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1 The XML Family

XML (eXtensible Markup Language) (Bray et al. 2000) is an international standard for representation and interchange of data. It presents a powerful instrument enabling general markup of all forms of a structure, mutual references and multilevel structure hierarchies.

The XML language, oriented primarily to the area of World Wide Web applications, is a simplified dialect of SGML (Standard Generalised Markup Language). Consequently, it is theoretically weaker than SGML in some aspects. However, thanks to dozens of connected technologies enabling document transformations, definitions of constraints, structure validation, and pointers within one document as well as inter-document mutual references (see below), XML is an appropriate tool allowing to keep in touch with the extreme speed of progress in the field of information technology.

Users can piggyback many existing mechanisms for data access and manipulation when working with lexical databases in the XML format. We will speak about a family of XML standards. XML is a markup language in the base form and so it allows the identification of text elements, hierarchical structure and references. The structure of XML encoded documents is described by DTD (Document Type Definition) occurring already in the SGML standard. DTD defines generalised structure rules and determines what is permitted in each particular document encoding.

The merits of document validation offered by DTD are extended by the XML Schema definition language (Thompson et al. 2001, Biron, Malhotra 2001). It provides the way to restrict and document the meaning, usage and relations of particular parts of XML documents. Default values of attributes and elements can be specified, for example. From the conceptional point of view, the definition of XML Schema can be considered as an abstract data model of the described document class (Ide 2000).

Other members of the “XML family” are stylesheet languages XSL (eXtensible Stylesheet Language) (Adler et al. 2000) and XSLT (eXtensible Stylesheet Language for Transformations) (Clark 1999, Clark 2001). Stylesheet determines what action will be accomplished if the given condition is fulfilled. XSLT processors work with XML documents represented by tree structures and transform them to an arbitrary other format by means of information selections, re-arrangements and additions. The XSLT language supports the selection of the element content or its parts from one or more XML documents and the transformations of content as well as names of elements.

An efficient query mechanism is absolutely indispensable to access the content of large collections of XML documents. Several XML query languages have been proposed to the World Wide Web Consortium (W3C) in last few years. The most popular is probably XQuery (XML Query Language) (Chamberlin et al. 2001) able to specify complex queries in a human-readable form (an alternative representation appropriate for automatic processing –  XqueryX – complies with the XML syntax.)

Several definition standards for references between XML documents have been designed too. The basic mechanism of XLink (DeRose 2001a) accepts the interconnection between two or more sources or their parts. XPath (XML Path Language) (Clark and DeRose 1999) extends the syntax by predicates manipulating character strings, so that particular parts of elements can be referenced. The Xpointer (DeRose 2001b) standard is even more elaborated as it supplements range addressing, pattern matching for information finding and the usage of expressions in references as identifiers of document parts.

In spite of all mentioned advantages, a scepticism in a relation to the XML world survives to these days, when users have to solve the fundamental questions whether a transformation of existing sources will pay back. This attitude is certainly influenced by history when technologies connected with the SGML standard were considered, not irrationally, as too expensive. Well paid providers of software worked for state departments (especially the U.S. Department of Defence), huge companies as Boeing (most of their documentation is in the SGML format), big insurance companies and large publisher houses, and middle-sized and small companies were not able to take advantage of well structured document formats. The acronym SGML was, not gratuitously, interpreted as “Sounds Great! Maybe Later!” in that time.

This situation changed considerably when the XML format has come and has been massively popularised and this positive trend incessantly continues. The XML format is widely supported, there are very many commercial as well as non-commercial programs working with XML. The recent versions of the most common World Wide Web browsers support the format. Meanwhile, everything gives evidence of the favourable position and merits of XML technologies in many areas of information technology. Thus, it would not be reasonable to reject the offered capabilities for the domain of lexical data representation and interchange.

2 XML Lexical Database Management System

The previous section has brought just a short overview of immense potential of the XML language and related technologies. It is evident that lexical databases can benefit from these abilities if they would find a correct place in “the XML world”. However, a key question emerges immediately – how to store and retrieve lexical data in XML efficiently. The following text offers an answer.

There are several ways how to store lexical data in XML. Relational database management systems (RDBMS) play a crucial role in the storage of richly structured data. The main advantage of RDBMS is their maturity and almost three decades of experience with them. However, standard relational databases are not particularly suitable for manipulating data in general XML format, e.g. semantic network data in XML. Although methods transforming XML documents into the form of relation database records exist, the efficiency of retrieval can be lost in the process of mapping XML elements to the sets of relational tables.

Main discrepancies between relational databases world and “XML family” are summarised in (Chamberlin  et al. 2001):

· Data is organised in a 3-level hierarchy: table, record, and field.

· The order of records in a table, and that of fields in a record, is not part of the information, and may be modified or discarded by the database at any time. 

· Fields have no internal structure that the database “knows about”: they are atomic units, typically of very concrete types such as integer, date, and string (plus perhaps blobs that the database can maintain, though not understand). 

· There is no notion of “distance” between data objects.

The last reason, which influenced our final decision about the management system, has been the availability of RDBMS. Non-commercial database systems still lack a support of XML and fulltext-search features. And we believe that it is not acceptable to limit the access to those users who own an expensive database technology. The large popularity of WordNet has been, among other, brought about by the wide, free and easy access to the whole database.

To survey our requirements in addition to the essential need for a very efficient storage and retrieval we can state:

· non-commercial license (at least the essential parts under an open-source license, e.g. the GNU Public License);

· open system, able to integrate with other applications, future development;

· multiplatform, especially clients should be provided in OS independent languages, e.g. in Java.

All these considerations led us to the decision to implement a system specialised on the efficient storage and retrieval of lexical databases. The system is called MAXXL and originated as a practical output of Master thesis at the Faculty of Informatics, Masaryk University in Brno, Czech Republic (Karasek 2000).

The system takes full advantage of the client/server architecture. The server part manages data storage and retrieval, clients mediate the communication with users, query definition and a presentation of answers.

Several programming tools have been employed in the implementation of MAXXL. All the code is written in C++ with interfaces to other languages (Perl, Python, Java). A special attention has been paid to the object oriented design – abstract classes, inheritance and polymorphism play a crucial role in the unified access to all the objects. The technique of data streams allows then an abstraction of source; an operation is the same whether read from text file, string, or socket. The use of STL (Standard Template Library), which contains an efficient implementation of basic data structures has also proved to be a good decision.

MAXXL is designed as an open system, new modules can easily be added. The basic characteristic of the system is also its total independence on any particular structure of XML. The processing is based on a given DTD and indexes for an efficient retrieval are generated based on additional information about individual element types. The most important information is an identification of primary key element.

MAXXL defines three core classes that are assigned to elements of stored XML (Karasek 2000):

· CAhead serves as an identification of primary key of a given lexical database entry (e.g. ILI – Inter Lingual Index – in EuroWordNet databases). It has to be unique over the all set of entries because the number assigned to this key by the lexicon is used as an identifier for the binary storage and the query evaluation.

· CAplain is assigned to the simplest elements – leaves in the XML tree, so that it also cannot include other elements. In the XML, the type #PCDATA corresponds to CAplain.

· CAwrap is an essential class to take hold of tree structure as it allows another CAwrap class to be its descendant. Internal representation is based on the list of pointers.

The assignment of the above mentioned classes to elements of a source XML is given by a definition file. MAXXL provides a simple tool that tries to guess types of all elements from a given sample of data. Users can modify the output from this tool to achieve exact match of the intended structure. All these steps can be replaced by a direct extraction of required information from the XML Schema definition if it is provided for the source data.

Lexical database in MAXXL is a set of XML documents. These documents can use various character encodings so that the problems associated with the usage of all different alphabets can be solved. MAXXL accepts data represented in the UNICODE format, UTF-8 coding (128 characters encoded in 1 byte – ASCII, 1920 characters in 2 bytes – all Czech characters, Greek, Hebrew, …, 63488 characters in 3 bytes – Chinese, Japan, 4,5,6 bytes codes still unassigned). Consequently, it is able to process XML data from different languages at the same time.

There are two ways of querying MAXXL. The first one takes advantage of XML as its basic model. The access to the data is provided by the standard mechanism of the XSL transformation, XSLT is used as a query language. The result of a query is then usually a set of XML nodes that can be wrapped by a root element to create a well-formed XML document. This method suffices only for small lexical databases. The fast, compact and portable XML toolkit sablotron (Kaiser 2001) has been integrated as a XSL processor in our experiments.

The more robust approach to the querying is the MAXXL native query mechanism. The system defines its own query language, which is specially tailored to reflect the needs of lexical databases. The result of a query takes the form of a sequence of XML elements or a sequence of simple words. Operators of exact match, prefix searching and general substring localisation are provided. Very efficient Karp-Rabin algorithm is employed for these tasks.

MAXXL takes into account the need of morphological expansion of some queries in various languages. The system offers a mechanism for an integration of morphological analysers. This process tells which of the following three operations are implemented by the given analyser:

· expand – generates all word forms and adds it to a list;

· stem – replaces the given word by its base form;

· patt – replaces a given word by its pattern that can be defined arbitrarily.

The system also provides a direct connection to the corpus management system Manatee designed and implemented at our faculty (Rychly 2000). It reflects the need for authentic language in current linguistics. This tool enables a KWIC (keyword in context) classification according to semantic similarity of words in neighbourhood of the searched expression.

MAXXL has been implemented and is available under the GNU Public License. It will be massively used in the work on the Czech part of Balkanet project, in the process of up-translation of the machine-readable version of the Dictionary of the Literal Czech Language (SSJC) and in several others tasks. 

3 Future Directions – Regular Polysemy and Derivational Morphology Paradigms in MAXXL

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

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

· tree species for the type of wood

· tree species for fruit

· plant for flower

· plant for food

· animal for fur or hide

· animal for food

· organisation for  building

· material for product

· container for quantity (volume)

· container for contained

· possessor for possessed 

· represented for representative

· whole for part

· part for whole

· place for institution

· composer for music by same

· food for person ordering same

· collection for facility

· proper names for companies for their product

· personal names of people for properties 

· plural of mass nouns for portions or kinds

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

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

· diminutives (dům/house – domek/small house – domeček/tiny house, the house I like)

· aspectual relations of verbs (říci/tell – říkat/tell all the time)

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

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

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

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

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

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

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

Conclusion

The topic discussed in this paper concerns the issue of XML lexical database management system and its specific submodul dealing with lexical rules. We come to the conclusion that the XML format is definitely the appropriate form for data representation and interchange. The implementation of XML export and import features is probably the best way how to share linguistic data. The presented system goes one step further and processes data directly in XML. This approach offers an open architecture, easy integration with other applications and future extensions. It also allows to combine the advantages of wordnet-like networks with the system that will integrate lexical rules for regular polysemy and derivational morphology paradigms. The system will be intensely exploited within the Balkanet project, at least in its Czech part. 
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