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Abstract. This work presents an architecture to federate pre-existing Documental Databases with documents written in different languages. A user will be able to ask queries to all the federated documental databases using a unique and friendly user interface that will be generated in the language she chooses (among the available ones in the system). The query will be executed over all the relevant databases in the system no matter which language their documents are written in. The query will be automatically translated if it is necessary. 
The system uses ontologies to integrate the different database schemas, and it also includes three dictionaries. The first one stores the names of the concepts and some of the possible values for some of those concepts in all the languages present in the system. The second one stores the skeleton of sentences the user will use to express the query. The third one stores the directions, texts, etc. of the user interface. 
The architecture described in this paper uses ontologies not only to represent the global schema but also to guide the execution of software modules in the system. Therefore, when a new Digital Library is added to the federation, there is no need to rewrite any code, but only to modify the ontologies and maybe the dictionaries (only if a new Digital Library has documents in a language not yet included in the system). This is possible because of the User Interface Generator, which is a module that generates the user interface code (HTML and Java) every time a user accesses the system. Likewise, ontologies guide the execution of other modules in the system. 
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1   Introduction 
Europe, which we consider to be our future common homeland, is not a monolingual and monocultural entity. It is a large jigsaw of languages and cultures that means a cultural richness that is necessary to preserve. 
Within the European Union, there are more than 50 autochthonous languages in everyday use, even when only 11 are official languages. All the European Union’s members have at least one autochthonous linguistic community which differs from the majority of the State and has its own distinct language (or languages) and identity [15]. Among the 370 millions of European citizens, nearly 50 million belong to these linguistic communities that have been speaking these autochthonous languages for thousands of years. They form an integral part of Europe’s common cultural and linguistic heritage, and most of them have very rich cultural, literary and folk traditions. Some of these languages belong to the same linguistic family and are similar enough to be mutually understandable, especially in writing. 
In the same way that in the 15th and 16th centuries the printer became the principal way of preserving and spreading literature as much as other cultural heritage, nowadays the Web is becoming the medium for preservation and dissemination of any cultural manifestation. It is clear that only languages with presence into the Web will have the opportunity to survive the English language invasion. All around Europe, there are efforts to create documental databases, supported by the European Union. These databases are real Digital Libraries with documents and literature in different languages, but when those languages have few speakers the isolated efforts are not sufficient, because visitors of such Web sites are scarce and therefore its maintenance is expensive. 
Federating those Digital Libraries into a cross-language federation system will increase the number of visitors of all the Web sites into the federation. Such a system will take advantage of the fact that some languages are similar enough to be understood by speakers of other languages (who are able to read but not to write a query directly). On the other hand, the federation will facilitate international researchers to find documents and other cultural manifestations from other cultures, even if they do not understand the language which the documents are written in. For example, some researcher studying poetry written by women in the 19th century will be interested in getting the names of such authors from all the Digital Libraries in the federation, even if she is not able to read the retrieved literary works. Those two facts made the Cross-language Text Retrieval systems gain more and more attention in the last years [ \* MERGEFORMAT 9][ \* MERGEFORMAT 18]. 
In this paper we present a proposal for the architecture of a federated database system we are building. In our proposal, we assume that the Digital Libraries are pre-existing and heterogeneous in language and type of corpus as well as in data model and technology. The user, when connecting our system, will choose the language (among those available at that moment) for the user interface and then he will write the query in the chosen language over a friendly interface in Bounded Natural Language [ \* MERGEFORMAT 7][ \* MERGEFORMAT 20]. The query will be analyzed and redirected to all the Digital Libraries in the federation. The retrieved data and documents will be presented to the user in an interface in the chosen language (but of course the documents will be in their original language, because our system does not translate literary works). 
2   System Architecture Overview 
Several architectures have been proposed to build systems that work with heterogeneous and geographically dispersed databases [ \* MERGEFORMAT 1][ \* MERGEFORMAT 2][ \* MERGEFORMAT 17][ \* MERGEFORMAT 22][ \* MERGEFORMAT 24]. The relevance of the Database Federation [ \* MERGEFORMAT 21] subject has been increasing at the same time as the number of isolated data sources available in the Web grows. Nowadays, federating and integrating different data sources into a broker system, which provides mechanisms to query these data sources using a unique and intuitive user interface, is an important and current investigation area [ \* MERGEFORMAT 14]. 
The proposed architecture is composed of four isolated layers and we define three exchange languages to communicate them. This architecture is shown in Fig. 1. To understand the system it is necessary to consider the ontological architecture described in the next section. The architecture layers and software modules are: 
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Fig. 1. System Architecture.
Layer 1: User Interface: The User Interface is generated, every time a user accesses the system, by the User Interface Generator placed in layer 2.
Layer 2: Overlapped Integrator System: The Overlapped Integrator System is the real broker in our federation. The General Ontology and all the dictionaries are placed here. This layer has some modules:
- The User Interface Generator, which generates the User Interfac7e following the General Ontology and using the dictionaries as we explain in the ontology section. 
- The Query Analyser that analyses the user query and redirects it to Layer 3. 
- The Presentation Manager. It integrates the answers from all Digital Libraries, so the information can be presented to the user in a convenient way. This module also maintains the session so the user can navigate through the retrieved documents. 
Layer 3: Query System: There is a Query System for each Digital Library in the federation. Its task is to query (Query generator module) its associated database (or file system that supports the Digital Library) using its Specific Ontology. Then, the retrieved document Ids are stored (Answer Store) so the user can navigate through them (Answer Manager) and through those ones retrieved from other Digital Libraries by the same query. Although all the Query Systems perform similar tasks, they need to be adapted (query language, operative system, etc.) to the specific associated database.
Layer 4: Document Database: The databases that can be integrated in our system are pre-existing and independent of it. That is, managing the databases is not a task of our system. Therefore, if a database has Text Retrieval capabilities [3][4][5][16][19], any needed pre-process has to be already performed and those Text Retrieval techniques have to be already implemented. Our Query System will connect to the database using its Text Retrieval features, if they are available, and will ask the user queries in the appropriate DML (Data Manipulation Language).
The communication between layers is made by means of three exchange languages defined by us in XML [24] to accomplish that communication goal: Formal Query Language (FQL), the Request Language (RL) and the Formal Answer Language (FAL). These languages are used to give all queries (FQL), documents (FAL) and navigation orders (RL) the same format. 
 3   Ontological Architecture 
One of the most important problems in the database federation is to create a catalogue (global schema) that integrates the diverse database schemas managed by the system. Using this global schema, the broker system can know which information is managed by each member database and where (which databases) the user query must be redirected. 
There are many research works that emphasise the use of ontologies as a way to integrate dispersed and independent databases [10][17]. An ontology is a specification of a conceptualisation [11][12][13], that is, a set of concepts and the relationships among them. An ontology describes a domain of interest. An ontology can give a homogeneous description of the different schemas of databases integrated into the system. 
In our system the ontologies represent the common concepts, that is, the concepts that any user, even if she is not an expert in the database domain, can perfectly understand. We only represent those common concepts in the ontology because only them are useful to the user interface. In our ontologies, concepts are arranged in tree shapes. There are three kinds of relationships among concepts into our ontologies: Generalisation/specialisation ("is a" relationship), description ("has" relationship) and Aggregation ("is part of" relationship). In the proposed architecture, as shown in Fig. 1, two ontological levels are considered. 
·	The General Ontology is placed in the Overlapped Integrator System. It is an abstraction of the member database schemas and it integrates all the concepts present in the Specific Ontologies. Every concept in the general ontology has associated a database list where that concept is relevant. An example of General Ontology is shown in Fig. 2 (without the related database list for readability). 
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Fig. 2. General Ontology
·	A Specific Ontology is defined for each documental database, describing some of its concepts. It has a subset of the concepts in General Ontology. Every concept in the Specific Ontology has associated the expression necessary to access the corresponding data in the associated database. This expression depends on the DBMS. For example, in a relational database, a concept can have the relation and attribute names where the concept is stored. These expressions, associated to the concepts in a Specific Ontology, are used by the Query Generator Module to adapt the query received in FQL to the DML of the DBMS of the associated documental database. 
4   System Dynamics Overview 
In this section we give an intuitive description of the dynamics of some of the modules of the system (a more detailed description will be found in the full paper). 
·	The User Interface Generator reads and follows the General Ontology. This module presents the concepts to the user in order to allow her to write a query in an easy way (by expressing restrictions over the concepts). To do its work the User Interface Generator uses a set of skeletons of sentences in Bounded Natural Language [7][20]. 
A sentence in Bounded Natural Language is a sentence with gaps that the user must to fill in order to express a restriction over a concept. To fill the gap sometimes the user must write the restriction (i.e. the name of the author she is looking for), and sometimes she must choose the desired value from a list (i.e. genre of the author or language of the works he is interested in). The system has a set of skeletons of sentences in Bounded Natural Language and the User Interface Generator chooses the appropriated skeleton for each concept, completes the skeleton with the concept and then presents the sentence to the user. For example a skeleton can be: "The <concept must be ............" . The User Interface Generator will choose this skeleton to ask for the author or for the publisher, etc. Then it will complete the skeleton with the concept name and will present to the user the sentence in Bounded Natural Language "The author must be ..............". 
As we said, some of the concepts in the ontology can have a predefined set of values (for example genre can be male or female). In those cases the possible values will be presented to the user in a list to made easier for the user to fill the gap in the Bounded Natural Language sentence. 
In the Overlapped Integrator System, three dictionaries can be found: one (Concept Values) for the concept in the ontology and its values when they are a finite set (see Fig 3), a second one (Skeleton Sentences) for the skeletons of the sentences in Bounded Natural Language, and the third one (Interface Text) for texts, directions, etc. in the user interface.
·	The Query Analyser Module. After the user writes his/her query, it is sent to the Overlapped Integrator System in FQL format. The Query Analyser reads it and searches in the General Ontology the concepts the user is interested in (those used to describe the desired documents). Then the Query Analyser read the database list associated to each concept to decide which databases the query must be redirected to. 


·	The Query Generator Module adapts the query received in FQL (from the Overlapped Integrator System) to the DML of the DBMS of the associated documental database. To do this transformation, this module uses the information associated to each concept in the Specific Ontology (as well as information about the DML). 

English
Spanish
Galician
..........
Genre
Sexo
Sexo
..........
Male
Hombre
Home
..........
Female
Mujer
Muller
..........
Type
Tipo
Tipo
..........
Novel
Novela
Novela
..........
Tale
Cuento
Conto
..........
Journal
Revista
Revista
..........
Date of Birth
Fecha de Nacimiento
Data de Nacemento
..........
........
..........
.........
..........
Fig 3. Dictionary of concepts and values into the General Ontology
 5   Conclusions and Future Work 
Our system has some interesting advantages: 
·	Increasing system scalability and facility to adapt to changes: 
In our system, the use of ontologies reduces the changes that have to be done when a new database is added to the federated system. It is necessary to carry out only three tasks: building an "ad hoc" Specific Ontology for the new database, completing the General Ontology with the new concepts that appear in the new database and updating only the database lists of those concepts in General Ontology that are concepts relevant to the new database. It is obvious that only the two last changes will be necessary if a database is dropped. When a new language is added only the dictionaries must be updated. 
Likewise, it will not be necessary change the modules in Overlapped Integrator System. The User Interface Generator will automatically generate the User Interface taking into account the new concepts in the General Ontology. Likewise the Query Analyser will be able to redirect the user queries to a new database using the database list associated to the concepts in the General Ontology. The Query Generator associated to the new Specific Ontology will translate the query in FQL into the DML of the associated database. Therefore, no changes need to be made in the system code except the ones in the General Ontology. 
Furthermore, all the Exchange Data Languages (FQL, FAL, RL) will be automatically modified.
·	Logical and Physical Independence: 
Both Logical and Physical independence are a basic principle of good design in databases. The Specific Ontology gives physical independence to the system because changes in any member database (DBMS, table structure, etc.) will only affect the information associated to concepts in its Specific Ontology. 
Likewise, the General Ontology gives logical independence to the system since adding, dropping or modifying databases does not affect the system but only the General Ontology.
We are working in the implementation of a prototype, applying the ideas exposed in this paper. Initially, this system will integrate three documental databases that store two different corpora of historic documents in Galician and Spanish languages. 
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