
Corega Tabs: Mapping Semanti
s ontoPragmati
sBernd Ludwig, Kerstin B�u
her, and G�unther G�orzComputer S
ien
e Institute and FORWISS, Erlangen, GermanyeMail: bdludwig�immd5-wv.uni-erlangen.deAbstra
tIn this paper, we outline our approa
h to mapping domain indepen-dent semanti
 representations to extensional statement spe
i�
 to a givenappli
ation. Fur this purpose, we exploit the equivalen
e between Dis-
ourse Representation Stru
tures limited to the expressiveness of ALCand ABoxes for validating DRS with respe
t to a given knowledge baseand explain how task independent semanti
s representations 
an be spe-
ialized to a domain spe
i�
 meaning. The paper 
on
ludes with someperforman
e results and remarks on desirable features of DL reasonersnot implemented up to now.1 DL Models of Appli
ationsAppli
ations are 
hara
terized by a DL terminology whi
h models the 
on
eptsused for making propositions about appli
ation situations. In [BLG02℄ it is ex-plained, how domain independent semanti
 representations for a 
ertain 
lass ofnatural language phrases 
an be 
omposed relying on EuroWordNet (EWN)[Vos98℄ as a linguisti
 ontology. The remaining question is, how these representa-tions 
an be mapped onto ABoxes only 
ontaining propositions in a appli
ationspe
i�
 ontology (se
. 2). As a prerequisite, we address the issue of how thosetwo ontologies 
an be linked to form a modular DL knowledge base 
omposedof several smaller parts for 
overing spe
ial purpose ontologies (se
. 4).Basi
ally, the knowledge base is 
omposed of two parts. The EWN ontol-ogy en
odes the linguisti
 meaning of words determined on an empiri
al basis,whereas the Standard Upper Ontology (SUMO) [NP01℄ is used as a generi
base model for 
on
epts of the appli
ation domain. See se
tion 2 for a des
rip-tion of how we use the knowledge base. We present our experiments with Ra
erin se
tion 3. The modular 
omposition of T-Boxes is topi
 of se
tion 4, andse
tion 5 gives an overview about further requirements of A-Box reasoning.1



Themati
 Role Inverse Themati
 Role Inversehas-mero-part has-holo-part be-in-state-of state-ofhas-mero-portion has-holo-portion in-manner manner-ofhas-mero-lo
ation has-holo-lo
ation involved-sour
ehas-mero-member has-holo-member involved-resulthas-mero-madeof has-holo-madeof involved-agentinvolved-lo
ation role-lo
ation involved-targetis-subevent-of has-subevent
auses is-
aused-byTable 1: Themati
 Roles in EuroWordNet2 Mapping Semanti
s onto Pragmati
sThis se
tion dis
usses the mapping from DRS 
omposed during parsing [BLG02℄to ABoxes representing propositions on the 
urrent appli
ation situation. Thismeans ABoxes have to be 
onsistent with respe
t to a given TBox. The rationalefor using DL for 
onstru
ting natural language semanti
s is the possibility toeliminate hypotheses 
onstru
ted by the parser if the 
orresponding ABoxes arein
onsistent. Any other hypothesis whi
h passes this test is 
alled admissible.2.1 EuroWordNetIn order to ease the adaptability of the dialogue system to di�erent domainsand to re
e
t general and domain independent usage of language from that of aspe
i�
 appli
ation the semanti
s of 
hunks is expressed in terms of 
on
ept ex-pressions taken from the EuroWordNet terminology. EuroWordNet hasbeen developed on the basis of the WordNet semanti
 net whi
h { in ver-sion 1.5 { en
odes the meaning of about 80.000 nouns, 60.000 verbs and 16.000adje
tives and adverbs. Beyond being a pure taxonomy of semanti
 types, Eu-roWordNet 
an be used to de�ne 
omplex 
on
epts for 
omplements verbsand nouns may take in the German language. In a DL approa
h to de�nethem, relations between primitive 
on
epts are expressed by roles whereas sev-eral di�erent 
omplements for a lexi
al base form are stated using 
onjun
tionof 
on
epts. The linguisti
 notion of synonymy 
an be implemented in a DLknowledge base via 
on
ept equivalen
e, antonymy by the use of the negationoperator. Disjun
tion is the tool to state alternative usage of language { forexample of di�erent words for the same semanti
 notion. An example of su
h a
on
ept des
ription is given by the following de�nition:GetOn1BeOn1 v Air2 u 8involved-agent:Program12



2.2 Case FramesConstraints on 
omplements and modi�ers of German words are expressed interms of 
ase frames whi
h state the valen
ies of a word and their possiblesemanti
 �ller types.9involved-agent:TOP v Run1TOP v 8involved-agent:Programme1The de�nition en
odes the meaning of the German verb kommen in the senseof A �lm is on in 
hannel TV5. A GCI axiom is used to de�ne the domainand range of the (themati
) role involved-agent. In general, themati
 rolesare used in a number of 
ase frames, not just in one. This means, more thanone GCI has to be in
luded in the linguisti
 terminology that is used to en
odethe use of German words that take 
omplments or modi�ers. A number of su
hthemati
 roles is 
ontained in the EuroWordNet terminology. The whole setof roles is listed in table 1. Themati
 roles are de�ned to be features as therelation between dis
ourse referents is fun
tional.2.3 Mapping DRSs onto ABoxesThe main question to be dis
ussed is the issue of how to verify the mappingof domain independent { in terms of EuroWordNet to appli
ation spe
i�
language usage { in terms of a domain model. The general idea is that dis-
ourse referents in the domain of dis
ourse refer to instan
es in the appli
a-tion domain. Su
h pairs of a dis
ourse referent and a 
orresponding instan
eare represented by means of a spe
ial role 
alled has-lex. In the de�nitionAvEvent v 8has-lex:Program1, it is 
laimed that an AvEvent is related to adis
ourse referent of Program1. As a 
onsequen
e, all words to whom Program1is assigned as meaning in EWN, designate an instan
e of AvEvent. The DRS" � dAvEvent(�) has-lex(�; d) Program1(d) #
an be mapped onto an ABox assertingProgram1(d) ^ has-lex(�; d) ^ AvEvent(�)The set R of possible appli
ation spe
i�
 readings of an instan
e of Program1is the set of all 
on
epts (in the appli
ation domain) subsumed by the 
on
ept8has-lex:Program1. In general:R(D := fC : C � 8has-lex:DgThe se
ond issue 
on
erns to verify relations between individuals in the appli
a-tion domain from (themati
) roles in a DRS 
laimed by the parser. In a domain3



independent DRS, dis
ourse referents e1 and eK may be related by the themati
roles R1, ..., RK�1:" e1 e2 ::: eKE1(e1) R1(e1; e2) E2(e2) ::: RK�1(eK�1; eK) EK(eK) #Additionally, we have (from the domain model)" e1 �1 eK �NE1(e1) has-lex(e1; �1) A1(�1) has-lex(eK; �N ) AN(�N ) #The 
ase frames for a parti
ular appli
ation allow the parser to draw 
on
lusionson roles that hold between �1, �2, ..., �N as a 
onsequen
e on the assertionsmade above on e1, ..., eK. With des
ription logi
s, the 
onsisten
y of these
on
lusions may be validated with the help of the following GCI (s
hema) whi
his instantiated for ea
h linguisti
 valen
y in the EuroWordNet terminology:9has-lex:(E1 u 9R1:(E2 u 9 � � �Ri � � � :9RK�1:(EK9has-lex�1:TOP)) !A1 u 9S1:(A2 u 9S2:(A3 u 9 � � �Sj � � � :9SN�1N:AN))In this axiom, the Ri are themati
 roles, the Sj roles in the appli
ation do-main. Ei are EuroWordNet 
on
epts, Aj appli
ation 
on
epts. The axiomis visualized by the following s
hema:has-lexA1(�1) �����! E1(e1)S1 # & R1A2(�2) E2(e2)R2 # & S2AN�1(�N�1) EK�1(eK�1)SN�1 # & RK�1AN (�N) ��������������������������! EK(dK)has-lexIn order to explain the \genesis" of the axiom s
hema above, we have to 
onsiderseveral 
ases of how themati
 roles are mapped onto appli
ation spe
i�
 ones.2.4 Mapping Themati
 Roles onto Pragmati
 OnesThe interpretation of themati
 roles in terms of roles in the appli
ation domainis en
oded as the appli
ation spe
i�
 part of the 
ase frames des
ribing thelanguage usage in the appli
ation domain as in the following example:9has-lex:(Program1 u9involved-time:(um-tp u 9value:(
lo
ktime u 9has-lex�1:TOP))) !9has-starttime:TimeInterval4



Given two DRSs, with the help of an ABox 
onsisten
y test, one has to validatethe appli
ation spe
i�
 reading 
onstru
ted by the parser. For the utteran
e\Sendung um 20.15", the parser maps the semanti
 representation on the leftonto its appli
ation spe
i�
 interpretation on the right:26664 d t 
Program1(d) involved-time(d; t)um-tp(t) value(t; 
) 
lo
ktime(
)has-hour(
; 20) has-minute(
; 15) 37775 2666664 � �AvEvent(�) has-lex(�; d)TimeInterval(�) has-lex(�; 
)has-starttime(�; �)has-hour(�; 20) has-minute(�; 15)
37777752.5 Instantiating Parameters and is-part-of RelationsGiven a themati
 role between two dis
ourse referents from two di�erent DRSswhere the �rst one serves as fun
tor and the se
ond one as 
ompli�er1, and theindividuals 
orresponding to the dis
ourse referents, the relation to be validateddoes not ne
essarily hold between those two individuals. However, the pragmati
relation may hold between the individual 
orresponding to the dis
ourse referentsele
ted from the fun
tor and an individual a

essible via a role path from theindividual 
orresponding to the dis
ourse referent sele
ted from the 
ompli�er'sDRS as in the following example (DRS: left, A-Box: right):26664 s dRe
ording1(s) TVStation1(d)involved-patient(s; d)value(d;ZDF) Name(ZDF) 37775 2666664 s d � Æ �Re
ord(�) has-lex(s; �) has-lex(d; Æ)AvEventLo
ation(Æ) AvEvent(�)has-aveventlo
ation(�; Æ) String(ZDF)has-value(Æ;ZDF) has-avevent(�; �)
3777775In this example, the themati
 role involved-patient is mapped onto the rolepath has-aveventÆhas-aveventlo
ation establishing the following the axiom:9has-lex:(Re
ording1 u 9involved-patient:(TVStation1 u 9has-lex�1:TOP)) !Re
ord u 9has-avevent:(AvEvent u 9has-aveventlo
ation:(AvEventLo
ation u 9has-value:String))With this GCI, we verify that � is a valid parameter for the a
tion � and thatÆ forms a part of the instan
e of AvEvent designated by �.2.6 Instantiating has-part RelationsOften, it happens that a themati
 role between two dis
ourse referents indu
esmore than one relation between individuals in the appli
ation domain. Forexample, in the DRS1Compli�er means 
omplement or modi�er as explained in [BLG02℄.5



2666664 v1 v2 v3 v4 v5 
3 
4TimeDate(v1) has-month(v1; 
3) Month2CalendarMonth1(
3) month-value(
3; 
4)Number1(
4) value(
4; 1) on(1)has-date(v1; v2) l
-date(v3) has-day(v3; v4) Day4(v4) day-value(v4; v5)Number1(v5) value(v5; 5) on(5)
3777775ABox Assertion Large KB Small KB(most-spe
ifi
-instantiators v4 edge2) 2173 134Table 2: Performan
e Evaluation for Ra
er Version 1.6.3 (in millise
onds)" s dSwit
h1(s) involved-patient(s; d) Devi
e1(d) # ;two roles have to be instantiated in order to 
onstru
t the appli
ation spe
i�
reading: has-eib2 and has-state. This may be validated with an GCI axiom:9has-lex:(Swit
h1 u 9involved-patient:(Devi
e1 u 9has-lex�1:TOP)) !EIBSwit
h u 9has-eib:EIBDevi
e9has-lex:(Swit
h1 u 9involved-patient:(Devi
e1 u 9has-lex�1:TOP)) !9has-state:ONState)The 
orresponding ABox may be represented as follows:26664 s d � ÆEIBSwit
h(�) has-lex(�; s) has-eib(�; Æ)EIBDevi
e(Æ) has-lex(Æ; d)has-state(�; o) OnState(o) 37775In su
h a 
ase has-state and has-eib are 
alled has-part relations, as thethemati
 role involved-patient in the semanti
 representation of the inpututteran
e leads to the instantiation of the individuals o and Æ whi
h are part ofthe de�nition of �.3 Experiments with RACERWe evaluated the performan
e of the outlined approa
h in terms of 
omputationtime needed on a Pentium III 800 MHz PC running under SuSE Linux 7.2with 256 MB of RAM. First, we 
ompiled a big knowledge base 
onsisting of2EIB = Ele
troni
 Instruments Bus 6



1165 
on
ept de�nitions and a large number of additional disjoint statements.This knowledge base 
ontains the 
omplete SUMO ontology en
oded in DL,the EWN upper ontology and the 
on
ept de�nitions spe
i�
 to the EMBASSIappli
ations. The performan
e test was 
arried out by parsing the prepositionalphrase am ersten Januar. At a 
ertain step during the parsing the 
onsisten
yof the following ABox has to be tested and the most spe
i�
 
on
epts of theDRS's head have to be 
omputed. We get the result in table 2.Of 
ourse, more than 2 se
onds for a single 
all to most-spe
ifi
-instan-tiators is not a

eptable for parsing natural language, as { given a quite 
om-plex word latti
e { hundreds of su
h 
alls have to be performed for parsing onelatti
e under the 
onstraint of real time behavior of the overall system.Obviously, however, many SUMO and EWN 
on
epts 
ould be deleted fromthe knowledge base as they were not used by the appli
ation spe
i�
 part of theknowledge base. In an automati
 pre
ompilation step, we deleted 862 
on
eptswhi
h are only de�ned, but not used as part of another de�nition { many amongthem about inse
ts and ba
teria whi
h are not 
onsidered relevant for the ap-pli
ation. The performan
e test was then repeated (
f. table 2), taking only 134ms.As the table indi
ates, RACER performed faster with the smaller knowledgebase, and performan
e be
omes pra
ti
al. However, the ratio of deleted 
on
eptswould be worse in more 
omplex domains. As we did not in
lude the whole setof EWN 
on
epts (about 100.000 
on
epts), in a more 
omplex appli
ation theEWN portion even of the redu
ed knowledge base would be larger. So, faster
lassi�
ation is what we are dreaming of ...4 Modular Composition of T-BoxesConstru
ting and maintaining large knowledge bases is a task for whi
h methodsborrowed from software engineering are of help. The most important prin
iplesare modularization and de
omposition. As mentioned already, in addition to theseparation between dis
ourse and appli
ation, we maintain two upper models forlexi
al semanti
s and the design of appli
ation spe
i�
 domain models. The �rstone is 
overed by EuroWordNet, the se
ond one by the Standard UpperOntology. As EuroWordNet only 
ontains 
on
epts for nouns, verbs, ad-je
tives, and adverbs, we have to 
omplement this linguisti
 domain model byseparate models for de�ning notions for temporal and spatial expressions { tomention only the most prominent ones.In this pro
ess, software tools su
h as OilEd and Proteg�e 
an supportto a very large extent the engineering task of building su
h libraries of domainmodels. Their visual presentation of 
on
ept hierar
hies helps avoiding dupli
atede�nitions as well as forgetting 
ru
ial disjoint statements. The possibility to7



dete
t in
oherent de�nitions by 
ombining editors and DL reasoners improvesthe quality of the resulting domain models and speeds up their development.5 Further Requirements for A-Box ReasoningIn general, domain-instantiated A-Boxes are partial models for appli
ation oper-ations. Its 
ontents 
an be modi�ed by user or system messages. As a frameworkfor pro
essing partial information, we found out that FIL [Abd95℄ meets all ourrequirements. We started with the implementation of a prover for a Horn 
lausesubset of FIL in Prolog te
hnology, whi
h has later been repla
ed by a tableau-based reasoner, operating as a separate module. Su
h a separate model 
ouldbe avoided if hypotheti
al reasoning 
ould be done with A-Boxes in a dire
tway: Starting with a \
ore" A-Box 
ontaining \hard", but partial information,alternative extensions with hypotheses have to be 
omputed and 
he
ked for
onsisten
y and 
ompletion. These hypotheses are either already given or haveto be asked from the user, whi
h amounts to a mixed-initiative subdialogue.Seen as a tableau, leaves of open bran
hes represent possible information statesof the dialogue manager at a given time. Inferen
es on tableau 
onsisten
yare drawn using domain 
on
ept de�nitions the 
onstraints of whi
h determinejusti�
ations, i.e. possibly underspe
i�ed parameters 
orresponding to optionalphrases. In other words, a 
ontext me
hanism is required whi
h manages alter-native 
ontexts 
onsisting of a 
ommon 
ore with di�erent extensions dependingon parti
ular sets of assumptions. From a te
hni
al point of view we have to dealwith a belief revision problem whi
h 
ould be handled by a reason maintenan
eme
hanism for A-Boxes (
f. [Neb90, Rei87℄).Referen
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