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ABSTRACT

Currently much effort is spentfor the creationof linguistic re-
sourcesuchasgrammaror domainmodelseachtime a new task
orientedspokenlanguageapplicationis deployed. The resources
for different applications,thoughdifferent, resembleeachother
enoughto warrantreusabilityof subcomponentdn this paperwe
describehe applicationof technique&nown from objectoriented
programminglanguagego grammarand ontology specification.
To this end,we introducea grammarformalismthat is designed
suchthatit supportghe applicationof modularizeddevelopment,
multiple inheritanceanddeferred(or abstractpasespecifications.
In particular we demonstratéow the combinationof multiple in-
heritancetogetherwith deferredspecificationsand specification
moduleswith namespacedacilitatesrapid prototypingof ontolo-
giesandgrammardor new domainsandnew tamgetlanguages.

1. INTRODUCTION

Currentspokerlanguagepplicationsaretypically limited in scope
to asemanticallycloseddomain.Thelimitationsallows thegram-
mar writers to exploit assumptionso reducethe compleity and
generalityof thegrammarsAt the sametime, the grammarswrit-
ten for onelanguagebut differentdomainsexhibit similaritiesin
rule structureaswell asin coverage.For example,mary dialogue
systemscover utteranceo startor endcorversationstequeshelp
or requestepetitions.In addition,the syntacticstructureof the ut-
terancesontainssimilarities,suchasphraseghatstartwith frag-
mentslike | woul d |ike ... andsoon. If onewantedto
exploit the similarities of grammarfragmentsthe needfor mod-
ularity on a level below the grammarlevel is required. While
therehave beeninvestigationgo determinethe possibility of us-
ing severalgrammarsn parallel[8], few attentionhasbeenpaid
to applicationf objectorientedtechniquego the specificatiorof
grammamandontologymodules Whatis lackingis anapproacto
modularizegrammarspecificationsn a way thatis similar to the
way in which objectsin object-orienteprogramminganguages
arespecified.

Typically, grammardor task-orientedspokenlanguageappli-
cationsareexpressedn semantiggrammarsjn which the nonter
minal symbolsencodesyntacticand semantidnformation. Thus,
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a nonterminakymbolcanbe seenasthe resultof a unificationof
two informationalstructurespne carryingthe syntacticinforma-
tion, onethe semantidnformation. If thegrammardesignemwere
to write agrammaiin a new tagetlanguagehe or shecouldonly
specify the syntacticinformation and could makeuseof the se-
manticinformationfrom the applicationin thefirst tagetlanguge
. Similarly, if a word with the samesyntacticdistribution but dif-
ferentsemanticsvereto beneededonly the semanticsvouldneed
to be specified.

Fromasoftwareengineeringpointof view, thedescribedech-
niqueis an instanceof multiple inheritancein that the resulting
lexical entry inherits the constraintsfrom the semanticand the
syntacticspecification. In this paper we presentmultiple inher
itancetechniqueshatincreasahereusabilityof semanticontext-
freegrammars.Togethemwith namespace®r grammarrulesand
semanticconceptsijt thenbecomegossibleto compilethe final
grammaifrom a setof partialgrammarspecifications.

The object orientedtechniquesare employedin the spoken
dialoguesystemARIADNE developedin the Interactve Systems
Labs[2]. Theobject-orientedechniquesllow asystemsiesigner
to specify subdomain®f a spokendialogueapplicationand to
composenapplicationof differentdialoguepackagest compile
time. The dialoguepackagescontaininggrammarand ontology
specificationsaretheequialentof librariesin objectorientedpro-
gramminglanguages¢ontainingclassesandmethods.The spec-
ification of the grammarsandontologiestogethemwith specifica-
tions specificto the dialoguemanageemployedjs facilitatedby
an integrateddevelopmentervironmentcalled CHAPEAU CLAC
[3].

The paperis organizedasfollows. In section2, we describe
theapplicationof objectorientedtechniqueso domainmodels.In
section3, we describegheapplicationof objectorientedechniques
to grammarspecifications.In section4, we concludethe paper
with adiscussiorof theresultsandanoutlookon futurework.

2. OBJECT-ORIENTED TECHNIQUESIN ONTOLOGY
SPECIFICATION

In task-orientedpokerianguagepplicationsthedefinitionof the
conceptaisedin the domainis partof thedesignprocess Similar
to interlinguaspecificationsn machinetranslationsystemg8, 9],
we useatype hierarchyto enumerateéhe usedsemantiacconcepts
andthe relationshipsamongthem. In additionto semanticcon-
cepts speectacttypesandsyntacticypesarerepresentedswell.
Thesemantic®f utterancesirerepresenteth typedfeaturestruc-
tures.



2.1. TypeHierarchy

For thesemanticdomainmodel,we useatypehierarchyasis usual
for typedfeaturestructures.For moreinformation,see[1], chap-
ters2 andb.

2.1.1. Is-A Relationships

Thetype hierarchyformsa finite uppersemilatticewith subsump-
tion as partial order which meansthat for ary subsetof types,

thereis a most specificlower bound, and, if thereis an upper
bound thentheleastspecificupperboundis unique.Thisrequire-
mentis necessaryo ensureunificationto beunique. Thesemantic
component®f thegrammarsaredevelopedalongthelines of the

typesin thetypehierarchy

2.1.2. HAs-A Relationships

In additionto theinheritanceelationshipthedomainmodelrepre-
sentsHAS-A relationshipsEachtyped cantakedifferentfeatures
fi, ..., fn thatareappropriatdor 8. Thevaluesof the f; arere-

strictedby appropriatetypes Approp(9, f;) in functionof 6 and
fi to ensurghattherepresentationsonformto thedomainmodel.
For eachfeaturef, thereis aleastspecifictype Intro( f) thatin-

troducesf; all typessubsumedby Intro( f) inherit f. Theappro-
priatenessonditionscanalsobeusedfor typeinferencd1] which

can also be of adwvantagein spokendialoguesystemg3]. Ap-

propriatenessonditionsextend naturallyto pathsm = fi ... fa.

Thels-A andHASs-A relationshipsogetherdescribehesemantic
model of the domain,and are thus domainspecific. In addition,
thetypehierarchyencodegenerictypesusedto expresssyntactic
andspeectactinformation[4].

2.2. Robust Processing

Moreover, we provide a mechanisnto measurehe gravity of in-
compatibilities.For a setof incompatibletypes{r, ..., .}, we
determingheir greatestowerboundr* = M;r; andsetthedegree
of incompatibilityto bethesumof thelengthsof theshortespaths
from 7* to ; in thetypehierarchy or, moreformally,

tncomp({71,...,™m}) = Z len(path(t", 7)) (1)

This measuras not associatie and senesonly to determinethe
quality of arepresentationftercompleteconstruction.

2.3. Object Oriented Techniques
2.3.1. Namespaces

As the type hierarchyfor one specificapplicationmay consistof

severalsubdomaingachof whichmaybeareusable&eomponenin

andby itself, thetypesandfeaturesareassigned uniquenames-
paceto avoid namingconflicts.For anexample seefigure1l. More

detailsonthe compositiorof type hierarchypackagesiregivenin

[4].

2.3.2. MethodSpecification

We extendthe appropriatenesspecificationdy methodspecifica-
tionsto facilitatetheinteractionof thenaturallanguagerocessing
componentith a back-endapplication. A methodspecification

m = (n, C) consistof alabeln (thenameof themethod)anda

setof constraintC. If afeaturestructuref fulfils the constraints
in C, the methodm will be invoked, passingthe solutionof the

constraintson to the back-endapplicationas parameters.Thus,

methodspecificatioris a declaratve andobject-orientedpecifica-
tion of aguardthatnotifiestheback-endapplicationassoonasthe

informationalcontentof the semanticepresentatioreaches cer

tain saturation.The invocationis embeddedn the standardype

inferenceprocedureof typedfeaturestructures.A moredetailed
descriptionof the methodspecificationsaswell astheir combina-
tion with typeinferenceproceduresanbefoundin [5].

3. OBJECT-ORIENTED TECHNIQUESIN GRAMMAR
SPECIFICATION

In standardapproachego robust parsing,conventional context-

free grammarsare used, togetherwith an extendedparsealgo-

rithm for robust processingHowever, dueto their lack of internal
structure,standardnonterminalsymbolsonly allow for equality
checkingandcannotbe partially ordered.For this reasonwe use
vectorizedcontext-freegrammarsfor parsing.Vectorizedcontext-

freegrammarsarea straightforwardyeneralizatiorof context-free
grammarsvherethe nonterminalsymbolsarereplacedy vectors
of partially orderedelements. The vectorizedcontext-free rules
areannotatedvith fragmentsof typedfeaturestructureghat pro-

videthesemantiénformationof theutteranceFor parsingweuse
the SouPp contet-free semantigparser{6] developedat Carngie

Mellon University. SinceSoup doesnotsupportunificationbased
parsingwe compilethe annotatedyrammarrulesinto datastruc-
turesthatareusedinternallyby the parser

3.1. Vectorized Context-Free Grammars

Vectorizedcontext-freegrammarsaresimilar to standarccontext-
freegrammarsn thatthey consistof a setof nonterminasymbols
NT, asetof terminalsymbolsT’, a setof rules R and a setof
startsymbolsS. They differ, however, from standardcontext-free
grammarsn thatthe nonterminalkymbolsarevectorsof partially
orderedelementsandthatnonterminalsymbolson the right hand
sideof rulesareannotatedvith semanticepresentationd.hevec-
torized nonterminalsymbolsenablemultiple inheritanceandthe
annotationsallow an automatectreationof semanticrepresenta-
tions.

3.1.1. VectorizedNonterminalSymbols

While thenonterminabymbolsof corventionakcontext-freegram-
marsdo not provide enoughinternal structurefor comparisons
otherthanequality andfull fledgedfeaturestructurerepresenta-
tionsaretoo expensve in termsof specificatiorandcomputation,
we chosevectorizednonterminalsymbolsto represenhontermi-
nal symbolsin therules. A vectorizednonterminalsymbolin the
annotategrammarulesis givenby avector(r', ..., ) where
eachof the r* is an elementof a partially orderedsetV* (oneof
whichis actuallythetypehierarchyrepresentinghedomainmodel
introducedabove). In traditionwith thesemantigrammarsvidely
employedn spokenlanguageapplicationsthevectorizednonter
minal symbolscontainsyntacticand semantidnformation. As a
notationakorveniencewe assumehatall semantianformationis
representetly 7*. To emphasizéheparticularrole of thesemantic



date & time reservation

date time restaurantreserval hotelreservation
DAY int HOUR int DATE date ARRIVAL date
MONTH int MIN  int TIME time DEPARTURE date
YEAR int PLACE restaurant PLACE hotel

goals
goal_restl_res goal_hotel_res
ACTION reserve_res ACTION reserve_hotel
CANCEL cond CANCEL cond

speechact_question

—\ — = =

obj_abstract goal

speechactl

Figurel: A partof the type hierarchyandits appropriatenessonditionsusedin the travel application. Informationincreasegrom the
bottomto thetop. Two sub-domaimmodels,calleddate & time andreservations aremeigedwith the application-specificleclaratiorof
thetypesof thegoals.Thepartof the hierarchydeclaringthe speeclactsis domain-independenbDeclarationsaregroupedn namespaces.
Thisis a simplified presentatiomf thedomainmodelactuallyusedin the system.

typeinformationin thevectorizechonterminaymbolswe under

line thetype symbol,asin {(r', ..., 7"*). The majoradvantageof

vectorizedgrammarsover standarccontect-free grammards that
syntacticandsemantidnformationcanbe specifiedseparatelyn

differentr?, andthatvectorizedhonterminasymbolscanbe spec-
ified partially, to be combinedaterto morerestrictive ones.

The combinationof nonterminakymbolsis the basisfor mul-
tiple inheritance. In orderto formalize our approachwe define
unification,generalizatiorand subsumptioron the setof vector
ized nonterminalsymbolsNT'. For this to work out, we impose
the samerequirementon the V* as on the type hierarchyde-
scribedin section2.1. In particular we requirethe existenceof
a unique leastupperboundof ary setV C V' if ary upper
boundof V exists. Theunificationl of nt; = (z',..., ") and
nt, = (g¢',...,0") is given by nt, wherethe ith component
of nt equalsthe leastupperboundof r* ands* if it exists. The
unificationof nt; andnt, is undefinedotherwise.Similarly, the
genealizationm of nt; andnt; is givenby the generalizatiorof
theircomponentsandis definedfor all pairsof nonterminalsnt;
subsumesit, if andonly if * £ ¢° for all :. Two nonterminal
symbolsarecalledincompatiblef their unificationdoesnot exist.
Finally, we definethe degreeof incompatibility of two nontermi-
nalsto beequalto thedegreeof incompatibilityof its components,
or

incomp(nti, nt2) = Z incomp(t',0")

Of coursewe have incomp(nti, nt2) = 0 if oneof thetwo non-
terminalssubsumesgheother

In the currentsystem,we chosethe numberof components
in the nonterminalsymbolvectorsrn to be equalto 3, wherethe
first elementis a semantiaype dravn from the type hierarchyof
the particularapplication,the secondelementthe major syntac-
tic category, andthethird the minor syntacticcategory, choserin
function of the major category. In theexamplesthe useof anun-
derscorelenotesdon't careelementwhichis equalto specifying
thebottomelementf the correspondingartial order

Thereis nota one-to-onecorresponderebetweermajorsyn-
tactic catgories and semantictypes. As an example, consider
theutterance$ woul d |i ke to reserve a roomandl

woul d like a hotel reservation . Thedervationsof
thesephrasegontaintherules
{obj_reservation,V,inf) — resenearoom

{obj_reservation, N, _) — hotelresenation

respectiely’. Themeaningof theexamplesentenceis equalfrom

a systemserspectie and shouldthus be expressedy the same
semantiaepresentationWere theredifferent semantictypesfor

the verbal and for the noun phrase,say act_reserveroom and
obj_roomreservation, post-processingp arrive at equalrepre-
sentationsvould benecessary

3.1.2. VectorizedRules

To simplify the combinationof varioussubgrammarsthe set of
rulesR is dividedinto lexical rulesandphrasarules.

The Lexical Rules. Theright handside of lexical rulescon-
sistsof anonemptysetof alternatvesof stringsequences.e. it is
of theform

Win, |

Wm1 Wing,

Right handsymbolsmay be decoratedwvith + and* symbolsto
simplify grammarwriting. Theinformationin theleft handsym-
bolis specificenougho describeheconcepexpressedy theter
minalson the left handside,andtheir grammaticakurfaceform,
suchasdeclination.In orderto deployanexisting applicationin a
new languageall processinghatneedgo bedonefor lexical rules
is thetranslatiorof theterminalsymbolsand,if thenew tagetlan-
guagerequiredifferentsyntacticcateyories,a modifiedspecifica-
tion of the syntacticinformationin theleft handsymbol.

The Phrasal Rules. The right handside of a phrasalrule
r consistsof a nonemptyset of alternatves of nonterminalse-
quences.We term the semantictype 7' of the left handnonter
minal symbolthe semantictype of the rule r. The nonterminal
symbolson the right handside areassigneda path =;; of length
n > 0 andatype;;. Theith rule alternatve, having & right hand
symbolsof aruleis of theform

(11,...T"> —
<1}1,...,Tﬁ>
i1 Til

1For the sakeof example the rulesare simplified. In the system the
rules containactually nonterminalsymbolson the left handsideto take
adwantageof the ontologicalknowledgein thedomainmodel.

(Thes - - -
Tik :

Tik

speechact_answer



wherethent; = (1}], ..., 7;;) aretheright handside nontermi-
nal symbolsandthe =;; : 7;; indicatethe placeof the semantic
representationthataregeneratedy theparsetreesrootedat nt ;.
Furthermorewe requirethat Approp(r*, w;;) becompatiblewith
; andwith 7, in orderto ensurethe semantiaepresentatioif
aparseto bewell-typed.If =;; : 7;; is left unspecifiedthe empty
pathandr;; = 7' is assumedlIf therule is usedin anacceptable
derivation, the semanticepresentatiowf this rule is the unifica-
tion of thefeaturestructuresiefinedby the pathsandthetypeson
theright handsideof the:th rule alternatve, or moreformally:

sem(r) = |_| [ ;; - :| (2

Sincethe nonterminalsymbolsare typed, we candetectthe
existenceof theunificationin equation(2) anddeterminghewell-
typednessf sem(r) atcompiletime.

3.2. Robust Processing

Grammarsfor spokenlanguageapplicationsneedto be tolerant
againstrecognitionerrorsandspontaneouspeech.In additionto
thefeaturedouilt in the parserwe supportfault toleranceby thein-
troductionof additionalrules. In this sectionwe describeéhow the
additionalrulesaregenerate@ndhow theirusagecanbe detected
afterparsingduringsemanticonstruction.

3.2.1. Rulelntroduction

Rohlust parsingrequiresthe relaxationof the constraintsencoded
in the grammar Now, sincethe parserappliesthe rules always
asawholewithout modificationstype safetywithin a rulesasre-

quiredby equation(2) doesnotcausehegrammato becomenore

brittle. On the otherhand,we needto allow the parserto match
"closely resembling”’nonterminalsymbols. This correspondso

theequivalentof robustunification. For this reasonthe rule com-

piler generatesa rule of theform

nt; — nto (3)

if incomp(nty, nt2) < ¢ for somethreshold:.

3.2.2. SemanticConstruction

Sincethe vectorizedrulesareannotatedvith featurestructuresit
is possibleto automaticallygeneratea semantiaepresentatioof
the utterancesimply be recursvely traversingthe parsetreeand
unifying the featurestructures.This is doneonly after parsingin
ordernotto reducethe parsingspeed.

The semantiaepresentationf a derivationd of aninput sen-
tenceis thendeterminedy

sem(d) :I_l [ :Tij (ri; U sem(d;)) )

whered consistsof the applicationof therule » andthe & right
handsymbolsof r aretherootsfor thedervationsd;, ..., dx. In
the above equation | denoteghe robustunificationthatis setto
the greatestower boundof theinvolvedtypesin casethe unifica-
tion is notdefined.Figure?2 illustratesequation(4).

In generaltheresultingfeaturestructureof a parsethatmakes
useof oneof therulesintroducedby equation(3) cannotguaran-
teedto be well-typed,sinceahe generalizatiorof the typesin case

sem(d)

1 13
(dy) sem(d,)

Figure2: A derivationof aninput sentenceThe unificationof the
7; with the rootsof the derivationsof the substringsneedto be
robustto enablerobustparsing.

of failed unificationcan causea type to be lessspecificthanthe
typeintro( f) for afeaturef.

As thewell-typednessf therulescanbedetectecat compile-
time, we canexpectgeneratedemantiaepresentatioto bewell-
typedprovidedthatno rulesintroducedn equation(3) have been
usedto derive the utterance.In the casewhererules of theform
shavnin equation(3) arepresentn aderivation,we candetecthe
degreeof discrepang by the repeatedipplicationof equation(1)
to thosenodesn the semantiaepresentatiowherethediscrepan-
ciesoccurred.

In orderto achieve a normalizedrepresentatiofior dialogue
processingthe generatedeaturestructureis brokendown into
several structuressuchthat eachstructurerepresent®ne object,
onestateor oneaction. Thisis similarto therepresentationf con-
ditions and discourseeferentsin DiscourseRepresentatioihe-
ory [7].

3.3. Object-Oriented Techniques
3.3.1. Namespaces

Thegrammardor anapplicationarespecifiedn severalspecifica-
tion packagesIn orderto avoid namingconflicts,eachgrammar
symbolis prefixedwith the nameof the package.

3.3.2. Multiple Inheritance

The compatibility relation of vectorizednonterminalsymbolsis
one placewherewe cantake advantageof the generalizatiorto
partially orderedelementsin context-freegrammarstwo nonter
minal symbolsnt; andnt, arecompatibleif andonly if nt; =
nt.. In the caseof vectorizednonterminalsymbols,we can ex-
ploit the additionalinformationgiven by the internalstructureof
the vectorizednonterminalymbolsandthe partially orderedsets
from whichthe symbols’componentsredravn.

In thecurrentimplementationthevectorizedyrammaiis com-
piled down to a standardcontext-free grammarthat can be used
by Soup. Consequentlythe relationshipdetweerthe vectorized
nonterminalsymbolsneedto be compiledinto the contet-free
grammarexplicitly. For eachtwo vectorizedhonterminakymbols
suchthatnt; C nt, thecompileraddsa context-freerule

nt; — nt,

to the resultingcontet-free grammar For example,if arule de-
scribeshedistributional behavior of nounsthatdescribetrips, the
additionof alexical rule

(obj_flight, N, ) — flight;



(obj, N, ) =1

basegereng :

N (det,_, ) (property, A, sup)x =3
baseg, : <Obj7 N, —> =1
— <d6t7 - —> <Obj7 AT’ _> =1

(property, A,prd)x = 2

(property, A,prd)x = 2

(obj, N, ) = 1;

(property, A, sup)x = 3;

Figure3: Deferredrule specificationdor GermanEnglishandFrench

bas€gereng 1 {(obj_restaurant, N, _)

— (det,_, -y {(prp-spatial, A, sup)x
{SPATIAL prp_patial}
baseg, : (obj_restaurant, N, _)

— (det,_,_) {(obj_restaurant, N, _)

(prp-nationality, A, prd)x
{NATIONALITY prp_nationality}

(prp-nationality, A, prd)x

(obj_restaurant, N, );

(prp-spatial, A, sup)x;

{NATIONALITY prp_nationality} {SPATIAL prp_patial}

Figure4: Theinstantiatedules.

Label | DeferredSpec. | InstantiatedSpec.

1 {oby, N, ) (obj_restaurant, N, _)
2 (property, Adj,prd) | (prp-nationality, Adj, prd)
3 (property, Adj, sup) | (prp-spatial, Adj, sup)

Figure5: A Virtual tableascreatedasintermediataepresentation
by therule compiler Theinformationcontainedn columnl and
2 is generatedor a deferredrule specification An instantiationof
therule addsthethird columnto thetable.

is sufficientto correctlydescribehedistributional behavior of the
nounflight, provided that therelationobj_trip C obj_flight is
known to the type hierarchy The sameargumentholds for the
syntacticcomponentsf thevectorizechonterminasymbols.This
shavshow multiple inheritancecanbe usedto facilitatethe gram-
marspecification.

3.3.3. DeferredSpecifications

We proceedo developatechniquehatallows thegrammanmriter
to separatahe specificationof syntacticand semanticinforma-
tion. To this end,we employthetechniqueof multiple inheritance
known from objectorientedprogrammindanguagego grammar
rule specifications.In particular a rule specificationcan be de-
clareddeferredwhich indicatesthis particularspecificatiorof the
rule to beincomplete.Deferredrule specificationsarethe equiv-
alentof abstracbaseclassesn objectorientedprogrammindan-
guagesand are typically to be found in a genericbasepackage
that senesasthe startingpoint for the rapid prototypingof new
applications.

Notethatthenonterminakymbolsarepartially orderecby the
subsumptiomelationdefinedabove. Theunificationof two nonter
minal symbols definedto be theirleastupperbound,is thenused
to implementmultiple inheritance Currently we usedeferredrule
specificationgo abstractway the taskdependensemantidnfor-
mationwhile encodingsyntacticinformation. This requiresusto
provide deferredrule specificatiorfor eachof thetamgetlanguages.
Thenonterminabymbolghatcanbespecializedtalaterpointare
markedwith the constraint= {, wherel is a labelthatdetermines
theidentity of the nonterminakymbol.

As an example, considerthe deferredrule specificationgor
English,GermanandFrenchshavn in figure3. Therulesaresup-
posedto parsenounsthat have at mostone superlatve adjective
attachedand at mostone predicatve adjectve. In the travel do-
main, they parsefragmentssuchasthe closesttalian restauant
andle restauantle plusproche.

For eachdeferredrule specificationthe compilercreatesn-
ternally a virtual table. The virtual table consistsof an array of
the deferrednonterminalsymbols. The relationshipbetweerthe
identity of the nonterminakymbolsin the deferredrule specifica-
tions andthe entry in the virtual tableis given by the labell in
the deferredrule specification. An examplefor the virtual table
of therulesin the above exampleis shown in figure 5 wherethe
first andthe secondcolumndescribethe virtual table createdfor
a deferredrule specificationandthe third columndesignateshe
specificatiorfor therule instantiation.

To instantiatea deferredrule specificationjt sufficesto spec-
ify a new nonterminalsymbolnt; suchthatnty C nt; for each
nonterminakymbolnt 4 in thevirtual table. To continuetheabove
example the specification

instantiatéaseger,eng, fr With

obj_restaurant =1
prp_nationality =2
prp_spatial =3

causeshefull specificationshovnin figure4 to begenerated

It shouldbe notedthat changesn the deferredrule specifi-
cationscausechangesn the instantiations.This againis similar
to the behavior of abstracbaseclassesn anobjectorientedpro-
grammingframevork. For example,if a developeraddsa new
rule alternatve to a deferredrule specification the deferredrule
specificatiorwill causethe new rule alternatve to be addedto its
instantiationsat compiletime.

Furthermorejt shouldbe notedthat semanticcorversionin-
formationmay not be partof a deferredrule specification.Thisis
becausé is unknovn atthetime of specificatiorhow thedeferred
specificationwill be instantiatedand how the semanticinforma-
tion is to be used. An examplewill illustrate this point. Assume
one wantedto instantiatethe shavn deferredrule specification
base to cover fragmentssuchast he cheapest non-stop



baseger,eng : <Obj7 27\77 —> =1
N (det,_, ) (property, A, sup)x =3
{PROPERTY = 4}

(property, A,prd)x = 2
{PROPERTY = 5}

(obj, N, ) = 1;

Figure6: Deferredrule specificationgroviding abstractorversioninformation

fl1ight inaflightinformationapplication.Theinstantiatiorof
base wouldlook similarto thefollowing specification:

instantiatebase with

(obj_flight, N, =1,

(prp-flighttype, A, prd) =2
{FLIGHTTYPE prp_flighttype},

(prp-price, A, sup) =3

{PRICE prp_price};

The semanticconversioninformationspecifieshow the infor-
mation on the property of the object provided by the adjectve
shouldbeintegratedin therepresentationf the object.

In the air travel packagethe type prp_cheap will be appro-
priatefor afeaturePrICE while in therestauranpackagethetype
prp-nationality will beappropriatdor afeatureNATIONALITY.
As theexistenceof thesefeaturesannotbeassumeatthetime of
specificatiorof base, this informationneedgo be provided atthe
time base is instantiated.

In orderto remedythisincorveniencenecouldintroducefea-
ture hierarchieswhicharetheequivalentor role hierarchieknown
from descriptiorlogics,andgeneralizeéhe subsumptiorandunifi-
cationproceduresiccordingly Introducingthe featurehierarchy

PRP_NATIONALITY
PRP_SPATIAL

PROPERTY [
PROPERTY L[

in therestauranpackageand

PROPERTY [

PROPERTY [

PRP_FLIGHTTYPE
PRP_PRICE

in the flight package nheritancecould be extendedto features.

In this case,one could specify the deferredrule specificationas
shawn in figure 6, and togetherwith an extensionof the virtual
tableto featurespnespecializeéhe baserule accordingo

instantiatebase with

(obj_flight, N,_) -1,
(prp_flighttype, A, prd) =2,
(prp-cheap, A, sup) =3,
PRP_FLIGHTTY PE =4,
PRP_PRICE =5;

Thiswould pushtheamountof reusabilityevenfurther How-
ever, the exact specificationof featurehierarchiesandits imple-
mentationremainguture work.

4. CONCLUSION

We presentednechanismso apply object-orientedechniquedo
the specificationof grammarand ontology packages.Using he
presentedechniquesit is possibleto partially specify different
aspectof thefinalizedrepresentationandto reusethe modular
ized specifications.The advantageof thesemechanismss that

it speedsup the prototypingof new spokendialogueapplications
andthedeploymenbf existing systemsn new tamgetlanguages.

Futurework includesthe extensionof the Soup parsealgo-
rithm so that the vectorizedrules can be processedlirectly and
thatthe compilestageis not neededandthe extensionof the un-
derlying featurelogic with featurehierarchiesasoutlinedin sec-
tion 3. Moreover, dueto the limited domains,we have only a
rudimentarycoverageof syntacticinformationin the vectorized
nonterminakymbols.We will extendthesyntacticepresentations
asit becomesecessary
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