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Abstract computer applications. The emerging standard for specifying
ontologies isowL, an extension oRDF.2 In NLG systems
that describe objects, pre-existimyvL ontologies can pro-
vide much of the required source information, reducing the
authoring effort and providing a common standard represen-
tation to generate fror. We discuss the role thawL on-
tologies can play iM-PIRO's authoring process, and report

) on progress we made towards extendingIRO's authoring

1 Introduction tool to supportowL. We argue that the benefit from using

A strand of work in Natural Language Generation¢) has ~ OWL would be greater, if the ontologies included the domain-

been devoted to the generation of textual descriptions of opdependent linguistic resources and user modelling informa-
jects from symbolic information in ontologies and databasestion thatNLG systems need. This would allow content to be
An example of such work is.Ex [O’Donnell et al, 2001, published on the Sematic Web in the formaf/L ontologies,
which was demonstrated mostly in the museums domainith differentNLG engines acting as browsers responsible for
where it could produce personalised English descriptions ofendering the content in different natural languages and tai-
exhibits; the Power systefiDaleet al, 1994 is another ex- loring it to the interests and interaction history of the users.
ample from the same domain. More recently, theeiro A challenge for thevLG community, then, is to agree upon
project[Isard et al, 2003 developed a multilingual exten- standa_rds on how linguistic resources and user modelling in-
sion of ILEX, which has been tested in a variety of domains,formation should be embeddeddmwL ontologies.

including museum exhibits and items for sala.major prob-  Section 2 below introduces briefly-pirRo and its author-
lem in this and many othetLG subareas is the difficulty of ing tool. Section 3 then shows hawPIRO's ontologies can
obtaining source symbolic information in forms compatible P& expressed iowL, and presents facilities we have added
with the requirements of the language generators. This issu the authoring tool to export ontologies @wL. Among

has mainly been addressed so far by extracting source infofther benefits, this allows machine-generated texts to be pub-
mation from structured and semi-structured dataleet al,  lished on the Web along with the ontology they were gen-
1994, and by developing authoring tools that help in the cre-erated from, and to be annotated witkvL entries that ex-
ation of source information and domain-dependent linguistid®ress their semantics in terms of the ontology, making the
resources. Such tools were developed, for examplejgm ~ Semantics a_ccessmle to computer appllcatlo_ns. Section 4 sub-
[Power and Cavallotto, 19960RAFTER [Hartley and Paris, Sequently discusses how existiow/L ontologies can be im-
1997, ITRI'S WYSIWYM systemgVan Deemter and Power, portgd into the_aqthorlng tool, and the benefits that this brings.
2004, andm-pPirRo [Androutsopoulogt al, 2004. Our import f_aC|I|t|e_s currently support only a subsemf/L;

In recent years, considerable effort has been invested in thieart of section 4 is devoted to problems that remain to be
Semantic Web, which can be seen as an attempt to devel&®!ved. Section 5 focuses on the need to establish standards
mechanisms that will allow computer applications to reasorf0 €mbed linguistic resources and user modelling information
more easily about the semantics of the resources (document8, OWL ontologies, and how this would allowLG engines
services, etc.) of the Web. A major target is the developmenfo become the browsers of the Semantic Web. Section 6 con-
of standard representation formalisms, that will allow ontolo-cludes and summarises directions for future research.
gies to be published on the Web and be shared by different

We present three ways in which a natural language
generator that produces textual descriptions of ob-
jects from symbolic information can exploitwL
ontologies, using-PIRO's multilingual generation
system as a concrete example.

- , _ M-PIRO’s authoring tool
M-PIROWas anisT project of the European Union. It ran from ) .
2000 to 2003. Its partners were: the University of Edinburgh; ~ M-PIRO'S authoring tool allowsuthors i.e., persons respon-
irst, NCcSR“Demokritos”, the National and Kapodistrian University Sible for portingm-PIRO's technology to new application do-
of Athens, the Foundation of the Hellenic World, and System Simu—————
lation. This paper includes additional work, carried out at the Athens  “Consult http://www.w3.org/TR/owl-guide/.
University of Economics and Business andsRr “Demokritos”. 3See alsdWilcock, 2003, [Bontcheva and Wilks, 2004
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mains, to modify the domain-dependent resources: the ontolted during the classical period by ‘aristos’, one would fill in
ogy, some language resources, and the end-user stereotypggat entity’s ‘creation-period’ with ‘classical-period’, and its
M-PIRO generates texts from an ontology that provides in-otter-is’ with ‘aristos’. Figure 2 shows the fields of entity
formation on theentitiesof a domain (e.g., the statues and exhibit22’, and the resulting English descriptiom-PIRO
artists in a museum), theelationshipsbetween the entities supports English, Greek, and Italian; descriptions can be gen-

(e.g., the association of statues with their artists), and the entsrated in all three languages from the same ontology.
ties’ attributes(e.qg., their names or dimensions). Entities are . ‘Many’ column in Figure 1 is used to mark fields

not necessarily physical objects; they may be abstract cong,,qe \ayes arsetsof fillers of the specified type. In the
cepts (e.g, historical periods). They are organized in a taX‘”made—of' field, this allows the value to be a set of materials

onomy ofentity typesas illustrated in Figure 1, where ‘ex- (e.g., gold and silver). Itis, thus, possible to represent many-

hibit" and ‘historical-period’ arebasic entity typesi.e., they to-one (e ; o
L . g - .g., only one material per exhibit) and many-to-many
have no super-types. The ‘exhibit’ type is further subdivided, o 4o nships (many materials per exhibit), but not one-to-one

!nto ‘com’,, ‘§tat_u’e’, and‘ ‘vessel'.’The latter h_as the SUb'typesrelationships (e.g., a unique social security code per person).
amphora’, ‘kylix’, and ‘lekythos’. Each entity belongs to a OWL, in contrast, supports one-to-one relationships.

particular type; e.g., ‘exhibit22" belongs to ‘kylix', and is, Fields are also used to represatitibutesof entities (e.g.,

therefore, also a ‘vessel’ and an ‘exhibit’. For simplicitas . d . S | built-in datat
PIRO adopts single inheritance, i.e., a type may not have morgm'.rI nbellmgstqr ,|n‘1en5|tc))nsl).‘d teYer? ul -I(;]tha a-types adre
than one parents, and an entity may not belong to more thatﬂva' able (‘string’, ‘number’, ‘date’, etc.), and they are use
one type€. This introduces some problems when importing o specify the possible val_ues of attr_lbute-denotlng fields. The
owL ontologies; related discussion follows. ‘Many’ column also applies to.a_ttnbutes. In Figure 1, the
Relationships are expressed usiiglds It is possible  values of references’ and ‘exhibit-purpose’ are strings. The
to introduce new fields at any entity type, which then be-Wo fields are intended to hold canned texts containing bibli-
come available at all the entities of that type and its subtype __gr.aphlc references and“de_scrlptlons of what a particular ex-
ibit was used for; e.g., “This statue honours the memory of

In Figure 1, the fields ‘painting-technique-used', ‘painted- & o a young man who died in battle”. Information can
by, and ‘potter-is’ are introduced at the type vessel. (The e stored as canned text in string-valued fields when it is dif-

top right panel shows the fields of the type selected in the: . ! .
|e§ pgnelP) Hence, all entities of type ‘végsel' and its sub- icult to represent in symbolic form. The drawback is that

types, i.e., ‘amphora’, ‘kylix, and ‘lekythos’, carry these canned texts have to be entered in all three languages.
fields. Furthermore, entities of type ‘vessel’ inherit the fields The authoring tool also allows the authors to speatgr
‘creation-period’, ‘current-location’, etc., up to ‘references’, types i-e., types of end-users the texts are intended for (e.g.,
which are introduced at the ‘exhibit’ type. (The ‘images’ field ‘@verage-adult’, “child’), andstereotypes The latter assign,

is used to associate images with entities.) Tikers of each for each user type, values to parameters that control, for ex-
field, i.e., the possible values, must be entities of a particula@MPple, the length of the texts, or the extent to which aggregat-
type. In Figure 1, the fillers of ‘potter-is’ are of type ‘potter’; N9 clauses to fqrm Ionger sentences is e}llowed. The stereo-
hence, the entities ‘sotades’ and ‘aristos’ are the only possiblE/P€s also specify how interesting each field is for each user

values. To represent that a particular ‘vessel’ entity was cretyPe; this allows the system to tailor the content of the de-
scriptions to the users’ interesta-PIRO employs additional

4M-PIRO's core language generator actually supports some formgersonal user modelsvhere it stores the interaction history
of multiple inheritance, but the authoring tool does not. of each particular end-user, allowing, for example, the system



to generate comparisons to previously seen objects. ward to export am-PIRO ontology toowL, as sketched be-
M-PIROUSeES systemic grammars, one for each language, tow. There are actually three different versionsefL, called

convert sentence specifications to surface text. The grammagsvL LITE, OWL DL, andowL FULL, with increasing sophis-

can be used in a variety of object description applicationgication. The mapping fromi-PIRO'S ontologies taowL pro-

without modifications, and, hence, can be treated as domairgtuces ontologies iowL LITE, which can be thought of as a

independent fom-PIROS purposes. However, a part of the subset ofowL bL andowL FULL.

lexicon that the grammars employ, known as tt@main- When exportingv-PIRO ontologies toowL, entity types

dependent lexicqrhas to be filled in by the authors when the give rise to class definitions; e.g., the ‘vessel’ entity type of

system is ported to a new application. The domain-dependeiktigure 1 leads to the followingwL class:

lexicon contains entries for nouns and verbs; when moving t@owi:Class rdf:iD="vessel">

a new application, it is initially empty. The authors enter the <Ldgj\;ﬁg?aifsrsgf:bom_"#Exhibit" R

base forms of the nouns and verbs they wish the system tQgts'subclassof

use, and there are facilities to generate the other forms aufowl:Class>

tomatically. Noun entries are linked to entity types, to allow, Fields are exported aswL properties; e.g., the ‘painted-

for example, the system to generate referring noun phrases; by’ field of Figure 1 leads to the following object property

Figure 1, the entity type ‘vessel’ is associated with the lexicorthat associates vessels with painters:

entry ‘vessel-noun’ (see the area next to ‘Edit nouns’). The<owl:ObjectProperty rdf:ID="painted-by">

entries are trilingual; e.g., ‘vessel-noun’ contains the nouns <rdfs:domain rdfresource="#vessel” />

. - » @ » <rdfs:range rdf:resource="#Painter" />
vessel”, “ayyelo”, and “vaso” of the three languages. </owl:ObjectProperty>

For each field and each language, the authors have 10 preyg «gxhibit-purpose’ field of Figure 1 leads to the following

vide at least onemicro-plan that specifies how the field yaiatyne property, that associates exhibits with strings:
can be expressed as a clause in that language. Follow- e .
. s . R <owl:DatatypeProperty rdf:ID="exhibit-purpose">
ing ILEX, M-PIRO's primary form of micro-plans arelause <rdfs:domain rdf-resource="#Exhibit" />

plans where the author specifies the clause to be generatedrdfsirange rdf:resource= A

in abstract terms, by selecting the verb to be used (from thg,ox}FpDé’thgm";f(;%fr/fygo1/XM'-S°hema#S“'“g >
domain-dependent lexicon), the voice and tense of the result-

ing clause, etc. As with nouns, verb-entries are trilingual; Entities map toowL individuals, as with statue ‘exhibit42’

e.g., the ‘paint-verb’ entry of the clause plan of Figure 1 con-Pelow. String-valued fields, like ‘exhibit-purpose’, lead to

tains the base verb forms “paint?&ypadlCw”, and “dipin-  Properties with separate values per language.

gere”. By default, the entity that carries the field becomes thestatue rdf.D="exhibit42"> A .

subject of the resulting clause, and the filler of the field the igfg;‘i:‘;n";)ﬁffé‘ rrddffrfssgfrf:j:;ifgg";ew;‘je‘jg‘ >

object. The clause plan of Figure 1 leads to clauses like “ThiS<exhibit-purpose xml:lang="EN">This statue honours the

vessel was painted by Eucharides”. Appropriate referring ex-_memory u?f olg?ii;cﬁéna:"E{-i)gggtng?:xe;bn- .

pressions, €.g., “Eucharides”, “a painter", *him”, are gener- <exhibit—$urgose me;Iang;"GRC"z..</é.>.<hibit—purp’2>sep>

ated automatically. Alternatively, micro-plans can be speci- ...

fied as simplistitemplatesi.e., sequences of canned strings </Statue>

and automatically generated referring expressions]Are One problem we have encountered is tbatL provides

droutsopoulot al., 2007 for details. no mechanism to specify default values of propertiesvin
Unlike ILEX, M-PIRO allows multiple micro-plans to be PIRQ, it is possible to introduce generic entityper entity

specified per field, and this allows greater variety in the gentype, and the values of its fields are used as default values of

erated texts. Furthermore, the user stereotypes can be usakithe entities in that type. For example, one could specify

to indicate that particular micro-plans are more appropriatehat kouroi, a kind of statue, were made in the archaic pe-

to particular user types, and this allows the system to tailoriod, by introducing a ‘generic-kouros’ entity, similar to the

the expressions it produces. When planning the tex®IRO  ‘generic-kylix’ of Figure 1, and filling its ‘creation-period’

attempts to place clauses that convey more interesting fieldsith ‘archaic-period’. This would save us from having to

towards the beginning of the text. It is also possible for thespecify the creation period of each individual kouros; their

authors to specify particular orderings; otherwisepiROs  ‘creation-period’ fields would be left empty. It is also possi-

text planner is domain-independent. ble to override default information: to specify that a particular
kouros was created during the classical period, perhaps the art
3 Exporting M-PIRO ontologies to OWL of an eccentric classical sculptor, one would fill its ‘creation-

period’ with ‘classical-period’, and this would licence texts
M-PIRO'S ontological assumptions are very similar to thoselike “Kouroi were created during the archaic period. How-
of owL. As with M-PIRO, OwL assumes there are entity ever, this kouros was created during the classical period”. We
types, calledclasses and entities, calledndividuals M- export generic entities as ordinaowL individuals, but use
PIRO's fields correspond towL'’s properties Relationships a special prefix in their identifiers, which allows-PIRO's
between entities are expressed by defirabgect properties  system to assign them special status when reloading the on-
that map entities to other entities, while attributes of entitiedology. Another system, however, that relies only@nL’s
are expressed vidatatype propertieghat map entities to lit-  official semantics would have no way to realize that such in-
erals of specific datatypes. It is, thus, relatively straightfor-dividuals should be assigned special status.



A second problem is that some of-PIROS datatypes 4 Importing OWL ontologies

(e.g., dates) do not correspond exactly dwL's reCOM-  \yhan portingm-PIRG'S System to a new domain, much of
m?”ded datatypes. We have defined new datatypesm,n the authoring effort is devoted to defining entity types, and
using XML SCHEMA, that correspond exactly t4-PIROS e fie|ds that express attributes and relationships. This is a
datat_ypes, and we currently use those in the exported ontol fme-consuming process, partly because the ontology often
gies instead of the recommendewL datatypes. We NOpe ¢ y4 he reshaped as more experience about the domain is
to modify M-PIROS datatypes to correspond exactly (o the yaineq. If 4 well-thoughowL ontology about the domain al-
recommended ones in future versions/wbIROS system. ready exists, as will be the case with the gradual expansion

The mapping fromm-PIRO ontologies toOWL that we ¢ yhe Semantic Web, the authoring can be accelerated by im-
sketched above has been fully implemented, and it now alyqing the existing ontology into the authoring tool. There-
lows the authoring tool to export its ontologiesawL. Apart  ggar the authors can focus on adding the necessary domain-
from allowing other systems to reuse-PIROS ontologies,  yependent linguistic resources (micro-plans, lexicon entries,
the mapping also opens up the possibility of generating objecli: y "setting up the user stereotypes, and populating the on-
descriptions in both human-readable and machine readabjg|qy with entities that were not already present in the im-
forms. Every natural language description tNaPIROPro- — ,oreq one. For the latter, we have developed software that
duces can in principle also be rendered in a machine-readablgy, ;s the authoring tool to construct entities automatically
form consisting obwL individuals, this time using the map- from data in relational databases dasc; the authors only
ping to translate int@wL the parts of the ontology that the neeq 1o establish a mapping between the fields of the entity
system has decided to convey. For example, the English d‘fypes and the attributes of the database’s relations.

scription of Figure 2 can be renderedamL as: As already mentioned, there are three version®wi
<Kylix rdf:lD:"e>c<jhib;tf22"> A " (owL LITE, OWL DL, OWL FULL) with increasing sophisti-
<creation-period rdf:resource="#archaic-period /> ; ; _ ) :
<painting-technique-used cation. The mapping fronw-PIROs ontologies toowL of
rdf.resource="tred-figure-technique /> the previous section uses only a subsebwf_ LITE. Hence,
<painted-by rdf.resource="#eucharides /> importing an arbitraryowL ontology, as opposed to awL

ontology exported by the authoring tool, is not simply a mat-
) ) _ ~ter of following the inverse mapping of the previous section.
M-PIRO's generator might have also included in the resultingselow we highlight the problems that arise when importing
text information deriving from the fields of the painter, e.g., arbitrary owL LITE ontologies, to offer a taste of the work
the city the painter was born in, or other entities mentioned inthat remains to be carried out to makerIRO's system fully
the text. In that case, thewL rendering of the description’s compatible withowL LITE. We also point to some additional

<) kylix>

content would include additional indiViduals, such as: prob|ems that arise when one moves oL DL andowL
<Painter rdf.ID="eucharides"> FULL. The discussion is based on experiments we conducted
<painter-city rdf:resource="#athens" /> with more than a dozen of existim@vL ontologies>

One of the main difficulties is thabwL (all versions) al-
] o lows multiple inheritance, whilev-pPIRO does not (section
_ Inthe machine-readable forms of the descriptionsWe 2. |mporting an ontology with multiple inheritance currently
individuals would include only properties corresponding tocauses the process to fail. The need for multiple inheritance
fields the generator has decided to convey, unlike when eXyas also been noted by authors, who often encounter cases
porting the full ontology. That is, thewL individuals may  where, for example, a person has to be categorized as both
not include properties corresponding to fields deemed uninpainter and potter. We hope to support multiple inheritance
teresting for the particular end-user, or fields that have already, future versions: this requires, among others, modifications
been conveyed; e.g., the painter’s city may have already begf how the ontology is presented in the authoring tool.
conveyed when describing another work of the same artist.  apnother problem is thabwL (all versions) supports prop-

Itis thus pOSSible to annotate the generated texts owith erty inheritance. For examp|e, there may be a property ‘is-
individuals representing their semantics. This would allowplayer-of’, used to represent the relationship between soccer
computer applications (e.g., Web agents visiting the site opjayers and their teams, and another property ‘is-goalkeeper-
a retailer that generates product descriptions USIFJROS  of'"that associates goalkeepers with their teams. The latter
technology) to reason about the semantics of the texts (e.¢s g subproperty of the former, in the sense thaXifs the
locate items of interest). Alternatively, it is possible to de‘goalkeeper o, thenX is also a player of’. The import
fine user types for both human users (e.g., ‘expert’, ‘averagemcilities of the authoring tool currently ignore subproperty
adult’) and art|f|C|aI. agents acting for users of different in- jnheritance, because there is no corresponding notiom-in
terests and expertise (e.g., ‘agent-expert’, ‘agent-averagesro's ontologies; i.e., the two properties would be treated
adult’), and produce human-readable or machine-readablgs ynrelated. Subproperty inheritance, however, could help
descriptions depending on the user type kPIROs demon-  the generator avoid expressing information that follows from
strators, there is a login stage where visitors select theigther information it has already conveyed; e.g., if a user has
types). TheowL ontology without its individuals (classes peen told thatX is the goalkeeper df, avoid saying thaf

and properties only) can also be published on the Web to helg a1so a player of. We hope to extenai-PIRO's model
the agents’ developers figure out the structure and semantics

of theowL individuals their agents may encounter. 5See http://protege.stanford.edu/plugins/owl/ontologies.html.

</Painter>



with subproperty inheritance in future work. within reach, at least foowL LITE. Overall, it appears rea-
A further complication is thabwL LITE allows the range sonable to conclude that future versionsvafs systems like

of possible values of a property to be the intersection of sevM-PIRO's will be able to exploit fullyowL ontologies.

eral classes, while im-PIROS model the values of each field

must come from a single, named entity type. A possible solub  Towards semantic browsers

tion is to create automatically a new entity typeMAPIROS  \ye have so far proposed two ways in whiotvL ontologies
ontology for each intersection in tl@wL ontology, but this  ~51 pe exploited in systems like-PIROS: first, the gener-
leads back to the single inheritance problem, because the iRzed texts can be accompanieddoyL specifications of their
tersectio_n has to inher_it from all the intersected types. Thi%emantics, with awL ontology establishing the semantic
problem is more acute iawL DL andOWL FULL, where Sev-  yocabulary; and, second, existingvL ontologies can be im-
eral set operations (e.g., union, complement) between classggted, to accelerate the authoring. In both cases, the on-
are allowed when specifying the ranges of properties. tologies are linked to domain-dependent language resources
In owL it is also possible to refine a property’s range. (micro-plans, lexicon entries, etc.) and user stereotypes (the
For example, an ontology may specify that individuals ofjnterest of each field per user type, etc.), but these additional
the class ‘product’ have a property ‘made-by’, which assoyesources are not parts of thevL ontologies: when export-
ciates them with individuals of the class ‘manufacturer’; thereing M-PIRO ontologies toowL, the authoring tool produces
would be anrdfs:range  in the definition of ‘product’ set-  additional proprietaryxmL files that contain the domain-
ting the range of ‘made-by’ to ‘manufacturer’. We may then gependent language resources and stereotypes; and when im-
wish to specify that individuals of ‘automobile’, a subclass porting owL ontologies developed by others, the additional
of ‘product’, accept as values of ‘made-by’ only individu- resources have to be filled in by the authors. We argue below
als of ‘automobile-manufacturer’, a subclass of ‘manufacthat agreeing upon standards on how the additional resources
turer’. There are mechanisms @wL (all versions) to state could be embedded iowL ontologies would allowLG sys-
this (allvaluesFrom  tag), but there is no equivalent mech- tems likem-PIROto play a central role in the Semantic Web.
anism inM-PIROs ontological model. We currently ignore  Note, first, that it is possible to representiwL M-PIROS
range refinements when importimyvL ontologies, but this  domain-dependent linguistic resources and user stereotypes.
has the risk that authors may violate refinements (e.g., whepor example, micro-plans could be treated as individuals of
adding individuals), creating ontologies that are no longery class ‘Microplan’ with subclasses ‘ClausePlan’ and ‘Tem-
compatible with the imported onés. Additional work is  plate’. In a similar manner, there would be a class “Voice’
needed to suppowL’s (all versions)someValuesFrom ,  with individuals ‘active’ and ‘passive’, and similarly for
which allows stating that in set-valued properties (ef.  tenses, genders, supported languages, etc. There would also
PIROS ‘Many’ column) at least one of the elements of eachpe a class ‘LexiconEntry’ with subclasses ‘VerbEntry’ and
set.-vaIL.Je should belong to a particular class. A further meChNounEntry’, and individuals corresponding to the entries
anism inowL DL and OwL FULL (hasValue tag) allows  of the domain-dependent lexicon. (Classes corresponding to
specifying that all the individuals of a class have a particu{anguage resources could be grouped under a ‘LinguisticRe-
lar value at some of their properties; e.g., that all wines Ofsource' Super-c|ass_) Then, for examp|e, the Eng“sh micro-

class ‘burgundy’ have ‘dry’ taste. Such information can bepjan of Figure 1 would roughly be representedint as:
imported intom-PIRO's generic entities (Section 3), though _cjaysepian rdf.Ip="painted-by-mp1-en>
the correspondence is not exact, as generic entities carry desfor-property rdf:resource="#painted-by" />
fault information that may be overridden. <for-language rdf.resource="#english" />
. K <use-verb rdf:resource="#paint-verb" />
As already pointed out (Section I)%-PIRO does not al-  <yuse-voice rdf:resource="#passive" />
low relationships or attributes to be declared as one-to-one<use-tense rdfresource="#past" />

In contrast,owL (all versions) provides appropriate facili- _gc brebosition>by<iuse-preposition>

ties, as well as facilities to declare properties (relationship%. . . - .
or attributes) as transitive, symmetric, or the inverse of an>inilarly, the English part of the trilingual lexicon entry
other one. All such declarations are currently ignored when/€SSel-noun fOUId rough‘lly be representedinL as:
importing owL ontologies; again, this has the risk that the N2sENY HED=vesserommen™
authors may mOdlfy the OntOlOgleS In ways that are incom- <for-language rdf:resource="#english" />
patible with the ignored declarations. An additional problem zLﬁafse?fg?nia\f;gg;bfgggL;Lcri:;ivesse' >
in owL FULL is that classes can be used as individuals, allow- 2 sender rdf-resource="#neuter" />
ing the use of relationships to associate classes, as opposed to
individuals; this violates1-PIRO's current ontological model. ~ </NounEntry>
It should be clear, then, that there are still issues to be re- One complication is that we need to establish mappings
solved inm-PIRO's ontological assumptions to makerPirRo  from micro-plans to the properties (fields) they can express,
fully compatible withowL LITE, and there are additional dif- and this requires using property names as values of other
ficulties with owL DL andowL FULL. As discussed above, properties. This can be seen in the micro-plan above, where
however, most of the necessary improvements appear to bee used the property (field) name ‘painted-by’ as the value of
property ‘for-property’ to signal that the micro-plan can ex-
SILEx andM-PIRO'S core generation engine provide some sup- press ‘painted-by’. Using property names as values of proper-
port for such refinements, but-PIRO's authoring tool does not. ties, however, requireswL FULL. There is a similar problem



with noun entries, which have to be associated with classesnabling othepwL-aware systems to reuse the source infor-
(entity types) they can refer to: in the noun entry above, wanation, this allows the generated texts to be accompanied by
used the class name ‘vessel’ as the value of property ‘refersswL descriptions of their semantics, with thevL ontology
to-class’. Using class names as values of properties agaistablishing the semantic vocabulary. Thus, the semantics of
requiresowL FULL. Similar problems arise with stereotypes. the generated texts become fully accessible to computer ap-
We are currently exploring howm-PIROs domain-  plications, such as Web agents. Second, when porting the
dependent language resources and stereotypes can be bgsE system to a new domain, it is possible to import a pre-
embedded irowL ontologies. This embedding will lead to existing owL ontology, saving a significant amount of ef-
‘language-enabled’ ontologies, that will include all the re-fort. Third, it is possible to embed iowL ontologies all the
sources a system lika-PIRO needs to render the ontologies domain-dependent language resources and user modelling in-
in several natural languages. This opens up another possibfiermation thatNLG systems likev-PIRO's need. This would
ity for publishing content on the Semantic Web: a site couldallow Web sites that carry information about objects to pub-
publish only its language-enabled ontology (including the in-lish their content solely in the form awL ontologies, pass-
dividuals that correspond, for example, to the items it sells)jng the responsibility of generating natural language descrip-
and theNLG technology to render the ontology in natural tions toNLG browser plug-ins. The latter requires tkeG
language could take the form of a browser plug-in. Whencommunity to develop appropriate standards.
visiting a site of this kind, a human user would be initially =~ We hope that future work will address the remaining in-
presented with an inventory of objects that can be describedompatibilities betweem-PIRO'S technology andbwL. We
(e.g., product thumbnails). Selecting an object would transalso plan to explore more fully howLG engines could be-
mit to the browser the ontology or its relevant parts, and ittcome central components of the Semantic Web’s browsers,
would be the responsibility of theiLG plug-in to produce and release prototypes that will demonstrate these ideas.
an appropriate description in the user’s language and tailor it
to the user’s type and interaction history. If thec com- References
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