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Abstract
We show that a generalmodelof lexical informationconformsto an abstractmodel that reflectsthe
hierarchyof informationfoundin atypicaldictionaryentry. Weshow thatthismodelcanbemappedinto
a well-formedXML document,andhow theXSL transformationlanguagecanbeusedto implementa
semanticsdefinedover the abstractmodelto enableextractionandmanipulationof the informationin
any format.

1 Intr oduction

Thestructureandcontentof dictionaryentriesandlexical informationhasbeenexploredin con-
siderabledepthin thepast(see,for instance[Ide et al.1995]),primarily in orderto determine
a commonmodelthatcanserve asa basisfor encodingschemasand/ordatabaseformats.For
themostpart,descriptionsof dictionarystructurehave beeninformedby theformatof printed
dictionaries,which variesconsiderablyover dictionariesproducedby differentpublishersand
for differentpurposes,togetherwith therequirementsfor instantiationin someencodingformat
(principally, SGML). However, theconstraintsimposedby theseformatsinterferewith thede-
velopmentof a modelthat fully capturestheunderlyingstructureof lexical information.As a
result,althoughschemassuchasthoseprovidedin theTEI Guidelinesexist, they donotprovide
asatisfactorily comprehensiveanduniquedescriptionof dictionarystructureandcontent.

We believe that in orderto developa concreteandgeneralmodelof dictionaries,it is essential
to distinguishbetweenthe formal modelitself andtheencodingor databaseschemathatmay
ultimately instantiateit. That is, it is necessaryto consider, in theabstract,the form andcon-
tentof lexical informationindependentof requirementsand/orlimitationsimposedits ultimate
representationasan encodedor printedobject.This is especiallyimportantsincetheseeven-
tual representationswill vary from oneapplicationto another;in particular, dictionariesmaybe
encodednot only for thepurposesof publishingin print or electronicform, but alsofor creat-
ing computationallexiconsfor usein naturallanguageprocessingapplications.It is therefore
essentialto developa modelthatmaybesubsequentlytransformedinto a varietyof alternative
formats.

In this paper, we outlinea formal modelfor dictionariesthatdescribes(a) thestructureof dic-
tionary information, (b) the information associatedwith this structureat variouslevels, and
(c) a systemof inheritanceof informationover this structure.We thenshow how thestructure
maybeinstantiatedasadocumentencodedusingtheExtendedMarkupLanguage(XML). Us-
ing the transformationlanguageprovided by the ExtensibleStyle Language(XSL), we then
demonstratehow the original XML instantiationmay be transformedinto otherXML docu-
mentsaccordingto any desiredconfiguration(includingomission)of theelementsin theorig-
inal. Becauseof its generality, we believe our model may serve as a basisfor representing,
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combining,andextractinginformationfrom not only dictionaries,but alsoterminologybanks,
computationallexicons,and,moregenerally, a wide varietyof structuredandsemi-structured
documenttypes.An XML documenttypedefinitiondesignedto beusedwith theformal frame-
work describedbelow is discussedin [Erjavecetal. 2000].

2 A formal representationof dictionaries

2.1 Basicnotation

Theunderlyingstructureof a dictionarycanbeviewedasembeddedpartitionsof a lexicon, in
whichno distinctionis madeamongembeddedlevels(e.g.,entry, homonym, sense,etc.).

A dictionaryis thusa recursive structurecomprised,at eachlevel, of oneor morenodes.This
structureis mosteasilyvisualizedasa tree,whereeachnodemayhave zeroor morechildren.
Thatis, at any level n, anodeis eithera leaf (i.e.,with nochildren)or canbedecomposedas:

T � �
T1 � T2 ��������� TN �

whereeachTi is anodeat level n � 1.

Propertiesmaybeattachedto any nodein thedictionarystructurewith theproppredicate:

PROP � T � P	
indicatesthatthepropertyP is attachedto nodeT.

Propertiesareassociatedwith nodeseitherby explicit assignment,or they may be inherited
from theparentnode.Theobjectof our modelis to identify thewaysin which propertiesare
propagatedthroughlevels of dictionarystructure.For this purpose,we considerpropertiesto
beFeature-Value1 pairsexpressedastermsof theform FEAT � F � V 	 , whereF andV aretokens
designatinga feature (e.g., POS) and a value. In the simplestcase,valuesare atomic (e.g.,
NOUN) but mayalsoconsistof setsof feature-valuepairs.This representationis consistentwith
thebasenotationassociatedwith featurestructures[Shieber1986],a commonframework for
representinglinguistic information.

2.2 Propagatinginformation acrosslevelsof dictionary structur e

Wedefinethreetypesof features:


 Cumulativefeatures that may take morethanonevalueandmay be thusinheritedand
combinedalongthedictionarystructure.For example,for acumulativefeatureDOMAIN,
if the propertyFEAT � DOMAIN � NAVIGATION 	 is associatedwith a nodeat level n and
FEAT � DOMAIN � LAW 	 is associatedwith its child at level n � 1, by inheritancethenodeat
level n � 1 will beassignedthepropertyFEAT � DOMAIN � NAVIGATION � LAW 	 .
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 Overwritingfeaturesthattakeonly onevalueatatime.Thisimpliesthatonly oneinstance
of anoverwritingfeaturemayappearatagivennodeandthatthecorrespondingproperties
is propagatedalongthedictionarystructureunlessanduntil a new valueis specifiedfor
thatfeature.In suchacase,thenew value“overwrites”theearlieroneandis subsequently
propagatedto nodesin its subtrees.


 Local features,whichapplyonly at thenodewith which they areassociated;i.e., they are
not propagatedthroughthestructure.Cross-referencesareanexampleof a local feature,
sincethey applyonly to thelevel of descriptionwith which they aredirectlyassociated.

Cumulative, overwriting, and local features are identified using predicates(CUM � FC 	 ,
OVER � FO 	 , andLOC � FO 	 , respectively.

2.2.1 Basicnotation

To modelthe behavior associatedwith cumulative andoverwriting features,we considertwo
typesof inferences:

1. Classicalimplication:φ � ψ which is monotonic;

2. Defeasibleimplication:φ � ψ whereψ maybededucedfrom φ unlessthereexistssome
informationincompatiblewith ψ .2

2.2.2 Propagatingcumulative features

Sincecumulative featuresmay take several valuesat a time, their behavior canbe described
with asimplepropagationrule:

PROP � T � FEAT � FC � V 	�	� CUM � FC 	���� I PROP � TI � FEAT � FC � V 	�	 � T � �
T1 � T2 ��������� TN �

No specificconstraintshold for cumulativefeatures.

2.2.3 Propagatingoverwriting features

Thepropagationof anoverwriting featurecanberepresentedwith a defeasibleinference:

PROP � T � FEAT � FO � V 	�	� OVER � FO 	���� I PROP � TI � FEAT � FO � V 	�	 � T � �
T1 � T2 ��������� TN �

This inferenceis associatedwith a rule thatexpressesthe incompatibilityof two valuesof the
overwriting featureat agivennode:

PROP � T � FEAT � FO � V 	�	� OVER � FO 	���� V ���� V ��� OPROP � T � FEAT � FO � V ��	�	
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2.2.4 Expressingdependenciesamongfeatures

In certaincases,overwriting the value of a given featurehasimplicationsfor the valuesof
otherfeatures,andevenfor theexistenceof otherfeaturesthemselves.This typically occursfor
classesof features;for example,for theclassof featuresrepresentinggrammaticalinformation,
overwriting POS=N with POS=V implies that featuressuchas GEN=F, PLURALFORM=-S no
longerapply, andthatfeaturessuchasPASTPART arenow applicable.Here,we seethatwithin
thefeaturessupplyinggrammaticalinformation,POS is a privilegedfeature becauseit dictates
thefeaturesandvaluesfor othermembersof its class.

To dealwith this situationit is necessaryto introducedependencyrules that block the prop-
agationof subordinatefeatureswhenthe privilegedfeatureis overwritten.The following rule
indicatesthatfeatureF is dependenton agivenvalueV for featureG:

PROP � T � FEAT � F � _	�	�� PROP � T � FEAT � G � V 	�	 DICTIONARY

For instance,to expressthedependency betweenGEN andCAT=NOUN , therule is

PROP � T � FEAT � GEN � _	�	�� PROP � T � FEAT � CAT � “ N” 	�	
Rulesof thiskind applyonly to overwriting features,sincethey block theactivationof adefea-
siblerule.

3 Creating representationsfr om dictionary entries

Lexical informationin dictionaryentriescanberepresentedasatreestructurereflecting,in large
part, the naturalhierarchicalorganizationof entriesin printeddictionaries.This hierarchical
organization(e.g.,division into homographs,senses,sub-senses,etc.) enablesinformation to
beappliedover all sub-levelsin thehierarchy, thuseliminatingtheneedto re-specifycommon
information(for adetaileddiscussion,see[Ide et al., 1995];[Ide/Veronis,1995]).

For example,considerthefollowing definitionfrom theCollins EnglishDictionary (CED):

EX. 1: disproof

disproof (dIs’pru:f) n. 1. factsthatdisprovesomething.2. theactof disproving.

Theinformationin this entrycanberepresentedin treeform asfollows:

Baumdiagrammfür disproof
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Eachnodein the tree representsa partition of the information in the entry, and information
is inheritedover sub-treesasdefinedin section2.2.Thusin this example,orthographicform,
pronunciation,andpart-of-speechareinheritedby bothsub-nodes,eachof which representsa
partitionof theinformationinto two distinct(hence,sibling)senses.Thefollowing entryshows
adifferentorganization:

EX. 2 : overdress(CED)

overdressvb. (pron1) 1.To dress(oneselfor another) too elaborately or finely.
ñ. (pron2) 2.A dressthat may beworn over a jumper, blouse,etc.

Baumdiagrammfür overdress

Theorthographicform “overdress”appearsat thetop nodeandappliesto theentireentry; the
entryis thenpartitionedinto two sub-trees,for verbandnoun,eachof which is associatedwith
specificinformationaboutpartof speech,pronunciation,anddefinition.3

EX. 3 : gendarme(Le Petit Robert)

gendarme(. . . ) n.m.(XV � ; gendarmes; de gens, et arme). . . II . 1790).Mod. Mil-
itaire appartenantà un corpsspécialementchargédeveiller aumaintiendel’ordre
et de la suretéde la publique.. . (V. Gendarmerie, Mar echaussée). Brigade de
gendarmes(V. Brigadier ). Etre arrêté par les gendarmes.Jouerau gendarmeet
au voleur. � Le gendarme: symbolede la forcepublique,de l’ordre. La peur du
gendarme. . .
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Thetreerepresentingtheinformationin thisentryis:

Baumdiagrammfür gendarme

Thevalueof thebrack featureis itself a setof feature-valuepairs(seesection2.1); theuseof
thisgenericfeatureprovidesameansto group“Brigadedegendarmes”andthecross-reference
to “brigadier” together. Again,orthographicform andpronunciationappearat thehighestlevel
andapply to theentireentry, exceptat thelowestlevel, wherethevalueof orth is overwritten
for thesubentryfor “le gendarme”.

Thespecificationof alternatives,asfor thetwo plural formsin Example4, is commonin dictio-
naryentrieswhenbothalternativesapply to informationlower in thehierarchy. However, this
notationis effectively a shorthandindicatinga new level of partitioningof the information,as
shown in thecorrespondingtreestructure:

EX. 4 : pinna (CED)

pinna (pron1) n.pl.–nae(pron2) or –nas.. .

Baumdiagrammfür pinna
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As it would in a dictionaryentry, this resultsin theduplicationof potentiallylargeamountsof
information.In section5 we will show that theencodedversionof the informationavoids this
duplication.

In general,thefollowing rulesapplyto thecreationof treesfrom dictionaryentries:


 Headword information and other information appearingin the entry at the samelevel
(typically, otherform-relatedinformationsuchaspronunciation,hyphenation,etc.)is as-
sociatedwith theroot.


 Siblingsub-treesfor thecurrentnode(initially, theroot)areintroduceduponencountering
thefollowing:


 Partitionsof theentryinto differentpartsof speech;


 Partitionsof theentryinto sensesat thesamelevel (appliedrecursively to sub-senses);


 Partitionsbetweenthemainentryanda relatedentry.

Althoughexpressedinformally here,a precisealgorithmfor treecreationcan,in principle,be
implemented,therebyenablingthe automaticor semi-automaticcreationof treesfrom dictio-
nary entriesin any of a variety of electronicforms (typesettertapes,word processoroutput,
etc.).

4 Extracting information fr om the tr ee

Wedefinea treetraversalasany pathstartingat therootof thetreeandfollowing,ateachnode,
asinglechild of thatnode.A full traversal is apathfrom theroot to any leaf;apartial traversal
extendsfrom theroot to any nodein oneof its subtrees.

As a tree createdfrom a dictionaryentry is traversed,eachnodeis associatedwith a set of
featuresincluding: (a) featuresassociatedwith the nodeduring treecreation,and(b) features
determinedby applyingthe rulesfor propagatingoverwriting, cumulative, and local features
outlinedin section2.2.Thus,atany node,all applicableinformationis availablefor someunique
partitionof the lexical space.Nodesnearthetop of thetreerepresentvery broadcategoriesof
partition;leafnodesareassociatedwith informationfor themostspecificusageof theentry.
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A traversalof thetreefor Example3 above (gendarme)proceedsasfollows:

Root: orth : gendarme
pron: . . .

Second: orth: gendarme
pron: . . .
pos: noun
gen: masculine
etym: XVo; gendarmes; degens, et arme

Third: orth: gendarme
pron: . . .
pos: noun
gen: masculine
etym: 1790// new valuefor etymoverwritesvaluespecifiedat level 2
time : modern
def: Militaire appartenantà uncorps. . .
xr: Gendarmerie//xr andex arelocal; no propagation
xr: Marechaussée
brack: [ ex : Brigadedegendarmes
xr: brigadier]

Leaf: pron : . . .
pos: noun
gen: masculine
etym: 1790
time: modern
def: Militaire appartenantà uncorps. . .
orth: le gendarme// new valuefor orthoverwritesvaluespecifiedat root
def: symboledela forcepublique,del’ordre.
ex: La peurdu gendarme

The featuresorth (orthography)andetym(etymology)areoverwriting features,andtherefore
valuesspecifiedfor thesefeaturesatlowernodesof thetreereplacethoseappearingabovethem.
Thefeaturedef(definition) is cumulative,andsoall definitionsareretainedduringtheroot-to-
leaf traversal.Thefeaturesex (example)andxr (cross-reference)arelocalandarethereforenot
propagatedto lowernodesin thetree.
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For “overdress”,two traversalsarepossible:

(1) Root: orth: overdress
Secondlevel: orth: overdress

pos: verb
pron: pron1
def: To dress(oneselfor another)tooelaboratelyor finely

(2) Root: orth: overdress
Secondlevel: orth: overdress

pos: noun
pron: pron2
def: A dressthatmaybeworn overa jumper, blouse,etc.

5 Encoding the information in XML

WedefineanXML encodingformatfor thestructuresdescribedabove:

Elements

 <struc> representsa nodein thetree.<struc>elementsmayberecursively nestedat any

level to reflectthestructureof thecorrespondingtree.<struc>istheonly elementin the
encodingschemethatcorrespondsto thetreestructure;all otherelementsprovide infor-
mationassociatedwith a specificnode(i.e., thenodecorrespondingto the immediately
enclosing<struc>element).4


 <alt> alternativesarebracketedin parallel<alt> elements,whichmayappearwithin any
<struc>.Theuseof thiselementto encodealternativescorrespondsto theshorthandoften
usedin dictionaryentries,wheretwo equallyapplicablesetsof informationapply to the
entiresub-tree.


 <brack> is ageneral-purposebracketingelementto groupassociatedfeatures.


 Base elementscorrespondingto features,including orth, pron, hyph, syll, stress,
pos, gen, case,number, gram, tns, mood, usg, time, register, geo, domain, style,
def, eg, etym, xr, trans, and itype, analogousto dictionary elementsdefinedin the
TEI Guidelines.

Attrib utes

Attributesareusedto provide informationspecificto the elementon which they appearand
arenot inheritedin a treetraversal.Thefollowing show thecorrespondingXML encodingfor
Examples2, 3, and4:
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Fig.2:XML encodingfor “overdress”

Figure 2. XML encodingfor “overdress”

Fig.3:XML encodingfor “gendarme”

Figure 3. XML encodingfor “gendarme”

Fig.4:XML encodingfor “pinna”

Figure4. XML encodingfor first part of the entry “pinna”
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6 Transforming the XML document

The ExtensibleStyle Language(XSL) is a part of the XML framework thatenablestransfor-
mation of XML documentsinto other XML documents.The best-known useof XSL is the
formattingof documentsfor displayonwebbrowsers.However, XSL alsoprovidesapowerful
transformationlanguagethat canbeusedto convert an XML documentdescribingdictionary
entriesby selecting,rearranging,andaddinginformationto it, usinga powerful languageen-
abling tree-traversal[Clark, 1999].Thus,a documentencodedaccordingto the specifications
outlinedin theprevioussectioncanbemanipulatedto serve any applicationthatrelieson part
or all of its contents.

TheXSL transformationlanguageis relatively complex andwill notbedescribedin detailhere.
A short examplecanprovide someideaof the possibilities.For example,the XSL script in
Figure5, appliedto the XML-encodedentry for “overdress”given in Figure2, producesan
HTML documentthatwill displaythetablein Figure6 on awebbrowser:

Fig.5:XSL codeto produceanHTML document

Figure5. XSL codeto producean HTML document

Fig.6:HTML outputfor XSL codein Figure5

Figure6. Display of HTML output for XSL codein Figure 5

XSL’s transformationlanguagecan also be usedto implementthe semanticsof inheritance
andoverwriting outlined in section2. The XSL codein Figure7 shows the implementation
for overwriting andcumulative features.The result is anotherXML document,but with the
inheritedinformationexplicitly represented,asshown in Figure8.
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Fig.7:XML codeimplementingoverwriting

Figure 7. XSLT codeimplementing overwriting and cumulative inheritance
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Fig.8:Resultsof XSLT codein Figure7

Figure8. Resultsof XSLT codein Figure 7 for “overdress”

7 Conclusion

Thisbrief overview is intendedto show thatageneralmodelof lexical informationconformsto
anabstractmodelthat reflectsthehierarchyof informationfoundin a typical dictionaryentry,
andthatthismodelcanbemappedinto awell-formedXML document.TheXSL transformation
languagecanbeusedto implementa semanticsdefinedover theabstractmodel,thusenabling
sophisticatedqueryandmanipulationof thedatato serveavarietyof ends.
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Notes
1Wedeliberatelyavoid theterm“attribute” to avoid confusionwith theSGML/XML vocabulary.

2At this stage,our notationis independentof any specifictheory(default logic, autoepistemiclogic,
circumscription,conditionallogicsetc.).

3Note thatalthoughthepresentationof theverbandnounsensesof theheadword is effectively lin-
earin theprintedform of entry, the readerunderstandsthe implied parallelismapparentin thederived
structure.

4XML documentsarealsodescribedastrees,wherethe "parent"of a given elementis theelement
in which it is immediatelyenclosed.To avoid confusion,we use the term "tree" and the associated
terminologyto referonly to thestructuresoutlinedin section3.
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