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Abstract 

Development problems of distributed databases and application software with multilanguage support are considered. The development of a distributed watermark database with multilanguage support is presented as an example of a particular solution of this task. Existing databases are mainly supported by general-purpose software tools like Microsoft Access, Microsoft Excel, dBase, Paradox, etc. Such small databases are as a rule local and support only one language. Due to this reason, the effective joint usage of such databases by other users is hardly restricted. Therefore, the development of special software tools for combining such local databases to be used in the frame of a distributed database with multilanguage support is perspective. 

1 Introduction

Medieval manuscripts, early printed books and many other historical and archive documents represent an important part of our cultural heritage. Research, cataloguing, and restoration of these historical documents are necessary to preserve this heritage for the future. 

In many cases, these documents are not dated, but knowledge of date, when they were written or printed, is extremely necessary for historical research. Till now, mainly "manual" methods have been used for chronological identification of medieval manuscripts, early-printed books and other historical documents, as a rule. The main method of dating a document written on paper is the analysis of the watermarks. The comparison of dated watermarks with not dated ones gives a proper estimation of the age of the medieval (paper) manuscripts and early printed books. For these purposes the standard catalogues of watermarks1,2, containing thousands of contour tracings of medieval watermarks obtained by hand-drawn sketches from dated historical documents, are widely used. The chronological identification is carried out by a simple search of an identical watermark in the catalogues, with hundreds of similar watermarks. The low efficiency and the high labor-intensiveness of watermark identification by such methods are obvious. To increase the efficiency of watermark identification computers, which are ideal machines for deriving, storage, comparison and cataloguing of huge volumes of data, are used. 

The first step of transition to digital technologies in this area is the creation of databases of medieval manuscripts, early-printed books and watermarks, contained in them. These databases in essence represent digital analogs of the appropriate catalogues. They are based on commercial software like Microsoft Access, Microsoft Excel, dBase etc..

2 General approach to development of databases of historical and archival documents with multilanguage support 

To the present time, several databases of medieval manuscripts, early-printed books, and watermarks3-8 have been developed. Data volume in them is already measured by many thousands of records. At the same time all such known databases are, as a rule, local and support only one language that strongly limits the international usability of the database. Therefore it is strongly recommended to focus on the development of distributed databases with multilanguage support and on the maintenance of telecommunication data access. 

The analysis of known databases of historical documents has shown, that each of them reflects the specific scientific interests of its developers and end users, but at the same time all of them contain a certain set of basic information, which is practically common in all databases. As an example, it is possible to name a set of metric parameters used for identification of a watermark and the data about the source where it is found: the medieval manuscript or early-printed book, place of its creation, structure, authors, binding, ornaments, copyists, watermarks and many others. Therefore the possibility of sharing these data within the framework of a distributed database appears to be very tempting and perspective, since such sharing can supply access to information of all databases integrated in the system.
The relational model of data is de facto the standard for databases and hence it is the only recommended model for the design and development of a database we interested in. All information in such a database is organized as a set of related tables. The advanced databases usually contain more than hundred fields for maintenance of the detailed description of only one object like a medieval manuscript or an early printed book or a watermark. It is natural, that in databases of such type a lot of data fields are descriptive and, therefore, dependent from the used language. Therefore, multilanguage support should already be taken into account at the stage of designing the database, the development of table structures and database triggers.

The construction of a database, which will be used only in one supported languages, does not call large problems on design and creation. Databases working under the control of a modern DBMS (Database Management System) and supporting telecommunication data access, guarantee the possibility of simultaneous use of information in all supported languages. The registration in a database of an object in one of the supported languages can be organized in such a manner that the given object will be registered and in all remaining (supported) languages and, therefore, will be accessible for the users working in any of the supported languages. All data, which are independent from the language are shared by all languages. Methods of data population and usage of data, dependent on language, are determined by concrete realization of a database and application software. Auxiliary data fields are generated, supported, and used by the DBMS and application software in order to maintain the relations between objects independently from the used language. It is necessary to emphasize, that the use of auxiliary fields in relational databases is prevalent and usually does not call problems. When the creation of auxiliary data fields is inherently language dependent, one possible solution is the usage of widespread and conventional terms, symbols and abbreviations accepted by the majority of the international community, e.g. WWW. 

3 Watermark database with multilanguage support 

The above stated approach to database construction of historical documents with multilanguage support was approved by creation and development of a database of medieval watermarks5,8. This database was created in cooperation of the Commission of Paleography and Codicology of Medieval Manuscripts of the Austrian Academy of Sciences (Vienna, Austria), Commission for Scientific Visualization Austrian of the Austrian Academy of Sciences (Vienna, Austria) and Institute for Information Transmission Problems of the Russian Academy of Sciences (Moscow, Russia). The initial variant of this database supported only the German language. At the moment, the amount of watermarks, registered in the database, is more than 10000, and the total data volume is about 1 gigabyte. The main part of these watermarks is taken from medieval manuscripts and early printed books stored in the monastery of Klosterneuburg, Austria. In an international project, the above-mentioned Austrian/Russian team together with the Koninklijke Bibliotheek (The Hague, the Netherlands) and the State Historical Museum (Moscow, Russia) agreed to combine their databases for further development and creation of a distributed database with multilanguage support, in particular, supporting Dutch, English, German, and Russian.

Novel approaches for database design and implementation were developed. Let's consider two of them, which can be used for the development and creation of similar databases. The first is associated with the registration medieval watermarks. The second approach concerns problems of classification and description of watermark types with the maintenance of multilanguage support. 

For watermark registration it offers to use an auxiliary data field of an alphanumeric type (STRING), which value is generated by the application software and contains the following data: 

· <country code> denotes the code of country, where the given document is stored;

· <repository code> denotes the code of repository;

· <source code> denotes the code of source document containing the given watermark;

· <page number> denotes the page number where the given watermark is found.

The structure of the registration number can be represented as follows:

<country code> <repository code> <-> <source code> <_> <page number>.

The symbols “-” and “_” are used as field separators. With the exception of the country code, digital codes are usually used for the generation of all above-mentioned codes. The two‑letters abbreviations of country codes accepted in WWW are used as country codes. The repository code is generated by the application software or is defined by the user as four-digit number, which must be unique for each country. The unambiguous identification code (e.g. inventory number, catalogue number, registration number or some combination of them) of a document (book) of the repository is used as source code. Let's consider an example for the generation of the registration number of a watermark from page 107 of the manuscript, stored under inventory number 1947 in the Russian repository, to which the code 2000 is assigned. In correspondence with our rules, it will get the registration number: RU2000-1947_107. Let’s emphasize, that this registration number allows to uniquely identify the location of the source document and the page where the watermark was found, if it is known that in Russia the code 2000 is assigned to the State Historical Museum.
Each code is stored in the database and linked to the corresponding titles and descriptions of countries, repositories, and sources in all supported languages. Abbreviated titles of countries, repositories, and sources are usually used as thesauruses for inputting and registration of new watermarks into the database. For registration of a country or a repository, or a source document, which code is not entered yet into the database, special interface forms for input and/or generation of necessary data are used. The generated codes and the registration number of a watermark are independent from language and on this basis all necessary relations in the database required for multilanguage support of data are ensured. 

The second approach is developed for the classification and description of watermark types in databases with multilanguage support. Nowadays for classification and verbal description of watermark types a hierarchical method is widely used. A set of basic types (motives) of watermarks is specified. If necessary, each of these basic types can be subdivided into subtypes, each of which in turn also can be subdivided into subtypes, and so on. Our analysis of existing classification methods of watermarks has shown that the number of subordinate watermark subtypes does not exceed four. Therefore, an eleven-digit code for each watermark motif was introduced where the three first positions indicate the basic type and the four following pairs of digits indicate the sub-, sub-sub-, sub-sub-sub-, sub-sub-sub-sub-types. The capacity of this code is sufficient for registration up to 999 basic watermark types and up to 100 subtypes of watermarks in each of the four possible subordinate levels. This kind of coding is fully language independent. Each code is linked to the corresponding description and guarantees language independent relations in the database. The generation and support of all codes is also carried out by the application software. Thus, all watermarks of a given type/subtype registered in a database will have the same classification code independent from the used language. 

A similar approach can be used for all other language dependent data fields. Therefore, all determined relations for a given registered watermark and code with other registered watermarks remain during any change of language, ensuring logic data integrity. The change of the used language only replaces the verbal descriptions.

4 Application software tools

In many cases, the development and creation of databases is not the only goal. More often databases constitute only one part of an integrated informational and analytical system. The demands of historians go much further than the pure usage of a database. For example, the dating of medieval manuscripts and the classification of watermarks require the retrieval, processing, and analysis of a lot of data. An effective and powerful solution of the required tasks can be reached by the development of an integrated system, combining a database system with special application software for processing and analysis of data and automation of routine jobs. The developed digital technologies and the software tools should ensure multilanguage support and telecommunication access to databases. 

The design, development, administration, creation, and support of databases usually is carried out by software, which is included in a DBMS software package, under which control the database works. Tools for the development of general-purpose software can also be used for the development of application software.  A powerful example are the rapid application development tools (RAD) of Borland (Delphi and Borland C++ Builder). Their undisputable advantage is determined by an extremely richness of components specially intended for the development of network applications and database software. 

Our development of application software for population, support and usage of the database represented in the previous section was implemented by using of the RAD Borland C++ Builder. By this way, it was possible to combine all necessary software within an integrated system for digital processing of watermarks and database management9. The system is implemented on a PC-based platform and runs under the Windows 9*/NT/2000/XP or higher operating system. The user interaction with the system is carried out through a graphical user interface containing a wide set of interface forms, menus, buttons and other controlling means. The graphical user interface is developed in Windows-style. The multilanguage support of a graphical user interface does not pose large problems because only information labels, messages and dialogues are language dependent. 
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Figure 1. The main interface form of the developed system

The main interface form of our system is demonstrated in Figure 1. As an example, there are shown only two open graphical interface forms. The left part contains the form with a watermark image under processing, and the right form demonstrates the classification of a watermark type/subtype and the generation of its code. The classification of watermarks and the generation of their codes are carried out by using a hierarchical (tree-like) structure of all main and subordinate types/subtypes of watermarks. The user only specifies a position of the given concrete type of a watermark in some node of the tree-like structure, determining thereby its membership to that or other type/subtype. After that, all further procedure for code generation and manipulation of a given watermark is carried out automatically by the system. 
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