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Introduction

The NooJ project aims at constructing a large-coverage formalized description of natural languages. The project has two parts: (1) to represent the standard vocabulary of languages and (2) to describe how to combine the elements of the vocabulary in order to construct phrases, sentences and, more generally, to carry complex meaning. The vocabulary is a finite set of units called Atomic Linguistic Units (or ALUs) and is represented by an Electronic Dictionary.

Several Electronic Dictionaries exist for the French vocabulary. For example, the Lexicon-Grammar of Verbs, developed at the LADL laboratory (Laboratoire d'Automatique Documentaire et Linguistique), describes the syntactic properties of over 12,000 verbs of the standard French vocabulary. Entries that share a number of properties are grouped into tables; for instance, intransitive verbs (structure N0 V) are stored in tables 31x, direct transitive verbs (structure N0 V N1) are stored in tables 4, 6 et 32x, etc. 2 Following the same model, other elements of the vocabulary have been described: there are Lexicon-Grammar tables for adjectives, adverbs, conjunctions, support-verbs and frozen expressions, and there are also Lexicon-Grammar tables for languages other than French 3 . Lexicon-Grammars are exhaustive and very precise. However they are not autonomous linguistic resources, so automatic parsers cannot use them to perform any type of linguistic analysis. In particular, Lexicon-Grammars do not contain the minimal orthographical or morphological information 4 necessary to perform even a basic lexical analysis of texts. The LADL also developed the DELA 5 system of Electronic Dictionaries, which has been used successfully to parse large corpora of texts 6 . The DELA covers the standard vocabulary, but it only contains morphological information, more precisely, inflectional morphology 7 .

The DELA system of dictionaries

The DELA has been designed to list all the elements of the French standard vocabulary and describe their inflectional morphology. Its main components are:

-The DELAS dictionary that describes the inflection of simple words.

-The DELAC dictionary that describes the inflection of multiword units.

In these two electronic dictionaries, each lexical entry is associated with a series of codes that represent its morpho-syntactic properties. For instance, the following is a typical lexical entry from the DELAS 8 (cf. Courtois, 1990):

abaisser,V3+tr+z1

The lexical entry abaisser (= to lower something) is a verb (code V) that conjugates according to paradigm V3 (same paradigm as aimer); it is a transitive verb (+tr) and it belongs to basic French vocabulary (+z1). The DELAS dictionary contains approximately 130,000 entries. Following is a lexical entry from the DELAC (cf. Silberztein 1990):

4 Several tables of the lexicon-grammar contain verbs that are semantically similar, but they also contain verbs that have very different meanings. (Courtois, 1990) poses the problem of merging the DELAS and the lexicon-grammar; (Silberztein 1990) integrated in the DELAC dictionary a list of adverbs described in several lexicon-grammar tables, but these projects have not been pursued. 5 Cf. (Courtois, Silberztein Ed. 1990). 6 Cf. (Silberztein 1993). 7 There are other electronic dictionaries that are similar to the DELA dictionary. In particular, the DM dictionary, included in NooJ, combines lexical entries from the DELAS and from the Morphalou dictionaries, cf. (Trouilleux 2012). 8 Blandine Courtois constructed the DELAS dictionary (Dictionnaire Electronique du LADL pour les mots Simples), with some help from Jean Dubois.

pomme de terre,N+NDN+Conc+z1

The lexical entry pomme de terre (= potato) is a noun (code N); its structure is NDN (Noun de Noun). It represents a concrete noun (+Conc) and belongs to the basic French vocabulary (+z1). The DELAC dictionary contains over 300,000 lexical entries; most of them are compound nouns. Thanks to the description of the inflectional paradigm of each entry in the DELAS and the DELAC, the INTEX software9 could automatically produce the list of all the corresponding forms for each entry of these two dictionaries: the DELAF contains the list of all the inflected forms that correspond to entries of the DELAS dictionary, whereas the DELACF contains the list of all the inflected forms that correspond to DELAC dictionary entries. The DELA system of electronic dictionaries still constitutes, over twenty years later, a reference among the electronic dictionaries used by NLP applications. However, it does not answer some of the requirements of the NooJ linguistic project.

From the DELA to NooJ

The first problem with the DELA is that it was not designed to be an autonomous linguistic resource, but rather to complement the Lexicon-Grammars. But these two databases cannot be merged, as they describe lexical entries and properties that are not comparable. For instance, in the DELAS dictionary, there are two lexical entries for the verb voler:

voler,V3 voler,V3U

The inflectional code V3 is used to produce all the conjugated forms of the verb voler, including the four forms of the past participle volé, volée, volés, volées (e.g. in Les fleurs que tu as volées). The code V3U is used to produce only one form for the past participle: volé (e.g. L'avion a volé au dessus de la Sibérie). The lexical entry associated with the code V3 corresponds to three entries of the Lexicon-Grammar:

Luc vole un cendrier à Marie. Le commerçant vole Luc de 10 euros.

Tu ne l'as pas volée !

The lexical entry associated with the code V3U corresponds to two other entries of the Lexicon-Grammar: L'avion vole vers Paris. La porte vole en éclats.

Two lexical entries in the DELAS correspond to five lexical entries in the Lexicon-Grammar. This situation is general for all levels of the linguistic description. For instance, the DELAS dictionary contains over 1,000 artefacts that are components of multiword units, which are listed independently in the DELAC dictionary (such as "parce" in parce que). Some entries of the DELAC are also listed in Lexicon-Grammar tables for adverbs as well as tables for conjunctions, but there is no way to know if they represent the same ALU, or if they represent different meanings, i.e. different ALUs. There is no direct way to connect frozen expressions listed in the Lexicon-Grammar to their components listed in a DELA-type dictionary, etc.

The NooJ project needs a new type of electronic dictionaries, the goal of which is to formalize the vocabulary of the language exhaustively. In order to formalise the vocabulary of a language, we need an electronic dictionary in which (1) all ALUs (simple words, multiword units and expressions) are described in a unified way, (2) there is an explicit link between all orthographical, morphological, syntactic and semantic properties for each lexical entry, and (3) there is an equivalence between ALUs and lexical entries such as one ALU = one lexical entry. NooJ provides linguists with the formal tools and methodology necessary for this formalisation. The dictionaries DEM (Dictionnaire Electronique des Mots) 10 and LVF (Les Verbes Français) 11 from Dubois & Dubois-Charlier could become the basis of an ideal electronic dictionary for NooJ. 12

The DEM dictionary

The DEM dictionary (Dictionnaire Électronique des Mots) contains 145,135 entries in all morpho-syntactic categories. Note that, as opposed to the DELA or the Lexicon-Grammar dictionaries, CAT may have more than one value, for instance when one ALU can be used both as a Noun and as an Adjective, e.g. artiste. This possibility is crucial if we want to satisfy the constraint "1 ALU = 1 lexical entry". The SENSE, DOMAIN and SCLASS properties ensure that we always have "1 ALU= 1 lexical entry".

The LVF Dictionary

The LVF dictionary (Les Verbes Français) contains 25,609 verbal entries. 13 I translate each property code in English for better clarity.

The LVF dictionary

Each entry of the LVF dictionary is associated with the 10 properties, including: The fact that each verbal entry is associated with inflectional, derivational, syntactic and semantic information imposes the use of various processing tools, which is compatible with the NooJ approach, but not with "monoformalism" approaches. Here is for instance a lexical entry for the NooJ dictionary based on the DEM and LVF dictionaries: abaisser, V+SENSE=01+DOMAIN=LOC+AUX=AVOIR+FLX=CHANTER +SCLASS=T3c+T1308+P3008+LEVEL=2+DRV=BASE1 +DRV=ABLE+DRV=MENT+DRV=EUR+OPER="r/d bas qc" abaisser is a verb (V); the lexical entry corresponds to sense #1 (SENSE=01); its semantic domain is "Locative" (DOMAIN=LOC); its semantic class is "T3c"; its semantic analysis is "r/d bas qc" (= "make something low"). The verb is conjugated according to the paradigm "CHANTER" and is conjugated with auxiliary verb avoir (AUX=AVOIR). It accepts the two following syntactic structures: T3108 (Human Subject + Verb + Non-animated Object + Instrumental Complement) and P3008 (Non-animated Subject + Pronominal Verb + Instrumental Complement). The verb accepts three derivations: the adjective abaissable (DRV=ABLE), the noun abaissement (DRV=MENT) and the noun abaisseur (DRV=EUR). The verb is associated with the base noun abaisse. It belongs to the basic French vocabulary (LEXI=2).

SENSE

The reader will appreciate the huge qualitative difference with the DELA dictionaries. As an example, I now present how I used the STRUCTURE syntactic property in the LVF 14 to construct a new type of search engine capable of finding specific meanings for a given verb.

The STRUCTURE property

Each of the lexical entries of the LVF dictionary is associated with one or more syntactic structures, among 318 different ones 15 , that I have described using four generic grammars: A (intransitive structure), N (indirect transitive structure), P (pronominal structure), and T (direct transitive structure). Each of the A, N, P and T structures has been implemented by a corresponding NooJ grammar.

Remember that when a verb has more than one meaning, each of its meanings is listed as a separate entry, and is associated with its syntactic structures. For instance, consider the five senses for the verb abriter as described in the LVF dictionary: abriter #1 (T11b8, P10b8): Luc abrite Léa de la pluie avec son parapluie = Luc protects Lea from the rain with his umbrella abriter #2 (T1101, P1001): Luc abrite des réfugiés chez lui = Luc gives shelter to refugees 14 (Silberztein 2010) presents a more detailed description of the process of adapting the LVF dictionary so that NooJ parsers can process its information. 15 (François, Le Pesant, Leeman 2007) presents the semantic classification of the LVF dictionary in detail. Thanks to the LVF dictionary as well as the four grammars A, N, P and T, NooJ can extract all the sentences from a corpus of texts that contain a specific structure for a given verb, and hence identify its specific meaning.

For instance, by applying grammar T to a corpus constituted by over 7,000 articles of the newspaper Le Monde diplomatique, NooJ produces the following concordance:

Occurrences of the verb abriter used in a direct transitive structure

We find occurrences of sense #3 of the verb abriter, whereas senses #1, #2 and #5 are excluded since they require prepositional complements that are not present in the sentences 16 . In the same way, if we apply grammar P, NooJ produces the following concordance:

Occurrences of the verb abriter in a pronominal structure Here, we find occurrences of sense #2, whereas senses #1 and senses 4 are excluded because there is no complement introduced by the preposition de. Therefore, NooJ can extract sentences from a corpus of texts that contain a specific meaning for a verb: no other search engine or linguistic corpus processor can perform this type of operation. This application constitutes qualitative progress in corpus linguistics.

Distribution Selection

The STRUCTURE code includes the distributional class of each verb argument. For instance, the two first digits correspond to the subject and to the object complement of the verb: "1" = Human; "3" = Thing. The last character corresponds to the specific adverbial complement (the "circonstant"): "0" = no complement, "1" = locative complement, "8" = instrumental complement. The distributional selection described in the LVF dictionary is useful in order to distinguish between different meanings of a given verb, and they can be used to link verbs to the nouns that are described in the DEM dictionary. For instance, in order to distinguish between sense #2 and sense #3 of the verb abriter, we can use the fact that sense #2 requires a Human subject, whereas sense #3 requires a locative subject. However, adding distribution selection constraints in the four generic grammars would stop NooJ from finding a number of occurrences for each meaning, for several reasons:

-Metonymies (which are frequent) would be systematically rejected. For instance, the French word ambassade (= embassy) is described in the DEM dictionary as a non-human noun. In consequence, sentences such as The embassy invited the Prime Minister would not be recognized, since the word embassy here plays the role of a Human noun.

-More generally, a large number of noun phrases that are "lexically nonhuman" in fact play the role of humans in certain contexts. For instance, the sentence Luc achète le silence du fonctionnaire (= Luc buys the government employee's silence) is associated with the structure T1106 (object complement = Human); however the noun silence cannot be described as Human in the DEM dictionary. Inversely, a number of human noun phrases can acquire the function of a thing, depending on their context. For instance, sense #1 of the verb agacer in Ces nouvelles agacent Luc (= this news bothers Luc) is associated with the structure code T3100 (subject = thing). But it is totally possible to have a human noun as a subject in this sentence 17 , e.g. in Léa agace Luc (= Lea bothers Luc). In other words, it is possible to use the distribution selection information provided in the LVF dictionary, linked with the corresponding distributional class described in the DEM dictionary: the resulting concordance would be more precise, but at the expense of a much lower recall. I believe that this is still the right approach: sentences that have been "rightfully" rejected by the Nooj grammars should be the objects of some linguistic computation capable of solving metonymies and metaphors.

Conclusion

Our first experiments show how rich the DEM and the LVF dictionaries are. Using the information stored in these two dictionaries can greatly enhance the precision of NLP software applications, by shifting from "word-based" to "sense-aware" search engines. Transforming and enriching these two dictionaries in order to construct the electronic dictionary that will formalise the French vocabulary would probably take several years for a small team of linguists:

-We will need to fully merge these two dictionaries. Most verbs described in the DEM are also described in the LVF; some verbs in DEM are not described in the LVF dictionary. A number of nouns and adjectives are represented both as independent entries in the DEM and as derived from a verbal entry in the LVF.

-The entries of the DEM dictionary have no inflectional or derivational description. We will have to add both descriptions.

-Several codes in the DEM and LVF dictionaries encode combinations of properties that must be properly untangled and formalized. For instance, property CAT in the DEM represents three types of information: the morpho-syntactic category (e.g. Noun), the gender (e.g. feminine) and the semantic class (e.g. Human) 18 . -We will need to add to these dictionaries' multiword units, frozen expressions as well as Support Verb/Predicative Noun combinations 19 .

18 I have refined the inflectional description of the LVF dictionary because certain conjugation paradigms of LVF had to be separated into several different NooJ paradigms; conversely, several different conjugation paradigms could be unified thanks to the use of NooJ "intelligent" morphological operators, cf. (Silberztein 2010b). Paradigms in LVF did not take defective or impersonal conjugations into account: I had to add the corresponding paradigms in NooJ. 19 A large number of frozen expressions and Support verb/Predicative nouns combinations have been listed and described in Lexicon-Grammars, but, here too, 
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  : each meaning is represented as a different lexical entry DOMAIN: semantic domain for the verb. OPER: Semantic prototypical scheme of the verb. SCLASS: semantic class of the verb. CONJUGATION: the conjugation paradigm for the verb. STRUCTURE: one or more syntactic structures for the verb. DERIVATION: potential derivational paradigms for the verb.

  abriter #3 (T3100): Cet immeuble abrite les services du Ministère de l'éducation = This building hosts the Minister of Education abriter #4 (P10b1): Luc s'abrite des ennuis derrière Léa = Luc hides from trouble behind Léa abriter #5 (T13b8): Luc abrite le port des vagues avec des digues = Luc shields the harbour from the waves with a seawall

  

  Investigationes, E. Laporte, C. Leclère, M. Piot, M. Silberztein Eds. pp. 589-600. -, 2005. NooJ Dictionaries. In Proceedings of the 2 nd Language and Technology Conference. Poznan. -, 2010. La formalisation du dictionnaire LVF avec NooJ et ses applications pour l'analyse automatique de corpus. In Théorie, empirie, exploitation : l'exemple des travaux de Jean Dubois sur les verbes français. Langages n° 179-180, Danielle Leeman, Paul Sabatier Eds. Trouilleux François, 2012. A New French Dictionary for NooJ : le DM. In Selected papers from the 2011 International NooJ Conference. Cambridge Scholar Publishing : Newcastle.
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[START_REF] Christian | Organisation du lexique-grammaire des verbes français[END_REF] presents the classification of the verbs in the Lexicon-Grammar.

(Leclère 1998) lists works on various lexicon-grammars.

Cf. http://intex.univ-fcomte.fr.(Silberztein 1993) presents the DELA and the INTEX software. INTEX has been used as a linguistic tool as well as the linguistic engine of several Natural Linguistic Processing software applications, cf. for instance(Fairon Ed. 1999).

The N, P and T grammars contain the same reference to prepositional noun phrases. In the original LVF dictionary, the "b" character in structure codes T11b8 and P10b8 represents the de preposition.

[START_REF] Gross | Méthodes en syntaxe[END_REF] uses the "unrestricted" category to describe complements that can accept any noun, such as the subject of sentence: (Luc | This country | The table | The dog | This event | The rain | The fact that she came) bothers Lea.