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Centre for Language Technology (Center for SprogTeknologi, CST) is running a national project with the aim to develop a large size Danish lexicon for natural language processing, including commercial language technology products and computational linguistic research purposes. The short name for the project is STO, which stands for SprogTeknologisk Ordbase in Danish (i.e. Lexical Database for Language Technology). CST is a Danish government research institute under the Ministry of Science, Technology and Innovation. Its mission is to carry out and promote strategic research and commercial development in the fields of language technology and computational linguistics. The project gets funding from the ministry for a period of three years, finishing at the end of  February 2004.

Project objectives

The objective of the STO project is the development of a computational lexicon of Danish for a broad practical application area. Language industry and research into computational linguistics often experience the lack of a large-scale comprehensive lexicon that appears to be a bottleneck problem for most applications. In particular, for less widely spoken languages such as Danish it is essential to develop some multipurpose and flexible language resources in order to optimise the cost/benefit ratio. 

In this sense the lexicon being developed in STO will serve as a basic lexical data collection from which various dedicated lexicon modules can be derived for particular applications, such as lemmatisers, inflection analyser/generators, shallow parsers or Danish modules for MT systems. 
Current project structure

CST started the project and is responsible for the project management and the co-ordination of work. Further, various central tasks such as software development, elaboration of linguistic specifications and setting up guidelines for encoding the lexicon are carried out at CST. The co-operating project members are affiliated to three different institutes, one being located at the University of Copenhagen, another at the Copenhagen Business School and a third one at the University of Southern Denmark. The project members (16 part-timers in number) have rather different professional skills within the area - such as theoretical linguistics, terminology, lexicology, corpus linguistics, computational lexicography and linguistics, and database knowledge.

Background and project tasks 
The Danish STO project greatly benefits from the experience acquired in the multi-lingual LE-PAROLE (1996-98) and LE-SIMPLE (1998-2000) projects, as regards the model, descriptive language and methodology of linguistic description. Also the lexicon material, which was developed at CST within the framework of these projects, is integrated into the STO lexicon. Although this material provided us with a well-established basis, considerable work had to be carried out beside the enlargement of the vocabulary. Main tasks were elaboration of comprehensive linguistic specifications, tailoring the format and structure of lexicon entries, establishment of firm guidelines for lemma selection and encoding, compiling corpuses of domains for language for specific purposes (LSP), etc. Also a number of re-usable tools were developed for corpus lemmatisation and effective encoding of linguistic features. 
About the coverage of STO

The agreement with the ministry stipulated that the size of STO will be 45,000 entry words fully described with morphological and syntactic information on all parts-of speech. Thereof 30,000 belong to the general language, mainly as used in newspapers. The rest (15,000) is made up of entry words from six different domains of LSP - namely IT, health, administration, environment, commerce and finance. The corpuses have been collected from the web using an onomasiological structure of the domain in question for identification of relevant sites and searching relevant texts. The texts selected reflect present-day communications from experts to layman. The selection of these domains and texts is based on their close relatedness to people’s everyday life and the fact that the vocabulary covered is frequently used together with general language words. The objective is to ensure a good coherence in the coverage of the lexicon. It is assumed that also domain languages will be included in the coverage required in all-round LT applications to come.  
During the project development we realised the need for a substantially larger number of general language words with exhaustive morphological description being especially useful for recognition purposes. Therefore, we increased substantially this part of the lexicon being now twice as large as originally planned.

Linguistic features in STO
The project is mainly concerned with the formalised representation of existing linguistic knowledge for computational use, e.g. the treatment of inflectional morphology, noun compounding or syntactic constructions. In order to prepare the lexicon for a broad utilisation within natural language processing and related applications, we are keeping also an eye on upcoming national and international standards for language resources, esp. lexicons. It is important to ensure to the highest possible degree that the Danish STO lexicon follows the tendencies of standardisation e.g. to facilitate a future linking with other lexicons in large multi-lingual lexical databases.   

The linguistic information content of the lexicon is organised into three independent but coherently linked layers, namely the morphological, syntactic and semantic layer. The full linguistic description of a lemma is structured according to these three layers and it can be obtained as a whole, like a dictionary article, by accessing the whole set of descriptive units linked to the lemma in question. In general, NLP applications demand explicit and very detailed linguistic descriptions; STO meets this demand by consisting of well-defined pieces and structures of information.
At the morphological level the main information given about a lemma concerns its part-of-speech, inflectional features and for nouns compounding is included too. All spelling and inflectional variants are registered in order to ensure proper recognition. On the other hand, all variants are also provided with information about whether the variant is approved by the Official Danish Spelling Dictionary (Retskrivningsordbogen) or not, which ensures the generation of proper forms only. Of course, obvious misspellings, etc. are left out. 
As regards the syntactic behaviour of lemmas, we record all syntactic patterns based on evidence and frequency in the corpus. In STO, especially verbs have rich syntactic combinatory features where the possible syntactic functions and phrase structures governed by a verb are registered. STO also accounts for the syntactic features of adverbs using the same description method as for adjectives, nouns and verbs which is quite unusual in NLP lexicons. A PhD project of which the aim is to find a method to describe the lexical syntactic properties of Danish adverbs in a computational lexicon, is running in parallel with STO, and the results are going to be implemented in the lexicon. This goes for both the general and domain language vocabulary, and this makes the STO lexicon a particularly valuable resource, since these kinds of information are normally not provided in traditional domain language dictionaries. 

In the STO lexicon the semantic description is provided at three different levels. The most detailed level of semantic description (level 3) corresponds to the information types provided in the SIMPLE project including ontological typing, domain information, semantic relations in terms of qualia structure, argument structure, event structure and selectional restrictions. 

As regards the domain languages, lemmas belonging to the five of them are provided with basic domain information (level 1). In between these two levels, we defined a lean semantic description (level 2) for test purposes, providing information about sub-senses and ontological relationship of the lemma, in addition to the specification of domain. The health domain serves as test vocabulary for level 2 semantics.
Application areas right now and ahead
The STO material is, at its current stage, already being used in a number of projects and applications. Typical uses include a search engine for content based information retrieval content-based information retrieval OntoQuery), a Treebank of Danish, a morphological generator for Danish nouns, a tagger and a lemmatiser for Danish. An obvious way to turn the material to account will be an integration of the lexicon into a machine translation system with Danish as one of the languages. Further application areas such as teaching Danish as foreign language (grammar and spelling checkers) are evident too.
Project status and perspectives

The STO project is now in its last phase. For people being able to read Danish, it is possible to get some idea of the material by visiting the homepage of CST www.cst.dk/defisto. It is the first version of an internet-based user interface accessing a part of the STO lexicon. It is possible to browse and search for morphological and syntactic information, and also corpus evidence of the key word. An English version of the user guidelines is also under development. 

Although the current version of the STO lexicon contains a large amount of data there are still a number of relevant tasks to cope with, not only as regards increasing of the lexical coverage. An extension e.g. with pronunciation is desirable and would be feasible. We are faced with the challenge of semantics – the capturing of semantic features and sub-categorisation rules is one of the most important outstanding points on our list. On the methodology side, we aim at automating several processes to a higher degree, such as domain ontology building, lexical profiling from corpus data, statistically based lemma selection procedures, etc.  
