very brie y, ascomparedo DTDs, XML schemas
allow moredetailaboutelemenstructureandconstraintsFigurel is anexampleof XML schemalements
for the“CoastPilot”. Shavnare<scope> and<from> elementgthe rst describeshegeographicatov-
erageof otherdocumentlementsn linearterms,andthe secondcandescribeeithera startingpoint for a
se@gment,or alocationusingeitherits nameor latitude/longitudecoordinatesor both).

The XML SchemarecommendatiofW3C, 2001a W3C, 20014 allows <annotation> schema
componentsn XML schemastheseelementscancontain<documentation>  elementgsupposedo
hold text intendedfor humanusers,explaining the underlyingschemacomponentpr <appinfo> (ap-
plication information)elementgsupposedo hold materialwhich is meaningfulto software). We usethe
<appinfo> elemento containhintsfor markupof text. Currently threetypesof hintsareavailable:

Reayular expressiongdenotedby thetag <regex> for recognizingtext fragmentsandinstantiating



local variablesfor deepemarkupprocessingA regularexpressions a sequencef charactersnter
pretedby the expressionmatchingengineascorrespondingo anothersequencef charactersFor
examplethestring“a*” maybeinterpretecasmatchinga stringof lengthl or higher beginningwith
theletter a'.

Rearangementsdenotedby <rule> elementsfor constructinga rearrangedext fragmentfrom
previously recognizedext, andpassingt to elementghatmaybedescribedlsavherein theschema
le. Rearrangementare neededecausesomecomponentsnay be part of multiple othercompo-
nents.lt is corvenientto specifyrulesfor recognitionof anelementin only oneplace(e.g.,latitude
may appeaiin numerouglacesin a schemaput it is awkward anderrorproneto placethe expres-
sionthatrecognizeshetext stringfor alatitudein every suchplacein the schema) Whenelements
are nested' the text correspondindo the smallercomponenimay be only a part of thetext for the
larger componentsandin a differentplacein eachsuchlarger componentnecessitatinghatonly a
(possiblyre-arrangedpart of the currenttext fragmentbe suppliedto the recognizerfor the smaller

component.

Attribute values denotedby <attrval> | for instantiatingattribute valuesfrom recognizedext.

Thesethreecatayoriesof hints appearto be sufcient for recognizingtext that can be describedby
regular expressionsandfor alimited amountof text rearrangementPracticallyspeakingthis meanghat
the classof fragmentghatcanberecognizeds the classof “regularlanguagesin the Chomsly hierarchy
whichin turnmeanghatsigni cant naturalanguageinderstandingapabilityrequiressigni cant extension
to therecognitioncomponentgspeciallyby the useof otherformsof description.

Theeditoris implementedn Java asa Progcg plugin. Progécg is a knowledgeengineeringool devel-
opedby the StanfordMedical informaticsgroup[Grossoetal., 1999 Noy etal.,200q. It canbe usedto
createandvisualizeontologies asa knowledgebaseeditor, for corversionof knowvledgebaseto XML or
RDF (andshortly DAML), etc. Our projecthasusedit for ontology constructionand ontologyprocess-
ing. Becauseaneprinciple guidingthe designof MIML is the maintenancef a well-de ned relationship
betweerMIML tagsandthe underlyingontologiegMalyankar 2003, andbecauseave would like, in the
nearfuture,to markup text directly from anontology/knavledgebase(directmarkupis explainedbelow),
it wasdecidedo integratethe editordescribedherewith the Progege system.

Figure2 shavsthe rst versionof theeditor Theeditoris actve whenthe XMLHelpertabis selected.
Theupperleft panelis intendedo hold the ontology(this canbeloadedwith Pro&gg); the upperright and
thelower left panelshold thetext of theschemale andatree-basedepictionof theschemarespectiely;
the lower right panelholdsthe text beingmarked up. The buttonsabove the panelson the right arefor
loading/s&ing the schemaandtarmget text, and for marking up the target text. Markupis “direct' asfar
asthe useris concernedj.e., all the userneeddo is link the elementandtext fragmentin questionand
thenclick a button (informally, it amountsto the user stating' “mark up this with thaf’, asopposedo
insertingelementiag pairsoneby oneeverywherethey areneededvith keyboardandmouse).Markupis
doneby selecting(with the mouse)a schemeaelementin the lower left panelandthe text fragmentto be
processedn the lower right panel,andthenclicking the markupbutton. Tagsare automaticallyinserted
attheappropriateplaces attribute valuesareinitialized (wherevaluesare availablein the targettext), etc.
Thetargettext canalsobedirectly editedby theuser



Figure2: Markuptool shaving an XML scheman text andtreeformsandthe le beingmarkedup

3. RelatedWork

Markupeditorsandannotatiortoolshave beenin existencefor awhile, andmoreareunderactive develop-
ment(especiallyffor RDF andDAML+OIL), but mostof the currentversionsappeato dependon manual
markup,i.e., requirethe userto placetagsandrearrangeext usingordinarytext editing techniques—
which might be at bestmouse-andmenu-basednserting(a portion of) markupinto tagetdocumentsis-
ing text-processingoftwaresuchasPerlis anolbviousidea,andhasalmostcertainlybeenusedin one-of
andspecial-purposeontexts, but we areunavareof ary ‘recognition-basédoolsor toolsthatdo schema-
basedor ontology-basednarkup,ashasbeenoutlinedhere. While this may seema minor help, it should
be extremelyusefulin practice dueto thevolumeandtediousnessf the markuptask. In our domain,for
example,placenamesgeographicascopesandcoordinategappealin very mary placesandany method
of automatingmarkupof eventheseminor elementss expectedo beof signi cant helpto ahuman.

4. Limitations and Future Work

The editor is not intendedto fully automatethe markupprocesshut asan aid for humanmarkup. The
utility of theautomatedecognitionfacility dependgreatlyon the natureof text beingmarked up andthe
natureof the “description'(in the rst versionof the editor, “regular expressions'which recognizeonly a
restrictedsubsebf naturallanguage) Extensiornto morecapablearserandrecognizerss undervay, with



moreexpressie meanf descriptiomandwider naturallanguageinderstandingapabilities Also, devising
theregularexpressionsurrentlyneedgprogrammingexpertise;simplermeansof describingthe text to be
markedup arebeinginvestigatedRearrangemenmf text consistof only limited rewriting capability;using
rewrite rulesin thehintsis anotherirectionof researchOtherextensionsoncermactive processorg the
hints,andmultiple, richer, formsof descriptionjn additionto regularexpressions.

The primary reasonfor selectingXML for this projectin preferencdo RDF or DAML+OIL is the
maturity of XML technologycomparedo theseand otherlanguages.On the otherhand,RDF is even
morecloselytied to ontologiesandknowledgerepresentatiothan XML, andDAML+OIL is designedas
an extensionto XML andRDF, andis beingtailoredfor semanticdescriptionsand semantigorocessing.
Futurework is thereforeexpectedto use semanticallyricher alternatves (which could be RDF/RDFS,
DAML+OIL, orpossiblyanas-yet-unknan third alternatve).

5. Summary

This paperhasfocusedon a prototypeeditor for aiding the markupof text documentdy humans. The
markupis currentlybasedon the ability to de ne regularexpressionghatcanrecognizeéragmentsof text.
Thetechniquds expectedto be suitablefor addingmarkuppostfactoto documentshatcontainrepetitve
constructof text, suchasmary governmentdocumentsTheeditoris currentlydesignedor usewith XML

schemasandextensionto othermarkupformalismssuchasRDF andDAML is beinginvestigated Other
meanghanregularexpression®f describingrecognitionhintsarealsobeinginvestigated.
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