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Abstract

We shav that a generalmodel of lexical information conformsto an abstractmodel that reflectsthe
hierarchyof informationfoundin atypical dictionaryentry We shav thatthis modelcanbemappednto
awell-formed XML documentandhow the XSL transformatiolanguagecanbe usedto implementa
semanticglefinedover the abstractmodelto enableextractionand manipulationof the informationin
ary format.

1 Intr oduction

Thestructureandcontentof dictionaryentriesandlexical informationhasbeenexploredin con-

siderabledepthin the past(see,for instancelde et al.1995]),primarily in orderto determine
acommonmodelthatcansere asa basisfor encodingschemasnd/ordatabaséormats.For

the mostpart, descriptionf dictionarystructurehave beeninformedby the formatof printed

dictionaries which variesconsiderablyover dictionariesproducedby differentpublishersand

for differentpurposestogethemwith therequirementsor instantiationn someencodingormat

(principally, SGML). However, the constraintsmposedby theseformatsinterferewith the de-

velopmentof a modelthatfully captureghe underlyingstructureof lexical information.As a

result,althoughschemasuchasthoseprovidedin the TEI Guidelinesexist, they donotprovide

asatishctorily comprehensie anduniquedescriptionof dictionarystructureandcontent.

We believe thatin orderto developa concreteandgeneraimodelof dictionaries|t is essential
to distinguishbetweenthe formal modelitself andthe encodingor databaseschemahat may

ultimately instantiateit. Thatis, it is necessaryo consideyin the abstractthe form andcon-

tentof lexical informationindependenof requirementsnd/orlimitationsimposedts ultimate
representatioms an encodedor printedobject. This is especiallyimportantsincetheseeven-

tual representationwill vary from oneapplicationto anotherjn particular dictionariesnaybe

encodedhot only for the purpose®f publishingin print or electronicform, but alsofor creat-
ing computationalexiconsfor usein naturallanguageorocessingapplicationslt is therefore
essentiato developa modelthatmay be subsequentlyransformednto a variety of alternatve

formats.

In this paper we outline a formal modelfor dictionariesthatdescribega) the structureof dic-
tionary information, (b) the information associatedvith this structureat variouslevels, and
(c) a systemof inheritanceof informationover this structure We thenshowv how the structure
may be instantiatechsa documenencodedisingthe ExtendedMarkup LanguaggXML). Us-
ing the transformationlanguageprovided by the ExtensibleStyle Language(XSL), we then
demonstratdow the original XML instantiationmay be transformednto other XML docu-
mentsaccordingto ary desiredconfiguration(including omission)of the elementsn the orig-
inal. Becauseof its generality we believe our model may sere as a basisfor representing,
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combining,andextractinginformationfrom not only dictionaries but alsoterminologybanks,
computationalexicons,and, more generally a wide variety of structuredandsemi-structured
documentypes.An XML documentypedefinitiondesignedo beusedwith theformalframe-
work describedelow is discussedn [Erjavecetal. 2000].

2 A formal representationof dictionaries

2.1 Basicnotation

The underlyingstructureof a dictionarycanbe viewed asembeddegartitionsof a lexicon, in
which no distinctionis madeamongembeddedevels(e.g.,entry, homorym, senseetc.).

A dictionaryis thusarecursve structurecomprised at eachlevel, of oneor morenodes.This
structureis mosteasilyvisualizedasa tree,whereeachnodemay have zeroor morechildren.
Thatis, atary level n, anodeis eitheraleaf (i.e.,with no children)or canbe decomposeds:

T=[T,T,...,T\]

whereeachT; is anodeatlevel n+ 1.

Propertiesnaybe attachedo any nodein thedictionarystructurewith the prop predicate:
PROP(T, P)

indicatesthatthe propertyP is attachedo nodeT.

Propertiesare associatedvith nodeseither by explicit assignmentor they may be inherited
from the parentnode.The objectof our modelis to identify the waysin which propertiesare
propagatedhroughlevels of dictionary structure.For this purposewe considerpropertiesto
be Feature-¥lue' pairsexpressedistermsof theform FEAT(F,V), whereF andV aretokens
designatinga feature (e.g., P0S) and a value In the simplestcase,valuesare atomic (e.g.,
NOUN) but mayalsoconsistof setsof feature-@aluepairs.Thisrepresentatiors consistentvith

the basenotationassociateavith featurestructuredShieber1986],a commonframework for

representinginguistic information.

2.2 Propagatinginformation acrosslevelsof dictionary structure

We definethreetypesof features:

e Cumulativefeatuesthat may take more thanone value and may be thusinheritedand
combinedalongthedictionarystructure For example for acumulatve featureDOMAIN,
if the property FEAT(DOMAIN,NAVIGATION) is associatedvith a nodeat level n and
FEAT(DOMAIN, LAW) is associateabith its child atlevel n+ 1, by inheritancghenodeat
level n+ 1 will beassignedhepropertyFEAT(DOMAIN,NAVIGATION + LAW).
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e Overwritingfeatulesthattake only onevalueatatime. Thisimpliesthatonly oneinstance
of anoverwritingfeaturemayappeaatagivennodeandthatthecorrespondingroperties
is propagateclongthe dictionarystructureunlessanduntil a new valueis specifiedfor
thatfeature In suchacasethenew value“overwrites’theearlieroneandis subsequently
propagatedo nodesn its subtrees.

e Localfeatues,whichapplyonly atthenodewith whichthey areassociated;e.,they are

not propagatedhroughthe structure Cross-referencesrean exampleof a local feature,
sincethey applyonly to the level of descriptionwith which they aredirectly associated.

Cumulatve, overwriting, and local features are identified using predicates(cum(Fc),
oVER(Fp), andLoc(Fp), respectiely.

2.2.1 Basicnotation

To modelthe behaior associatedvith cumulatve and overwriting featureswe considertwo
typesof inferences:

1. Classicaimplication: @ — { whichis monotonic;

2. Defeasible@mplication: @ >  whered may be deducedrom @ unlessthereexistssome
informationincompatiblewith .2

2.2.2 Propagatingcumulative features

Sincecumulatve featuresmay take several valuesat a time, their behaior canbe described
with asimplepropagatiorrule:

PROP(T,FEAT (Fc,V)) Acum (Fe) — VI PROP(Ty,FEAT(Fc,V)), T = [T1, To,..., TN]

No specificconstraintsold for cumulative features.

2.2.3 Propagatingoverwriting features

The propagatiorof anoverwriting featurecanberepresentedith a defeasiblenference:
PROP(T,FEAT(Fp,V)) A OVER(Fp) > VI PROP(T|,FEAT(Fo,V)), T = [T1, Tz, ..., TN]

This inferenceis associateavith a rule thatexpresseshe incompatibility of two valuesof the
overwriting featureat a givennode:

PROP(T, FEAT (Fo,V)) A OVER(Fo) — WYV’ #V, —0PROP(T, FEAT (Fo,V'))
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2.2.4 Expressingdependencieamongfeatures

In certaincases,overwriting the value of a given featurehasimplicationsfor the valuesof

otherfeaturesandevenfor the existenceof otherfeaturegshemseles.This typically occursfor

classef featuresfor example for theclassof featuregepresentinggrammaticalnformation,
overwriting POS=N with pPos=v implies that featuressuchas GEN=F, PLURALFORM=-S N0

longerapply, andthatfeaturessuchasPASTPART arenow applicable Here,we seethatwithin

the featuressupplyinggrammaticainformation,Pos is a privileged feature becausat dictates
thefeaturesandvaluesfor othermembersf its class.

To dealwith this situationit is necessaryo introducedependencyules that block the prop-
agationof subordinatdeatureswhenthe privilegedfeatureis overwritten. The following rule
indicateshatfeatureF is dependenbnagivenvalueV for featureG:

PROP(T,FEAT(F,_)) — PROP(T,FEAT(G,V)) DICTIONARY
For instanceto expresshe dependengcbetweenceEN andCAT=NOUN, theruleis
PROP(T,FEAT(GEN,_)) — PROP(T,FEAT(CAT,“N"))

Rulesof thiskind applyonly to overwriting featuressincethey block theactivationof adefea-
siblerule.

3 Creatingrepresentationdrom dictionary entries

Lexicalinformationin dictionaryentriescanberepresentedsatreestructurereflecting,in large
part, the naturalhierarchicalorganizationof entriesin printed dictionaries.This hierarchical
organization(e.g.,division into homographssensessub-sensestc.) enablesnformationto

beappliedover all sub-levelsin the hierarchy thuseliminatingthe needto re-specifycommon
information(for adetaileddiscussionsee[lde etal., 1995];[Ide/Veronis,1995]).

For example,considerthefollowing definitionfrom the Collins EnglishDictionary (CED):

EX. 1: disproof

‘ disproof (dis’pru:f) n. 1. factsthatdisprove something2. theactof disproving. ‘

Theinformationin this entry canberepresentech treeform asfollows:

Baumdiagramniir disproof
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Eachnodein the tree represents partition of the informationin the entry, and information
is inheritedover sub-treesasdefinedin section2.2. Thusin this example,orthographidorm,
pronunciationandpart-of-speeclareinheritedby both sub-nodesgachof which represents
partitionof theinformationinto two distinct(hence sibling) sensesThefollowing entryshowvs
adifferentorganization:

EX. 2: overdress(CED)

overdressvh. (pronl) 1.To dress(oneselfor another) too elaborately or finely.
f. (pron2) 2.A dressthat may be worn over a jumper, blouse,etc.

Baumdiagramniiir overdress

The orthographidorm “overdress’appearsat the top nodeandappliesto the entireentry; the
entryis thenpartitionedinto two sub-treesfor verbandnoun,eachof whichis associateavith
specificinformationaboutpartof speechpronunciationanddefinition?3

EX. 3: gendarme(Le Petit Robert)

gendarme(...) n.m.(XV° ; gendarmesde gens etarme.. .1l . 1790).Mod. Mil-
itaire appartenand un corpsspécialementhagé de veiller au maintiende I'ordre
et de la suretéde la publique. . (V. Gendarmerie, Mar echaussée Brigade de
gendarmes(V. Brigadier). Etre arrété par les gendarmesJouer au gendarmeet
au voleur ¢ Le gendarme: symbolede la force publique,de l'ordre. La peurdu
gendarme..
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Thetreerepresentingheinformationin this entryis:

Baumdiagramniiir gendarme

Thevalueof the brack featureis itself a setof feature-aluepairs(seesection2.1); the useof
this genericfeatureprovidesa meando group“Brigade degendarmesandthe cross-reference
to “brigadier” togetherAgain, orthographidorm andpronunciatiorappeat the highestievel
andapplyto the entireentry, exceptat the lowestlevel, wherethe valueof orth is overwritten
for thesubentryfor “le gendarme”.

Thespecificatiorof alternatves,asfor thetwo pluralformsin Example4,is commonin dictio-
nary entrieswhenboth alternatvesapply to informationlower in the hierarchy However, this
notationis effectively a shorthandndicatinga new level of partitioningof theinformation,as
shawvn in thecorrespondingreestructure:

EX. 4: pinna (CED)

‘ pinna (pronl) n.pl—nae(pron?) or —nas...

Baumdiagramniiir pinna
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As it would in adictionaryentry, this resultsin the duplicationof potentiallylarge amountsof
information.In section5 we will show thatthe encodedrersionof the informationavoidsthis
duplication.

In generalthefollowing rulesapplyto the creationof treesfrom dictionaryentries:

e Headword information and otherinformation appearingin the entry at the samelevel
(typically, otherform-relatednformationsuchaspronunciationhyphenationetc.)is as-
sociatedwith theroot.

e Siblingsub-treegor thecurrentnode(initially, theroot) areintroduceduponencountering
thefollowing:

e Partitionsof theentryinto differentpartsof speech;
e Partitionsof theentryinto sensestthe sameevel (appliedrecursvely to sub-senses);

e Partitionsbetweerthemainentryandarelatedentry.

Although expressednformally here,a precisealgorithmfor treecreationcan,in principle, be
implementedtherebyenablingthe automaticor semi-automaticreationof treesfrom dictio-
nary entriesin ary of a variety of electronicforms (typesetteitapes,word processooutput,
etc.).

4 Extracting information from the tree

We defineatreetraversal asary pathstartingattheroot of thetreeandfollowing, ateachnode,
asinglechild of thatnode.A full traversalis a pathfrom therootto ary leaf; a partial traversal
extendsfrom therootto any nodein oneof its subtrees.

As a tree createdfrom a dictionary entry is traversed,eachnodeis associatedvith a set of
featuresincluding: (a) featuresassociatedavith the nodeduring tree creation,and (b) features
determinedby applyingthe rulesfor propagatingoverwriting, cumulatve, andlocal features
outlinedin section2.2.Thus,atary node all applicablanformationis availablefor someunique
partition of the lexical space Nodesnearthetop of thetreerepresentery broadcateyoriesof
partition;leaf nodesareassociatedvith informationfor the mostspecificusageof the entry.
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A traversalof thetreefor Example3 above (gendarme)roceedssfollows:

Root: orth :
pron:

Second: orth:
pron:
pos:
gen:
etym:

Third: orth:
pron:
pos:
gen:
etym:
time :
def:
Xr:
Xr:

brack:

Xr:

Leaf: pron:
pos:
gen:
etym:
time:
def:
orth:
def:
ex:

gendarme

gendarme

noun

masculine

XV°; gendarmesdegens etarme

gendarme

noun

masculine

1790// new valuefor etymoverwritesvaluespecifiedatlevel 2
modern

Militaire appartenard uncorps...
Gendarmerié/xr andex arelocal; no propagation
Marechaussée

[ ex: Brigadedegendarmes

brigadier]

noun

masculine

1790

modern

Militaire appartenard uncorps...

le gendarmé/ new valuefor orth overwritesvaluespecifiedat root

symboledela force publique,del’ordre.
La peurdugendarme

The featuresorth (orthography)and etym(etymology)are overwriting features andtherefore
valuesspecifiedor thesdeaturesatlowernodesof thetreereplacehoseappearingaborethem.
Thefeaturedef(definition)is cumulatve,andsoall definitionsareretainedduringtheroot-to-
leaftraversal.Thefeaturesex (example)andxr (cross-referencegrelocal andarethereforenot
propagatedo lower nodesn thetree.
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For “overdress”two traversalsarepossible:

(1) Root: orth: overdress
Secondevel: orth: overdress
pos: verb

pron: pronl
def:  Todresgoneselfor another}too elaboratelyor finely
(2) Root: orth: overdress
Secondevel: orth: overdress
pos:  noun
pron: pron2
def: A dresshatmaybewornoverajumpert blouse etc.

5 Encodingthe information in XML

We definean XML encodingformatfor the structuresiescribedabove:

Elements

e <struc> represents nodein thetree.<struc>elementmayberecursvely nestedat ary
level to reflectthe structureof the correspondindree.<struc>isthe only elementn the
encodingschemeéhatcorrespondso the treestructure;all otherelementgrovide infor-
mationassociatedavith a specificnode(i.e., the nodecorrespondingo the immediately
enclosing<struc>element.

e <alt> alternatvesarebracletedin parallel<alt> elementsyhich mayappeamithin ary
<struc>.Theuseof thiselemento encodealternatvescorrespondso theshorthanaften
usedin dictionaryentries,wheretwo equallyapplicablesetsof informationapplyto the
entiresub-tree.

e <bradk> is ageneral-purposbkracletingelemento groupassociatedeatures.
e 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
Attributesare usedto provide information specificto the elementon which they appearand

arenotinheritedin atreetraversal.The following shav the corresponding{ML encodingfor
Example<2, 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 Languageg(XSL) is a partof the XML framework that enablegransfor
mation of XML documentsnto other XML documentsThe best-knevn useof XSL is the
formattingof documentdor displayonwebbrowsers.However, XSL alsoprovidesa powerful
transformatiorlanguagethat canbe usedto corvert an XML documentdescribingdictionary
entriesby selecting rearrangingandaddinginformationto it, usinga powerful languageen-
abling tree-traversal[Clark, 1999]. Thus,a documentencodedaccordingto the specifications
outlinedin the previous sectioncanbe manipulatedo sere ary applicationthatrelieson part
or all of its contents.

The XSL transformatiodanguages relatively complex andwill notbedescribedn detailhere.
A shortexample can provide someidea of the possibilities.For example,the XSL scriptin
Figure5, appliedto the XML-encodedentry for “overdress’givenin Figure 2, producesan
HTML documenthatwill displaythetablein Figure6 onawebbrowser:

Fig.5: XSL codeto produceanHTML document

Figure 5. XSL codeto producean HTML document

Fig.6: HTML outputfor XSL codein Figure5

Figure 6. Display of HTML output for XSL codein Figure5

XSL's transformationlanguagecan also be usedto implementthe semanticsf inheritance
and overwriting outlinedin section2. The XSL codein Figure 7 shawvs the implementation
for overwriting and cumulative features.The resultis anotherXML documentbut with the
inheritedinformationexplicitly representedasshownn 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

Figure 8. Resultsof XSLT codein Figure 7 for “overdress”

7 Conclusion

Thisbrief overview is intendedo showv thata generaimodelof lexical informationconformsto
anabstracimodelthatreflectsthe hierarchyof informationfoundin atypical dictionaryentry;
andthatthismodelcanbemappednto awell-formedXML documentTheXSL transformation
languagecanbe usedto implementa semanticglefinedover the abstracimodel,thusenabling
sophisticatedjueryandmanipulationof the datato sene avariety of ends.
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Notes
L\We deliberatelyavoid the term*“attribute” to avoid confusionwith the SGML/XML vocalulary.

2At this stage our notationis independenof ary specifictheory(default logic, autoepistemidogic,
circumscriptionconditionallogicsetc.).

3Note thatalthoughthe presentatiorof the verb andnounsense®f the headverd is effectively lin-
earin the printedform of entry the readerunderstandshe implied parallelismapparenin the derived
structure.

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

125



Proceedingsf EURALEX 2000

References

Clark, James (ed.) (1999). XSL Transformations(XSLT). Version 1.0. W3C Recommenda-
tion.http://wwww3.01g/TR/xslt.

Erjavec, Tomaz,Evans,Roger Ide, Nang, Kilgarriff, Adam(2000)."The CONCEDEmodelfor Lexical
Databases'ln Proceeding®fthe SecondnternationalLanguaje ResoucesandEvaluationConfeence
to appear

Ide, Nang/, Le Maitre, Jacquesyéronis,Jean(1995)."Outline of a Model for Lexical Databases'in
Currentlssuesn ComputationalLinguistics:In Honourof DonWalker. LinguisticaComputazionaléX,
X (Pisa),pp. 283-320[reprintedfrom InformationProcessingand Management 29, 2, pp. 159-186].

Ide, Nangy, Véronis,Jean(1995)."Encodingdictionaries”,n Ide, N., Veronis,J. (Eds.) TheText Encod-
ing Initiative: Badgroundand Context. Kluwer AcademicPublisherspordrechtpp. 167-80.

Shieber Stephen(1986).An Introductionto Unification-basedApproacesto Grammar CSLI Lecture
NotesSeries Chicago:University of ChicagoPress.

126



