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Today’s developed societies depend predominately on innovation as a generator of growth. Most innovation takes place within highly educated and interconnected groups. Innovation in a sophisticated environment need incorporation of existing knowledge and the collaboration with many groups. SWAP is an EU-funded project with the goal to develop highly innovative technology in the area of knowledge management and peer-to-peer.

One prospective benefit will be facilitation of knowledge sharing between individuals. Users can easily provide information from their own personal computer, and search and retrieve information from other PCs e.g. in the department. The information exchange is realized via an Open Source peer-to-peer network, which has the advantage of not requiring any central server and administration. The second benefit is the individualization of work views. SWAP focuses on the use of Semantic Web technology, which allows computers to actually comprehend the meaning of its processed data by using the model of ontologies. As a result SWAP can translate between the different individual users and they no longer have to adapt their information to a given structure. 

SWAP tackles the challenges brought up by this novel combination of the Semantic Web and Peer-to-Peer such that knowledge finding and sharing is effectively possible.

Summary of 2003 Activities

The SWAP project, which started work in 2002, has made substantial progress in 2003. 

The architecture and method design  has been refined and implemented in a fully functional prototype system. Specialized versions of this prototype will be used and evaluated in the two SWAP case studies: IBIT and Bibster.

Substantial progress has been made with respect to research activities. The main research topics were intelligent query routing in Peer-to-Peer systems and methodological aspects of distributed knowledge management. The results of research as well as have been and will be presented at various conferences  such as the World Wide Web conferences 2003 and 2004.

Peer-to-Peer technology

The basic architecture of computer systems has evolved from the main frame architecture to the currently widely accepted client server architecture. Peer-to-peer network architecture is the natural successor in this development. The main point in peer-to-peer networks is, that each peer has the same rights and capabilities as any other peer, which better reflects the actual situation of knowledge workers. Existing peer-to-peer systems enable the user to send messages instantly (MSN messenger), to share files (gnutella) or to share computing power (SETI@home). However, query possibilities are very restricted and they all build on proprietary protocols. 

We have developed an architecture for knowledge sharing in a distributed environment, as shown in figure 1, which addresses the aspects of extracting, locating, retrieving, integrating and visualizing knowledge in a Peer-to-Peer fashion. The SWAP platform builds upon the JXTA protocol, which is an open protocol proposed by Sun Microsystems as a standard to exchange information in a peer-to-peer environment. To enable the user to ask meaningful queries we use techniques known from the Semantic Web field.
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Figure 1SWAP Architecture

The Semantic Web Approach

The main problem of sharing knowledge with people via the computer, rises from the missing capabilities of the machine to recognize the meaning of the processed information. The most advanced approach to overcome this barrier is the application of ontologies to formalize knowledge in a machine and human readable form. This enables the user to search for information on the basis of meaning rather than syntax. The semantic web initiative of the W3C has now defined a common language to represent ontologies. The unavailability of existing ontologies is currently a bottleneck for the wide application of them. For this purpose, one of the major innovations of the project is to develop techniques which enable the automatic generation of ontologies from existing structures. Through their interaction with the computer, humans attach meaning to the documents they are working with. This information has remained unused until now. For example, the information of receiver and subject of an email is not assigned to the attached document. This information and knowledge which was previously gathered in other circumstances might help to characterize the document in a better way. 

Intelligent Query Routing

Peer-to-Peer systems have proven to be an effective way of sharing data. Modern protocols are able to

efficiently route a message to a given peer. However, determining the destination peer in the

first place is difficult. Especially in a distributed knowledge management setting, knowing the right peers that can answer a given query is difficult.

We have developed and evaluated two proposals to address this challenging problem. In the first model, peers advertise their expertise in the Peer-to-Peer network. The knowledge about the expertise of other peers forms a semantic topology. Based on the semantic similarity between the subject of a query and the expertise of other peers, a peer can select appropriate peers to forward queries to, instead of broadcasting the query or sending it to a random set of peers.  In simulation experiments we have shown how expertise based peer selection improves the performance of a Peer-to-Peer system with respect to criteria such as precision, recall and the number of messages.

In the second model, we have investigated how social metaphors can be exploited effectively and

efficiently  to solve the task of selecting a peer. To this end, we have defined a method for query routing that lets  peers observe which queries are successfully answered by other peers, memorizes this observation, and, subsequently uses this information in order to select peers to forward requests to.

Case Studies for Distributed Knowledge Management

We will thoroughly examine our technologies in two case studies to meet user expectations and to show the effectiveness of our approach. 

Majorca as one of the most popular holiday resources for Europeans is currently facing increasing competition from locations in countries with lower wages. A main strategic objective of the government is to create a better value proposition through the offer of Sustainable Tourism. Thereby the long-term success of the local tourism industry shall be guaranteed. This industry is dominated by small and medium enterprises. Information about best practices must be distributed among these highly decentralized actors. Further, information to monitor the transition must be collected from the different party, where the only common infrastructure are the open standards of the internet. A distributed knowledge management system in this environment must provide access to information from documents and legacy systems within a distributed infrastructure. Further, the exchange of information between different structures must be enabled.
The prototype application, Swapster, enables the users to share their folder structures and other hierarchies with other users. They can align those with a predefined shared ontology, which will evolve according to user needs. This process is supported by a set of process templates which were defined within the project scope. Our field experiments support our assumptions, that user centric knowledge management does fit the user needs. However, the final evaluation of the system will be performed in the last year of the project.
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The second case study, Bibster, addresses a typical problem in the daily life of a computer scientist, where one regularly has to search for publications or their correct bibliographic metadata. Currently, people perform these searches with search engines like Google and CiteSeer, via university libraries or by simply asking other people that are likely to know how to obtain the desired information.

The scenario that we envision here is that researchers in a community share bibliographic metadata in a Peer-to-Peer fashion. For the case study, we have developed a Peer-to-Peer system  based on the SWAP platform. It allows to easily integrate, share and search bibliographic metadata. Semantic technologies are applied throughout the system: Ontologies are used for the representation and classification of the metadata, semantic descriptions of the peers' expertise allow to effectively route queries, semantic similarity measures allow to visualize and integrate the heterogeneous search results form the peers.

User Involvement, Promotion and Awareness

The project participants range from academic to industrial partners. The Vrije Universiteit Amsterdam and the University of Karlsruhe are the main research partners. Empolis UK ltd., Empolis Polska Sp. Z. o. o. and, Meta4 Spain S.A. focus on development and exploitation. The case studies are provided the Fundación IBIT (Spain) and academic partners across various universities. This spread of interests ensures a highly innovative working environment.

With respect to the goals of the project, SWAP has similar interests as EDAMOK (ITC-IRST, Trento) and PADLR (L3S, Hannover). EDAMOK uses an approach with an own language to model context and focuses less on search strategies. PADLR provides personalized access to distributed learning repositories with a specific focus on searching learning material within well-structured communities. 

The SWAP project was presented on multiple conferences.

Future Work 

The developed methods and prototype applications will be thoroughly evaluated in the case studies. Especially interesting will be the evaluation of the academic case study, Bibster, with respect to scalability. The goal is to validate the results of the simulation tests to show that the scalability of Peer-to-Peer systems really can be increased by semantic technologies. In the tourism case study however, the aspects of Emergent Semantics in a Peer-to-Peer environment will be the focus of evaluation. Based on the results of the case studies, refinement steps will follow. 

Product development and exploitation are planned for the last phase of the project. We will continue to present results of the project at conferences, workshops and demonstrations.  

Further Information

Additional information can be found via our web page: http://swap.semanticweb.org.
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