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1 Introduction

Lexical data organized in the form of semantic networks like WordNet [Miller et al. 1990] or EuroWordNet [Vossen 1996] their find applications in various areas of natural language processing, e.g. in information retrieval, word sense disambiguation or machine translation. This paper discusses the applicability of semantic networks in the area of natural language understanding, namely the principle of inference through entailment relations. It also presents design considerations about the prototype system that applies lexical rules to capture regular polysemy and derivational morphology.

In EuroWordNet, the position has been taken that the wordnets in particular languages should reflect only the lexicalization patterns [Vossen and Bloksma 1998]. Thus, the main purpose is not to make semantic inferences (the different approach can be exemplified by other projects like Cyc [Lenat and Guha 1990]). However, the absence of a universal ontology (that would have to introduce some non-lexicalized concepts) cannot rule out the basic logical inferences from the database.

The paper is organized as follows: The following section defines the notion of strict implication – entailment. The third section connects entailment and the most frequent semantic relations included in EuroWordNet – synonymy, hyponymy, meronymy and antonymy. The fourth section deals with paradigms of regular polysemy and derivational morphology and discusses the possibilities of applying lexical rules.

2 Entailment

Implication is one of the most important relations in logic. However, it is well known that the nature of this logical relation does not exactly reflect the relation of implication in natural languages, namely owing to always-false propositions implicate anything and anything implicates always-true propositions. Such a relation is called material implication [Cruse 2000]. Here, we are interested in the complement relation that is called strict implication, or entailment. Sentence A entails sentence B if and only if in any context where A expresses a true proposition, B also ineluctably expresses a true proposition and A is not a paradoxical sentence or B is not an analytic sentence. (Analytic sentences are sentences that automatically express true propositions in any context, by virtue of the meaning of their constituents and their arrangement).

Entailment surely plays the crucial role in the area of natural language understanding. However, why is it worthwhile to speak about entailment in the context of semantic networks? In spite of the fact that no semantic network will probably ever encode all the vocabulary of a natural language, semantic nets already capture a significant portion of natural language vocabularies and it is advantageous to be able to infer all relevant facts and relations that hold between them from this database.

Before we start to specify how the entailment is connected to various types of semantic relations, we have to state that entailment (as perhaps all other relations) cannot be understood as a sharp binary relation. There are many “shades” of entailment. It is obvious that it would be very advantageous to consider the degree of entailment in an automatic inference system. This degree should reflect (among others) referential stability of terms [Cruse 2000] and the extra-linguistic features of meaning with full degree of necessity from the true necessity (natural/social [Lyons1981]), expectedness and possibility, up to impossibility.

3 Correspondence between Linguistic Relations and Entailment

3.1 Synonymy

The basic building blocks of the Wordnet semantic network are synsets – sets of synonymic word senses. The correspondence between true synonyms and entailment should cause no difficulties – the substitution of a word by its synonym in any sentence should not change the truth-value of the proposition represented by this sentence. It can be also seen as mutual entailment, i.e. equivalence, so that He is an astronaut entails He is a cosmonaut and vice versa. (Notice that we are assuming co-reference of matching personal pronouns and all other types of reference and deixis in this and all following examples.)

There is quite a small set of words connected by the “near-synonym” relation in WordNet. From the perspective of automatic inference system, it is advantageous to extend the “near-synonymy” relation by attributes of denotational distinctions and other types expressing pragmatics – different attitude (pejorative, neutral, favorable, …) , register (field – area of discourse, mode – different language channels, and style – formality/informality), dialectal variation (geographical, temporal, social) [Inkpen and Hirst 2001].

3.2 Hierarchical Relations

Synsets are connected by various hierarchical relations in the EuroWordNet database, the most important are hyponymy/hyperonymy and meronymy/holonymy (part/whole) relations. The mapping between these relations and entailment is fundamental from the automatic inference system point of view. (Not all factors governing this correspondence are fully understood yet.)

To be able to employ the entailment in a transitive manner, it is necessary to distinguish taxonymy from true hyponymy relations (they are mixed in the actual EuroWordNet database). Taxonymy can be exemplified by horse:animal relation and true hyponymy by stallion:horse [Cruse 2000]. As usual, there are no clear boundaries, however, taxonymy (that has strong relevance to classificatory systems) is not usually defined logically and it is not transitive.

The known example of broken transitivity that has been pointed out [Cruse 1986] is:

· A (prototypical) car-seat is a type of seat.

· A (prototypical) seat is a type of furniture.

· *A (prototypical) car seat is a type of furniture.

There is no simple correspondence between meronymy and entailment. The relation is particularly manifested in connection with locative predicates [Cruse 2000]: if X is a meronym of Y, then for an entity A, “A is in X” entails “A is in Y”. In order to escape most of the exceptions that are very frequent in the case of the meronymy logical connections, it would be worth to define detailed relations between parts and wholes, especially to identify the position of part (The wasp is on the steering-wheel does not entail The wasp is on the car [Cruse 2000]), to distinguish ingredients (grape-juice:wine), parts from pieces, semi-meronyms (handle:door vs. doors without handles) etc.

A special type of semantic relation, which is not usually mentioned together with hierarchical relations of hyponymy and meronymy, is called intensity. Of course, the most frequent grammatical category where intensity-related words appear are adjectives (large:huge) that form scales [Leech 1974]. But the relation can be found between words from other categories, e.g. nouns (mist:fog) The reason why we should  deal with intensity here is the similar relation to entailment: It’s huge entails but is not entailed by It’s large.

3.3 Incompatibility

Incompatibility plays an essential role in inference processes. Let us start with the simplest case of opposites. In the EuroWordNet database, all types of opposites are joined under the name antonyms, nevertheless, we will use the classification following [Cruse 2000] as it has strong influence on the entailment relation. The first type of opposites are complementaries that can be defined as follows: X and Y are complementaries iff F(X) entails and is entailed by not-F(Y) as is exemplified by pairs: true:false, stationary:moving, possible:impossible. To emphasize the difference between complementaries and the second type that will be presented in the following paragraph, let us simplify the entailment to the logical implication. Then, the meaning of complementaries can be given as logical equivalence, i.e. F(X) ( (F(Y) or, equivalently, (F(X) ( (F(Y)) ( ((F(X) ( F(Y)).

The second type of opposites are antonyms (in the narrow sense – see [Lyons 1963]), e.g. the pairs like high:low, deep:shallow. X and Y are antonyms iff F(X) entails not-F(Y). In our logical notation: F(X) ( (F(Y), or, equivalently, ( (F(X) ( F(Y)), or, (F(X) ( (F(Y)), or, finally, (F(X) ( (F(Y)) ( ((F(X) ( F(Y)) ( ((F(X) ( ( F(Y)). Therefore, It’s neither high nor low is not a contradiction. Note that this strict categorization into complementaries and non-complementaries is possible only in the traditional (crisp) logic. In nontraditional – many-valued or even fuzzy logic, we talk about a degree of complementarity.

A special category of opposites is formed by the class of directional opposites – reversives (up:down, forward:backward, tie:untie, …) and converses (lend:borrow, predator:prey). To be able to infer knowledge from knowledge bases that take advantage of a wordnet database, these relations should be encoded explicitly, together with a mechanism providing inference.

It is necessary to focus one’s attention also to semantic markedness [Lyons1977], i.e. to such context where the meaning of one term is what is common to the two terms of the opposition (We saw a group of lions does not entails There were no lioness). Another phenomenon exemplified by:

· It’s true that it’s true. = It’s true.

but
It’s false that it’s false. = It’s true.
· She succeeded in succeeding.

but
She failed to fail. (reversal)

is termed logical polarity [Cruse 2000] and must be taken into consideration as well.

Note finally that as we are dealing exclusively with logical relations we do not need to distinguish other types of markedness, namely morphological and distributional as well as other types of polarity (morphological, privative and evaluative). These relations of opposition play, however, an important role for the natural language generation systems (see [Cruse 2000] for discussion of these relations). Furthermore, an indication of morphologically markedness can partially replace explicit information about a semantic relation, e.g. about many directional opposites.

4 Lexical Rules

4.1 Sense Partitioning

As mentioned in the introduction, synsets in WordNet comprise one or more word senses, which are considered to be identical in meaning. Most of relations discussed above deal with synsets so that one needs to distinguish the particular sense of the given word to be able to use the entailment relation to infer knowledge.

WordNet has been frequently criticized for its fine-grainedness (see e.g. [Peters et al. 1998, Fellbaum et al. 1997]). The preference to the coarser-grained sense distinctions is given by the very poor performance of finer sense partitioning when it is used for NLP applications. The usual way how to solve partially the problems is an ambiguity reduction by clustering senses of one word and formation of sense groups. 

A procedure of automatic sense clustering in the context of EuroWordNet is described in [Peters et al. 1998]. The categorization in this paper distinguishes three general types of sense relations. The first category groups very similar word-senses by underspecification. The second type is metonymy. The third is related to the phenomenon of diathesis alternation. The first and the last types are not the point at issue here. We will discuss only metonymy in the following text.

4.2 Regular Polysemy and Derivational Morphology Paradigms

A big deal of so-called regular polysemy can be interpreted as metonymy extension of meaning. [Cruse 2000] presents three aspects of motivation for using metonymy – economy, ease of access to referent and highlighting of associative relation. Senses in a metonymy group are “tied” by systematic connections realized as so-called subtype coercion [Pustejovsky 1995] , or lexical (inference) rules [Leech 1974, Ostler and Atkins1992].

Currently, we are working on a prototype system, called SEN (SEmantic Network), that will integrate lexical rules with the core lexicon and creates a base for Czech lexical database organized on the similar principles as EuroWordNet. The main scope of linguistic phenomena that should be handled by lexical rules are sense extensions, namely regular metonymic and some productive metaphoric processes. The following (non-exhaustive) list shows the most frequent ones:

· tree species for type of wood

· organization for  building

· material for product

· container for quantity (volume)

· container for contained

· possessor for possessed 

· represented for representative

· whole for part

· part for whole

· place for institution

· tree species for fruit

· plant for flower

· composer for music by same

· food for person ordering same

· animal for fur or hide

· plant for food

· animal for food

· collection for facility

· proper names for companies for their product

· personal names of people for properties 

· plural of mass nouns for portions or kinds

These relations are defined in strictly declarative way in the form of XML data file. A big advantage of the DTD (Document Type Definition) specification file is that it handles all metonymic processes basically in the same way as other big group of semantic relations –derivational morphology paradigms. Differences are, of course, preserved in the subtype of the link between word-senses. In the EuroWordNet database, derivational morphology paradigms can be encoded as ILRs (Internal Language Relations) [Klímová and Pala 2000]. Productive patterns in our system are especially: 

· deverbatives (počítat/count – počítání/counting – počítaný/counted – počítán/is counted – počítající/is counting)

· diminutives (dům/house – domek/small house – domeček/tiny house)

· aspectual relations of verbs (říci/tell – říkat/tell regularly)

· iterative relations of verbs together with “degrees” (chodit/walk – chodívat/walk regularly – chodívávat/ use to walk)

· relations between an animate noun and derived possessive adjective (otec/father – otcův/father's)

· feminine from masculine nouns (soudce/judge – soudkyně/female judge)

· activity – involved agent (učit/teach – učitel/teacher)

· activity – involved instrument (sedat/sit – sedadlo/seat)

Note that compound forms comprise only a small portion of the morphological processes in Czech but there is principally no reason why compounding could not be treated in the same way in our system.

The system will benefit from a hybrid approach combining the advantages of different approaches that deal with two orthogonal parameters – rule application time and rule trigger – considered in [Onyshkevych 1999]. Since one of the outputs of this research should be a lexical database, we have to invoke all lexical rules at acquisition time and review the resulting senses manually. In order to escape the trap of overgeneration when rules are triggered by constraints, we assume the full enumeration of rule-application possibilities. Of course, it implies a lot of tedious work and the need to revisit old lexical entries when new lexical rule is added [Onyshkevych 1999]. However, we will try to generalize the rule-triggering criteria by means of the automatic constraint acquisition.

5 Conclusions

We have discussed two main topics in this paper. The first concerns the issue of correspondence between semantic relations and entailment. It has been shown that there is a narrow connection between semantic relations represented in WordNet (synonymy, antonymy, hyponymy, meronymy) and entailment. The second part has touched the possibility of lexical rule application, for sense extensions and derivational morphology.

Principles mentioned above should find their place in the prototype system SEN (SEmantic Network) we would like to implement within the Balkanet project. It will merge the advantages of wordnet-like networks with the system that will integrate lexical rules. The system will form the core of different automatic inference engines specialized in various ontological areas.
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