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ABSTRACT

Currently, much effort is spentfor the creationof linguistic re-
sourcessuchasgrammarsor domainmodelseachtimeanew task
orientedspokenlanguageapplicationis deployed.Theresources
for different applications,thoughdifferent, resembleeachother
enoughto warrantreusabilityof subcomponents.In thispaper, we
describetheapplicationof techniquesknown from objectoriented
programminglanguagesto grammarand ontology specification.
To this end,we introducea grammarformalismthat is designed
suchthatit supportstheapplicationof modularizeddevelopment,
multiple inheritanceanddeferred(or abstract)basespecifications.
In particular, wedemonstratehow thecombinationof multiple in-
heritancetogetherwith deferredspecificationsand specification
moduleswith namespacesfacilitatesrapidprototypingof ontolo-
giesandgrammarsfor new domainsandnew target languages.

1. INTRODUCTION

Currentspokenlanguageapplicationsaretypically limited in scope
to asemanticallycloseddomain.Thelimitationsallows thegram-
mar writers to exploit assumptionsto reducethe complexity and
generalityof thegrammars.At thesametime,thegrammarswrit-
ten for onelanguagebut differentdomainsexhibit similaritiesin
rule structureaswell asin coverage.For example,many dialogue
systemscoverutteranceto startor endconversations,requesthelp
or requestrepetitions.In addition,thesyntacticstructureof theut-
terancescontainssimilarities,suchasphrasesthatstartwith frag-
mentslike I would like ... andso on. If onewantedto
exploit the similaritiesof grammarfragmentsthe needfor mod-
ularity on a level below the grammarlevel is required. While
therehave beeninvestigationsto determinethe possibility of us-
ing severalgrammarsin parallel[8], few attentionhasbeenpaid
to applicationsof objectorientedtechniquesto thespecificationof
grammarandontologymodules.Whatis lackingis anapproachto
modularizegrammarspecificationsin a way that is similar to the
way in which objectsin object-orientedprogramminglanguages
arespecified.

Typically, grammarsfor task-orientedspokenlanguageappli-
cationsareexpressedin semanticgrammars,in which thenonter-
minal symbolsencodesyntacticandsemanticinformation. Thus,

I would like to thankmy colleaguesat theInteractive SystemsLabo-
ratoriesfor helpful discussionsandencouragement.This researchis sup-
portedby theDefenseAdvancedResearchProjectsAgencyundercontract
numberDAAD17-99-C-0061.Any opinions,findingsandconclusionsor
recommendationsexpressedin thismaterialarethoseof theauthoranddo
not necessarilyreflecttheviewsof theDARPA or anyotherparty.

a nonterminalsymbolcanbeseenastheresultof a unificationof
two informationalstructures,onecarryingthesyntacticinforma-
tion, onethesemanticinformation. If thegrammardesignerwere
to write a grammarin a new target language,heor shecouldonly
specify the syntacticinformationandcould makeuseof the se-
manticinformationfrom theapplicationin thefirst target languge
. Similarly, if a word with thesamesyntacticdistribution but dif-
ferentsemanticsweretobeneeded,only thesemanticswouldneed
to bespecified.

Fromasoftwareengineeringpointof view, thedescribedtech-
nique is an instanceof multiple inheritancein that the resulting
lexical entry inherits the constraintsfrom the semanticand the
syntacticspecification.In this paper, we presentmultiple inher-
itancetechniquesthatincreasethereusabilityof semanticcontext-
freegrammars.Togetherwith namespacesfor grammarrulesand
semanticconcepts,it thenbecomespossibleto compilethe final
grammarfrom asetof partialgrammarspecifications.

The object orientedtechniquesare employedin the spoken
dialoguesystemARIADNE developedin the Interactive Systems
Labs[2]. Theobject-orientedtechniquesallow asystemsdesigner
to specify subdomainsof a spokendialogueapplicationand to
composeanapplicationof differentdialoguepackagesat compile
time. The dialoguepackages,containinggrammarandontology
specifications,aretheequivalentof librariesin objectorientedpro-
gramminglanguages,containingclassesandmethods.Thespec-
ification of thegrammarsandontologies,togetherwith specifica-
tionsspecificto thedialoguemanageremployed,is facilitatedby
an integrateddevelopmentenvironmentcalled CHAPEAU CLAC

[3].
The paperis organizedasfollows. In section2, we describe

theapplicationof objectorientedtechniquesto domainmodels.In
section3,wedescribetheapplicationof objectorientedtechniques
to grammarspecifications.In section4, we concludethe paper
with adiscussionof theresultsandanoutlookon futurework.

2. OBJECT-ORIENTED TECHNIQUES IN ONTOLOGY
SPECIFICATION

In task-orientedspokenlanguageapplications,thedefinitionof the
conceptsusedin thedomainis partof thedesignprocess.Similar
to interlinguaspecificationsin machinetranslationsystems[8, 9],
we usea typehierarchyto enumeratetheusedsemanticconcepts
andthe relationshipsamongthem. In additionto semanticcon-
cepts,speechacttypesandsyntactictypesarerepresentedaswell.
Thesemanticsof utterancesarerepresentedin typedfeaturestruc-
tures.



2.1. Type Hierarchy

For thesemanticdomainmodel,weuseatypehierarchyasisusual
for typedfeaturestructures.For moreinformation,see[1], chap-
ters2 and5.

2.1.1. IS-A Relationships

Thetypehierarchyformsafinite uppersemilatticewith subsump-
tion as partial order, which meansthat for any subsetsof types,
there is a most specific lower bound, and, if there is an upper
bound,thentheleastspecificupperboundis unique.Thisrequire-
mentis necessaryto ensureunificationto beunique.Thesemantic
componentsof thegrammarsaredevelopedalongthe linesof the
typesin thetypehierarchy.

2.1.2. HAS-A Relationships

In additionto theinheritancerelationship,thedomainmodelrepre-
sentsHAS-A relationships.Eachtype
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priatenessconditionscanalsobeusedfor typeinference[1] which
can also be of advantagein spokendialoguesystems[3]. Ap-
propriatenessconditionsextendnaturallyto paths  "! �#����������	 .
TheIS-A andHAS-A relationshipstogetherdescribethesemantic
modelof the domain,andarethusdomainspecific. In addition,
thetypehierarchyencodesgenerictypesusedto expresssyntactic
andspeechactinformation[4].

2.2. Robust Processing

Moreover, we provide a mechanismto measurethegravity of in-
compatibilities.For a setof incompatibletypes $
% �&��������� % 	�' , we
determinetheirgreatestlowerbound%)(*!,+ � % � andsetthedegree
of incompatibilityto bethesumof thelengthsof theshortestpaths
from % ( to % � in thetypehierarchy, or, moreformally,- �).��0/1
���$
% ����������� % 	�'�� !,2 �4365 �7�8
:9���;7��% ( � % ���<� (1)

This measureis not associative andservesonly to determinethe
qualityof a representationaftercompleteconstruction.

2.3. Object Oriented Techniques

2.3.1. Namespaces

As the typehierarchyfor onespecificapplicationmayconsistof
severalsubdomainseachof whichmaybeareusablecomponentin
andby itself, thetypesandfeaturesareassigneda uniquenames-
paceto avoid namingconflicts.For anexample,seefigure1. More
detailsonthecompositionof typehierarchypackagesaregivenin
[4].

2.3.2. MethodSpecification

Weextendtheappropriatenessspecificationsby methodspecifica-
tionsto facilitatetheinteractionof thenaturallanguageprocessing
componentwith a back-endapplication. A methodspecification

/=!?>�� ��@BA consistsof a label � (thenameof themethod)anda
setof constraints

@
. If a featurestructureC fulfils theconstraints

in
@

, the method / will be invoked,passingthe solutionof the
constraintson to the back-endapplicationas parameters.Thus,
methodspecificationis adeclarativeandobject-orientedspecifica-
tion of aguardthatnotifiestheback-endapplicationassoonasthe
informationalcontentof thesemanticrepresentationreachesacer-
tain saturation.The invocationis embeddedin the standardtype
inferenceprocedureof typedfeaturestructures.A moredetailed
descriptionof themethodspecificationsaswell astheir combina-
tion with typeinferenceprocedurescanbefoundin [5].

3. OBJECT-ORIENTED TECHNIQUES IN GRAMMAR
SPECIFICATION

In standardapproachesto robust parsing,conventionalcontext-
free grammarsare used,togetherwith an extendedparsealgo-
rithm for robustprocessing.However, dueto their lack of internal
structure,standardnonterminalsymbolsonly allow for equality
checkingandcannotbepartially ordered.For this reason,we use
vectorizedcontext-freegrammarsfor parsing.Vectorizedcontext-
freegrammarsareastraightforwardgeneralizationof context-free
grammarswherethenonterminalsymbolsarereplacedby vectors
of partially orderedelements. The vectorizedcontext-free rules
areannotatedwith fragmentsof typedfeaturestructuresthatpro-
videthesemanticinformationof theutterance.For parsing,weuse
the SOUP context-freesemanticparser[6] developedat Carnegie
Mellon University. SinceSOUP doesnotsupportunificationbased
parsing,we compiletheannotatedgrammarrulesinto datastruc-
turesthatareusedinternallyby theparser.

3.1. Vectorized Context-Free Grammars

Vectorizedcontext-freegrammarsaresimilar to standardcontext-
freegrammarsin thatthey consistof asetof nonterminalsymbolsDFE

, a setof terminalsymbols
E

, a setof rules G and a setof
startsymbolsH . They differ, however, from standardcontext-free
grammarsin thatthenonterminalsymbolsarevectorsof partially
orderedelements,andthatnonterminalsymbolson theright hand
sideof rulesareannotatedwith semanticrepresentations.Thevec-
torizednonterminalsymbolsenablemultiple inheritanceandthe
annotationsallow an automatedcreationof semanticrepresenta-
tions.

3.1.1. VectorizedNonterminalSymbols

While thenonterminalsymbolsof conventionalcontext-freegram-
marsdo not provide enoughinternal structurefor comparisons
otherthanequality, andfull fledgedfeaturestructurerepresenta-
tionsaretoo expensive in termsof specificationandcomputation,
we chosevectorizednonterminalsymbolsto representnontermi-
nal symbolsin therules. A vectorizednonterminalsymbolin the
annotatedgrammarrulesis givenby a vector >�% � ��������� % 	 A where
eachof the % � is an elementof a partially orderedset I � (oneof
whichisactuallythetypehierarchyrepresentingthedomainmodel
introducedabove). In traditionwith thesemanticgrammarswidely
employedin spokenlanguageapplications,thevectorizednonter-
minal symbolscontainsyntacticandsemanticinformation. As a
notationalconvenience,weassumethatall semanticinformationis
representedby % � . Toemphasizetheparticularroleof thesemantic
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Figure1: A part of the type hierarchyandits appropriatenessconditionsusedin the travel application. Informationincreasesfrom the
bottomto thetop. Two sub-domainmodels,calleddate & time andreservations aremergedwith theapplication-specificdeclarationof
thetypesof thegoals.Thepartof thehierarchydeclaringthespeechactsis domain-independent.Declarationsaregroupedin namespaces.
This is asimplifiedpresentationof thedomainmodelactuallyusedin thesystem.

typeinformationin thevectorizednonterminalsymbols,weunder-
line thetypesymbol,asin >�% � �&������� % 	 A . Themajoradvantageof
vectorizedgrammarsover standardcontext-freegrammarsis that
syntacticandsemanticinformationcanbespecifiedseparatelyin
different % � , andthatvectorizednonterminalsymbolscanbespec-
ified partially, to becombinedlaterto morerestrictive ones.

Thecombinationof nonterminalsymbolsis thebasisfor mul-
tiple inheritance. In order to formalizeour approach,we define
unification,generalizationandsubsumptionon the setof vector-
izednonterminalsymbols

DFE
. For this to work out, we impose

the samerequirementson the I � as on the type hierarchyde-
scribedin section2.1. In particular, we requirethe existenceof
a unique least upperbound of any set Iµ´¶I � if any upper
boundof I exists. Theunification · of ¸�¹ � !?>�% � ��������� % 	 A and¸�¹�º»!¼>�½ � ��������� ½ 	 A is given by ¸�¹ , wherethe

-
th component

of ¸¾¹ equalsthe leastupperboundof % � and ½ � if it exists. The
unificationof ¸¾¹ � and ¸�¹�º is undefinedotherwise.Similarly, the
generalization + of ¸�¹ � and ¸�¹�º is givenby thegeneralizationof
theircomponents,andis definedfor all pairsof nonterminals.̧¾¹ �
subsumeş�¹�º if andonly if % �À¿ ½ � for all

-
. Two nonterminal

symbolsarecalledincompatibleif theirunificationdoesnotexist.
Finally, we definethedegreeof incompatibilityof two nontermi-
nalsto beequalto thedegreeof incompatibilityof its components,
or - �).��0/1
���¸¾¹ ��� ¸¾¹�º � !Á2 � - �).��0/1
���% � � ½ � �
Of course,wehave

- �Â.���/1
���¸¾¹ ��� ¸�¹�º � !ÄÃ if oneof thetwo non-
terminalssubsumestheother.

In the currentsystem,we chosethe numberof components
in the nonterminalsymbolvectors � to be equalto 3, wherethe
first elementis a semantictypedrawn from the typehierarchyof
the particularapplication,the secondelementthe major syntac-
tic category, andthethird theminor syntacticcategory, chosenin
functionof themajorcategory. In theexamples,theuseof anun-
derscoredenotesadon’t careelement,whichisequalto specifying
thebottomelementof thecorrespondingpartialorder.

Thereis notaone-to-onecorrespondencebetweenmajorsyn-
tactic categoriesand semantictypes. As an example, consider
theutterancesI would like to reserve a room andI
would like a hotel reservation . Thederivationsof
thesephrasescontaintherules>Å��Æ[Ç � 5
È�5 �&É
9�� - ��� � I ��- � ��AËÊ

reservea room>Å��Æ[Ç � 5
È�5 �&É
9�� - ��� ��DF� A Ê
hotelreservation

respectively1. Themeaningof theexamplesentencesis equalfrom
a systemsperspective andshouldthusbe expressedby the same
semanticrepresentation.Were theredifferent semantictypesfor
the verbal and for the noun phrase,say, 9�.�� � 5
È�5 �&É 5 ������/ and�
Æ<Ç ������/F� 5�È�5 ��É
9�� - ��� , post-processingto arrive at equalrepre-
sentationswouldbenecessary.

3.1.2. VectorizedRules

To simplify the combinationof varioussubgrammars,the setof
rules G is dividedinto lexical rulesandphrasalrules.

The Lexical Rules. Theright handsideof lexical rulescon-
sistsof anonemptysetof alternativesof stringsequences, i.e. it is
of theform>�% � ��������� % 	 AÌÊ ÍÎ�<� Ï�Ï�ÏÐÍÀ��	#Ñ Ò

...
...

ÒÍ*ÓÔ�ÕÏ�Ï�ÏÖÍÀ��	#×
Right handsymbolsmay be decoratedwith + and * symbolsto
simplify grammarwriting. The informationin theleft handsym-
bol is specificenoughto describetheconceptexpressedby theter-
minalson the left handside,andtheir grammaticalsurfaceform,
suchasdeclination.In orderto deployanexistingapplicationin a
new language,all processingthatneedsto bedonefor lexical rules
is thetranslationof theterminalsymbolsand,if thenew targetlan-
guagerequiresdifferentsyntacticcategories,amodifiedspecifica-
tion of thesyntacticinformationin theleft handsymbol.

The Phrasal Rules. The right handside of a phrasalrule� consistsof a nonemptyset of alternatives of nonterminalse-
quences.We term the semantictype % � of the left handnonter-
minal symbol the semantictype of the rule � . The nonterminal
symbolson the right handsideareassigneda path  � Ø of length�ÚÙ»Ã anda type % � Ø . The

-
th rule alternative,having Û right hand

symbols,of a rule is of theform

>�% � ������� % 	 A�ÊÜ >�% ��k� ��������� % 	�r� A �k�*Ý % �r� Þ Ï�Ï�Ï Ü >�% ��àß ��������� % 	�àß A �áßâÝ % �àß Þ
1For the sakeof example,the rulesaresimplified. In the system,the

rulescontainactuallynonterminalsymbolson the left handsideto take
advantageof theontologicalknowledgein thedomainmodel.



wherethe ¸¾¹ Ø !v>�% �� Ø ��������� % 	� Ø A aretheright handsidenontermi-
nal symbolsandthe  � Ø Ý % � Ø indicatethe placeof the semantic
representationsthataregeneratedby theparsetreesrootedat ¸�¹ Ø .
Furthermore,werequirethat �ã


�����
7��% � �  � Ø � becompatiblewith% � Ø andwith % �� Ø in orderto ensurethesemanticrepresentationof
aparseto bewell-typed.If  � Ø Ý % � Ø is left unspecified,theempty
pathand % � Ø !ä% � is assumed.If therule is usedin anacceptable
derivation, thesemanticrepresentationof this rule is the unifica-
tion of thefeaturestructuresdefinedby thepathsandthetypeson
theright handsideof the

-
th rule alternative,or moreformally:

È�5 /å��� � !,æ Ø Ü % � � Ø % � Ø Þ (2)

Sincethe nonterminalsymbolsare typed,we candetectthe
existenceof theunificationin equation(2) anddeterminethewell-
typednessof È�5 /Ú��� � at compiletime.

3.2. Robust Processing

Grammarsfor spokenlanguageapplicationsneedto be tolerant
againstrecognitionerrorsandspontaneousspeech.In additionto
thefeaturesbuilt in theparser, wesupportfault toleranceby thein-
troductionof additionalrules.In thissection,wedescribehow the
additionalrulesaregeneratedandhow theirusagecanbedetected
afterparsingduringsemanticconstruction.

3.2.1. RuleIntroduction

Robustparsingrequiresthe relaxationof theconstraintsencoded
in the grammar. Now, sincethe parserappliesthe rulesalways
asa wholewithout modifications,typesafetywithin a rulesasre-
quiredbyequation(2)doesnotcausethegrammartobecomemore
brittle. On theotherhand,we needto allow the parserto match
”closely resembling”nonterminalsymbols. This correspondsto
theequivalentof robustunification.For this reason,therulecom-
piler generatesa rule of theform¸¾¹ �çÊ ¸¾¹�º (3)

if
- �).��0/1
7��¸�¹ �&� ¸�¹�º �éè . for somethreshold. .

3.2.2. SemanticConstruction

Sincethevectorizedrulesareannotatedwith featurestructures,it
is possibleto automaticallygeneratea semanticrepresentationof
the utterancesimply be recursively traversingthe parsetreeand
unifying the featurestructures.This is doneonly afterparsingin
ordernot to reducetheparsingspeed.

Thesemanticrepresentationof a derivation ê of aninput sen-
tenceis thendeterminedby

È�5 /å�Åê � ! æ Ø Ü % � � Ø ��% � Øìë· È�5 /Ú�Åê Ø �<� Þ (4)

where ê consistsof the applicationof the rule � andthe Û right
handsymbolsof � aretherootsfor thederivations ê � ��������� ê ß . In
theabove equation,

ë· denotesthe robustunificationthat is setto
thegreatestlower boundof theinvolvedtypesin casetheunifica-
tion is notdefined.Figure2 illustratesequation(4).

In general,theresultingfeaturestructureof aparsethatmakes
useof oneof the rulesintroducedby equation(3) cannotguaran-
teedto bewell-typed,sincethegeneralizationof the typesin case
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Figure2: A derivationof aninputsentence.Theunificationof the% � with the rootsof the derivationsof the substringsneedto be
robustto enablerobustparsing.

of failed unificationcancausea type to be lessspecificthanthe
type

- ��������� ��� for a feature
�

.
As thewell-typednessof therulescanbedetectedatcompile-

time,we canexpectgeneratedsemanticrepresentationto bewell-
typedprovidedthatno rulesintroducedin equation(3) havebeen
usedto derive theutterance.In the casewhererulesof the form
shown in equation(3) arepresentin aderivation,wecandetectthe
degreeof discrepancy by the repeatedapplicationof equation(1)
to thosenodesin thesemanticrepresentationwherethediscrepan-
ciesoccurred.

In order to achieve a normalizedrepresentationfor dialogue
processing,the generatedfeaturestructureis brokendown into
several structuressuchthat eachstructurerepresentsoneobject,
onestateor oneaction.Thisis similarto therepresentationof con-
ditions anddiscoursereferentsin DiscourseRepresentationThe-
ory [7].

3.3. Object-Oriented Techniques

3.3.1. Namespaces

Thegrammarsfor anapplicationarespecifiedin severalspecifica-
tion packages.In orderto avoid namingconflicts,eachgrammar
symbolis prefixedwith thenameof thepackage.

3.3.2. Multiple Inheritance

The compatibility relationof vectorizednonterminalsymbolsis
oneplacewherewe can takeadvantageof the generalizationto
partiallyorderedelements.In context-freegrammars,two nonter-
minal symbols ¸¾¹ � and ¸¾¹�º arecompatibleif andonly if ¸¾¹ � !¸¾¹ º . In the caseof vectorizednonterminalsymbols,we canex-
ploit theadditionalinformationgiven by the internalstructureof
thevectorizednonterminalsymbolsandthepartially orderedsets
from whichthesymbols’componentsaredrawn.

In thecurrentimplementation,thevectorizedgrammariscom-
piled down to a standardcontext-free grammarthat canbe used
by SOUP. Consequently, therelationshipsbetweenthevectorized
nonterminalsymbolsneedto be compiledinto the context-free
grammarexplicitly. For eachtwo vectorizednonterminalsymbols
suchthat ¸¾¹ � ¿ ¸¾¹ º thecompileraddsacontext-freerule¸¾¹ � Ê ¸�¹ º
to the resultingcontext-freegrammar. For example,if a rule de-
scribesthedistributionalbehavior of nounsthatdescribetrips, the
additionof a lexical rule>Å�
Æ<Ç � 3 -áí ;�� ��DF� A�Êî� 3 -6í ;��[ï



Æ�9 È�5
ð�ñ<ò�ó ñ 	 ð Ý >Å�
Æ<Ç �ôDF� A !äõÊ >Åê 5 � � � A >8
Â����
 5 �&��ö � � � È&÷ 
 A<ø !Áù >8
�����
 5 �&��ö � � � 
Â��ê A<ø !Áúû>Å�
Æ<Ç �[Dü� A !4õ
ïÆ�9 È�5#ý�ò Ý >Å�
Æ<Ç �ôDF� A !äõÊ >Åê 5 � � � A >Å��Æ[Ç �<DF� A !þõ >8
�����
 5 �&��ö � � � 
Â��ê A<ø !Áúû>8
�����
 5 ����ö � � � È&÷ 
 A<ø !Äù�ï
Figure3: Deferredrulespecificationsfor German,EnglishandFrenchÆ�9 È�5
ð�ñ<ò�ó ñ 	 ð Ý >Å�
Æ<Ç � 5�È ��9 ÷ ��9���� ��DF� AÊ >Åê 5 � � � A >8
Â�ô
 È 
)9�� - 9 3 � � � È&÷ 
 A<ø >8
���
 �Â9�� - ���)9 3 - ��ö � � � 
���ê A<ø >Å�
Æ<Ç � 5�È �Å9 ÷ ��9���� ��DF� A ï$ SPATIAL 
Â�ô
 
:9�� - 9 3 ' $ NATIONALITY 
���
 �Â9�� - ���)9 3 - ��ö 'Æ�9 È�5#ý�ò Ý >Å�
Æ<Ç � 5�È ��9 ÷ ��9���� ��DF� AÊ >Åê 5 � � � A >Å��Æ[Ç � 5
È �Å9 ÷ ��9��¾� ��Dü� A >8
���
 �Â9�� - ���)9 3 - ��ö � � � 
���ê A<ø >8
���
 È 
:9�� - 9 3 � � � È&÷ 
 A<ø ï$ NATIONALITY 
���
 �Â9�� - ���)9 3 - ��ö ' $ SPATIAL 
Â��
 
:9�� - 9 3 '

Figure4: Theinstantiatedrules.

Label DeferredSpec. InstantiatedSpec.
1 >Å��Æ[Ç ��DF� A >Å�
Æ<Ç � 5�È ��9 ÷ ��9���� ��DF� A
2 >8
Â����
 5 �&��ö � �Àê<Ç � 
Â��ê A >8
���
 �Â9�� - ���)9 3 - ��ö � �Àê<Ç � 
Â��ê A
3 >8
Â����
 5 �&��ö � �Àê<Ç � È&÷ 
 A >8
���
 È 
:9�� - 9 3 � �Àê<Ç � È&÷ 
 A

Figure5: A Virtual tableascreatedasintermediaterepresentation
by therule compiler. Theinformationcontainedin column1 and
2 is generatedfor adeferredrulespecification.An instantiationof
theruleaddsthethird columnto thetable.

is sufficient to correctlydescribethedistributionalbehavior of the
nounflight, provided that the relation ��Æ[Ç ��� - 
 ¿ �
Æ<Ç � 3 -áí ;Â� is
known to the type hierarchy. The sameargumentholds for the
syntacticcomponentsof thevectorizednonterminalsymbols.This
showshow multiple inheritancecanbeusedto facilitatethegram-
marspecification.

3.3.3. DeferredSpecifications

Weproceedto developatechniquethatallows thegrammarwriter
to separatethe specificationof syntacticand semanticinforma-
tion. To thisend,weemploythetechniqueof multiple inheritance
known from objectorientedprogramminglanguagesto grammar
rule specifications.In particular, a rule specificationcan be de-
clareddeferredwhich indicatesthis particularspecificationof the
rule to be incomplete.Deferredrule specificationsaretheequiv-
alentof abstractbaseclassesin objectorientedprogramminglan-
guagesand are typically to be found in a genericbasepackage
that servesasthe startingpoint for the rapid prototypingof new
applications.

Notethatthenonterminalsymbolsarepartiallyorderedby the
subsumptionrelationdefinedabove.Theunificationof twononter-
minal symbols,definedto betheir leastupperbound,is thenused
to implementmultiple inheritance.Currently, weusedeferredrule
specificationsto abstractaway thetaskdependentsemanticinfor-
mationwhile encodingsyntacticinformation. This requiresusto
providedeferredrulespecificationfor eachof thetargetlanguages.
Thenonterminalsymbolsthatcanbespecializedatalaterpointare
markedwith theconstraint! 3 , where3 is a label thatdetermines
theidentityof thenonterminalsymbol.

As an example,considerthe deferredrule specificationsfor
English,GermanandFrenchshown in figure3. Therulesaresup-
posedto parsenounsthat have at mostonesuperlative adjective
attachedandat mostonepredicative adjective. In the travel do-
main, they parsefragmentssuchas the closestItalian restaurant
andle restaurantle plusproche.

For eachdeferredrule specification,the compilercreatesin-
ternally a virtual table. The virtual tableconsistsof an arrayof
the deferrednonterminalsymbols. The relationshipbetweenthe
identityof thenonterminalsymbolsin thedeferredrule specifica-
tions andthe entry in the virtual table is given by the label 3 in
the deferredrule specification.An examplefor the virtual table
of the rulesin theabove exampleis shown in figure 5 wherethe
first andthe secondcolumndescribethe virtual tablecreatedfor
a deferredrule specification,andthe third columndesignatesthe
specificationfor therule instantiation.

To instantiateadeferredrule specification,it sufficesto spec-
ify a new nonterminalsymbol ¸¾¹ � suchthat ¸¾¹�ÿ ¿ ¸¾¹ � for each
nonterminalsymbol ¸�¹ ÿ in thevirtual table.To continuetheabove
example,thespecification

instantiateÆ�9 È�5 ð�ñ<ò�ó ñ 	 ð�ó ý�ò with��Æ[Ç � 5�È �Å9 ÷ ��9���� !4õ
Â��
 �)9�� - �0�)9 3 - ��ö !Áú
Â��
 È 
:9�� - 9 3 !Äù
causesthefull specificationsshown in figure4 to begenerated

It shouldbe notedthat changesin the deferredrule specifi-
cationscausechangesin the instantiations.This againis similar
to thebehavior of abstractbaseclassesin anobjectorientedpro-
grammingframework. For example, if a developeraddsa new
rule alternative to a deferredrule specification,the deferredrule
specificationwill causethenew rule alternative to beaddedto its
instantiationsat compiletime.

Furthermore,it shouldbe notedthat semanticconversionin-
formationmaynot bepartof adeferredrule specification.This is
becauseit is unknownatthetimeof specificationhow thedeferred
specificationwill be instantiatedandhow the semanticinforma-
tion is to be used.An examplewill illustratethis point. Assume
one wantedto instantiatethe shown deferredrule specificationÆ�9 È�5 to cover fragmentssuchasthe cheapest non-stop



Æ�9 È�5
ð�ñ<ò�ó ñ 	 ð Ý >Å�
Æ<Ç �ôDF� A !äõÊ >Åê 5 � � � A >8
Â����
 5 �&��ö � � � È&÷ 
 A<ø !Áù >8
�����
 5 �&��ö � � � 
Â��ê A<ø !Áúû>Å�
Æ<Ç �[Dü� A !4õ
ï$ PROPERTY !�� ' $ PROPERTY !�� '
Figure6: Deferredrulespecificationsproviding abstractconversioninformation

flight in aflight informationapplication.TheinstantiationofÆ�9 È�5 would look similar to thefollowing specification:

instantiateÆ�9 È�5 with>Å�
Æ<Ç � 3 -áí ;�� ��DF� A !4õ �>8
���
 � 3 -áí ;�����ö�
 5 � � � 
���ê A !Áú$ FLIGHTTYPE 
���
 � 3 -áí ;�����ö�
 5 '��>8
���
 
�� - . 5 � � � È&÷ 
 A !Äù$ PRICE 
Â��
 
�� - . 5 ' ï
Thesemanticconversioninformationspecifieshow theinfor-

mation on the propertyof the object provided by the adjective
shouldbeintegratedin therepresentationof theobject.

In the air travel package,the type 
Â��
 .�; 5 9�
 will be appro-
priatefor a featurePRICE while in therestaurantpackage,thetype
Â�ô
 �)9�� - �0�Â9 3 - ��ö will beappropriatefor a featureNATIONALITY.
As theexistenceof thesefeaturescannotbeassumedatthetimeof
specificationof Æ�9 È�5 , this informationneedsto beprovidedat the
time Æ�9 È�5 is instantiated.

In orderto remedythisinconvenienceonecouldintroducefea-
turehierarchieswhicharetheequivalentor rolehierarchiesknown
from descriptionlogics,andgeneralizethesubsumptionandunifi-
cationproceduresaccordingly. Introducingthefeaturehierarchy

PROPERTY

¿
PRP NATIONALITY

PROPERTY

¿
PRP SPATIAL

in therestaurantpackageand

PROPERTY

¿
PRP FLIGHTTYPE

PROPERTY

¿
PRP PRICE

in the flight package,inheritancecould be extendedto features.
In this case,onecould specify the deferredrule specificationas
shown in figure 6, and togetherwith an extensionof the virtual
tableto features,onespecializethebaseruleaccordingto

instantiateÆ�9 È�5 with>Å�
Æ<Ç � 3 -áí ;�� ��DF� A !äõ �>8
���
 � 3 -áí ;�����ö�
 5 � � � 
���ê A !,ú �>8
���
 .�; 5 9�
 � � � È&÷ 
 A !Áù �
PRP FLIGHTTYPE !�� �
PRP PRICE !��#ï

Thiswouldpushtheamountof reusabilityevenfurther. How-
ever, the exact specificationof featurehierarchiesandits imple-
mentationremainsfuturework.

4. CONCLUSION

We presentedmechanismsto apply object-orientedtechniquesto
the specificationof grammarand ontology packages.Using he
presentedtechniques,it is possibleto partially specify different
aspectsof thefinalizedrepresentationsandto reusethemodular-
ized specifications.The advantagesof thesemechanismsis that

it speedsup theprototypingof new spokendialogueapplications
andthedeploymentof existingsystemsin new targetlanguages.

Futurework includesthe extensionof the SOUP parsealgo-
rithm so that the vectorizedrulescan be processeddirectly and
thatthecompilestageis not needed;andtheextensionof theun-
derlying featurelogic with featurehierarchiesasoutlinedin sec-
tion 3. Moreover, due to the limited domains,we have only a
rudimentarycoverageof syntacticinformation in the vectorized
nonterminalsymbols.Wewill extendthesyntacticrepresentations
asit becomesnecessary.
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