Building an Ontology for the Lexicon: Semantic Types and Word Meaning

Alessandro Lenci

Istituto di Linguistica Computazionale - CNR

Area della Ricerca - Via Alfieri 1 (San Cataldo)

I-56010 PISA, Italy

lenci@ilc.pi.cnr.it
_________________

1 Introduction
Ontologies represent a key ingredient in knowledge management and content-based systems, with tasks ranging from document search and categorization to information extraction and text mining. Designing an ontology actually means to determine the set of semantic categories which properly reflects the particular conceptual organization of the domain of information on which the system must operate, thus optimising the quantity and quality of the retrieved information. Besides, ontologies also represent an important bridge between knowledge representation and computational lexical semantics. Ontologies are widely used as formal devices to represent the lexical content of words, and appear to have a crucial role in different language engineering (LE) tasks, such as content-based tagging, word sense disambiguation, multilingual transfer, etc.

In what follows, I will discuss some issues that arise when ontologies are used to provide a general organizational scheme for the lexicon. This task, as we will see, imposes quite hard constraints to the ontology design, especially when the aim of formal representation of word meaning is the development of large-coverage lexical resources to be used in real LE applications. In the second part of the paper, the experience gathered in the European projects LE-SIMPLE will be illustrated, by focusing on a particular proposal for the development of a top-level ontology for general purpose lexicons.

2 General issues on ontology design

What is an ontology? Sowa (2000: 492) defines it as "a catalogue of the type of things that are assumed to exist in a domain of interest D, from the perspective of a person who uses a language L for the purpose of talking about D." From a semantic point of view, an ontology determines the domain of discourse for a language L, i.e. what L talks about. The ontology on which L is interpreted actually constrains the expressiveness of L itself. For instance, if the ontology only contains plants and animals, then it will be impossible to speak about computers, unless they are categorised either as plants or as animals, thereby losing the possibility to account for crucial differences among them. To be able to do this, the ontology should be refined by adding a further category,. e.g. the one of artifactual objects.

More generally, the choice of a proper ontology appears as a crucial factor in many tasks of knowledge organization and structuring, far beyond the issue of the representation of linguistic knowledge. Formally speaking, an ontology is a structured system of categories or semantic types, so that knowledge about a certain domain can be organized through the categorization of the entities of the domain in terms of the types in the ontology. The representational power of the ontology thus depends on whether the architecture of the type system is able to express the organizational structure of the target domain knowledge. Coming back to the example above, an ontology made up of only two types, plants and animals, is not able to properly represent the common knowledge that computers are radically different from both plants and animals.

As a model for knowledge organisation, the architecture of the ontology crucially depends on the type of knowledge to be represented and made explicit. A particularly critical opposition is the one between general knowledge and domain-specific or terminological knowledge. This parameter particularly effects the degree of complexity of the process of ontology design, as well as the level of granularity of the type system. Terminological knowledge is usually homogeneous and explicitly structured, while general knowledge is by its own nature typically heterogeneous and implicitly or very loosely structured. General knowledge is heterogeneous since it is essentially cross-domain and in many cases independent of any particular domain carving. This raises highly complex issues on the choice of the types that might be able to capture the relevant knowledge structure in the optimal way. Conversely, the selection of types for an ontology targeting a specific domain can take advantage of an organization of the domain which is usually shared by the experts of the sector itself, or easily extractable from the common practice.

Another related opposition is the one between multipurpose and usage-specific ontology. In fact, the choice of the ontology is clearly affected by the type of goal for knowledge management. A specific purpose or application typically biases the choice of a particular set of types, in order to analyse and organise the domain knowledge by highlighting connections and regularities which are most needed for the given purpose. For instance, if we are interested in extracting information of the correlation between car crashes and the type of car and average age of drivers, an ontology which is particularly tailored to this goal should include fine-grained classifications of car brands, driver's age and typology, various kinds of crashes, etc., as well as it should take into account particular relations between these entities. Conversely, the design of a multipurpose ontology, while lacking the important guidance represented by application- and task-driven constraints, on the other hand must regard the versatility of the type architecture as one of the most important objectives to achieve.

Developing ontologies tailored for particular domains is nowadays a common practice in content based system development. The advantage of these very specific ontologies is their representational efficiency, but their major weakness is the almost complete lack of cross-domain portability and flexibility, which also critically affects the development costs. Specific ontologies are, in fact, not easily reusable, and this obliges developers to undergo heavy processes to readapt existing type systems to face new representational needs. An alternative solution is offered by the construction of general ontologies for knowledge management, which might allow for resource sharing and application porting over and accross multiple domains, possibly with an easy and fast process of customisation without having to develop new type systems from scratch. General, large coverage ontologies already exist, important examples of which are Cyc (Lenat and Guha 1990) and Mycrokosmos (Mahesh 1996). They are usually developed in a top-down fashion, aiming at a universal coverage of human categories. For instance, Cyc forms a huge knowledge base containing over 100,000 concept types. An important advantage of general ontologies is that they can represent a sort of common parlance for systems dealing with knowledge representation in different domains. Thus, general ontologies seem to offer the standardisation and uniformity which might guarantee a high degree of knowledge and resource sharing and reuse.

On the other hand, in order to prove really effective, general, top-down developed ontologies must satisfactorily tackle the crucial problem of the definition of the type system (Sowa 2000). An ontology is a system of categories, selected because of their usefulness to capture interesting correlations and similarities among bits of reality. Like ordinary concepts, types are classificatory devices, and this in turn requires that they are associated with definitions fixing the conditions that an entity must satisfy in order to be subsumed or classified under a certain concept. Sowa reports two common solutions to this issue: (i.) axiomatic definitions of the type system, and (ii.) prototype-based definitions. These strategies are surely effective in the case of domain specific ontologies, where it is usually easier to define the concepts of the ontology in terms of full-fledged sets of necessary and sufficient conditions. Besides, even when these might lack, the high level of structuring of the domain can guarantee a univocal and consistent application of the types. Conversely, type definition appears to be a critical point for large coverage ontologies. In this case, in fact, axiomatic definitions as well as prototype-based ones are generally quite limited in power, and applicable only to limited areas of the ontology. The result is that general type systems are usually only implicitly and informally defined with the consequence that the ontology is affected by a high level of vagueness and ambiguity. Types often lack clear criteria for their applicability, and the risk is a clear diminishment of their classificatory efficiency. Moreover, the vagueness of loosely defined types can lead to substantial variations or contextual shift in their interpretation from application to application, so that the uniformity that general ontologies intend to pursue might actually vanish.

One particular task for which ontologies prove to be extremely useful is the representation of lexical knowledge, and actually this is the main reason for their renewed fortune in lexical semantics and natural language processing (NLP). Representing the meaning of a word minimally implies (i) distinguishing it by other senses the same word might have, (ii) capturing certain inferences which can be performed from it, and (iii) representing its similarity with the meaning of other words. For instance, given the word mouse a proper although minimal representation of its meaning requires distinguishing the sense of 'small rodent' from the one of 'small pointing device for computers'. Moreover, the same representation should be able to capture the fact that being a rodent entails being a mammal, as well as the fact that the sense of mouse as 'small rodent' shares with the meaning of other words such as dog, or cat, the fact of being subtypes of mammal. Ontologies are therefore powerful formal tools to represent lexical knowledge, exactly because word meanings can actually be regarded as entities to be classified in terms of the ontology types. In this perspective, a given sense can be described by assigning it to a particular type. The ontology structure will then account for entailments between senses in terms of relations between their types. Finally, resemblances between word senses will correspond to the sharing of the same ontology type.

As models for the lexicon, ontology design must face an incredibly hard and challenging task, due to the difficulties and complexity of lexical knowledge. This is, in fact, inherently heterogeneous and implicitly structured. Moreover, polysemy is a widespread and pervasive feature affecting the organization of the lexicon. Finally, word senses are multidimensional entities which can barely be analysed in terms of unique assignments to points in the ontology. As particularly argued in Pustejovsky (1995) among many others, a suitable type system for lexical representation must be provided with an unprecedented complexity of architectural design, exactly to take into account the protean nature of lexicon and its multifaceted behaviour, which makes it closer to a kaleidoscope of senses, continuing changing their relations and nature depending on the vantage point from which they are observed. Moreover, research in cognitive psychology and lexical semantics has shown that words crucially differ for the relative salience of different dimensions. For instance, while natural kind terms are mainly organised in terms of taxonomical hierarchies, a proper description of artifactual terms requires specifying their function (Keil 1989). Similarly, different aspects of meaning are to be taken into consideration to provide a suitable representation of the content of abstract terms, verbs, adjectives, etc. Natural language complexity, thus, prevents the adoption of off-the-shelf type systems, and calls for the design for architectures specifically tailored to capture the real organisation of the lexicon.

Further constraints to the development of ontologies for lexical representation arise when the specific needs of NLP systems are also taken into account. These systems (ranging from Information Extraction and Retrieval, Dialogue Management, etc.) usually target very specific domains of information, and thus require quite specialized and granular representations for the lexicon. However, at the same time NLP systems and components aim at optimising the level of portability over different types of domains. Moreover, it is well-known that developing lexical repositories and computational lexicons is quite consuming in terms of costs and time. A more attractive solution is, therefore, to develop general, wide coverage linguistic resources, which can then be ported onto different domains, after an unavoidable phase of customisation. One of the most important examples is given by WordNet (Fellbaum 1998) for English, which is widely used in the NLP community. Other multipurpose resources have also been developed for different European languages. Some of them, like EuroWordNet (Vossen et al. 1998) were more closely inspired by the design of WordNet. Others, like SIMPLE (Lenci et al. 2000), have tried to explore alternative solutions for the large scale representation of lexical knowledge, also to overcome some of the difficulties of WordNet-style architectures.

In summary, ontologies seem to offer extremely powerful and versatile tools for the representation of lexical knowledge. Yet, the multidimensional nature of lexical meaning makes the design of a suitable ontology an extremely difficult task, which has to take into account the complex system of the lexicon with its dynamic organisation. Furthermore, the crucial need by computational systems of accessing rich resources of lexical (often multilingual) information, as well as the high cost of their development, makes the construction of large scale, wide coverage lexical repositories an important and desirable goal for the NLP community. However, this represents a further challenge for the ontology design, since it requires to tackle the difficult issue of providing an explicit and adequate definition of the semantic types, a crucial condition for them to be properly usable as the main backbone in the representation of lexical knowledge.

3 SIMPLE: Ontology development for general lexical resources

The European project SIMPLE provides an interesting vantage point to evaluate the impact of the issues discussed in §. 2 on the practical task of ontology design. SIMPLE is a large project sponsored by EC DGXIII in the framework of the Language Engineering programme, and represents an innovative attempt to develop wide-coverage semantic lexicons for a large number of languages (12),
 with a harmonised common model that encodes structured semantic types and semantic (subcategorization) frames. Even though SIMPLE is a lexicon building project, it has also addressed challenging research issues and provides a framework for testing and evaluating the maturity of the current state-of-the-art in the realm of lexical semantics grounded on, and connected to, the design of a general top-ontology of types. Actually, the approach specifically adopted in SIMPLE offers some relevant answers to the problems of ontology design for the lexicon, and at the same time brings to the surface other crucial issues related to the representation of lexical knowledge aiming at the development of computational lexical repositories.

SIMPLE should be considered as a follow up to the LE-PAROLE project (Ruimy et al. 1998) because it adds a semantic layer to a subset of the existing morphological and syntactic layers developed by PAROLE. The semantic lexicons (about 10,000 word meanings) are built in a uniform way for the 12 PAROLE languages. These lexicons are partially corpus-based, exploiting the harmonised and representative corpora built within PAROLE. The lexicons are designed bearing in mind a future cross-language linking. To meet this purpose, a crucial role has been taken by the development of a core ontology of semantic types, to be shared by all the lexicons, thus acting as a special inter-lingua and common representation language for the encoding of semantic information. The "base concepts" identified by EuroWordNet (about 800 senses at a high level in the taxonomy) has been used as a core set of senses, so that a cross-language link for all the 12 languages is already provided automatically through their link to the EuroWordNet Interlingual Index.

3.1 The model
In the first stage of the project, the formal representation of the conceptual core of the lexicons was specified, i.e. the basic structured set of semantic types (the SIMPLE ontology) and the basic set of notions to be encoded for each sense. The development of 12 harmonised semantic lexicons has required strong mechanisms for guaranteeing uniformity and consistency. The multilingual aspect translates into the need to identify elements of the semantic vocabulary for structuring word meanings that are both language independent and able to capture linguistically useful generalisations for different NLP tasks.

The SIMPLE model is based on the recommendations of the EAGLES Lexicon/Semantics Working Group (Sanfilippo et al. 1998) and on extensions of Generative Lexicon theory (cf. Pustejovsky 1998; Busa et al. 1999). An important part of the background of SIMPLE is also represented by the two ACQUILEX projects (Calzolari 1991) and the DELIS project (Monachini et al. 1994), especially in connection with the techniques developed for sense extraction and integration into lexical knowledge bases. An essential characteristic of the Generative Lexicon is its ability to capture the various dimensions of word meaning. The basic vocabulary relies on an extension of "Qualia Structure" (cf. Pustejovsky 1995) for structuring the semantic/conceptual types as a representational device for expressing the multi-dimensional aspect of word meaning. This allows the model to have a high degree of generality, since it provides the same mechanisms for generating broad-coverage and coherent concepts for different semantic areas (e.g. entities, events, abstract nouns, etc.).

Besides important aspects of novelty concerning the refinement of Pustejovsky (1995) Qualia organisation of semantic information - taking into account also applicative requirements -, the real innovation and the strength of the project design lies (i) in the thoroughness of description, covering many different semantic aspects (often dealt with separately in existing lexicons), and in the choices done in their combination in a global model; (ii) in the application of the same rich model to so many languages of different type (spanning from Romance languages, to Germanic ones and to Finnish); (iii) in establishing a common methodology of building all the lexicons in a peculiar combination of top-down and bottom-up strategies; (iv) in the possibility of verifying a number of theoretical claims on a large number of entries and for a variety of different languages, for issues such as regular polysemy, argument structure and type-system construction.

In order to combine the theoretical framework with the practical lexicographic task of lexicon encoding, SIMPLE has created a common "library" of language independent templates, which act as "blueprints" for any given type - reflecting the conditions of well-formedness and providing constraints for lexical items belonging to that type. The relevance of this approach for building consistent resources is that types both provide the formal specifications and guide subsequent encoding, thus satisfying theoretical and practical methodological requirements.

The SIMPLE model, therefore, contains three types of formal entities:

· Semantic Units - word senses are encoded as Semantic Units or SemU. Each SemU is assigned a semantic type from the ontology, plus other sorts of information specified in the associated template, which contribute to the characterisation of the word sense.

· Semantic Type - corresponds to the semantic type which is assigned to SemUs. Each type involves structured information, organised in the four Qualia Roles, adopted in the Generative Lexicon framework. The Qualia information is sorted out into type-defining information and additional information. The former is information that intrinsically defines a semantic type as it is. In other words, a SemU can not be assigned a certain type, unless its semantic content includes the information that defines that type, which therefore acts as an important constraint on type-assignment. On the other hand, additional information specifies further components of a SemU, rather than entering into the characterisation of its semantic type.

· Template - a schematic structure which the lexicographer uses to encode a given lexical item. The template expresses the semantic type, plus other sorts of information. Templates are intended to guide, harmonise, and facilitate the lexicographic work. A set of top templates have been prepared during the specification phase, while more specific ones will be eventually elaborated by the different partners according to the need of encoding more specific concepts in a given language.

The SIMPLE model provides the formal specification for the representation and encoding of the following information: semantic type, corresponding to the template the SemU instantiates; domain information; lexicographic gloss; argument structure for predicative SemUs; selectional restrictions on the arguments; event type, to characterise the aspectual properties of verbal predicates; link of the arguments to the syntactic subcategorization frames, as represented in the PAROLE lexicons; Qualia structure; information about regular polysemous alternation in which a word sense may enter; information concerning cross-part of speech relations (e.g. intelligent - intelligence; writer - to write); synonymy; collocations. An overview of the SIMPLE architecture is shown in fig. 1.
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Figure 1: SIMPLE. An overview
The semantic types in SIMPLE form a general Ontology, which is structured in such a way as to take into account the principles of orthogonal organisation of types, as formalised in the Generative Lexicon. The hierarchy of types has been further subdivided into two layers:

· The Core Ontology - is formed by those types which have been identified as the central and common ones for the construction of the different lexicons in SIMPLE, and which represent the highest nodes in the hierarchy of types.

· Recommended Ontology - is formed by more specific types (lower nodes in the hierarchy), which provide a more granular organisation of the word senses.



Figure 2: The SIMPLE ontology. A sample
As illustrated in fig. 2, the principles of Qualia Structure have also been adopted to organize the top-level ontology. The type Constitutive, for instance, dominates those semantic types describing word senses (such as part, constituent, element) whose semantic contribution is fully determined only by meronymic relations with other SemUs (since hyperonymic links are in these cases quite uninformative). This solution has proven to be quite useful to provide a rich representation for SemUs belonging to areas of the lexicon (e.g. relational nouns, abstracts, etc.) that are notoriously quite resistant to be captured in semantic type systems.

SIMPLE thus tries to (at least partially) overcome the problem of isa-overloading, which has often been claimed to affect current ontologies (Guarino 1998). The prominent role assigned to the taxonomical isa relation in the organization of the type system, in fact, lies at the base of important inefficiencies in the representation of word content in crucial areas of the lexicon. The current methodology for building ontologies is mostly centred around the question: What is a certain entity? This way, type systems fail to provide efficient representational tools for those word senses which cannot be satisfactorily classified in terms of this semantic dimension. Take for instance the case of words like goal, target, link, mistake, dimension, member, etc. An entity is a target if it fulfils a certain function in a given context, irrespectively of whether it is physical, mental or abstract. Similarly, anything can be a link as long as it connects two entities in a certain way, the specific way, however, can only be determined by knowing what those entities are (cf. for instance the semantic difference between the noun phrases the link between the webpages and the link between Rome and Milan). The result of trying to represent these senses in terms of type systems that rely too much or exclusively on the isa dimension is that lexical characterization is often totally uninformative, with the further risk of losing important generalizations. One interesting example is provided by WordNet (Fellbaum 1998), where semantic lexical information is provided by a full, "verticalized" taxonomical hierarchy connecting a given synset to a top node. Thus, the backbone of the hierarchy (at least for nouns) is represented by the isa relation. WordNet, notwithstanding its impressive capacity of structuring the lexicon, fails to offer satisfactory representations for nouns like the ones above, as the following sample of WordNet 1.6 entries show:
GOAL Sense 1

goal, end 

     => content, cognitive content, mental object 

        => cognition, knowledge 

            psychological feature
TARGET Sense 5

aim, object, objective, target

       => goal, end 

           => content, cognitive content, mental object 

               => cognition, knowledge 

                   psychological feature

In these cases, the representations provided are quite uninformative, since the relational component of the senses, which is the crucial one, is unavoidably lost. In other cases, important generalizations are lost as well. An interesting example is given by the WordNet description of the senses of part:

PART Sense 1

part, portion, component part, component

       => relation

           => abstraction

PART Sense 4

part, portion

       => object, physical object

           => entity, something

PART Sense 7

part, piece

       => entity, something

PART Sense 5

part, section, division

   => concept, conception, construct

      => idea, thought

        => content, cognitive content, mental object

            => cognition, knowledge

               => psychological feature

Notice that a twofold distinction is made: first of all, between part as a relation and part as an entity, and then between part as a concrete, physical object (e.g. a part of a car) and part as a psychological feature (e.g. a part of a theory). The problem is that neither of these distinctions is really justified, let alone it justifies the splitting of senses. In fact, a part is an entity that is also inherently relational. Similarly, being a part is not a matter of being concrete or abstract, but just of having a certain relation with something else. It is the nature of the entity to which something belongs as a part to determine whether it is abstract or concrete. Differently, the SIMPLE ontology includes a set of types which are orthogonal with respect to the taxonomical organization, and that allow for a more proper characterization of word senses that do not easily reduce to the isa dimension. For instance, the type Part is fully determined only by the meronymic relation is_a_part_of, which represents its type-defining information.

Another element of novelty in the design of the SIMPLE core ontology is offered by the part of the type system dedicated to the representation of verbs and deverbal nomina actionis. A general type Event has been introduced, which in turn dominates seven major subtypes: Phenomenon, Aspectual, State, Act, Psychological_event, Change and Cause_change. The main idea has been to relate the subtypes of events (32 in the core ontology) to various syntactic and semantic aspects of verbs and deverbal nominals, in order to have solid linguistic tests for type assignment. Direct inspiration has been drawn from the verb classes identified in Levin (1993). As is well-known, Levin has grouped verbal predicates into different semantic classes, mainly identified in terms of the verbs' syntactic behaviour, especially with respect to the syntactic alternations they may enter into. Actually, the SIMPLE subtypes for events greatly differ from the original Levin classes, both in quantity and in quality. This is mainly due to the fact that Levin's classification is far too granular for the purposes of a general multipurpose top-ontology. Moreover, although the syntactic tests defining the Levin classes represent an invaluable guide, they cannot often be easily generalised to languages other than English, while SIMPLE has to comply with the constraints imposed by its parallel use for the semantic representation of different languages. Notwithstanding the differences with Levin's classification, event subtypes in SIMPLE are in large part organised so as to take into account important generalisations concerning the argument structure of verbs and its syntactic realisation, such as for instance the causative-inchoative alternation, and the distinction between cognitive verbs in which the experiencer is the argument mapped onto the subject (e.g. to fear) and those in which the experiencer is the argument mapped onto the object (e.g. to frighten). Besides, the major seven subtypes have been defined in terms of the aspectual or actional behaviour of the predicates (e.g. state vs. process). Finally, other important subtype divisions reflect the opposition between monadic predicates referring to non-relational events (e.g. to sleep, to dream, to live, etc.), and dyadic predicates referring to relational events (e.g. to have, to agree, etc.).

3.2 Semantic types and lexical representation in SIMPLE

A general purpose resource like SIMPLE must face the problem that various potential users of the resource might need to carve out different parts of the lexicon, and to extend them to meet their needs. Extensions could concern both the size of the resource and the granularity of the semantic information which is encoded; that is to say users might be interested in adding more specific senses, as well as to add semantic information to the existing ones (e.g. for domain specific requirements). This means that SIMPLE has to provide a general framework for semantic encoding, which is able to (i) facilitate the customisation of the resource, and (ii) allow for an easy and fully consistent extension of different areas of the lexicon.

SIMPLE tries to comply with these requirements by providing a rich expressive language for the representation of semantic information, and by associating each type of the ontology with a well-specified cluster of information which defines the type itself. Thus, the template associated to a type provides a sort of interpretation of the type itself. The full expressive power of the SIMPLE model is given by a wide set of features and relations, which are organised along the four Qualia dimensions, Formal, Agentive, Constitutive and Telic. Features are introduced to characterise those attributes for which a closed and restricted range of values can be specified. On the other hand, relations between SemUs have been defined for those aspects of lexical meaning that cannot be easily reduced to a closed range of attribute-value pairs. Here is a small sample of the semantic relations in SIMPLE (cf. Lenci et al., 2000):

Name
Description
Example
Type

Is_a_member_of
<SemU1> is a member or element of <SemU2>. 
<senator>;<senate>
Constitutive

Is_a_part_of
<SemU1> is a part of <SemU2>
<head>;<body>
Constitutive

Used_for
<SemU1> is typycally used for <SemU2> 
<eye>;<see>
Telic

Purpose
 <SemU2> is an event corresponding to the intended purpose of <SemU1>
<send>;<receive>
Telic

Relations are also organised along a taxonomic hierarchy, allowing for the possibility of underspecification, as well as the introduction of more refined subtypes of a given relation.

Templates provide the information that is type-defining for a given semantic type. Lexicographers can also further specify the semantic information in a SemU, by either adding other relations or features in the Qualia Structure, or by adding other types of information (e.g. domain information, collocations, etc.). Take, for instance, the template associated to the type Instrument:

Usem:
1

Template_Type:
[Instrument]

Unification_path:
[Concrete_entity | ArtifactAgentive | Telic]

Domain:
General

Semantic Class:
<Nil>

Gloss:
//free//

Pred_Rep.:
<Nil>

Selectional Restr.: 
<Nil>

Derivation:
<Nil>

Formal:
isa (1,<instrument>)

Agentive:
created_by(1, <Usem>: [Creation])

Constitutive:
made_of(1,<Usem>) //optional// 
has_as_part(1,<Usem>) //optional//

Telic:
used_for(1,<Usem>: [Event])

Synonymy:
<Nil>

Collocates:
Collocates(<Usem1>,…,<Usemn>)

Complex:
<Nil> //for regular polysemy//

This template describes the type Instrument as being inherently defined by agentive information (i.e. concerning the origin of an instrument), and telic information (i.e. what an instrument is used for), besides the standard hyperonymic relation.

In order to appreciate the peculiarities of the semantic representation in the SIMPLE model, it is interesting to compare it again with the one in WordNet 1.6. For instance, the following is the WordNet description of one of the senses of lancet:

Sense 2
lancet, lance

=> surgical knife

 => knife 

  => edge tool 

   => cutter, cutlery, cutting tool 

    => cutting implement

     => tool

      => implement 

       => instrumentality, instrumentation 

        => artifact, artefact

         => object, physical object

          => entity, something

=> surgical instrument

 => medical instrument

  => instrument 

   => device

    => instrumentality, instrumentation

     => artifact, artefact

      => object, physical object

       => entity, something
One well-known characteristic of this style of representation is that actually the nodes of the isa hierarchy refer to various and heterogeneous kinds of information. For instance, at the third step in the sense 2 for lancet ("a surgical knife with a pointed double-edged blade; used for punctures and small incisions") we find information referring to a constitutive aspect of lancets ("edge tool"); two steps further, we instead find information referring to the purpose typically associated with lancets ("cutting implement"). Keeping on climbing up, we find information on the origin of lancets ("artifact"). Finally, other relevant pieces of information, such as, for instance, the fact that lancets belong to the domain of surgery, are also spread out in the taxonomy. Therefore, although the WordNet entry contains a rich amount of information characterizing the relevant sense of lancet, this information is not fully explicit, and is therefore not directly and easily accessible by applications. Moreover, different types of information do not have a "fixed" location within the isa-hierarchy, so that the same type of information (e.g. information concerning the typical purpose of an artifact or the material it is made of) might be located at different levels of the hierarchy for different entries. This fact surely represents another source of potential difficulty for those applications that need or want to target specific pieces of semantic information.

Differently from this approach to semantic representation, SIMPLE sorts out the various types of information entering into the characterization of a given word sense, as it can be seen in the above template for Instrument. Moreover, each piece of semantic information is also typed and inserted into structured hierarchies, each explicitly characterizing a certain aspect of the semantic content of nouns, verbs and adjectives. This way, the semantic information identifying word senses is fully explicit, and can directly and selectively be targeted by NLP applications. Finally, differently from WordNet-style architectures, lexical information in SIMPLE is structured in terms of small, local semantic networks, which operate in combination with feature-based information and a rich description of the argument structure and selectional preferences of predicative entries. The following is the SemU for the above mentioned sense of lancet, instantiating the template Instrument:

Usem:
Lancet

BC number:


Template_Type:
[Instrument]

Unification_path:
[Concrete_entity| ArtifactAgentive | Telic]

Domain:
Medicine

Semantic Class:
Instrument

Gloss:
a surgical knife with a pointed double-edged blade; used for punctures and small incisions

Pred_Rep.:
<Nil>

Selectional Restr.: 
<Nil>

Derivation:
<Nil>

Formal:
isa (<lancet>, <knife>: [Instrument]) 

Agentive:
created_by (<lancet>, <make>: [Creation])

Constitutive:
made_of (<lancet>, <metal>: [Substance]) 
has_as_part (<lancet>, <edge>: [Part])

Telic:
used_for(<lancet>, <cut>: [Constitutive_change]) 
used_by (<lancet>, <doctor>)

Synonymy:
<Nil>

Collocates:
<Nil>

Complex:
<Nil>

It is important to notice that the Qualia information of the SemU is formed by the relations "inherited" by the template the SemU instantiates, plus other additional information. The former type of information is - so to speak - what defines a lancet as being of the type Instrument.

Another advantage of this solution is that it is possible to capture the different semantic weight of various classes of word senses, by calibrating the usage of the types of information made available by the model. The wide range of information by means of which lexical content is captured in SIMPLE also makes the lexicon a more versatile tool for Language Engineering, trying to meet some of growing needs of NLP applications. Actually, it is widely proven that crucial NLP tasks (IE, WSD, NP Recognition, etc.) need to access multidimensional aspects of word meaning. For instance, the proper identification of the semantic contribution of a NP requires to access a very rich representation of the semantic content of the nominal heads. Actually, it is the sense of the nominal head that determines the semantic relation expressed by a modifying PP. Take for instance the following expressions:
(1)
a.
la pagina del libro


'the page of the book'


b.
il difensore della Juventus


'the Juventus fullback'


c.
il suonatore di liuto


'the liute player'


d.
il tavolo di legno


'the wooden table'

In (1a), the noun head and the PP are in a part_of relation, which can be easily identified given a sufficiently rich representation of the relevant sense of pagina (page), containing for instance a proper meronymic relation with books and other semiotic artifacts. On the other hand, the same syntactic pattern is rather to be interpreted in (1b) as expressing a member_of relation between the noun and the PP modifier. Again, the lexicon can have a crucial role in identifying it, for instance specifying in the lexical entry for the relevant sense of difensore (fullback) that fullbacks are members of football teams. As for (1c) and (1d), the correct identification of the semantic content of the whole NP requires the identification respectively of the "telic" relation between the musical instrument and its player, and of the fact that the PP di legno expresses the matter out of which table might be composed.

Besides, notice that Qualia-like information defining the semantic content of a certain word sense must also be combined with information concerning the predicative structure of word senses. Take for instance the following case:

(2)
a.
il difensore di Clinton


'Clinton's defender'


b.
il difensore della Juventus


'the Juventus fullback'

The word difensore actually has two senses, one corresponding to the English defender (SemU1), and the latter to the English fullback (SemU2). The interesting fact is that only the former sense is predicative (actually deriving its argument structure from the verb difendere, to which difensore is morphologically related). The particular argument structure and selectional preferences of SemU1, combined with Qualia information, has a crucial role in guiding the disambiguation of the word difensore, thereby providing the correct interpretation of NPs like those in (2). Thus rich lexical resources, which are able to tackle simultaneously different, but equivalently crucial aspects of word meaning, appear to have a crucial role to enhance the performance of NLP systems.

The approach adopted in SIMPLE presents some advantages. First of all, thanks to the different types of semantic information that can be represented, the model is geared to customisation for specific needs. Possible extensions of the lexicon may thus target peculiar aspects of the semantic content (e.g. by using more specific relations), without losing the general consistency of the system. Secondly, it allows a high degree of underspecification in type assignment, which is extremely useful in the phase of lexicon construction (especially in multilingual environment), in order to maximise the consistency of the encoding. Actually, the problems of applying whatever system of semantic types in semantic encoding are well-known: assuming a system of semantic types means to commit oneself to a particular conceptualisation of reality that is in many cases unable to fully capture lexical richness. Besides, in many cases it is difficult to provide firm criteria for the selection of a given semantic type. The usual solution for lexicographers is underspecification, i.e. recurring to the highest nodes in a taxonomy. This has the obvious shortcoming of generating quite uninformative representations. SIMPLE addresses this problem by the combined action of template-assignment and the possibility of adding other optional information taken by the list of available relations and features. In other terms, it is possible to assign an underspecified type to a SemU, without losing the possibility of expressing important parts of its semantic contribution. Therefore, SIMPLE allows recurring to type-underspecification, without losing in informativeness. New types and templates can be created, by selecting particular pieces of information out of sets of semantically homogenous SemUs. It is thus possible to customise the lexicon and the type system both for application/domain-specific needs and to capture language-specific peculiarities.

4 Some conclusions

The complexity of natural language is an extremely hard challenge for ontology design, and it requires suitable architectural choices. This is even more true when the type system is to be used to represent general linguistic knowledge, rather than terminological, domain specific one. SIMPLE has tried to meet such a challenge by providing a system of semantic types for multilingual lexical encoding in which the multidimensionality of word meaning is explicitly targeted. In fact, different aspects of the linguistic behaviour of lexical items - ranging from semantic relations, to argument structure and aspect – ground the structural organisation of the ontology.

Nevertheless, SIMPLE still maintains some of the shortcomings of top-down built ontologies. Although its design has been achieved by taking into account many constraints directly stemming from linguistic phenomena, so that the result might be geared to tackle the specificity of natural language, the selection of the semantic types as well as their structural organisation are inevitably affected by a high degree of arbitrariness. This is the direct consequence of the starting assumption that semantic representation should be performed by building a system of classification largely a priori, which is then imposed onto the lexicon, rather than making it arise directly from the lexical data. Although this strategy can be regarded as an inherent condition for the development of large scale general purpose resources, the price to pay in trying to organise the lexical knowledge-bases in terms of top-down designed ontology is that one misses the possibility of taking into account another crucial feature of the lexicon, i.e. its dynamic nature.

As we said in §. 2, ontologies provide a system of classification for word senses, that is useful to make explicit relevant aspects of their content for various tasks. However, typologies of word meanings change even dramatically depending on the linguistic contexts in which they appear. This characteristic is, actually, one of the main empirical arguments at the base of the Generative Lexicon, and is even more evident and rich of consequences for NLP applications working on real text data. Therefore, ontologies conceived as steady devices designed once and for all risk to be too rigid to account for the dynamic behaviour of word senses. For instance, Montemagni and Pirelli (1998) have shown the limits of a fairly standard classical lexical architecture like WordNet to account for cases of sense distinction and similarity which are quite critical in practical NLP tasks such as word sense disambiguation. SIMPLE is surely able to smooth these problems by providing multiple layers of representation of lexical entries. Further improvements could also come from conceiving the ontology design as being part of a more complex process in which top-down definitions are paired with bottom-up induction of linguistic knowledge from data. This way, ontology design could greatly benefit of the results deriving from empirical methods of semantic investigation, such as machine learning or statistical analysis. Ontology design for the lexicon would thus move towards the development of general methods for building dynamic type systems, whose architecture is the result of complementing formal constraints with the structural richness emerging from the lexical system.
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1.  TELIC [Top]





2.  AGENTIVE [Top]


2.1.	Cause [Agentive]





3.  CONSTITUTIVE [Top]


3.1.	Part [Constitutive]	


	3.1.1.	Body_part [Part]


3.2.	Group [Constitutive]


	3.2.1.     Human_group [Group]


3.3.	Amount [Constitutive]





4.  ENTITY [Top]


4.1.  Concrete_entity [Entity]


4.1.1.	Location [Concrete_entity]
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