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Abstract. The production of documents from an ontology is a chal- 2 Background
lenging task which requires a significant effort from a natural lan-
guage generator. Addressing this problem involves a careful examiFhere are many definitions for the temmntology[11]. In this con-
nation of how the knowledge formalized in an ontology can be ver-text, an ontology is defined as a structured framework for modeling
balized and realized. We have started to exploit the abilities of genetthe concepts and relationships of some domain expertise, which pro-
ating natural language texts from a Web Ontology Language (OWLYides the structural and semantic ground for computer based process
and to examine how the content of the ontology can be rendered iimg of domain knowledge. To allow better use of ontologies in appli-
natural language texts that support reader and listener preferémces cations, traditional ontology language standards such as DAML+OIL
this paper we present our line of research and exemplify some of thand OWL* have been specified by the World Wide Web Consortium
difficulties we encountered while attempting to generate fragment§W3C). One of the purposes of these established standards is to en-
of texts from a domain specific ontology. able better communication between humans and machines in which
information is given a well defined meaning.

1 Introduction

A major challenge for a language generator developer who wished-1 Generating from ontologies
to make use of Semantic Web ontologies is how to alter the input ) ) ] ) )
knowledge-base, so as to verbally express contents that describe3gneration techniques deal with the process of converting semantic
concept in an ontology. This task becomes even harder when the uséiPresentation into surface form in a particular language. The fea-
preferences such as the preferred language, text length and synt'&_BEes of the text produced are normally chosen with respect to a par-
must be computed. ticular target reader group. There 'have been successful attempts to
Our research project aims to adapt the presentation of a text cofflevelop natural language generation tools that generate texts from
tent for a specific readership from Web ontologies. As a primary stepVebP ontology languages [1, 2,12, 13]. _
towards accomplishing this aim we utilized a domain specific web Wilcock [12] presents an approach in which the concepts defined

Ontology Language (OWL) and started to exploit how natural Jan-in the ontology are employed for generating the lexicon. Bontcheva

guage texts may be produced from this expressive language. Belo@nd Wilks [2] concentrate on the semantic representations encoded in

we outline a number of steps which we believe are significant for theoemantic Web standards and discuss how these can be exploited to

quality of the produced text: generate text summaries. They point out the content of the ontology
itself as a major factor for the quality of the output. Gawronska and

1. Selection of the axioms describing a concept; Erlendsson [4] show how biological ontologies as Kyoto Encyclo-

2. Presentation order of the selected axioms; pedia of Genes and Genomes, may be utilized for generating graphs

3. Verbalization and realization of the selected and ordered axiomsrepresenting the essential contents of biomedical scientific articles.
Mellish and Sun [8] describe the large extent of linguistic material

In this paper we focus on the third step and show that given the s&n existing Web ontologies and its complexity. They exemplify how

lected OntO'Ogy content, verbalization and realization of the relation-an extended text with mu|’[|p|e sentences can be generated from class

ships and classes describing a concept exhibit great variations, whi¢fkjoms.

depend on the context in which they appear. We illustrate some of Similarly to [13, 2], this work is concerned with generating tex-

these variations and discuss their implications for text production. tual descriptions of Concepts from a domain_speciﬁc Onto|ogy_ As
The remainder of this paper is structured as follows. Section 2 proppposed to [8], this approach deals with individuals and requires

vides an overview of previous work on generation from ontologiesmanual input of the lexicon. In contrast to [13] who uses templates to

and discusses a number of the advantages and challenges that Walduce texts, we intend to utilize a grammar-based surface realiser

ontology languages pose to language generators. Section 3 providgsenhance linguistic variations in the generated texts.
a description of the domain ontology and the domain ontology lan-

guage. Section 4 exemplifies the difficulties in verbalizing the knowl-

edge contained in the ontology which we came across while attemp.2  Opportunities and challenges

ing to produce coherent and cohesive texts. Section 5 ends up with

conclusions and main directions for future research. As pointed out by many authors, there are several advantages which
make Web ontology languages such as OWL particularly suitable
to generate from. For example, axioms can be seen as forming a
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graph in which routes between axioms correspond to different possiepts (Thox) and facts about individuals (Abox). Roles are usually
ble transitions in a coherent text [7]; axioms can be used to accomasserted in the form of inclusion axioms.
modate a generation system to different contextual degrees and userAs with any representation of an OWL ontology, the CIDOC CRM
needs; the use of multiple-inheritance converts the class hierarchyntology contains classes (concepts) that define a group of individu-
into a directed graph and not a tree structure. als that belong together because they share some properties (roles). A
Web ontologies provide implicit information about a domain. This subclass is a class that is a specialization of another class (its super-
is an advantage that has been exploited by a number of Naturalass). According to the CRM documentatiepgcializatiormeans:
Language Generation (NLG) systems [9] who utilize the domain(1) all instances of the subclass are also instances of its superclass;
background knowledge base to complete generation related task®) the intension of the subclass extends the intension of its super-
In many domain ontologies the ontology concepts used to expresdass; (3) the subclass inherits the definition of all of the properties
classes and relationships are similar to their lexical entry, which irdeclared for its superclass in addition to having one or more proper-
many aspects facilitate the generation tasks. However, natural laties of its own.
guages are ambiguous and even ontologies which do not make a dis-Properties serve to define relationships of a specific kind between
tinction between the ontology concepts and natural language wordsvo classes. A property can have a subproperty which is a specializa-
that describe them, contain ambiguities that need to be resolved. tion of another property (its superproperty). A property must be de-
To reveal implicit information about a concept, inferences havefined with reference to both its domain and range. The &pecial-
to be drawn. These inferences that are mostly based on DL [10jzationin the context of properties has similar meaning as for classes
might render in different axiom sets, depending on the axiom sewith additional restrictions, i.e: (4) the domain of the subproperty is
lection constraints, such as constraints that are set due to the usdie same as the domain of its superproperty or a superclass of that
preferences. Furthermore, it is necessary to fully understand whatomain; (5) the range of the subproperty is the same as the range of
the knowledge in the selected axiom set actually states before naits superproperty or the subclass of that range.
ural language words can be expressed. The content and knowledge
formalized in an ontology can lead to ambiguous content interpretaz1r
tions, and can also bring up problems during the process of verbal-
ization. This has brought with it an awareness of the need to encod@ the semantics of OWL, a given axiom may be expressed in several
linguistic knowledge about concepts directly into ontologies [5].  ways and may have more than one realization possibilities. In this
section we exemplify some of the discussed challenges (see section
2.2) which are related to realization of concepts in the CIDOC-CRM
ontology.

The work described in this paper is based on the CIDOC Conceptual

Reference Model (CRM) ontolodywhich i; an initiative to con- 41 A concept representation

struct an ontology within the Cultural Heritage (CH) domain. The

CIDOC ontology consists of 81 relations and 244 concepts and id he following example, taken from our ontology, describes the class
available in various formats, among which is OWL. It contains factsEdelfeltProductionThis particular class comprises a set of produc-
about concepts (sets of objects) and roles (binary relations) and préions that has been carried out by Albert Edeffelt.

vides a conceptual model that subscribes an object-centred view of The example present an ontology content that describes the
the CH domain. conceptEdelfeltPortraitProductiorformulated in an RDF language.

The knowledge it conveys is that a production of a portrait took

. . place in France and was made by Albert Edelfelt between 1880 and
3.1 Population and maintenance 1890.

Realization of a concept in the ontology

3 The domain ontology model

Since the CIDOC-CRM ontology does not contain information about

individuals (single objects), populating the ontology was a necessar§museum:EdelfeItProductlon rdf:about="#EdelfeltPortraitProduction”

step. We enhanced the ontology with additional lexical entries, as<crm:P14F.carriemuLby>
b 9y <crm:E21.Person rdf:about="#AlbertEdelfelt/

well as new concepts and relationships. X

On the task of ontology population, most of the work that has been <fcrm:P14F.carriedut by>
carried out relates to information extraction from unstructured natu- <crm:P12F.occurredn,th&prfsencmf>
ral language text or semi-structured HTML pages [6]. In our work, <crm:E21.Person rdf:about="#AlbertEdelfelt’
the process of ontology population was conducted manually, it is </erm:P12F.occurredn.the presenceof>
based on a small corpus of CH texts that we have collected from jn-<crm:P7F.tookplaceat> ) !
ternal museum repositories. Following the guidelines given by the <crm:E48.PlaceName rdf:about="#France/
reference document [3] for filling in concept-values along with a </crm:P7F.toqkaaceat>
thorough analysis of the information content, we have so far enriched<crm:P4F.h.a5|me,span.> ) !
the ontology with a total of 150 new concepts. Each concept was asgcrm:E49.T|meAppeIIat|on rdf.about="#1880-1890

signed with its lexical lemma that links to a lexical string-name. </crm:PAF.hasime.span>

</crm:E12.Production

3.2 The ontology terminology The classEdelfeltProductionis a subclass ofE12.Production

. L . E12.Productionhas multiple subclasses, i.E11.Modificationand
An OWL ontology (lite or DL) has a description logic based seman-
tics which consists of a set of axioms. Axioms assert facts about cor* According to the CRM reference document: “a production cas@nt ac-
tivities, that are designed to, and succeed in, creatingasrmaore new
4 http://cidoc.ics.forth.gr/ items”.




E63.Beginningof Existencethis is shown beloW.

<owl:Class rdf:about="&crm;E12.Production”
<rdfs:subClassOf rdf:resource="&crm;E11.Modification /
<rdfs:subClassOf rdf:resource="&crm;E63.BeginniofyExistence

/>

</owl:Class>

Ell.Modification is a subclass of E7.Activity and
E63.Beginningof_Existence is a subclass ofE5.Event hence
the inferred relatioP12F.occurredin_the_presenceof.

5 Conclusion and future work

We presented an ongoing research and illustrated the problems we
encountered while attempting to generate coherent and cohesive texts
from a Web ontology language. This research work is based on the
domain specific CIDOC-CRM ontology. Text planning follows the
ontology axioms structure; the assertional part of the ontology is de-
veloped manually; both the terminological part and the assertional
part are applied to present parts of the ontology.

This paper showed that even-though OWL provides powerful rea-
soning opportunities for natural language generators, it poses dif-
ficulties to language generators that need to be resolved. We high-

lighted the problem of inferable relationships that are necessary or

4.2 Surface realization

unnecessary in a particular context, a task which is not trivial for

Given an ontology, populated by individuals, given some user prefmachines. Relationships might have a particular, quite specific in-
erences, the task is to verbalize and realize the selected ontolgy coterpretation depending on the context in which they appear and the
tent. A direct realization of the selected information describing theconcept they describe. This invokes a difficulty on choice of a lexical

conceptEdelfeltPortraitProductiormay result in the following text:

This Edelfelt portrait production was carried out by Albert

Edelfelt. The Edelfelt portrait production occurred in the

presence of Albert Edelfelt. The Edelfelt portrait production
took place in France. The Edelfelt portrait production has time
span 1880-1890.

entry encoding a relationship.

Our research work is only in its early stages. Exploiting OWL for
realization purposes and finding general, domain-independent solu-
tions requires a considerable amount of work. In the near future we
are planning to address issues related to content selection and lex-
ical determination of relationships between concepts, a task which

depends on the chosen semantic content, the concept it describes, the

Inferred knowledge Inferred relationships may have distin-

class hierarchy that is utilized to represent the concept, and the target

guished interpretations, therefore in order to resolve their meaninﬂanguage.

knowledge about the domain and the context in which a con-
cept appears are required. For example, following the above

ontology fragment, we interpretate that the inferred relationshipREFERENCES

P12F.occurredin_the presenceof carries out redundant information
within the context of the concepEdelfeltPortraitProduction and
thus does not contribute with new information. As a result of this [2]
interpretation, the inferred relationship could be eliminated, or
“selected” and verbalized instead of the relationsgf@pried out by. 3]
On the other hand, when a production describes an activity which
has resulted in a movie production, e.g. within the context of the
conceptTheLordOfTheRingMovieProductipthe inferred relation-
ship P12F.occurredin_the_ presenceof will not provide redundant
information but rather contribute with new knowledge.

(1]

(4]

Verbalization The choice of the lexical entry encoding a rela-
tionship is both domain and user dependent, for example, the[s]
relationshipcarried_out by could be verbalized as either “painted

by” or “created by” depending on the concepts it describes. Further-[6]
more, the choice between synonyms for the relationsteéptedby
are various: “produce by”, “bring out by”, “develop by”, “acqair [7]
by”, etc. Some differences in categorisations or internal makeup
must be present if the difference in information content is to be [g]
consequential.

When verbalizing the description about the condegelfeltPor-
traitProductionwe want to establish a text which is more similar to [9]
the following:

This portrait production was carried out by Albert Edelfelt. The

production took place in France. It covers the period 1880-

1890.

Humans can recognize that semantic representations are intimatéil}]
linked, this realization process could be also automated rather easil[)i.Z]
However, the problem of how words and other linguistic phenom-
ena might be integrated with the internal representations that support
reasoning is yet to be explored. [13]

[10]

6 The notation &crm; is used as a shortcut for the complete URL ¢o th
CIDOC-CRM ontology.
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