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Abstract

Markup languagesbasedon XML areincreasinglypopular, andlanguagesfor otherformatssuch
asRDF areunderactive development.Oneof theproblemsinvolved in converting legacy documents
to useXML or other markupformatsis the insertionof tagsinto the documentand the consequent
rearrangementof text requiredwhenmarkupis addedto an existing, un-marked-updocument.This
paperdescribesamethodfor automatingpartof theprocessof markingupsuchlegacy documents.The
approachis designedfor semi-structuredtext documents,for example,technicaldocumentationand
narrativedescriptions.

1. Intr oduction

MarkuplanguagesbasedonXML (ExtensibleMarkupLanguage[W3C, 2000]) areincreasinglybeingused
on theWorld WideWeb. OtherformatssuchasRDF(ResourceDescriptionFramework [W3C, 1999]) and
DAML (DARPA AgentMarkupLanguage[Horrockset al., 2001]) arealsogainingacceptance.Unfortu-
nately, converting existing documentsto usesuchmarkupformatscanbe a highly labor-intensive task,
especiallyfor text documentswhich wereoriginally written by humans(comparedto thosewhich canbe
generatedautomaticallyfrom a database).Tools to help this conversionprocesswould be useful. Such
editorsmustbeableto work with generalizedmarkup,sincetherearenumerousmarkuplanguagesunder
developmentfor differentdomains.

One part of our currentDigital Governmentproject consistsof developing an XML-basedmarkup
language(MIML - Maritime InformationMarkupLanguage)for maritimeinformation.MIML is intended
to be usedfor multiple purposesand applicationswithin the domainof maritime information, ranging
from databaseinteroperabilityto information management.MIML (in a future deployment edition) is
expectedto seeusewithin thecontext of a envisagedprojectfor informationmanagementfor waterborne
transport[SpaldingandPirzada,2001, Spaldingetal., 2002]. Oneapplicationof MIML will be marking
up text documentsusedby marinerswith a view to facilitating informationextractionandpresentation.
Thedevelopmentandstructureof MIML is describedin [Malyankar, 2002]. This paperdescribesa semi-
automatededitorwearedevelopingto facilitatethis task.

Theeditordescribedhereis designedfor XML markupof text thatusesa somewhat restrictedvocab-
ulary andrestrictedsententialstructure,but which is written in naturallanguage.Theapplicationdomain
for our Digital Governmentprojecthaslarge quantitiesof legacy text that will needto be marked up at
somepoint of time. Much of the text in this domainis semi-structured,in the sensethat the samesen-
tential forms areusedwith slight variations(anddifferentplacenames,coordinates,compassdirections,
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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>

Figure1: The`scope'and'from' elementsfrom asampleMIML schema

etc.) to describedifferentcircumstances,places,features,etc., and therefore�ts the requirementsfor a
restrictedvocabulary andrestrictedsententialstructurementionedearlier. Webelieve thisobservationmay
betruefor muchother`professional'text documentationaswell. (`Professionaldocumentation'is usedin
the senseof engineeringdocumentation,in particular, operationmanuals,installationguides,etc. It also
coverssimilar documentsin non-engineering�elds, e.g.,governmentregulationsandreports,etc.) Such
documentsare,by design,written usingstandardvocabulariesandstructure(which areusuallyspeci�c to
the applicationarea),andthereforeseemamenableto the approachadoptedin this tool. Further, ashas
beenpointedoutelsewherein thispaper, thesheervolumeof thismaterialwill imposearealneedfor even
simpleautomationof markup.

MIML is usedto implementtext extractionandcondensationcapabilitiesin aprototypedemonstration
(describedin [Malyankar, 2001]). MIML is currentlybeingusedin theprototypeto markupa targetdoc-
ument(Chapter4 of Volume7 of theCoastPilot, a text documentdescribingfeaturesof theUnitedSates
coastline)for subsequentquery(usinganimplementationof XML Query)andinformationextraction.Note
thatmarkupdoesnotconsistof simply placingtagsaroundsentencesin thetext, but involvesa limited de-
greeof “understanding”,analysis,andrearrangement.Most suchconversiontasksareessentiallysimple,
but, consideringthehigh degreeof repetitivenessandattentionto detail required,areproneto errorwhen
doneby a human.Suchfeaturesmake thesetasksidealcandidatesfor automation.

2. Outline of Solution

XML schemas[W3C, 2001a] describethe contentsof XML documents. They provide de�nitions of
markuplanguageelements,attributes,anddatatypes.Very brie�y , ascomparedto DTDs, XML schemas
allow moredetailaboutelementstructureandconstraints.Figure1 is anexampleof XML schemaelements
for the“CoastPilot”. Shown are<scope> and<from> elements(the�rst describesthegeographicalcov-
erageof otherdocumentelementsin linearterms,andthesecondcandescribeeithera startingpoint for a
segment,or a locationusingeitherits name,or latitude/longitudecoordinates,or both).

The XML Schemarecommendation[W3C, 2001a, W3C,2001b] allows <annotation> schema
componentsin XML schemas;theseelementscancontain<documentation> elements(supposedto
hold text intendedfor humanusers,explaining the underlyingschemacomponent)or <appinfo> (ap-
plication information)elements(supposedto hold materialwhich is meaningfulto software). We usethe
<appinfo> elementto containhintsfor markupof text. Currently, threetypesof hintsareavailable:

� Regular expressionsdenotedby the tag<regex> for recognizingtext fragmentsandinstantiating



localvariablesfor deepermarkupprocessing.A regularexpressionis asequenceof charactersinter-
pretedby theexpressionmatchingengineascorrespondingto anothersequenceof characters.For
examplethestring“a*” maybeinterpretedasmatchingastringof length1 or higher, beginningwith
theletter`a'.

� Rearrangementsdenotedby <rule> elements,for constructinga rearrangedtext fragmentfrom
previously recognizedtext, andpassingit to elementsthatmaybedescribedelsewherein theschema
�le. Rearrangementsareneededbecausesomecomponentsmay be part of multiple othercompo-
nents.It is convenientto specifyrulesfor recognitionof anelementin only oneplace(e.g.,latitude
mayappearin numerousplacesin a schema,but it is awkwardanderror-proneto placetheexpres-
sionthatrecognizesthetext stringfor a latitudein every suchplacein theschema).Whenelements
are`nested',the text correspondingto thesmallercomponentmaybeonly a partof thetext for the
largercomponents,andin a differentplacein eachsuchlargercomponent,necessitatingthatonly a
(possiblyre-arranged)partof thecurrenttext fragmentbesuppliedto therecognizerfor thesmaller
component.

� Attributevalues, denotedby <attrval> , for instantiatingattributevaluesfrom recognizedtext.

Thesethreecategoriesof hints appearto be suf�cient for recognizingtext that canbe describedby
regularexpressions,andfor a limited amountof text rearrangement.Practicallyspeaking,this meansthat
theclassof fragmentsthatcanberecognizedis theclassof `regularlanguages'in theChomsky hierarchy,
whichin turnmeansthatsigni�cant naturallanguageunderstandingcapabilityrequiressigni�cant extension
to therecognitioncomponent,especiallyby theuseof otherformsof description.

Theeditoris implementedin Java asa Prot́eǵe plugin. Prot́eǵe is a knowledgeengineeringtool devel-
opedby theStanfordMedical informaticsgroup[Grossoet al.,1999, Noy etal., 2000]. It canbeusedto
createandvisualizeontologies,asa knowledgebaseeditor, for conversionof knowledgebasesto XML or
RDF (andshortly, DAML), etc. Our projecthasusedit for ontologyconstructionandontologyprocess-
ing. Becauseoneprincipleguidingthedesignof MIML is themaintenanceof a well-de�ned relationship
betweenMIML tagsandtheunderlyingontologies[Malyankar, 2002], andbecausewe would like, in the
nearfuture,to markup text directly from anontology/knowledgebase(directmarkupis explainedbelow),
it wasdecidedto integratetheeditordescribedherewith theProt́eǵe system.

Figure2 shows the�rst versionof theeditor. Theeditoris active whentheXMLHelpertabis selected.
Theupperleft panelis intendedto hold theontology(this canbeloadedwith Prot́eǵe); theupperright and
thelower left panelshold thetext of theschema�le anda tree-baseddepictionof theschema,respectively;
the lower right panelholdsthe text beingmarked up. The buttonsabove the panelson the right arefor
loading/saving the schemaandtarget text, and for markingup the target text. Markup is `direct' as far
as the useris concerned,i.e., all the userneeddo is link the elementandtext fragmentin questionand
thenclick a button (informally, it amountsto the user`stating' “mark up this with that”, asopposedto
insertingelementtagpairsoneby oneeverywherethey areneededwith keyboardandmouse).Markupis
doneby selecting(with the mouse)a schemaelementin the lower left panelandthe text fragmentto be
processedin the lower right panel,andthenclicking the markupbutton. Tagsareautomaticallyinserted
at theappropriateplaces,attributevaluesareinitialized (wherevaluesareavailablein thetarget text), etc.
Thetarget text canalsobedirectlyeditedby theuser.



Figure2: Markuptool showing anXML schemain text andtreeformsandthe�le beingmarkedup

3. RelatedWork

Markupeditorsandannotationtoolshavebeenin existencefor awhile, andmoreareunderactivedevelop-
ment(especiallyfor RDF andDAML+OIL), but mostof thecurrentversionsappearto dependon manual
markup,i.e., requirethe userto placetagsandrearrangetext usingordinary text editing techniques—
which might beat bestmouse-andmenu-based.Inserting(a portionof) markupinto targetdocumentsus-
ing text-processingsoftwaresuchasPerl is anobviousidea,andhasalmostcertainlybeenusedin one-off
andspecial-purposecontexts,but weareunawareof any `recognition-based' toolsor toolsthatdoschema-
basedor ontology-basedmarkup,ashasbeenoutlinedhere.While this mayseema minor help,it should
beextremelyusefulin practice,dueto thevolumeandtediousnessof themarkuptask. In our domain,for
example,placenames,geographicalscopes,andcoordinatesappearin very many places,andany method
of automatingmarkupof eventheseminorelementsis expectedto beof signi�cant helpto ahuman.

4. Limitations and Future Work

The editor is not intendedto fully automatethe markupprocess,but asan aid for humanmarkup. The
utility of theautomatedrecognitionfacility dependsgreatlyon thenatureof text beingmarkedup andthe
natureof the`description'(in the �rst versionof theeditor, `regularexpressions',which recognizeonly a
restrictedsubsetof naturallanguage).Extensionto morecapableparsersandrecognizersis underway, with



moreexpressivemeansof descriptionandwidernaturallanguageunderstandingcapabilities.Also,devising
theregularexpressionscurrentlyneedsprogrammingexpertise;simplermeansof describingthetext to be
markeduparebeinginvestigated.Rearrangementof text consistsof only limited rewriting capability;using
rewrite rulesin thehintsis anotherdirectionof research.Otherextensionsconcernactive processorsin the
hints,andmultiple,richer, formsof description,in additionto regularexpressions.

The primary reasonfor selectingXML for this project in preferenceto RDF or DAML+OIL is the
maturity of XML technologycomparedto theseandother languages.On the otherhand,RDF is even
morecloselytied to ontologiesandknowledgerepresentationthanXML, andDAML+OIL is designedas
an extensionto XML andRDF, andis beingtailoredfor semanticdescriptionsandsemanticprocessing.
Futurework is thereforeexpectedto usesemanticallyricher alternatives (which could be RDF/RDFS,
DAML+OIL, or possiblyanas-yet-unknown third alternative).

5. Summary

This paperhasfocusedon a prototypeeditor for aiding the markupof text documentsby humans.The
markupis currentlybasedon theability to de�ne regularexpressionsthatcanrecognizefragmentsof text.
Thetechniqueis expectedto besuitablefor addingmarkuppostfactoto documentsthatcontainrepetitive
constructsof text, suchasmany governmentdocuments.Theeditoris currentlydesignedfor usewith XML
schemas,andextensionto othermarkupformalismssuchasRDF andDAML is beinginvestigated.Other
meansthanregularexpressionsof describingrecognitionhintsarealsobeinginvestigated.
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