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Abstract
Digital libraries are a modern technological solution for access and innovative presentation of valuable cultural artefacts. They can provide powerful and efficient functionalities for effective content structuring, storage, access, search, filtering, maintenance, metadata annotation, indexing, and dissemination. The “Knowledge Technologies for Creation of Digital Presentation and Significant Repositories of Folklore Heritage” project aims to build a multimedia digital library with a set of collections, selected from the fund of the Institute for Folklore at the Bulgarian Academy of Science. The library will implement a wide range of services in order to present in a virtual form the valuable phenomena of the Bulgarian folklore heritage. This paper presents the main architecture of the Bulgarian folklore digital library, its main services and components, types of users and their activities, and ideas for system realization.   
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1. introduction
The “Knowledge Technologies for Creation of Digital Presentation and Significant Repositories of Folklore Heritage” (FolkKnow) project aims to build a multimedia digital library with a set of objects/collections, selected from the fund of the Institute for Folklore of the Bulgarian Academy of Science, which corresponds to the European and world requirements for such activities, and is consistent with the specifics of the presented artefacts. The project uses the knowledge and digital libraries technologies as the most suitable tools for description of the semantics and virtual multimedia presentation of the complex structure and the multi-layer characters of the folklore objects. These modern methods and technologies for digital archive development allow not only the presentation and access to the rich-in-content Bulgarian folklore knowledge, but will also provide possibilities for scientific research analysis and digital preservation (Bogdanova et al. (2006)). 

This paper presents a service-oriented architecture of the Bulgarian folklore digital library which realization is done during the second stage of the module 3 “Development of Digital Libraries and Information Portal with Virtual Exposition “Bulgarian Folklore Heritage”” of the FolkKnow project. The architecture includes functional modules providing services for user profiles management, folklore content management, browsing, complex search, etc. The structure of form used for folklore objects insertion in the digital library is based on a special “Ontology of the Bulgarian folklore” (Paneva et al. (2007a)) (Paneva et al. (2007b)), created during the first stage of the module 3.   
Section 2 of the paper summarises several digital library architectures – service-oriented, grid-based and peer-to-peer architectures - in order to choose the more suitable in current case. Section 3 describes the main services of the architecture and the variety of their users. The main tools and languages used for Bulgarian folklore library development are included in Section 4. The paper finishes with some conclusions in section 5.
2. digital library architectures
Service-oriented architecture - The digital library (DL) is currently undergoing a transition from a statically integrated system to a dynamic federation of services. This transition is inspired by new trends in technology which include developments in technologies like web services and grid infrastructures as well as by the success of new paradigms like peer-to-peer networking and service-oriented architectures. The transition is driven by digital library "market" needs. This includes a requirement for a better and adaptive tailoring of the content and service offer of a digital library to the needs of the relevant community as well as to the current service and content offer, and a more systematic exploitation of existing resources like information collections, metadata collections, services, and computational resources. Such new decentralized and service-oriented architectures for digital libraries make the library functionality available in a more cost-effective and tailored way and thus open up new application areas for digital libraries. Innovative view for service-oriented architecture is that the services will have strong semantic descriptions allowing self-choreography (composition with flexibility and dynamism).

A simplified variant of service-oriented architecture, named hypermedia digital library (HDL), is developed for the needs of the project “Digital libraries with multimedia content and its applications in Bulgarian cultural heritage” (Pavlov and Paneva, (2006)) (Pavlov et al., (2005)). During the project is developed a demonstrator of multimedia digital library that contains digital objects from Bulgarian Iconography, “Virtual Encyclopaedia of the Bulgarian Iconography” (http://mdl.cc.bas.bg). A more detailed description of its structure, architecture, tools for development and content is presented in (Pavlova-Draganova et al., (2007)) (Paneva et al. (2005)).

The HDL can be considered as a database, storing data of different type (text, raster, vector, static and moving images, animation, audio or other media), which is structured in a way to allow easy manipulation and use. Data is stored in the database in the form of objects, usually annotated to facilitate running search queries services. To make these procedures automatic, the HDL includes techniques for descriptive presentation of the data semantics as well as services for its management. 

Web technologies help organizing hypermedia digital libraries by providing a means to structure and present them in a hypermedia manner. Hypermedia represents hypertext media; therefore it adheres to the hypertext information organization rules. Users are allowed to quickly move across subject-related topics in a non-linear way. These topics may include sets of objects, such as text, images, audio and other media, which relate to one another via hyperlinks. The HDL includes services for semantic annotation of digital objects, metadata management, indexing, multi-criteria search, personalized search, etc.

Grid-oriented architecture - A grid is defined as a network or collection of distributed computer resources, which are accessible through local or global networks and are presented to the end user via an enormous virtual computer system, i.e. it is a virtual, dynamically changing organization of structured resources, which are shared among individuals, institutions and systems. Grid architecture can be conceptually decomposed into two layers: the data grid and the computational grid. The data grid presents a massive, interconnected storage infrastructure, connected to the computational grid via a high-speed network connection. The computational grid is the virtual single machine created by bringing together a large collection of independent hosts. Various ways of collaboration can be implemented on top of the virtual machine. The interconnection network at the computational grid level allows for communication across hosts, while the high-speed data connection to the data grid layer allows for data availability and fast exchange of information.

In essence, the creation of virtual digital libraries on the basis of grid-based infrastructures, support for the integration of metadata, personalization services, semantic annotation and the on-demand availability of information collections and extraction services will make digital libraries more useful and attractive to a wider clientele (DELOS-WP1, (2004)). Such a test-bed digital library infrastructure has been created for the DILIGENT project (IST-2003-508833) (http://www.diligentproject.org/) integrated project funded in part by the European Commission FP6 IST Programme), based on the grid technology. 

Peer-to-peer (P2P) architectures – P2P systems are the token distributed system architecture, focussing mainly on exploiting the huge storage infrastructure provided by a collection of interconnected machines. The P2P premise is collaborative sharing: everything is available to everyone, so long as there are ways of accessing the information. P2P data management allows for loosely coupled integration of information services and sharing of information such as recommendations and annotations. Different aspects of peer-to-peer systems (e.g. indexes, and P2P application platforms) can be combined (DELOS-WP1, (2004)).

Future digital libraries should enable any citizen to access human knowledge any time and anywhere, in a friendly, multi-modal, efficient, and effective way. A core requirement for such digital libraries is a common infrastructure which is highly scalable, customizable and adaptive. Ideally, the infrastructure combines concepts and techniques from peer-to-peer data management, grid computing middleware, and service-oriented architectures. That infrastructure is offered in the project DELOS „A Network of Excellence on Digital Libraries” (http://www.delos.info/) funded by the EU's Sixth Framework Programme. Peer-to-peer networks allow for loosely coupled integration of digital library services and the sharing of information such as recommendations and annotations. Grid computing middleware supports the dynamic allocation and deployment of complex and computationally intensive digital library services such as the extraction of features from multimedia documents to support content-based similarity search. A service-oriented architecture provides common mechanisms to describe the semantics and usage of digital library services. Furthermore, it supports mechanisms to combine services into workflow processes for sophisticated search and maintenance of dependencies. The digital library architecture envisaged consists of a grid of peers which provide various kinds of digital library services such as storage, extraction or retrieval services. These digital library services can be combined with processes. High scalability is achieved by executing the processes in a completely distributed, peer-to-peer fashion. For that, metadata about processes, services, and load of the peers is distributed and replicated over the grid. This is performed by a small hyperdatabase layer atop each peer. This layer also takes care of peer-to-peer navigation and execution of processes. 

3. main services in the architecture of the Bulgarian folklore digital library

The digital library consists of the following functional modules: 

· Module for content browsing of the folklore objects by their type;

· Module for insertion and revision of a folklore object; 

· Module for managing of the users;

· Module for monitoring of the users’ activities. This module maintains a diary of the searches and revisions of the users; 

· Module for searching:

· by a signature and archival number;

· by a key word in the following categories: title, language, annotation, type of a folklore object;

· by file type;

· in the information of a record (simultaneously or individually, which is possible):

· By situation

· By an interviewee name

· By recorder name

· By record date

· By place where the record was made

Module for users management: This module is accessible only to the administrators of the digital library. It is possible to add or block users and to revise the information for those who have been already included in the list of users.

There are defined five types of users in the system:

· Administrators: they can make, delete and revise users and to check the diaries maintained by the module for monitoring but they do not have access to the content of the digital library;

· Editors: this is the group among the users which has the biggest rights as they can revise all the objects, to add new objects and to delete objects regardless of whom has included them in the library; 

· Users: they have access to all the objects and have the right to add new ones. They can also revise and delete objects but only those which have been added by themselves; 

· Examiners: they can only examine the folklore digital objects as a whole in the digital library; 

· Guests: they can read short ontology-based descriptions of all the objects but they cannot see the multimedia files. 

Module for content browsing of the folklore objects by their type. This module is accessible only to the users of the digital library and not to the administrators. The reason for introducing this restriction is that the administrators of these types of systems usually are not interested and are not competent in the content of the system and their duty is only the maintaining of the system. This module is constructed by analogy with the file browsers of Windows (Windows Explorer) and KDE (Konqeror), so that it is as closer as possible to a well-known interface for searching in an hierarchically arranged information. On the left side there is a tree with all classes inheriting “Type of folklore object”; on the right side there is a list of objects of the chosen class in the tree.

Module for insertion and revision of a folklore object. This module allows insertion of new objects and revision of the information included for the objects in the library. Multimedia files can be added to an existing object and some old files can be deleted. The whole folklore objects also can be deleted. 
Module for monitoring of the users’ activities. The role of this module is to maintain a diary of the revisions of files and of deleted files. Thus in cases of wrongly deleted information or of insertion of wrong data, it is possible to find the user who did this. Also, a diary of searching is maintained. Its aim is to make statistics of the information searched. This statistics will allow to delete the files which are not searched and to facilitate the use of the information which is most often searched.
Modules for searching. The search for information is the most frequent and most important operation in the digital library. Therefore, there have been produced different modules for searching by different criteria. 

In most cases, it is used SPARQL (SPARQL Protocol and RDF Query Language). This is a language for application for RDF and OWL ontologies which at the moment is in process of standardization made by RDF Data Access Working Group as an official recommendation of the World Wide Web Consortium. SPARQL has a syntax similar to the most frequently used language for application for databases – SQL.

· Search by a signature and archival number. This searching module is used for finding objects by its archival number (for instance, AIF 200, folder 1, p. 57). In the most common case, the result of this type of searching is only one object. If the input of data is wrong then the result of the search could be several objects;

· Search by a key word in the object attributes – by title, language, annotation, type of folklore object. The search can be made by all the attributes simultaneously. In all likelihood, this will be the most commonly used module of searching and therefore special measures are taken for its optimization.

· Search by information for the record. This searching module can be used for all the objects which meet one of the following criteria:

· All records made in a given situation, such as interview, conversation, etc.

· All records are made by a given interviewer. 

· All records are made from a given interviewee. 

· All records are made in a given period.

· All records are made in a given place.

· Search by type of file. This searching module allows for making a list of all the objects to which multimedia files are attached: audio-, video-, or images. In this case OWL file containing metadata for folklore object is not used while it is used the database in which is recorded the office information and the digitized objects.

As far as the mechanisms for folklore objects protection are concerned, the project includes instruments which are independent from the functional modules of the digital library (module 2): these are digitally protected copies of folklore objects as entrance data for the medium. In the digital library are used methods of protection, such as credit line, Copyright Notice, protection by passwords, and restrictions applied to the different types of users. 
4. Implementation of the Bulgarian folklore digital library

The main tools and languages used for Bulgarian folklore library development are:

· Protégé-OWL 3.2 - an open-source development environment for ontologies and knowledge-based systems, extension of Protégé with support for the Web Ontology Language. It has an open-source Java API for the development of custom-tailored user interface components or arbitrary Semantic Web services. The API provides classes and methods to load and save OWL files, to query and manipulate OWL data models, and to perform reasoning. Furthermore, the API is optimized for the implementation of graphical user interfaces.

· Java 6 – the main part of the folklore digital library is written on Java. This is a high-level programming object-oriented language developed by Sun Microsystems. Java source code files (files with a .java extension) are compiled into a format called bytecode (files with a .class extension), which can then be executed by a Java interpreter. Compiled Java code can run on most computers because Java interpreters and runtime environments, known as Java Virtual Machines, exist for most operating systems, including UNIX, the Macintosh OS, and Windows. Bytecode can also be converted directly into machine language instructions by a just-in-time compiler (JIT). 

For the realization of folklore digital library is used Java Platform, Enterprise Edition (Java EE), JavaServer Faces 1.1, and NetBeans VisualWeb Pack 5.5. 
· Apache Tomcat 5.5 – an open source JSP and Servlet Container. 
· CSS 1.0 (Cascading Style Sheets) and XHTML (Extensible HyperText Markup Language) for the development of the user interface of the library. 
5. Conclusion
The presented architecture aims to serve a wide range of users – specialist and non-specialist. The group of specialists is composed by scientists that professionally examine the Bulgarian folklore and search specialized information for the observed folklore objects (their genre specifics, record situation and place, record type, signature number, etc.). The group of non-specialists has interests and wants only to learn more about the classical Bulgarian folklore objects. 
After the approbation and evaluation of the adequacy and usability of the described DL it will be modified and rebuilt according to the arising user needs.
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