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1 Introduction

Within EuroWordNet (EWN) we have built a multilingual database with wordnets for various European languages.
 The wordnets are structured, in the same way as the Princeton WordNet1.5 (WN1.5) (Miller et al. 1990), around the notion of a synset (i.e. a set of synonymous word meanings) and with basic semantic relations encoded between the synsets. Each language wordnet represents an autonomous and unique language-specific system of language-internal relations between synsets. In addition to the language-internal relations we have also encoded equivalence relations between synsets in each language and the closest concepts in an Inter-Lingual Index (ILI). The ILI is a separate language-independent module which contains all WN1.5 synsets but is extended with any other concept needed to establish precise equivalence relations across synsets. Equivalence relations between the synsets of different language wordnets are thus expressed via the ILI, since language-specific synsets linked to the same ILI-record should be equivalent across the languages.


Like WordNet, EWN adopted synonymy as the core relation and the synset as the basic element in the net. But, differently to the Princeton group, we extended the idea of semantic similarity to cover different syntactic categories, taking the concept of interchangeability to refer to a deeper semantic level rather than the superficial syntactic realization, thus increasing the range of different types of semantic relations. However, it is the way in which we constructed our wordnets that really differentiates our work from that of Princeton. The general approach adopted within EWN was to build the wordnets mainly from existing resources and using, as far as possible, semi-automatic procedures for the extraction of data from these sources. Each language-specific wordnet was developed using tools and resources partly built up in previous national and international projects, but it was clear that a lot of manual work was in any case needed to build the semantic nets, also according to the kind of resources available at the different sites. One main objective has been to investigate to what extent it was possible to construct a large, complex semantic net by restructuring already existing lexical resources and adapting the methodologies, techniques and tools that had been developed to process them. In particular, in order to build the Italian wordnet, we exploited the results of previous EC language engineering projects (e.g. Acquilex and Delis) in which dictionary entries and definitions had been analysed and various kinds of semantic relations had been identified - starting from machine readable dictionaries but also from corpora - and encoded for groups of words. In adopting this approach, we have had two main motivations: to economize on the effort needed to build a database of this type by exploiting the results of previous projects; to achieve an objective perspective by abstracting away from the idiosyncrasies of a single resource or a particular theory, through the merging of data from a number of different mono- and bilingual electronic dictionaries and lexical databases. 


The separate construction of wordnets at different sites and the modular design of the EWN database provided a lot of flexibility. However each site had a different starting point in terms of the quality and quantity of available lexical resources and tools and databases, and this required the adoption of partially different strategies at different sites in order to avoid a (too) different coverage or quality of the wordnets. To achieve maximal compatibility across the different wordnets, these were developed top-down starting with a shared set of so-called Base Concepts (BCs) which were classified using a common shared semantic framework. These BCs are the most important meanings found in the local wordnets and making up the core of the multilingual database. The set of common BCs together with language-specific BCs have been taken as the starting point to choose the set of word senses to be included in each wordnet, in an attempt to cover similar semantic fields. Much work was then devoted to the definition of both the semantic relations to be encoded between synsets in each language and of criteria to identify them in a coherent way across the sites. 


In order to build the Italian component of EWN various strategies were adopted to ensure that it was linguistically coherent while guaranteeing compatibility with the databases for the other languages. For each synset inserted within the Italian wordnet at least a hyponymy relation was encoded, but for some subsets of words (chosen according to certain criteria which we discuss below) a richer encoding was performed. In this document we firstly describe the methodology adopted to build the Italian component of EWN so to ensure i) maximal compatibility with the other wordnets; ii) maximal coverage and description of language-specific lexicalization patterns; iii) maximal possibility to re-use the resource in (multilingual) language engineering applications. Secondly, we give an account of the results obtained and of the characteristics of the Italian wordnet.

2 Methodology

When constructing the Italian wordnet, we aimed both at ensuring that the particular features of the Italian lexical system were adequately represented, and at guaranteeing maximum compatibility with the wordnets being built by the other partners. Our objective was thus twofold: (i) to construct a flexible and useful tool to be employed in Italian NLP tasks; (ii) to create a component for a semantic database usable in different types of multilingual extraction and analysis activities. 


In this perspective two main decisions characterised the whole project and, consequently, the construction of the Italian wordnet: the first was that a vocabulary subset should be selected for each project language to represent the most general and commonly used word-senses in that language (the criterion being “those word-senses most frequently used to define other words in dictionaries”) in such a way that (i) no important lexical/semantic area was neglected, (ii) the highest taxonomic levels for the entire lexicon were covered. The selection of this first set of language-dependent ‘Base Concepts’ was followed by a stage of cross-language comparison in order to be able to establish a common set of BCs for all the languages. The second decision was that in EWN even more attention, with respect to WN1.5, should be given to the notion of the lexicon as a network of relations where any given word-meaning is derived from the set of its relations with other words. Various kinds of semantic relations were thus added to those existing in WN1.5, also applying across Parts-of-Speech. In WN1.5 each PoS forms a separate system of language-internal relations. As a result, conceptually close concepts are totally separated only because they differ in PoS. In EWN, instead of separating the networks on the basis of their PoSs, traditionally identified by using a mixture of morphological, syntactic and semantic criteria, we make a distinction among the semantic orders of the entities to which word meanings can refer (cf. Lyons, 1977). That is, we distinguish among 1st order entities (referred to by concrete nouns), 2nd order entities (referred to by verbs, adjectives or nouns indicating states, processes or events), and 3rd order entities (referred to by abstract nouns indicating propositions existing independently of time and space) (cf. Rodriguez et al. 1998). Thus, we defined relations which can be used to explicitly express synonymy, hyponymy and antonymy across PoSs. I.e., a concept such as atto (act), can be related not only to its synonym azione (action) and to the set of its hyponyms, but also to the verb agire (to act), by means of a near-synonymy relation; in a similar way, the noun attività (activity) can be connected with its near-synonym adjective attivo (active). Moreover, we have defined relations which can be encoded across different ontological types, more specifically relations which express the different roles and functions that 1st and 3rd order entities may have in eventualities (2nd order entities). By means of all these relations, the word-meaning is seen from a multiple perspective and can be recognised and identified in many different contextualizations.

2.1 Sources of data

To preserve language-dependent features, in terms of grouping words through the different relations which reflect language-specific interconnections, we decided to start constructing the Italian wordnet from Italian lexical data. The mapping of the Italian net to the English one (and through this to the other languages) was thus performed in a second stage. Furthermore, we decided to construct the Italian wordnet from a number of different lexical sources in order to be able to overcome, to some extent, the idiosyncrasies of a single dictionary and to provide a more objective perspective on the data. In our opinion this is very important. In fact, an integration of different existing sources has highlighted the differences between dictionaries and the inconsistencies found in dictionary data; e.g. word senses, synonyms, and genus terms can vary widely from source to source. In addition to dictionaries we used the Italian Reference Corpus as a further source of data which, for example, was helpful in trying to identify multiwords to be encoded in our wordnet. Indeed, although multiwords are less common and treated differently in Italian than, for instance, in Germanic languages, we found that they were often important to structure our semantic hierarchies. However, as they are generally not listed as entries in Italian dictionaries, we needed an objective means to identify them and we controlled to a great extent the more than five hundred multiwords introduced in our network.


The Italian database (the DMI, or Italian Machine Dictionary) already contained a number of semantic relations between senses or between entries. The semantic features previously encoded with regard to nouns were the following:

IS-A



hyperonym 

SYN



synonym
TYPE_OF 


hyperonym
SET_OF


holynym
PART_OF


meronym

ELEM_OF


meronym

V to N


deverbal - morphologic and non
A to N


deadjectival - morph. and non
AGENT_OF 


morphologic and non


With regard to verbs, some relations had been encoded mostly between entries, i.e. a sense disambiguation of the verbs which were targets of the relations encoded had been already performed only for some subsets of verbs analysed within previous research projects. The relations encoded in the source were the following:

IS-A



hyperonym 

SYN



synonym
CAUSE


causation

In order to develop the Italian wordnet a lot of manual effort was thus necessary: i) to build synsets, since the synonymy relations found in the sources had to be frequently disambiguated or revised; ii) to build taxonomies, i.e. to encode hyponymy relations, since most verb hyperonyms were semantically ambiguous, and both the verb and the noun senses have been partly revised and changed with respect to the source during the project; iii) to encode all the other relations made available in EWN which were either not present or often ambiguous in our source.

2.2 Construction of the wordnet: main steps and related problems

2.2.1 The definition of the 1st Subset
As discussed in Vossen (1999), when looking for a methodology to define the vocabulary for EWN we were first of all faced with several conflicting requirements:

1.
the vocabulary had to include all general word meanings on which more specific concepts depend and those meanings that are used most frequently;

2.
the conceptual coverage across the different wordnets had to be similar, that is they should roughly contain the same areas of concepts;

3.
the vocabularies should nevertheless reflect or at least respect language-specific lexicalization patterns;

4.
there should be maximum freedom and flexibility for building the wordnets at the different sites: due to the different nature of the resources and tools there might not be one unified approach to build the wordnets which was best for all sites.

The assessment of the above requirements implied control at two levels: within each individual language and cross-linguistically. For these reasons each group separately defined a fragment of the vocabulary in the different local resources using the same criteria, i.e. looking for concepts displaying the ability to function as an anchor to attach other concepts and thus being ‘central’ concepts for the language involved. This anchoring capability has been defined in terms of two operational criteria that could be automatically applied to the available resources:

1.
the number of relations (general or limited to hyponymy)

2.
high position of the concept in a hierarchy (in WN1.5 or in any local taxonomy).

However, these criteria could not be applied in an absolute sense. To precisely measure the number of relations and the position in the hierarchy these relations should have already been established and finalized. All sites however used partially structured data that will have been changed considerably during the project. The selections made at first were thus global approximations of the set of BCs. These local selections were translated to equivalent WN1.5 synsets and the sets of translations were compared to see how much overlap there was across the sites. From this comparison a common set of word meanings was determined, which was identified as the set of the common BCs (cf. Rodriguez et al. 1998). Since we saw that the most important areas to create a generic semantic lexicon are also the most complex areas where resources are of little help, we divided the building of the wordnets into two major phases:

•
1st Subset: (mostly) manual construction of core-wordnets for a set of common BCs and its direct semantic context (mostly first level hyponyms for Italian);

•
2nd Subset: top-down extension of these core-wordnets, using, when possible, (semi-)automatic techniques and relying on the information from the given resources.

In order to identify BCs for Italian, we used a semi-automatic procedure. A primary list of lexical items was extracted automatically from the Italian database (henceforth LDB) using as main criteria 1) the position (medium/high) in the taxonomy and 2) the number of relations with other lexical items (generally hyponyms), thus ensuring the coverage of most of the other words in the lexicon. A list of about 300 nouns and 100 verbs was extracted and analysed as forming a primary set of base concepts for Italian. This set was then processed manually to meet the following objectives:

1.
Overcome inconsistencies and lack of homogeneity of the data caused by nature of the sources and the automatic extraction techniques. For instance, if within the area of kinship terms the original extraction included ‘husband’ but not ‘wife’, the latter term was manually added.

2.
Organize the data in terms of synonymy (i.e., grouping senses in synsets) and taxonomy.

3.
Map each concept to WN 1.5.

It soon became clear that the number of hyponyms for any genus term could not be a sufficient criterion for the selection of a valid set of BCs, in part for the simple reason that many important concepts do not have hyponyms. In fact, this preliminary subset was neither homogeneous nor consistent. It strongly reflected the defects and inconsistencies of the lexicographic metalanguage on which it was based and could only be considered as a starting point for the construction of a coherent semantic network. Many concepts were missing and had to be introduced by manual interventions on the data, thus further integrations were made on the basis of consultations of other sources (the Italian Reference Corpus for example) and by means of repeated comparisons and subsequent acquisitions of those BC senses chosen by the other partners which had not emerged from the analysis of our data (cfr. Vossen 1999, for a deeper discussion of the methodology followed to define a set of common BCs). In this way the core subset increased up to 1310 items.

2.2.2 Encoding links for the 1st Subset


The creation of the synsets or synonym groups at the base concepts level was the second step of our work. The project adopted a weak definition of synonymy, entailing the interchangeability of two words in a given context, which could be better denoted as “semantic similarity”. The grouping of terms in synonym sets was carried out semi-automatically. First, for each concept, information about potential synonymy was extracted automatically from the LDB; then the resulting data were carefully and manually evaluated and structured into synsets. The source data for our synsets has been a combination of information taken from our sources (essentially the Italian lexical databases and an electronic synonyms dictionary) which were processed using a two-step procedure:

a) explicitly tagged synonyms in our source were grouped to form a first proposal for a synset;

b) further candidate synonyms extracted from synonymic type definitions were associated with all members of the synset under construction.


When revising these automatically created synsets we found that a sense shifting often occurred within one group. In most cases the synsets appeared too large and manual revision was necessary to cut these synonym groups according to more coherent choices. To give just an idea, we show the results of this procedure when building a synset for the concept represented by the Italian word ansia (anxiety). The automatic extraction of synonyms gives us a very large set (23 items) of candidates for this synset: {ansia, ansietà, affanno, ambascia, travaglio, timore, inquietutine, pena, apprensione, trepidazione, angoscia, dolore, tormento, afflizione, strazio, patimento, tristezza, accoramento, supplizio, sofferenza, malinconia, martirio, tortura}. This example is useful to show why revision of even explicity tagged dictionary synonyms is necessary. At a certain point, within the synset, a twofold meaning shift occurs moving from the general idea of anxiety to either that of anguish / suffering (represented by angoscia, dolore, tormento, strazio...) or melancholy / sadness (tristezza, malinconia). The synonym chain was thus interrupted manually and the synset for anxiety was created by grouping together the following items: 

 
{ansia, preoccupazione, apprensione, trepidazione, pena, pensiero}

It is worth noting that the last item pensiero, which was not automatically extracted, was added for completeness: actually this noun occurs in the expression “essere, stare in pensiero” meaning “to be anxious” as all the other items.


Ideally our synset should be sufficiently extensive to embrace a concept lexically (high recall) but not so loose as to include tightly related but still different concepts (low precision). In some cases, we thus used the so-called ‘near_synonymy’ relation to express a still weaker notion of synonymy. However, this relation has been more often used for specific concepts than for top nodes. For instance, both infiammarsi 2 and arrossire 1 (first-level hyponyms of the BC diventare 1) mean “become red”, however the latter is only used to indicate face blushing, so they have been linked by means of a “near_synonymy” relation.


The list of BC synsets identified was then mapped to WN1.5 in order to establish cross-language lexical equivalences. The main problems we encountered in matching to WN1.5 were differences in lexicalization, mismatches and lexical gaps. In the following we give a few examples of the difficulties arised during the manual mapping of the base concepts and of the solutions devised: 

(i) Very frequently the WN1.5 distinctions are too fine-grained - it appeared that the Italian item could match equally well to more than one level of a given taxonomy, e.g. for stabilimento,  which was translated by our bilingual lexical database as ‘plant, factory’, it was not easy to decide whether it was best linked to WN1.5 {factory, mill, manufacturing plant, manufacturing} or to its direct hyperonym {plant, works}. Cases like this suggested a possible merging of the relevant senses of WN1.5. 

(ii) Similarly, it often occurred that a single Italian item could match equally well to more than one WN1.5 synset. For example, we have oggetto 2 mapping to both {aim, object, objective, target} and also {purpose, intent, intention, aim}. As these two synsets both belong to the same taxonomy (which terminates with {psychological feature} passing via {goal, end}), it appeared reasonable again to propose a merging between the WN1.5 items for our Interlingua. However, a proposal of this type was not feasible when our Italian item matched to WN1.5 entries which belong to different taxonomies, e.g.  we have stato 4, translated into state, which had been mapped as equivalent near synonym to three WN1.5 entries: {state, province, territory}, {country, state, land, nation}, {state, nation, country,  land, commonwealth, res pubblica, body politic}. In this case, the first WN1.5 entry is in the location taxonomy, whereas the other two belong to {group, grouping}. This suggested that the Italian entry should be revised and perhaps split into two senses. 

(iii) Frequently a single sense in the Italian database had to be clearly split into more than one sense. An example of this is macchina 1 which in fact encapsulates the very different senses of machine, engine and car. The cross-language mapping indeed suggested that we should reconsider our original encoding of macchina in the Italian wordnet and split it into three separate synsets, eg. {macchina, motore}, {macchina, locomotiva} and {macchina, automobile}. 

(iv) Finally when it was not possible to establish a direct equivalent_near_synonymy relation between our data and an ILI record, we used the equivalent_hyperonymy relation. For example Italian makes a clear distinction between head hair (capelli) and body hair (peli). Both these word senses were mapped to the ILI record for hair with an has_equivalent_hyperonym relation. On the contrary, relations of equivalent_hyponymy were established between Italian dito and the ILI records for finger and toe.


Thus, it is clear that the cross-language mapping also provided useful insight and feedback on the structuring and coherency of the monolingual database. It gave us the opportunity to verify Italian data and, when necessary, to restructure or complete them when lexical gaps were evidenced.


The third step in the creation of the 1st Subset was the 1 level top-down extension of the taxonomies, carried out using a semi-automatic procedure to retrieve 1st level hyponyms for each BC synset or word-meaning. In fact, the Italian 1st Subset was based on:

•
the common set of Base Concepts

•
the local set of Base Concepts

•
all first level hyponyms of the Base Concepts

•
for some taxonomies, also other level hyponyms

•
any other relation which has been manually added, by analysing mainly definitions. 



In the following table global figures for the 1st Subset are provided:

 Table 1: First Subset Overview


Nouns
Verbs
Others
Total

Synsets
18934
3692
1581
24207

Number of senses (variants)
19646
4577
1587
25810

X variants per synset
1.03
1.24
1
1.09

Corresponding to number of entries (words)
13965
3170

17135

X senses per word
1.40
1.44

1.50

Language Internal Relations
47090
9070

56160

Average per synset
2.48
2.45

2.32

Equivalent Relations to ILI (WN1.5)
5124
653

5777

Average per synset
0.27
0.17

0.22

Synset without ILI
13957
3109
1581
18647

The building of the first level hyponyms of BCs was performed, to a large extent, manually, after realizing that the application of automatic techniques to the existing sources produced many errors with respect to many subsets. It immediately appeared that the main problem we had to face in the net construction was the inconsistencies in the taxonomies derived from our sources. These taxonomies had been partly disambiguated in other projects but still not made more consistent. So, while analysing them we found phenomena such as: (i) circularity in the definitions of the top concepts, which means that we had to find a suitable criterion to decide on the right hyperonymy/hyponymy relations to be encoded; (ii) synonymy relations derived from ‘synonymic definitions’ in which hyperonyms or hyponyms of the word sense defined were given; (iii) many semantically different types of hyponyms for the same hyperonym; (iv) different genus terms used for similar types of objects. A twofold experiment, carried out on the lexical subsets of the instruments and of the motion events in the first stage of the project, can be used to illustrate the complex manual work necessary to solve these kinds of problems.


In Italian the most general and comprehensive word for the English ‘instrument/tool’ is strumento and this is actually the most frequent noun genus term in our source, being used to define 290 items. Unfortunately, we had to address two basic problems caused by the inconsistency of the definitions: (a) strumento has been assigned as hyperonym the word arnese which is not perceived as more general; (b) strumento has only two word senses, the first covering all its concrete meanings, the second the figurative and extended ones. The first point gives rise to a problem of circularity because arnese has utensile as synonym and attrezzo or strumento as hyperonyms; while, in its turn, attrezzo has arnese and strumento as hyperonyms, and finally utensile has arnese as hyperonym. This circularity determines (and can be considered as evidence for) a first synset: {strumento, arnese, attrezzo, utensile}. But, if we consider the more general use of strumento and also its possibility of being employed in figurative and extended senses we should place this word on a higher level (compared with the other three) within the taxonomy. In fact, in Italian, we can define nearly all types of tools as strumento, but the same is not true for arnese or attrezzo or utensile which have a narrower denotation:

la zappa é uno strumento (the hoe is a strumento)

il computer é uno strumento (the computer is a strumento)

la zappa é un arnese / un attrezzo (the hoe is an arnese / attrezzo)

* il computer é un arnese / un attrezzo  (the computer is an arnese / attrezzo)


We also found very different types of instruments listed under this genus: simple manual instruments, scientific measuring instruments and musical instruments mixed together, i.e. here we had a typical example of under-differentiation of the genus senses. In this and in similar cases we would have needed a finer-grained distinction with respect to our sources, giving rise to a greater number of sub-taxonomies, based on other features which are found in the ‘differentia’ part of the definitions. The last problem observed with this particular (but typical) taxonomy was concerned with the different genus terms used to define strongly related objects such as, for example, pieces of cutlery. Examining the data we found forchetta (fork) under arnese, but coltello (knife) and cucchiaio (spoon) are found under strumento and posata respectively. For cases like this, we had to correct the incoherences by using the appropriate level in the taxonomy for all the related words, i.e. the lowest appropriate level (in this case posata, which in turn will point to utensile and thus to strumento). 


Turning to the motion event taxonomies we found out similar problems of inconsistency when analysing data coming from our source. For instance, the top muoversi (inchoative to move) is given three basic senses in our source: 1) one is defined as ‘start moving’; 2) another is defined by means of what we call a ‘synonymic definition’, i.e. by means of other verbs which are not modified by a phrase: the verbs used are allontanarsi (to go away), spostarsi (to move away), camminare (to walk), avviarsi (to start going)…; 3) a third sense is figurative and corresponds to something like ‘decide to act’. While the first and third senses of the verb could be taken over in our database, the second sense was too vaguely and inconsistently defined. The ‘synonyms’ used are either synonyms of the 1st sense (e.g. avviarsi) or have a narrower meaning (camminare), thus we had to manually intervene in this case, by trying to define a sense for muoversi which could cover the many instances of the verb found in the genus position in other verb definitions and not covered by senses 1 and 3. For instance, saltellare (roughly corresponding to jump repeatedly) has muoversi as a hyperonym, where the sense involved is that of ‘make some movements’ rather than that of ‘start moving’. However, we also found a hyperonym sense of the verb indicating (undirected) motion along a path, e.g. in the definition of nuotare, which seemed more specific than the sense used in the definition of  saltellare. We thus added two new senses for muoversi in our database and also stated the respective synonymy relations for them, creating new synsets by carrying out similar manual analyses of our source data for other motion tops (e.g. andare - to go - which, in one of its senses also refers to undirected motion along a path). This re-organization also determined a coherent clustering of the hyponyms of muoversi, which resulted in a better differentiantion of semantically/syntactically different word-meanings like, for example, recarsi (to go to one place), referring to change of position (and thus displaying certain semantic/syntactic properties), or dondolare (to swing), referring to undirected (repeated) motion (and thus displaying semantic/syntactic properties which are typical of undirected motion verbs).

These experiments made it clear that the construction of taxonomies in our wordnet, especially at higher levels, should have been performed to a large extent manually, and would have been subject to many changes and revisions. This turned out to be particularly true for 2nd order nouns and for verbs. In this case, in fact, we found a particular lack of consistency in our taxonomic chains and the necessity to find a suitable restructuring criterion. While a coherent redistribution of items in the concrete nouns taxonomies only implied much manual intervention, both 2nd order nouns and verbs raised many more problems concerning the ‘philosophy’ underlying the tree structures, in particular with respect to taxonomies descending from genus terms such as atto (action, act), movimento (movement), fenomeno (phenomenon), processo (process), or muoversi (to move), fare (to do, to make), subire (to undergo), causare (to cause), etc. Consequently the outline of a reference ontology required much time and various changes up to the final design. 

From the very beginning, another serious problem was the efficacy of automatic procedures used to map the Italian entries to the ILI, and a very big part of our effort concentrated on the task of mapping Italian synsets to WN1.5. During the project developed some automatic procedures to establish equivalence relations between the Italian data and WN1.5 synsets, but much manual work was in any case necessary to perform correct choices. 

In a first stage of our work we used a semi-automatic procedure based on the assumption that matching words in equivalent semantic hierarchies in different languages should very likely refer to equivalent senses. The procedure, starting from the lexical/semantic taxonomies we had constructed for the Italian database, attempted to match them against equivalent taxonomies in WN1.5. The semantic context provided by the taxonomies should have allowed us to recognise the right sense in the target language of the word-sense we were examining. This procedure operated taxonomy by taxonomy starting with the BCs that had already been mapped manually and therefore provided us with a set of anchor points between the Italian database and WN1.5. Then, working top-down, the first level hyponyms for each Italian base concept were taken and given as input to the bilingual lexical database system. For each word, all possible translations were read; then the translations obtained were searched in the equivalent semantic hierarchy in WN1.5 in order to find word-forms matching the candidate translations. The results of the automatic stage of the mapping procedure had to be checked and integrated manually in a second stage. At the end of the first stage we had four possible results: (i) unambiguous mapping to an equivalent WN1.5 sense; (ii) more than one possible mapping proposed; (iii) a bilingual translation but no WN1.5 equivalent; (iv) no bilingual translation found and thus a mapping with an equivalent_hyperonymy relation to WN1.5. In the manual revision stage, we had to evaluate and resolve cases ii, iii, and iv. Unfortunately,  this procedure turned out to be not very efficacious: when applied to nouns only an average of 20% of the analysed entries were successfully mapped with an eq_synonymy or eq_near_synonymy relation. The effectiveness of this mapping procedure varied with the different categories of nouns it analysed: the results were acceptable in the case of concrete nouns (e.g. entries in the animal taxonomies, or in the hierarchies of the most common instruments, plants or vehicles) but very insufficient when dealing with 2nd order noun taxonomies. Of course, for verbs the results resembled those obtained for 2nd order nouns. 

These bad results arised from the following problems: (i) the bilingual dictionary does not provide a traslation of an Italian word; (ii) there are too many multi-words in WN1.5 that have no correspondence in the bilingual dictionary; (iii) there are too many differencies of classification as far as 2nd order taxonomies are concerned, and this fact is very important given that, how we have seen, the procedure was based on the correspondencies between taxonomies.

For all these reasons the mapping of the 1st subset was mostly performed manually, or manually revised. In a second stage of our work we tried to refine our semi-automatic mapping procedure as will be explained below.

2.2.3 Extending the wordnet

In the second building phase for the Italian wordnet, we focused on:

1. extending the wordnet to the full size of 50,000 senses (about 35,000 noun senses and 15,000 verb senses), mainly by adding missing PAROLE entries or analysing the lexical gaps resulted from the comparison among the wordnets

2. improving synonymy relations

3. improving taxonomy consistency, especially for the second order hierarchies

4. adding relations which are necessary to precisely locate concepts which are not lexicalized in English

5. increasing the number of the equivalence relations.

2.2.3.1 Increase of coverage

The first subset for Italian covered 18,934 nominal synsets and 3,692 verbal synsets. These corresponded to 19,646 noun senses and 4,577 verb senses. This subset was based on the common and local noun and verb Base Concepts, first level hyponyms of the BCs and, for some taxonomies, also other level hyponyms. Moreover, some synsets were encoded containing the adjectives/adverbs linked to the nouns and verbs by means of various internal relations. However, while for the nouns and verbs complete wordnets were built, mainly based on the hyponymy relation, as regards the adjectival/adverbial synsets no hyponymy relations were encoded.

This core wordnet had to be extended to approximately 50,000 senses (about 35,000 noun senses and 15,000 verb senses). To extend the noun core subset, first of all we extracted from our main source about 5000 entries which, after comparison, were found in the PAROLE lexicon but had not already been included in our wordnet. These new entries were in the Polaris import format and we performed a careful manual check of their hyperonyms associating each of them with the relevant entry in the Italian EWN database or, where necessary, inserting a new entry. For the verbs we extended our set to the complete lexicon made available by our source database and we also added some PAROLE lexicon entries which were not in our database. By manually checking information found within different sources, the verb senses distinguished have been grouped into synsets and inserted in taxonomies, either by disambiguating the genus found in their definition or identifying an appropriate hyperonym. Finally, both for the nouns and the verbs we also analysed the lexical ‘gaps’ resulted from the comparison of our wordnet to the other wordnets and added word senses to our wordnet when necessary. Indeed, when there was a gap the following situations generally occurred:

(i)  we had the word meaning in our wordnet but it had not yet been translated when the comparison was performed: 

e.g. {cellulose} corresponds to the Italian cellulosa which had already been encoded in our wordnet but did not have an eq_link to the ILI when the comparison among the wordnets was performed.

(ii) we did not have the word meaning encoded by the other groups in our wordnet, because either it is not an Italian lexicalization, or it is simply missing in our source (although we have the concept in our language), or it is present in our source but it had not yet been inserted in our wordnet: e.g.

a)
the {change_state, turn} synset had no correspondent in our wordnet, because we only have a more general lexicalization, i.e. {cambiare, mutare, variare}, corresponding to the {change} ILI synset which is a hyperonym of {change_state, turn}. In cases like this we added an eq_link between the concept lexicalized in Italian and the missing concept (in this particular case an eq_has_hyponym link from {cambiare, mutare, variare} to {change_state, turn} was encoded);

b) the {enkindle, kindle} synset had no correspondent in our source database, although we have this concept lexicalized in Italian. In cases like this we manually added the Italian synset corresponding to the ILI one;

c) the {china_clay, china_stone, kaolin, kaolinite, porcelain_clay, terra_alba, caolino} synset has a correspondent in Italian (caolino) which was present in our source but had not yet been encoded in the wordnet. This and other concepts have thus been added to the wordnet.

(iii)
we had the word meaning but not in the same position within the wordnet. In these cases, either we restructured our data because we agreed with the classification in the other wordnets or we maintained our classification for various reasons: e.g.

a)
in our source data the word entità (entity) does not have a high position because it defines just a few entries, while in WN1.5 its position within the taxonomy is very high. In this case it seemed to us that our classification could be changed, since in Italian there is a sense for the word entità, corresponding to the WN sense, that could be used as a very high top. Thus, we restructured our data by creating the top synset {entità};

b) the {stone, lapidate, kill_by_stoning} synset is a hyponym of {kill} in WN1.5, while the corresponding synset in Italian was a hyponym of {colpire} (to hit). In this case we decided to encode a multiple hyperonymy relation to both {colpire} and {uccidere} (to kill), since both the classifications seemed to be plausible.

2.2.3.2
Building synsets, restructuring taxonomical chains and encoding additional relations

For Italian the comparison with the Dutch and Spanish first subset wordnets evidenced a lower synonymy density. The Italian database showed a very low ratio between the number of synsets and the number of variants, especially in the noun subset. This was due to the fact that the extraction of the first level hyponyms had not yet been followed by a systematic reorganization of those senses on the basis of synonymy relations. Indeed, in our main source we have an indication of synonymy between words (either in the form of synonymic definitions or with an explicit indication of the existence of such a relation) and we have also used an electronic dictionary containing only information on synonymy between words. However, in both sources information on synonymy is ambiguous in that it is given either between entries or between a word sense and a word entry. Thus, we had to manually disambiguate the specific senses of the entries indicated as synonyms. A huge manual effort was therefore devoted to creating synsets in the intermediate levels of our taxonomies (synonymy is rare at the leaf level).

Much work was then devoted to restructuring our taxonomical chains. Our source contained very ‘flat’ hierarchies and we had to manually check many taxonomies in order to create more consistent hierarchies. As mentioned above, the analysis of the gaps resulted from the comparison with the other wordnets helped us to restructure our taxonomies, when:

a) concepts were missing in our source but lexicalized in our language;

b) concepts were not used as tops in our source but we realized they should be considered tops;

c) concepts were classified differently in our source but we (more or less) agreed with classifications in the other wordnets.

As already explained, in our source database some relations for verbs, including hyponymy relation, had been made explicit only for some taxonomies/groups of words, thus we had to perform a manual sense disambiguation of most verb hyperonyms. With respect to this task the work on the second subset required less effort than the work on the first subset, due to the fact that we encoded data on verbs at the lowest levels within taxonomies. These verb hyperonyms are generally less polysemous than BCs, thus disambiguating the hyperonym senses at this stage was not as difficult as for the BC first level hyponyms. However, apart from hyponymy various other links have been encoded, both for the verbs and the nouns, mainly by manually adding relations indicated within definitions. Since words at low levels within taxonomies have generally very specific senses and typical Italian lexicalizations are found here (which cannot be properly translated into WN1.5), we worked to add more detailed information on their meanings by encoding richer sets of relations in order to precisely locate these concepts in the net. For instance, rincasare (to go back home) is a hyponym of tornare (go back) which has only three senses in our database, one of which is very rare. Thus, it was not very difficult to disambiguate the sense of tornare involved within the definition of rincasare, i.e. sense 1: “go back to the place where one left from or went away from.” Rincasare, however, is a typical lexicalization found in Italian but not in English, and a synset corresponding to it is not found in WN1.5. Thus, it was necessary to add relations indicating the particular meaning components involved within the meaning of the verb: in this case an ‘involved_target_direction’ relation with the noun casa (home) has been added.

2.2.3.3. Encoding equivalence relations

As said above, we have manually assigned or revised equivalence relations to WN1.5 for all important concepts in our selections, i.e. all the concepts encoded in the 1st subset. The remaining synsets were first translated into English and then mapped to WN1.5 using as far as possible semi-automatic procedures developed in the project. 

A major difficulty we met with was given by the poorness of the bilingual source automatically processed: e.g., of the 7,896 verb senses, corresponding to 5,105 verb synsets encoded in the 2nd subset, only 4,106, corresponding to 3,290 synsets, were found in the source and thus received a first translation (i.e., about 23% of all the verb synsets did not receive a translation by using the automatic procedure). Then, a small part of the synsets which received a translation could not be automatically mapped to WN1.5 because no matching was found for some entries. Finally, the automatically produced mappings generally needed to be manually revised, especially with respect to 2nd order entities. 

Due to the problems reported above in automatically mapping 2nd order entities by using the first procedure developed, we tried to refine our procedure adding further heuristics which could help to semi-automatically encode a higher number of equivalence relations both for the nouns and for the verbs. Thus, first of all we decided to add a score to the output, automatically assigned by taking into consideration the levels within the taxonomy in which the Italian and English mapping concepts were found. E.g., if they had the same direct hyperonym the relation encoded obtained a very high score; the score decreased, instead, for each hyperonym which was not shared by the two concepts and occurred under the shared hyperonym. As said above, we noticed that taxonomies of 2nd order entities in our database are often built differently with respect to WN1.5.
 Thus, we decided that if a synset containing the translation of an Italian word was not found in WN1.5 within the same taxonomy of the Italian word synset, the procedure had to look for synsets corresponding to ours also in other taxonomies and return these as possible eq_near_synonyms together with a lower score. This was determined by taking into account the number of possible translations found: the more translations found the lower the score. We then manually revised part of the automatically produced mappings, checking both relations with very low scores and relations with higher scores in order to precisely evaluate the degree of reliability of the different outputs. Thus, by analysing a subset of all the equivalent relations automatically encoded for words not occurring within the same taxonomies of the corresponding concepts in WN, we saw that when only one eq_relation was stated, in more than 90% of the cases analysed this was correct (and often an eq_synonymy relation). When two eq_relations were automatically stated, we had about 47% of the cases in which eq_near_synonymy relations with the two synsets found was correctly stated; 38% of the cases in which one of the two eq_relations was correct; and 15% of the cases in which both equivalences were wrong. Of course, in cases in which three or more mappings were found the situation was still more varied and we found many errors.

Since we felt that equivalent relations needed to be sufficiently reliable to make our data re-usable in applications, and due to all the (semi-automatic and manual) work we had to carry out also to encode language-internal links and to structure our wordnet, instead of trying to envisage and develop more complex heuristics, which could in any case hardly produce a very high percentage of correct results, we decided to perform a manual check of the output of our procedure, and in particular to start revising all the highly problematic cases, i.e. cases with very low scores. In the following section we describe the results obtained so far.

3 Results

The Italian wordnet now contains about 48.450 word senses corresponding to about 40.430 synsets. In the following subsections we first provide overview tables for the synsets and relations encoded in our wordnet; then we compare our lexicon to the PAROLE lexicon; finally we briefly discuss the characteristics of our wordnet.

3.1 Overview Tables

Table 2: Italian Wordnet Overview






Nouns
Verbs
Others
Total

Synsets
30169
8796
1463
40428

Number of senses (variants)
34552
12473
1474
48499

X variants per synset
 1.1
 1.4
 1.0
 1.2

Corresponding to number of entries (words)
24903
6607
1468
32978

X senses per word
 1.4
 1.9
 1.0
 1.5

Language Internal Relations
83021
30757
3290
117068

Average per synset
 2.8
 3.5
 2.2
 2.9

Equivalent Relations to ILI (WN1.5)
43848
27941
0
71789

Average per synset
 1.5
 3.2
0
 1.8

Synsets without ILI
98
0
1463
1528

Table 3: Italian Language Internal Relations
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Language Internal Relations
Nouns
Verbs
Others
Total

NEAR_SYNONYM
5055
3502
1316
9873

XPOS_NEAR_SYNONYM
4705
3430
1316
9451

ANTONYM
110
128
0
238

NEAR_ANTONYM
110
128
0
238

XPOS_NEAR_ANTONYM
2
2
0
4

HAS_HYPERONYM
31700
9267
0
40966

HAS_HYPONYM
31700
9267
0
40967

HAS_XPOS_HYPERONYM
58
0
0
58

HAS_XPOS_HYPONYM
0
53
0
53

HAS_HOLONYM
364
0
0
364

HAS_HOLO_PART
674
0
0
674

HAS_HOLO_MEMBER
291
0
0
291

HAS_HOLO_PORTION
9
0
0
9

HAS_HOLO_MADEOF
254
0
0
254

HAS_HOLO_LOCATION
94
0
0
94

HAS_MERONYM
364
0
0
364

HAS_MERO_PART
674
0
0
674

HAS_MERO_MEMBER
291
0
0
291

HAS_MERO_PORTION
9
0
0
9

HAS_MERO_MADEOF
254
0
0
254

HAS_MERO_LOCATION
94
0
0
94

CAUSES
103
826
0
929

IS_CAUSED_BY
219
270
443
932

HAS_SUBEVENT
30
132
0
162

IS_SUBEVENT_OF
40
121
0
161

INVOLVED
548
1867
0
2415

INVOLVED_AGENT
211
890
0
1101

INVOLVED_PATIENT
109
232
0
341

INVOLVED_DIRECTION
0
13
0
13

INVOLVED_SOURCE_DIRECTION
6
45
0
51

INVOLVED_TARGET_DIRECTION
2
36
0
38

INVOLVED_LOCATION
64
35
0
99

INVOLVED_INSTRUMENT
94
203
0
297

INVOLVED_RESULT
5
98
0
103

IN_MANNER
0
164
0
164

IS_MANNER_FOR
0
0
0
0

ROLE
2424
0
17
2441

ROLE_AGENT
1123
0
0
1123

ROLE_ PATIENT
0
0
0
0

ROLE_DIRECTION
10
0
3
13

ROLE_ SOURCE_DIRECTION 
0
0
0
0

ROLE_TARGET_DIRECTION
30
0
9
39

ROLE_LOCATION
99
0
3
102

ROLE_INSTRUMENT
320
0
0
320

ROLE_RESULT
103
0
0
103

BE_IN_STATE
203
46
0
249

STATE_OF
43
0
181
224

HAS_INSTANCE
0
0
0
0

BELONGS_TO_CLASS
0
0
0
0

FUZZYNYM
422
1
1
424

XPOS_FUZZYNYM
2
1
1
4

TOTAL
83021
30757
3290
117068

Table 4: Italian Equivalence Relations
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Equivalence Relations
Nouns
Verbs
Total


EQ_HAS_HYPERONYM
16484
4770
21254


EQ_HAS_HYPONYM
53
17
70


EQ_SYNONYM
10006
1066
11072


EQ_NEAR_SYNONYM
12161
7261
19422


EQ_HOLONYM
0
0
0


EQ_MERONYM
0
0
0


EQ_INVOLVED
35
87
122


EQ_ROLE
6
0
6


EQ_BE_IN_STATE
23
2
25


EQ_CAUSES
22
63
85


EQ_IS_CAUSED_BY
50
5
55


EQ_HAS_SUBEVENT
1
1
2


EQ_IS_SUBEVENT_OF
0
2
2


EQ_METONYMY
0
0
0


EQ_DIATHESIS
0
31
31


EQ_GENERALIZATION
5007
14636
19643


3.2. Reliability and status of the relations

We can divide our data into the following fundamental groups:

· the wordnet core, constitued by the Base Concept synsets;

· the first-level hyponyms of the BCs and all the other entries encoded during the 1st Subset building phase;

· the entries mostly automatically added, and for the most part manually checked, during the 2nd Subset building phase.

As regards the Base Concepts, constituting the highest nodes of the taxonomies, all the relations encoded are highly reliable. In fact, we manually performed the encoding of many internal relations (including hyponymy) linking these concepts to others in the net, and the mapping of these concepts to the ILI, using different kinds of equivalent relations. As said above, some internal relations were already encoded in our source but they were in any case checked. Moreover, many other relations have been manually or semi-automatically added. With respect to the first-level hyponyms of the BCs and all the other entries encoded during the 1st Subset building phase, many internal relations have also been manually added or checked; this has been done also for most hyponymy relations, although a small part of these have been automatically added relying on information encoded in the source. Again, equivalent relations for the 1st subset synsets have been manually encoded and are thus highly reliable. Finally, we have applied automatic procedures of extraction to the 2nd subset concepts, but most internal relations have been manually checked as well. The eq_relations encoded for this subset are instead less reliable than those encoded for the 1st subset, since they have been automatically added and only partially checked so far.

Given that the Italian wordnet has been built through successive top-down extractions, we have today a network which is quite well developed vertically: now the taxonomies, which at the beginning were extraordinarily flat (2 or 3 levels), have increased up to an average deepness of 4.8. A strong re-structuring of the tree structures has been performed and this improvement as to the taxonomies deepness makes the synsets more ‘meaningful’, since they inherit information from all their hyperonyms. Nearly all taxonomic chains have been manually structured or checked: only a part of hyponymy relations have been automatically encoded and not further checked (about 10% of all the cases). In any case, these relations link leaf nodes to their hyperonyms and therefore we expect the percentage of error to be very low.

All the synsets (except for a small amount of nouns) have been mapped to the ILI, through at least one equivalent relation, by means of the procedures we have described. As regards the nouns subset, for about 15.000 of the 30.000 synsets we have performed a manual mapping or the automatically assigned equivalence relations have been revised. Many of the other eq_links automatically produced have to be revised. Indeed, given the time limits of the research project, we could not carry out a complete revision. So far we have checked and corrected the nouns showing too numerous links to the ILI and, in particular, the cases of synsets mapped via multiple hyperonymy (derived from too many eq_near_synonyms assigned to their hyperonyms). As regards the verbs, for about 6000 of the 8796 synsets the mapping has been manually performed or checked. Of the remaining 35% of the verb wordnet a part received multiple eq_near_synonyms automatically, while some synsets only received eq_has_hyperonym relations because either their translation was not found at all in the bilingual, or no mapping was found in WN1.5, or the score of the multiple eq_near_synonym relations was too low (we stated a minimum score which could be accepted) to accept them. The minimum score allowed determined the presence, in our wordnet, of  word meanings displaying up to six eq_near_synonymy relations: these have been partially revised and correct choices have been made for a subgroup of these word meanings. However, there are still word meanings with up to six eq_near_synonymy relations which have not been manually checked.

The number and degree of reliability of the different kinds of equivalent relations encoded in the Italian wordnet are shown in table 4. In the future we shall manually revise all the cases of automatic mapping which could receive a better encoding: i.e., we would like to leave eq_has_hyperonymy relations only for cases of genuine language-specific lexicalizations which can be translated into English only by using complex phrases, or for cases of synsets which are not encoded in WN1.5 (even if a one-word translation is found in bilingual dictionaries). In the following table we provide figures of the eq_relations encoded with indication on their reliability:

Table5: Reliability of Italian Equivalence Relations

Equivalence Relations
Nouns
Manually encoded
%
Verbs
Manually encoded
%

EQ_HAS_HYPERONYM
16484
4500
27,3
4770
1255
26,3

EQ_HAS_HYPONYM
53
53
100
17
17
100

EQ_NEAR_SYNONYM
12161
6000
49,3
7261
3702
50,1

EQ_SYNONYM
10006
10006
100
1066
1066
100

EQ_HOLONYM
0
0

0
0


EQ_MERONYM
0
0

0
0


EQ_INVOLVED
35
35
100
87
87
100

EQ_BE_IN_STATE
23
23
100
2
2
100

EQ_CAUSES
22
22
100
63
63
100

EQ_IS_CAUSED_BY
50
50
100
5
5
100

EQ_HAS_SUBEVENT
1
1
100
1
1
100

EQ_IS_SUBEVENT_OF
0
0

2
2
100

Total
38835
20690
53,3
13274
6200
46,7

3.3 Corpus Frequency/ PAROLE


The comparison with the PAROLE lexicons (as far as nouns and verbs are concerned) and with the PAROLE Corpus (20.928.753 tokens) has given the results shown in the tables below . 

Table 6: Comparison with the PAROLE lexicons

PAROLE entries
EWN entries
Intersection Subset
Entries in EWN only
Entries in PAROLE only

 Nouns
Nouns
Nouns
Nouns
Nouns

13257
24416
11377
13039
1880

Verbs
Verbs
Verbs
Verbs
Verbs

3090
6578
2868
3710
222


From these data we can see that the coverage of PAROLE lexicon by EWN entries is 85.82% for the nouns subset and 92.82% for the verbs subset. The remaining 14.18% of nouns and 7.18% of verbs are not covered by EWN. As regards the nouns, in the subset not covered by EWN we have counted many proper nouns either of person or of place. In any case by means of this comparison we found 1786 items, precisely 1564 common nouns and 222 verbs which could be taken into consideration for further integration of the Italian network. 


In the tables below the result of a more detailed comparison made with the PAROLE lexicon is shown. Here the entries are distributed according to the different classes of frequency they have in the PAROLE Corpus.

Table 7: Coverage by the nouns subset according to defined frequency classes
Frequency classes
PAROLE noun entries 
Noun entries in PAROLE  and in EWN
% coverage

1001
950
888
93,47

501-1000
665
616
92,63

251-500
925
832
89,95

101-250
1652
1485
89,89

51-100
1618
1407
86,96

31-50
1377
1178
85,55

21-30
1101
946
85,92

11-20
1735
1448
83,46

6-10
1358
1113
81,96

2-5
1016
835
82,19

2
328
253
77,13

1
269
199
73,98

0
263
177
67,30

Total
13257
11377
85,82

Table 8: Coverage by the verbs subset according to defined frequency classes

Frequency classes
PAROLE verb entries
Verb entries in PAROLE and in EWN 
% coverage

1001
84
81
96,43

501-1000
98
97
98,98

251-500
155
152
98,06

101-250
311
304
97,75

51-100
305
295
96,72

31-50
282
268
95,04

21-30
224
208
92,86

11-20
390
374
95,90

6-10
340
308
90,59

2-5
330
302
91,52

2
109
95
87,16

1
173
153
88,44

0
289
231
79,93

Total
3090
2868
92,82

3.4 Description of the most important nodes

The building of the wordnet aimed at obtaining a database with all the entries well organized and distributed in widely structured taxonomies and a great part of our work has been spent on this purpose. In the following we shall illustrate the results achieved for some ‘basic’ synsets belonging to the main subdivisions of our ontology. 

First of all, we think that it can be useful to show the highest taxonomy levels. To do that, we will use a conventional, hypothetic node that we call Top: all the taxonomies derive from it. The picture below shows the ten immediate hyponyms of this node for nouns: tempo (time), spazio (space), parte (part), quantità, quantitativo (quantity), gruppo, insieme (group, set), modo (way), evento (event), entità, essere, ente (entity), stato (state), idea (idea). For verbs, we have two main tops: essere (to be) and accadere (to take place), grouping respectively stative and dynamic verbs. 
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3.4.1 Noun taxonomies

As far as First Order Entities are concerned, we can analyse the results starting from the BCs with the higher number of hyponyms and relations. Most of the 1st order entities entries (except the ones that have as hyperonym ‘group’ and ‘part’) have been linked to the Top (entità, essere, ente), defined by the Italian dictionary as “tutto ciò che esiste” (everything that exists). As said above, the importance of this word has been pointed out by the analysis of the lexical-gaps evidenced by the comparison with the other languages. Only after this useful operation, has it been possible to choose this word-meaning to add to our net a high level concept able to include all the objects, living and not living, natural and artifact, belonging to 1st order noun taxonomies. In the following picture the most important 1st order Base Concepts are shown:

[image: image3.png]Hyperorym Tree 15t Hyporyms | All Hyponyms | Coordinates | Alke / Unalie | Your Scope |

=80 Wi entta-1, essere 1 ente-1 [something having conorele exstence; ving of noriiving]

i essere viverte-1, ogarismo vivente 1, creaturar2 any fving enliy]

i sostanza-1, materia-T [that which has mass and occupies space; "an atom s the smallest ndivisble urit of matter’
win: potenzar1 e possessing o exercising power ofnfluence or authorly: "the mysterious presence of an evil power';
i ereazione:2 [sometfing that has been broughtinto exstence by someone]

win:testo', scitto2, seita [reading maler; anyihing expressed in leters ofthe alphabet (especially when considered fom the paintof view o syl ¢
i essere immaginaio-1 [ cresture of the imagination]

i agente-3, causa, tagione-4, molivo-1, occasione-3, cagione-1 perché: 1. pinciio’5, origine 3, geme 2 the generalive orce that provides the of
i cosa1 [an enlil that s not named specifically; I couldn' tel wht the thing was']

win: cosa2, oggetta [a norliving entiy]

wi: causar2 [any ently that causes events o happen]

wirn: corpuscolo2

e force be with you' "the

BEEEEEEEEEE




[image: image4.png]Hyperonym Tree 1st Hyponyms | All Hyponyms | Coordinates | Alike / Unaike | ‘Your Scope

=181 Wi essete viverle-1, oigarismo vivente 1, creatura 2 any fving eniiy]

wiet: piantar1, oganismo vegetale20, vegetale [3 ving organism lscking the power o locomoion]

i microrgarismor1, orgarismo-2 [any orgarism (anim o plant) of mictoscopic size]

i soggetto3

i persons- 1, individuor1, essere umano-1, uomo-4 [ human being; there was tos much for one person to do']

(8w afeno 1, exaterteste- [a form of lfe assumed o exist outsids the Eath o s atmosphere]

(80 v mastio2 [a person of animal that is markedly urwsual o deformed]

(80w animale:1, besti-1, ogarismo arimale-20 [ ving orgarism characterized by volurtary movement]
(8w singolo1,individio 2, soggetto’2 [a single rgaris]

@ v anima3

80w o1, incrocio-1 (an offspring of geneticaly dissiila patents orstock. esp offsping produced by breeding plants o animas of dierent varetes
@ wmn simie-t

@

@

@

@




One of the nodes with the highest number of hyponyms is represented by ‘living entity’:

essere vivente which is also linked to the collective noun vita (life) via an holonymy relation and to the adjective vivente (living) via a ‘be_in_state’ relation. From this node derive three of the most important taxonomies of the Italian net:

persona, individuo, uomo, essere umano (human, mortal, someone, individual, person, soul)

animale, bestia, organismo animale (fauna, creature, brute, beast, animal, animate being)

pianta, organismo vegetale, vegetale (plant, flora, plant life)

The persona (human) taxonomy contains about 4200 synsets. In our source most of these entries were un-structured since they were found under the noun persona (person) or the pronoun chi (who), according to these defining patterns:

macellaio (butcher): chi vende carne (who sells meat)

poliziotto (policeman): chi appartiene al corpo di polizia di uno stato (who belongs to the police..)

merlo (blackbird): persona sciocca (silly person)
We have tried to re-structure such entries, mainly manually or analysing these definitory patterns and we succeeded in distributing about 4000 entries on different levels of the taxonomies. In the immediate hyponymy level we find the big subset of the professions (linked to the {lavoratore} synset - a person who is employed - and subdivided into many subgroups: sellers, professionals, doctors, soldiers, the group of followers of doctrine and school of thought, athletes, inhabitants, artists, intellectuals, experts and many others). When possible, we associated to all these entries a translation to the American-English of the ILI, by means of an eq_(near_)synonym relation. When we couldn’t find an eq_(near_)synonym, we used the eq_has_hyperonym relation. For some of these entries lacking in eq_synonym links we added a suppletive eq_relation to the ILI, in order to better explain their meaning.

When possible, these main groups of hyponyms of first level have been internally structured. Let’s see, for example, part of the taxonomy of sportivo, atleta (athlet, joke), that branches into about 100 synsets at different deepness levels. For some of these nouns we also codified relations to the practised sport, for example in the case of cestista or ciclista:
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Cestista (basket player):
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Ciclista (cyclist)
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Now, in the first level hyponyms of the Human taxonomy we find only 1500 entries, in general the ones for which we could not find a hyperonym able to subclassify the general term persona. In these 1500 synsets we usually find nouns representing persons characterized only by some physical peculiarities or typical behaviours, such as for example: bello (nice, beautiful person), brutto (ugly person), bugiardo (liar), adulatore (adulator) etc.. In many cases we could not find an equivalent synonym in the ILI and a future project improvement could take into consideration the linking of all these nouns to the correspondent adjectives, by means of an eq_be_in_state relation, to better specify the quality expressed by the noun.

Also in the Animal subset we had to better restructure too flat taxonomies directly derived from the lexicographic definitions. Most of the animals had the word animale as hyperonym, often followed, in the differentia part of the definition, by a specification of their biological-taxonomical family. For example the entry of lemure (lemur) was defined as follows:

lemure: animale appartenente alla famiglia dei lemuridi (lemur: animal belonging to the Lemuride family). So our taxonomy was at the beginning structured as shown below:
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After the analysis of the definition the hierarchy earned many more levels (5) and now it appears as follows:
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Some groups which are very important for scientific classification were not so important from a lexicographic point of view so they had just a few or zero hyponyms. That is true, for example, for the chordates that include the vertebrates and others families. The vertebrates, indeed, are not defined as chordates in the dictionary, but simply as animals and there is no definition in our source showing cordato (chordate) as genus term. Only a careful analysis of the Base Concepts selected by the other partners pointed out this taxonomically fundamental node. Also in this case we decided to put cordato over the subsets of vertebrate, tunicate and cefalochordate, as shown below:
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Today a great part of the whole animal subset (about 800 synsets) has been re-structured and the definitive taxonomy is one of the deepest of the whole wordnet, with branches of ten levels. Also in this large category we could add further information introducing, for example, relations to the verbs expressing the animal sounds or the different employments that humans make of animals. We have already encoded many of these relations, but not systematically. In the future we could further develop the wordnet according to the user’s needs, adding more ‘sophisticated’ semantic relations or incrementing the number of synsets using more specific sources. 


Many 1st order concepts are not living entities, like, for example, the substances, the objects and the parts. Among the objects we can find many subdivisions, very important for the number of hyponyms and relations, like mobili (furniture), prodotti (products), vestiti (garments), instruments such as strumenti, arnesi, attrezzi, strumenti musicali, strumenti di misura, meccanismi, veicoli etc..(tools, musical instruments, measuring instruments, devices, vehicles etc..). In what follows, we give an overview of the most important and representative taxonomies we structured and the results we obtained.

One of the subset where we reached the highest number of levels per taxonomies is the vehicles one, which includes about 350 synsets, structured in subtaxonomies deriving from nodes like veicolo a motore (motor vehicle), natante (vessel, craft), velivolo (aircraft).

In the following picture we can see the taxonomical tree for cutter, a kind of vessel, in which we have reached 11 levels.
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The hierachy of vehicle belongs to the large taxonomy of strumento (instrument). This taxonomy has a few nodes for which we have also encoded role_instrument relations in order to define what the instruments are used for. The hierarchical structure allows the inheritance of the semantic information top-down, i.e. from the highest concepts to the most specific ones. Owing to this feature, each musical instrument, such as violino, pianoforte etc., receives a role_instrument relation to both the noun musica (music) and  the verb suonare (to play) assigned at higher level to the hyperonym synset {strumento, strumento musicale}.

For musical instrument we encoded many semantic relations as can be seen below.

[image: image12.png]Vaionts Lk 1L ke |

@ v w1
@ has_hyporym (87)
5@ has_bolo_member ()

s bates 1
s codofori
s rchesta
s teto1
v quateti’
v et
v sl
o lgri 1
s_mero_part (2]
v cavigiere
o corders 1
£ role_instrument (2)
v sonae, suonare |
s usica

o
8

$L7LLLLLL0D

&8




For these particular instruments we also could add two other intermediate levels, for example trying to group all the strumenti a corda (string instruments) and all the strumenti a fiato (wind instruments).

As seen above for the 1st order nouns, also the 2nd order noun taxonomies were very flat at the beginning, little meaningful and scarcely consistent. Now our tree structures are deeper and a more coherent frame has been outlined to better represent these kinds of nouns. Following Lyons (1977), we have defined 2nd order entities as those entities which “cannot be grasped, heard, seen, felt as independent physical things. They can be located in time and occur or take place rather than exist” (cf. Vossen 1999). These concepts have been firstly subdivided into two main classes including static or dynamic situations, and consequently most of these nouns derive either from the top concept stato (state) or from evento (event). As in the case of the word entità (entity), also the word evento (event) was not found to be a high top in our linguistic sources, because it is hardly ever used in our metalanguage to define other words. This was adopted at a second stage of work, when restructuring our data, given the wide range of meanings it is able to represent: human actions, natural phenomena, casual events. In the following we illustrate a few 2nd order taxonomies such as the fenomeno (phenomenon) and movimento (movement) dynamic classes.


In the phenomenon taxonomy there are 665 concepts, mostly distributed in two main branches or subtaxonomies: fenomeno naturale (natural phenomenon) and processo 1 (process) which are both further subdivided into various more specific branches such as: fenomeno atmosferico, fenomeno fisico, fenomeno geologico, processo cognitivo, processo biologico etc..The taxonomy appears widely articulated with various levels of specificity as can be seen in the following figure where the hyperonymic tree of the word pioggia (rain) is shown which is related to the top concept evento via precipitazione -> fenomeno atmosferico -> fenomeno naturale. -> fenomeno.
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As can be seen we now have six levels. Furthermore pioggia has in its turn two hyponyms acquerugiola e acquazzone placed at the last (seventh) level. In the figure another type of semantic relation codified for this concept can also be seen: the role_patient relating pioggia, acquerugiola etc. to the verbal synset  {scendere cadere venire} (precipitate, come down, fall).


Similar results have been obtained for the movimento taxonomy from which we describe the subtaxonomy of ballo (dance) which shows an important feature of our network i.e. the possibility of describing a concept from many points of view. If we consider the figure below we see that the hyperonymic tree of ballo is very complex compared with that of pioggia. Here in fact we see that the concept is related to the different hyperonyms movimento and attività artistica and the same is true for all its numerous hyponyms.
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In the three figures below it is shown how the various hyponyms of colpo (blow, stroke) have been differentiated according to the different contexts of the action. The first figure shows the hyperonym tree starting from the word sassata (blow with a stone), linked to colpo 1 which has the general meaning of  ‘hitting one thing with another’. The second figure shows the hyponyms of colpo 2 which has a more specific meaning including typical strokes relative to a few sports like tennis, basket ball etc.. Finally, in the third figure a very specific kind of stroke appears: crochet, gancio linked to colpo 6 which includes all types of fist blows.
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Besides 1st and 2nd order entities, we have distinguished 3rd order entities. To this order belongs any kind of “unobservable proposition which exists independently of time and space, which can be true or false rather than real. They can be asserted or denied, remembered or forgotten. E.g. idea, though, information, theory, plan.”. In the figure below a small part of the thirty four first level hyponyms of idea (idea) are displayed. In our wordnet this is the top concept from which all the synsets belonging to the 3rd order (1028 in all) derive, connected one to each other at different specificity levels. 
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3.5.2. Verb Taxonomies

Much manual work has been devoted to restructuring verb taxonomies, after having built them by disambiguating verb hyperonym senses. This implied performing various operations. First of all, however, we had to manually assign a hyperonym to all those synsets which still did not have it since the verb senses involved were defined in the source only by means of synonymic definitions. This was in order to avoid a multiplication of leaves and to provide a better semantic description for all the synsets in our net. In fact, the basic idea behind a structure such as a wordnet is that the meaning of each concept is defined by the relations to other concepts in the net, mainly synonymic and hyponymic relations. Secondly, we devoted much work to (re-)structuring our taxonomies at the highest levels. As said above, we distinguished two main tops indicating respectively stative situations (essere) and dynamic ones (accadere). This is a fundamental distinction accepted in all theories on verb meaning and implying important consequences both with respect to the syntactic properties of the verbs falling in one or the other subset, and with respect to the semantic preferences of the same verbs. All the verb synsets have ultimately been linked to these tops, either via various levels of hyperonymy relations or directly. In the following, a better description of the main verb taxonomic chains is provided. 


3.5.2.1 Major stative and dynamic tops and hierarchies

The top essere has about 200 direct hyponyms which have not been further grouped. In theoretical works a subdivision between permanent and non-permanent states has sometimes been indicated (which has syntactic consequences, cf. e.g. Bertinetto 1986). However the definition of two tops, under essere, grouping the relevant taxonomies seemed a too artificial operation which could not be motivated by data coming from our source. In general, in fact, we chose to adopt underspecification when no item clearly lexicalizing certain semantic features was identified in Italian. Thus, as the following figure shows, among the hyponym synsets of essere we find for example {interessare, concernere} (regard) which refers to a non-permanent state, but also {discendere, avere origine, derivare} (descend, derive) which refers to a permanent state.
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One of the most interesting stative taxonomies is the one linked to the {essere, stare, trovarsi} synset (be in a certain place or condition), which can be partially seen in the following figure.
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In this taxonomy we find many verb synsets forming pairs with similar synsets which however have a dynamic sense. Indeed, as has been noted in theoretical analyses, there are many process verbs (e.g., all the verbs indicating activities which can also be jobs) which can be used either in a dynamic or in a stative sense. The ‘basic’ sense is the dynamic one. However part of these verbs have a well established stative sense as well. This is the case with {guidare, condurre, essere a capo…} (be the leader) which has therefore been inserted in this taxonomy, while e.g. for a verb like cucinare (to cook), which can also be used in a stative sense, we have only encoded the dynamic sense, given that in Italian the state of ‘being a cook’ is not normally referred to by using this verb. In order to decide when it was necessary to encode the stative sense of the verbs under analysis we have generally relied on information coming from our main source, but we have also used the Italian Reference Corpus or some specific test frames (like e.g. What does he do? He VPs).


The top accadere has about 570 direct hyponyms. This verb synset has been manually given the status of a very high top which groups all dynamic verbs. In fact, in our source database such a grouping was not made: there were many dynamic tops whose similarity in this respect was not made clear. Since dynamicity (as opposed to stativity) determines important consequences, e.g. on the syntactic level, we decided to create this node which is however linguistically well motivated. Thus, we have linked to accadere some tops clearly indicating basic semantic components analysed in theoretical works, which had no hyperonym in our source data. These tops are e.g. causare (to cause), grouping causative verbs (partially corresponding to those verbs identified as accomplishments after Vendler 1967, but also to achievements); fare 5 (to perform an action), grouping verbs referring to telic processes (partially corresponding either to accomplishments or achievements); diventare (to become), grouping inchoative verbs (partially corresponding to Vendlerian achievements); fare 1 (to do), grouping verbs referring to atelic processes which either require an agent or are underspecified with respect to this feature (partially corresponding to activities); subire (to undergo), grouping verbs referring to processes which are necessarily non-agentive (partially corresponding to Vendlerian activities, but also to achievements). 

Causare 1 is the top indicating (either intentional or non-intentional) causation. Although in our source various synonyms for this verb sense are indicated, we decided to distinguish between a more general causative top and a hyponym sense grouping some of the verbs indicated as its synonyms. This was done to avoid the definition of first-level hyponyms which seemed too heterogeneous. Indeed, in a first version of this taxonomy, we could see first-level co-hyponyms which displayed a too different degree of generality: e.g., fare 4 (to make someone/something do something) was found at the same level of indispettire 1 (to irritate) which is of course a more specific verb sense. Thus, we have first of all distinguished between a) a situation in which a ‘causer’ makes someone/something change activity or state, indicated by the top fare 4, b) a situation in which there is (direct/indirect) causation of a physical or psychical change, indicated by the top provocare 1, and c) a situation in which there is a direct causation of a new state or condition, indicated by the top rendere 2.
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The fare 5 (to perform an action) taxonomy groups verbs indicating telic processes, i.e. processes which need to reach a final event to be said ‘completed’. Such processes may take some time to be completed (e.g., {addizionare, sommare} (make an addition)) or also have a very short duration ({schioccare} (snap)). 
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Although some theoretical works (e.g. Dowty 1979) have analysed verbs referring to telic processes (accomplishments in Vendlerian terms) as always having a causative semantic component,  fare 5 is not related to causare in our source data and we have decided to keep its taxonomy separated from that of causare 1, given that the fare 5 hyponyms seem to emphasize more the process itself than a result which these may cause. Thus, verbs found in this taxonomy are underspecified with respect to a causative component. The main semantic feature shared by these verbs is their reference to an agent performing some action displaying a terminal point. In fact, among the fare 5 hyponyms we find for instance {sparare, tirare} (fire a shot), {accennare} (nod), or {carambolare} (make a cannon), which refer to telic eventualities which are not specific with respect to the causation of ‘external’ results. Some of these verbs may have a serial reading besides the basic one: e.g., schioccare (snap) or sbadigliare (yawn) may be used either to refer to a single occurrence of the event indicated or a repeated one. In the latter case the verb takes the characteristics of an activity verb, i.e. of a verb referring to homogeneous processes. If, however, this possibility was not explicitly indicated in our source we have linked our verb synset only to fare 5.

Within the taxonomy of fare 1 (do, be engaged in an activity) we find verb synsets referring to homogeneous processes, like e.g. {trattare, lavorare} (work on, process) or {combattere, lottare, battersi, guerreggiare) (fight). 
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As has been noted in theoretical analyses, these kinds of verbs may often take a telic sense in the appropriate contexts: for instance, vangare (dig), which is a hyponym of {trattare, lavorare}, can be either used to refer to a homogeneous process (Vangò per ore. - He digged for hours) or to refer to a telic one (Vangò il terreno in un’ora. – He digged the land in a hour). However, since the basic sense for these synsets is the one related to homogeneous processes, we have grouped them under fare 1, which is the top referring to an atelic process and is underspecified with respect to the existence of an agent carrying out the process itself.

Diventare 1 is another fundamental top, grouping inchoative verbs, i.e. verbs simply referring to changes of state. A part of them can be seen in the following figure:
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These verbs refer to events which may be either puntual or durative and are underspecified with respect to agentivity. Many of them have a causative counterpart which is linked to rendere 2, which is a hyponym of causare 1. This semantic relation cannot be directly accessed by exploring internal links, but these couples of verb synsets are generally linked to the same eq_generalizations which show the diathesis alternation involved. Furthermore, an ‘indirect’ link has been created by linking the causative synset to the inchoative one by means of a CAUSE relation. For instance, rompere and rompersi which are the causative and inchoative verbs meaning to break are connected by a CAUSE relation. Furthermore, the eq_generalization link shows the alternation pattern as we can see in the following figure:
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Apart from the major tops seen above, a number of more specific verb synsets have been directly linked to accadere itself, because they had no hyperonym indicated in the source data and either we could not find a more specific hyperonym for them after careful analysis or (for time reasons) so far we have simply assigned them either to the dynamic taxonomy. Among these, there are those verbs which refer to punctual situations but do not seem to imply a clear transformation in the patient and could not be linked to diventare. An example of these verbs is incontrare (to meet) which refers to an event which, although in itself is a ‘change of state’, does not produce a clearly identifiable transformation in a patient and has no clearly identifiable hyperonym apart from accadere.

3.5.2.2. Relations encoded to indicate typical lexicalization patterns

Within EWN we have defined a very rich set of language-internal relations which can be used to encode data on language-specific lexicalization patterns (cf. Vossen 1999). Since the main goals of the project were the encoding of synonymy and hyponymy relations we only encoded these more ‘sophisticated’ relations for subsets of words, because of time limits. Thus, we chose some taxonomies containing verbs which display lexicalizations typical of Italian but not of English. These verbs could not be linked to the ILI in a satisfactory way, so we encoded various internal relations which can help clarify their meaning and, in some cases, we also added particular ILI links, indicating specific components lexicalized within the meaning of the Italian verbs.

One of the subsets which was richly provided with links is e.g. the motion subset. This has been chosen because Italian motion verbs display significant differences with respect to English ones (cf. Alonge 1994): whereas English manner-of-motion verbs always have a derived directed-motion sense (Levin and Rappaport 1991), Italian manner-of-motion verbs may refer to motion along a bounded path only in a few cases. This semantic feature has important syntactic consequences and thus it was important to clarify the difference between English and Italian not only by stating an eq_near_synonymy relation between the relevant verbs, instead of an eq_synonymy relation, but also by adding information on the components of meaning ‘involved’ in the Italian verb roots. For instance, camminare (walk) may not refer to motion along a bounded path, as is demonstrated by the impossibility of this verb occurring in a sentence such as: *Maria camminò a casa (which is instead grammatical in English: Maria walked home). Thus, we stated an eq_near_synonymy relation to the walk relevant synset in the ILI and no INVOLVED_DIRECTION relation for the Italian synset. For those manner-of-motion verbs which, instead, refer to motion along a bounded path, like e.g. correre in Maria corse a casa (Maria ran home), we encoded an INVOLVED_DIRECTION relation which tells us that these verbs refer to directed motion and can, therefore, occur in certain syntactic contexts.


Another meaning component typically lexicalized in Italian, and therefore indicated in our wordnet by means of the available relation, is the ‘instrument’ used to perform a particular action. For instance, various hyponyms of colpire (hit) indicate hittings performed using particular instruments, incorporated within the meaning of the verb itself:
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Here we see the INVOLVED_INSTRUMENT relation encoded for the verb bastonare (beat with a cane). Again this information may be useful either to infer information on semantic preferences of the verbs displaying it or on their syntactic properties, and is thus very useful for NLP applications.


When no eq_near_synonymy relation could be encoded between the Italian concept and concepts in the ILI, and only eq_hyperonymy was encoded at first, we also encoded, in some cases, other equivalent relations which can help understand correctly the meaning of the Italian verb (due to time reasons this work has been done only for small subsets of verbs, but could be refined in the future). This has been done e.g. for the hyponyms of togliere 1 (remove) which were often found to have no direct correspondent in English. For instance, decotinizzare (take away nicotine) is one of these verbs:
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These kinds of relations have also been encoded for hyponyms of rendere 2 (make someone/something to become), and for verbs in other subsets but not extensively so far.
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� Within this document we are providing only some basic information on the structure of the EWN database, the relations encoded between synsets and other issues regarding the whole work carried out within the research project aimed at building the multilingual database. More detailed information of this kind can be found in the EuroWordNet General Document (Vossen 1999), provided together with the general EWN CD-ROM.


� This seems due both to the nature of 2nd order word meanings and to the way in which WN1.5 on one hand and our database on the other are built. E.g., whereas WN1.5 presents very granular sense distinctions, in our database there is not the over-differentiation of meanings found in WN. Then, our ontology does not contain, as WN does, artificial nodes, but only lexicalized concepts. Finally, our hierarchies, which were at the beginning very flat, have been heavily re-structured, but the highest nodes of taxonomies have been often organized differently to WN1.5 either because of the kind of data we find in our source, or because of theoretical assumptions we adopted. Thus, hyperonymy in our wordnet is often stated differently with respect to WN1.5.
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