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Chapter 1

Introduction

This document marks the final report of the project Semantic Web and Peer-to-Peer
(SWAP) funded by the European Union. With this report we reflect on the whole project
once again and summarize the key results of the project.

We will stress the main achievements of each work-package, ranging from analysis,
architectural considerations, developed methods, and implemented tools, to integration
aspects. Further, we reflect on the lessons learned from the two case studies and the cor-
responding systems. Dissemination and exploitation activities, which took place during
and will continue after the project, are presented in the subsequent section. We conclude
with an overall summary of the project referring to the originally defined goals. The an-
nex finally lists created deliverables, which are available via the project website, as well
as the SWAP-related publications. Two comprehensive system descriptions of the main
applications Xarop and Bibster conclude the annex.



Chapter 2

Overall Achievements

Each work-package has achieved many individual results, of which the most important
ones are summarized in this chapter.

2.1 Conceptual Analysis and Methodology

2.1.1 State of the Art

As a first step in the project, the state of the art with respect to relevant technologies was
analyzed and requirements for the use of technologies as foundation for the developments
in SWAP were formulated.

P2P systems

We analyzed existing P2P solutions and identified aspects of these systems that are key
features with respect to the goals of the project:

Interoperability Interoperability means the easiness of consistency across platforms, ap-
plications and programming languages. The deliverable shows that most systems
have standardized communication protocols and languages. Many implementations
use the JXTA protocols for connecting different systems due to its ease of use.
Therefore JXTA has been chosen as communication protocol for the SWAP plat-
form.

Scalability Due to the fact that we only use a real’ P2P system, which means that there is
no hierarchy in capabilities, scalability was an issue according to network usage (nr
of messages needed to fulfill a query). From all the systems which are investigated
in the deliverable only two use local semantic matching algorithms for routing mes-
sages. Note that this deliverable has been written one and half years ago, and due

4
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to this popular research area, other systems that do semantic routing (e.g. PSearch)
have come up in the meantime.

Security The Dresdner Bank project partner had security requirements, so therefor also
this characteristic was investigated in the analysis of the different systems. The
deliverable concludes that only the two big approaches, JADE and JXTA, address
the security issue.

Privacy Further, the IBIT partners needed some privacy functionality in their application.
Therefor this characteristic is important. To provide privacy, JXTA and JADE allow
the use of router peers that maintain a list of pseudonyms accompanied with the real
address. Empolis has implemented its own privacy method.

Both security and privacy were key issues dealt with in the implementation of Xarop.

Ontology-based KM solutions

One of the most significant application areas for Ontologies is knowledge management.
Nevertheless, the ontology and the KM communities are developing in parallel, leaving
potential synergies unexploited, despite a match between needs and potential solutions.
Without bringing these communities closer there is a feeling that the ontology field would
be in clear danger of producing tools and techniques that prove to be a mismatch to real
needs, while the KM community would miss out on the opportunities presented by the
appropriate use of ontologies. Ongoing and future research projects which build on exist-
ing technology and improve on it in the name of knowledge management should become
aware of the issues surrounding the state of-the-art. A more thorough and sober approach
to ontology-based KM will hopefully lead to the acceptance of ontologies as tools that
are no cure for all, but may improve knowledge processes to a considerable degree when
applied appropriately. As a response to this observation, the developments in SWAP were
driven by the needs of the knowledge management applications rather than by ontological
principles. We see this as a strength rather than a weakness of the approach.

2.1.2 Combination of Technologies
A main question in the project dealt with the possible fruitful combination of principles

and technologies in the areas of ontologies, P2P systems and knowledge management.
This question was studied in the deliverables that are summarized below.

Ontologies for P2P and P2P for Knowledge Management

The purpose of D1.3 was to analyze how ontology technology can help to employ the full
potential of the P2P paradigm for knowledge management. It is an analysis document
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that centers on the “what” and not the “how”; in other words, it is not an attempt to
find specific solutions, rather it presents the current shortcomings of the P2P systems for
knowledge management and attempts to find the contributions that ontology technology
can make to support and strengthen them. Based on the analysis we conclude that:

e Ontologies represent the basis for shared understanding in a group of individuals.

e P2P infrastructures are highly recommended for implementing decentralized appli-
cations.

Their flexibility also make it possible to cover many of the requirements of distributed
KM. For the use case of a search for knowledge, ontologies offer the ability to provide an
interpretation context for any query or results, as well as to solve the problem related to
the concepts of synonyms and homonyms. They also allow us to define different fuzzy
levels for knowledge other than simple documents or files. The deliverable states that
the technology must be adapted to be fully useful in these distributed environments. The
primary aspects that could be considered as areas of study are:

e automatic maintenance of the ontologies in each knowledge space,

e automatic or semiautomatic support tools for mapping among ontologies to facili-
tate the management and integration of multiple ontologies with no cost for the end
user,

e automatic detection of similar concepts among ontologies from different areas to
build knowledge communities, publication of the knowledge from one group to
other groups as well as the detection of new knowledge.

Additionally, the inference techniques must be adapted to achieve more reliable results
from multiple ontologies with overlapping, incomplete, or insufficient concepts, and to
deduce new knowledge. Clearly these latter techniques are very difficult to develop and
therefor it would be too optimistic to hope that these could be developed in the scope of
the SWAP project.

P2P for Ontologies

In deliverable D1.4 we examined what peer-to-peer can offer to ontologies. The objective
of the deliverable was not to provide solutions to particular problems but to provide an
overview in which directions current and future research can go. We use the Strengths

- Weaknesses - Opportunities - Threads (SWOT) analysis method to identify directions
which are most promising. The SWOT method requires to examine the strength and
weaknesses of a given technology and to define the opportunities and threads which arise
from the combination with another technology. Consequently we identify the strength
and weaknesses of peer-to-peer systems. We contrast each challenge with the strength of
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peer-to-peer systems and develop the opportunities arising from the combination of the
both technologies. In particular we look into the research areas concerned with ontology
engineering methodologies, ontology reconciliation, ontology learning and instance gen-
eration. We found as strengths of peer-to-peer systems Decentralization, Distribution of
Content, Redundancy, Information Sharing, Zero Administration, Collective Assembly of
a Database, Seamless Communication and Connectivity, Scalability and Distributed Com-
putation while weaknesses are Unreliability, Security, Free Riders, Resource Allocation
and Quality. Ontology reconciliation can profit from the peer-to-peer paradigm. Feed-
back from user queries and the sharing of mappings, viz. the redundancy of mappings
between ontologies, can help to automate the reconciliation task. peer-to-peer systems
will also gain from pure ontology reconciliation research. More vague is the impact on
Ontology Learning. A major source for existing and new algorithms could be the feed-
back available in a peer-to-peer network through its ability to collectively build a database.
However, tests must be performed to check whether users are really willing to provide the
feedback.

2.1.3 SWAP Methodology

Based on the Analysis of the relation between the relevant technologies, the project devel-
oped a methodology for applying peer-to-peer and ontology-based methods in developing
distributed knowledge management. The methodology answers the meta-level questions
of when and how to apply the technology developed in the project. This methodology is
therefore a crucial component of this technology-driven system: with appropriate scoping
and support, we can establish the correct positioning and appropriate use of the technol-
ogy for applications in knowledge management. The methodologies were applied to the
case studies in SWAP and updated based on the experiences resulting from its use. The
updated version of the methodology (Deliverable 1.6) was published at the end of the
project, and will hopefully continue to feed from a growing expertise in delivering DKM
systems based on ontologies and peer-to-peer. The activities of the methodology called
HOPE are naturally grouped in five phases of development, namely Analysis, Design, De-
velopment, Deployment and Evaluation. Phases are ordered in the sense that each phase
results in well-defined deliverables used by subsequent phases of development. In order
to avoid the pitfalls of a flat, linear, waterfall’ style process, HOPE advocates an evolu-
tionary approach, where development is an iteration of the development cycle rather than
a one-shot execution of a sequential process.

In a second step the methodology was updated to incorporate the DILIGENT method-
ology for ontology engineering in distributed, loosely controlled environments. The re-
finement takes into account that ontology engineering is a continuously ongoing activity
in HOPE that deserves special attention: the performance of the system requires some
degree of control over the evolution and drift of the ontologies of peers without breaking
with the peer-to-peer nature of the system. Ontology development also merits a separate
treatment as it proceeds along a lifecycle of its own, which is likely to complete faster
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(more frequently) than the main system development cycle.

2.2 Conceptual Design

This section provides the description of the global architecture for SWAP System. The
architecture meets two important tasks. First it gives a high level view of the system so
many people can understand it. Second it sets the basis for developers to implement the
final solution. To fully describe a complex system as SWAP its architecture must explain
the system from different points of view. That is why Conceptual Design is divided in four
sections describing different aspects of the system. These are: Conceptual Architecture,
Modular Architecture, Technical Architecture and Integration Architecture.

2.2.1 Conceptual Architecture

The Conceptual Architecture describes the SWAP System from a technical point of view.

First, it describes what we understand the SWAP system to be and how it is organized
in terms of its parts. Here, three main parts have been detected: the SWAP System itself,
the SWAP Nodes and the External Knowledge Sources.

The Conceptual Architecture also establishes a logical separation of the different lay-
ers that constitute a SWAP Node. This will provide the different topologies that can
appear for a SWAP Node. These layers are: the Business Logic layer (provides the basic
functionality), the Middleware layer (provides the business logic layer with access to ex-
ternal resources), the Local Node Repository (provides a placeholder for the Node to keep
persistent information), and the Presentation layer (provides the human user with access
to the SWAP system).

Finally the Conceptual Architecture provides the list of software components that con-
form to the SWAP System. A component is defined as a piece of software that is able
to perform a specific technical task and it is combined with other components to form
software modules. It describes in detail each of the components in the list, providing
their definition, the function they perform inside the overall architecture, and their API
(Application Programming Interface). These components are the guiding line for soft-
ware developers and are: Ontology extractor, Ontology merger, Ontology Editor, Visu-
aliser, Query formulator, Query replier, Query rewriter, Inference engine, Peer selector,
Advertisement, Discoverer, Ontology integrator, Metadata integrator, Conflict resolver,
Resource retrieval, Local node repository adapter, Communication adapter, and External
knowledge source adapter.
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2.2.2 Modular Architecture

The Modular Architecture describes the SWAP System from a functional point of view.

It describes the different roles of users that may interact with the SWAP system.
These are: Ontology engineer (responsible for creating and updating ontology definition),
Knowledge provider (responsible for populating the system with information), Knowl-
edge seeker (the information consumer), and System administrator (maintains the system
infrastructure).

The Modular Architecture presents the three functional requirements met by the
SWAP System. These issues are: Ontology management (creation, visualization, up-
date, and mapping of ontologies), Information management (creation, retrieval, merging,
inferencing, and visualization of knowledge), and System management (technical and
functional aspects).

The Modular Architecture also provides the list of software modules that conform the
SWAP System. A module is defined as a piece of software that is able to perform a specific
functional task, working alone, independently of other modules. It describes in detail its
definition, the function it performs inside the overall architecture, the components needed
to implement the module, the relation between those components, etc. These modules
are: Ontology extraction module, Ontology edition module, Query formulation module,
Query reply module, Visualizer module, and Expertise module.

2.2.3 Technical Architecture

The Technical Architecture presents the technical environment that must be used to de-
velop the SWAP project.

First, it discusses the main goals for development, such as open standards, free soft-
ware, TCO, multi-platform, technology prospects or SWAP partners skills.

Then, taking into account those goals, it chooses the development paradigms to be
used for: Operating system, Database, Database connectivity, Communication software,
User interface, Programming language, Ontology language, and Query language.

2.2.4 Integration Architecture

The Integration Architecture finally describes three main issues.

First it describes how internal system components are integrated, this is, how they in-
teract with each other, what are the “patterns of integration”, etc. To do so, the Integration
Architecture describes the Component Model (set of contracts between components), the
Component Container (environment where components meet each other) and the Data
Model (the basis for components to talk to each other).



CHAPTER 2. OVERALL ACHIEVEMENTS 10

It also describes how User Interface elements are integrated and what to do if one
wants to add a new User Interface element. For the user interface the eclipse platform has
been selected as it provides: Platform Runtime and Plug-In Architecture, SWT (a widget
set and graphics library), JFace (an Ul toolkit), Workbench (an Ul integration face), Help
plug-in, and Update Manager (for software distribution).

Finally, it describes how the SWAP System can interact with external applications. In
this respect integration with MS Office, Adobe Acrobat Reader, OntoScrape, OntoEdit,
and Full-Text Search Engine is explained.

2.3 Methods

The fulfillment of the projects objectives required not only the recombination of existing
methods but in many cases the development of new ones. First of all it was necessary
to design a metadata model 2.3.1 to allow for efficient exchange of common information.
As known from other distributed systems heterogeneity is a major problem in peer-to-peer
systems which led us to the development of novel mapping methods 2.3.2. We also had to
investigate possibilities of efficient query routing mechanisms to guarantee the scalability
of our system 2.3.3. In particular for the Bibster system we developed a recommendation
system for bibliographic entries 2.3.4. Also in the context of Bibster the repository was
confronted with highly complex queries which made particular optimization of our RDF
story necessary 2.3.5. Finally we were able to extend the OWL ontology language with
context information 2.3.6.

2.3.1 Metadata model

Metadata plays a central role in the effort of providing search techniques that go beyond
string matching. Ontology-based metadata facilitates the access to domain knowledge.
Furthermore, it enables the construction of semantic queries. Existing approaches of
ontology-based information access assume a setting where information providers share
an ontology that is used to access the information. In a peer-to-peer setting, this assump-
tion does no longer hold. We rather face the situation, where individual peers maintain
their own view of the domain in terms of the organization of the local file system and
other information sources. Enforcing the use of a global ontology in such a setting would
mean to give up the benefits of the peer-to-peer approach mentioned above. Therefore,
one has to find a way to deal with the existence of multiple, distributed and frequently
changing views on the domain. We have defined an RDF(S) based metadata model that
combines ontological structures with information needed to align, evolve and use these
structures for query processing and peer selection.
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2.3.2 Mapping

Semantic mappirigbetween ontologies is a necessary precondition to establish interop-
eration between peers using different ontologies. Existing mapping methods were not
suitable for the ontology integration task confronted in SWAP, as existing methods lay fo-
cus exclusively on improving theffectivenesand neglecteefficiency To illustrate our
requirements: We have been working in realms where light-weight ontologies are applied
such as the ACM Topic hierarchy with it9* concepts or folder structures of individual
computers, which correspondedite* to 10° concepts.

We have developed a mapping method which takes into account quality of mapping
results as well as the run-time complexity. Our hypothesis was that mapping algorithms
may be streamlined such that the loss of quality (compared to a standard baseline) is mar-
ginal, but the improvement of efficiency is so tremendous that it allows for the ad-hoc
mapping of large-size, light-weight ontologies. We have shown in experiments and the-
oretically that our new efficient mapping approach QOM delivers mapping results which
are comparable to the most sophisticated mapping methods consuming only a fraction of
the time.

2.3.3 Peer selection

peer-to-peer systems are distributed systems without any centralized control or hierar-
chical organization, in which each node runs software with equivalent functionality. A
review of the features of recent peer-to-peer applications yields a long list: redundant
storage, permanence, selection of nearby servers, anonymity, search, authentication, and
hierarchical naming. Despite this rich set of features, scalability is a significant challenge:
peer-to-peer networks that broadcast all queries to all peers don’t scale - intelligent query
routing and network topologies are required to be able to route queries to a relevant subset
of peers. Little effort has been made with respect to rich semantic representations of meta-
data and query functionalities beyond simple keyword searches. For such networks we
have proposed two innovative peer selection methods. In the first one peers use a shared
ontology to advertise their expertise in the peer-to-peer network. The knowledge about
the expertise of other peers forms a semantic topology, independent of the underlying
network topology. If the peer receives a query, it can decide to forward it to peers about
which it knows that their expertise &milar to the subject of the query. The advantage of

this approach is that queries will not be forwarded to all or a random set of known peers,
but only to those that have a good chance of answering it. The second peer selection
method REMINDIN'’ is based on social metaphors to select appropriate peers. It learns
from queries routed through a peer and from answers of remote peers. Additionally it uses
guery relaxation to select appropriate peers for a query. REMINDIN’s main advantage is
that it does not require peers to distribute any information besides queries and answers.

1Frequently also called alignment.
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Both models were successfully evaluated. The first mechanism is deployed in the
BIBSTER system.

2.3.4 Recommender

These recommender functions build upon two main features of the peer-to-peer system:

e Semantic representation of metadahen bibliographic entries are made avail-
able for use, they are structured and classified according to two bibliographic on-
tologies, the SWRE& ontology and the ACMI topic hierarchy. This ontological
structure is then exploited to help the user formulate semantic queries. Query results
again are represented according to the ontology. These semantic representations of
the knowledge available on the peers, the user queries and relevant results allow us
to directly create a semantic user profile and rich semantic similarity functions as a
basis for recommending information that may potentially be interesting to the user.

e Peer-to-Peer infrastructure with a semantic topologye peer-to-peer infrastruc-
ture reflects the distributed, decentralized and dynamic nature of creation of bib-
liographic metadata in a research community. In fact, a centralized solution does
not exist and cannot exist, because of the multitude of informal workshops that re-
searchers refer to, but that do not show up in centralized resources such a& DBLP
The decentralized peer-to-peer architecture can immediately be exploited for rec-
ommending newly created data as soon as it becomes available in the network.

Using semantic descriptions of the knowledge available on the peers, we are able
to create semantic topologies that reflect the social networks of research communi-
ties: Peers with similar interests and expertise are clustered, such that the semantic
neighborhood of a peer automatically covers a set of peers that contain relevant in-
formation for the specific community of interest. Furthermore, to address the cold
start problem that recommender systems typically have to face, we can make use of
the of the peer’s semantic neighbors to create an initial user profile.

2.3.5 Processing Complex Queries

The methods for peer selection and query processing considered in SWAP so far make the
silent assumption that queries are rather simple and that they can be answered as a whole
by a single peer. As the power of semantic web technologies, however, lies in the ability
to describe and query complex conceptual models, these assumptions come with severe
limitations of the approach. In order to address this problem, we have designed methods

2http://www.semanticweb.org/ontologies/swrc-onto-2001-12-11.daml
Shttp://www.acm.org/class/1988/
“http://dblp.uni-trier.de/
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for indexing information in a distributed system based on more complex data structures,
i.e. on specific RDF schema paths. It is represented through the query language SeRQL.

2.3.6 An OWL Extension for P2P systems

Ontologies arsharedmodels of a domain that encode a view which is common to a set

of different parties. Contexts aftecal models that encode a party’s subjective view of

a domain. We show how ontologies can be contextualized, thus acquiring certain useful
properties that a pure shared approach cannot provide. We say that an ontology is con-
textualized or, also, that it is@ntextual ontologywhen its contents are kept local, and
therefore not shared with other ontologies, and mapped with the contents of other ontolo-
gies via explicit (context) mappings. The resultsntext OWL (C-OWL )a language
whose syntax and semantics have been obtained by extending the OWL syntax and se-
mantics to allow for the representation of contextual ontologies. The nature of this mixed
approach makes C-OWL better suited to the needs of P2P systems than pure ontology
languages.

2.4 Tool Development

The SWAP project was explicitly aimed at not only investigating the combination of Se-
mantic Web and P2P technologies for knowledge management but also at providing sup-
porting technologies. In order to live up to this claim, a number of tools were developed
that support the structured exchange of information in P2P networks. In particular, these
tools aim at supporting the following functions:

e Publishing local information in the network
e Access distributed information using RDF

e Exploring information available in the network
We briefly discuss the methods that have been developed to support these three func-

tions. We focus on tools that have actually been implemented in the main SWAP system
and are ready to be used in applications.

2.4.1 Content Publishing

The project has developed tools for migrating user information into an RDF schema rep-
resentation. These tools can roughly be distinguished by their two main functionalities:

e Extracting knowledge from user data
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e Semi-automatic refinement and integration of extracted knowledge

The corresponding tools are described in this deliverable.

The OntoScrapetool extracts knowledge from selected parts of a users file system,
email folders, browser bookmarks and address books as well as a special tool for generat-
ing RDF representations of a users’ bibtex files. The latter will be used in the bibtex case
study. Further, we use an extension of @mtoEdit Ontology editor that is specialized in
browsing and editing the knowledge structures extracted by OntoScrape. The system also
supports the manual merging of concepts in order to integrate the different knowledge
structures extracted from a user’s computer.

P-Upis an extension of the OntoScrape tool which allows the user to extract the shared
folders faster to the local node repository. P-Up detects new/changed folders on the local
machines. The output of P-Up can thus be used as input for our semi-automatic ontology
learning process from folder structures. The process defines a way to construct ontologies
from folder structures. For this process it uses different input sources. Input sources can
be dictionaries, existing ontologies and named entity lists. Given an existing ontology on
the local machine and a dictionary the process can be used to suggest changes to the local
ontology based on the new folders.

In order to support the creation obmmorontological knowledge that links the data
structures extracted from different users data we adapted practices for ontology creation
to fit the special requirements of collaborative and distributed modeling. In order to sup-
port this process in the SWAP project a process model has been defined and the editing
functionality of the OntoEdit tool has been extended to support this process.

2.4.2 Distributed RDF Processing

Sesames an open source RDF repository for storing and retrieving metadata with support
for RDF Schema inferencing and querying. It is developed and maintained by Aduna
(formerly known as Aidministrator). The main goal of Sesame is to provide a middleware
for effective and scalable storage and retrieval of metadata represented in RDF and RDF
Schema. We have chosen Sesame as the basis for implementation of a distributed RDF
repository because of its flexible and extensible architecture.

In the project we extended the functionality of Sesame to fit the needs of distributed
information access. We embedded Sesame in a JXTA based P2P platform this enabling
different Sesame systems to communicate in a P2P fashion by sending RDF queries to
selected peers in the network and collecting the answers. This platform was successfully
used to implement applications in the two case studies carried out in the project.

The nature of peer-to-peer information sharing leads to a situation where redundant in-
formation is present in the network. This redundancy concerns documents as well as other
objects such as representations of authors or organizations. Using the RDF infrastructure
described above, duplicate results are retrieved if they are represented by RDF resources
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with different URIs and have to be identified and eliminated by the user. The project
has designed and implemented heuristic methods for detecting resources that correspond
to different real world objects in order to free the user from this t&sk@p). Besides
general considerations about a strategy for duplicate detection some concrete detection
methods have been implemented.

One of the main shortcomings of theima use of the P2P metaphor is the lack of a
strategy for peer selection. Queries had to be send to all peers in the network (broadcast),
to a random set of peers or a number of peers had to be selected manually by the user.
System tests have shown that the scalability of the system requires intelligent selection
strategies that prevent a flooding of the network with requests. In the projaat@matic
peer selection strategywas implemented that uses descriptions of the expertise of a peer
in terms of topics they offer information about.

2.4.3 Visualization

We developed a result-centric visualization of information available in the peer network.
The visualization is based on tli&pectacle Clustermap Technologyhat has proven to

be one of the mist useful in an evaluation of different existing techniques for presenting
RDF data. We extended the existing technology with the possibility to multiple search
criteria including different classification hierarchies and full text search. This is a major
step towards an efficient exploration of distributed information sources. The visualization
described has been designed in cooperation with the case study partners and has and
integrated into the Xarop system used in the IBIT case study. First user tests have been
carried out in the context of general system testing. A more detailed evaluation of the
visualization has to be carried out in the future in order to identify remaining problems.
Such user studies have been carried out for similar visualizations in the area of providing
access to distributed document repositories. The results from these related studies were
quite positive and indicated that the cluster map technology is suited for supporting the
exploration of distributed information sources. An open question for such an evaluation
is how well the dynamics of a peer-to-peer system can be captured.

2.4.4 Conclusions

The project has provided an infrastructure and supporting tools for publishing and ex-
changing user data in a P2P setting using RDF technology. The infrastructure combines
the benefits of P2P information sharing (scalability, robustness) with the advantages of
RDF (limited reasoning, visualization). This combinations make the SWAP tools valu-
able for many information sharing applications.

We also have to conclude that some goals of the project were set too ambitious as
many methods did not make it beyond an experimental stage. Examples for such methods
are the automatic alignment of heterogeneous schemas and the processing of complex
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gueries that involves partial answers from different peers. While important insights about
these methods were gained in the project and published at leading conferences they need
further investigation before they can be integrated in stable user friendly tools.

2.5 Integration

Goals The goal of this work-package was integrating tools developed within the project
into a common, reusable software platform and instantiating this platform in the two case
studies.

2.5.1 SWAP Integrated Application Platform

During the project, the consortium developed the SWAP Integrated Application Platform
- a framework for building semantic-driven peer-to-peer applications.

The platform is highly modular in its design to allow for easy instantiation for specific
case studies. Each kind of functionality or semantic processing of data is encapsulated in
a reusable components, which allows to easily switch implementations of e.g. the seman-
tic repository, network communications layer or query routing mechanisms. The platform
setup can be easily changed, e.g. a component implementation can be switched by a sim-
ple change in a single XML file.

The very basic concepts that have been formulated for the platform have been the
following:

e there are many peers,
e each peer has some local knowledge and resources to share,
¢ there is nothing like a global ontology shared by all peers,

¢ therefore each peer is itself responsible for being able to communicate with other
peers, e.g. for translating queries it formulates into terms understandable for remote
peers.

The platform has the following architecture:

e delivers a single component container, which holds and manages all component
instances, separates component implementations from each other allowing compo-
nent reusability and easy setup change mentioned above,

e defines collaboration between components, which generalizes functionality of
semantic-driven peer-to-peer application.
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The components defined by a platform and their role are the following:

e Local Node Repository - storing local peer knowledge in an RDF repository, with
the ability to query for this data and an inference engine built-in,

e Communication Adapter - peer-to-peer network communication layer, allowing
peers to query each other, send the query results, advertise its local knowledge
into the network and share local resources (e.g. files or mail messages) with other
peers,

e Query Translator - component responsible for translating queries formulated in
terms of local ontologies into language of remote peer’s ontologies before send-
ing the query to the remote peer,

e Query Replier - responsible for performing the query and sending back the results,

e Advertiser - responsible for initiation of advertisements of local peer knowledge
into the network,

e Ontology Integrator - ontology integration mechanism,

e Meta Integrator - component responsible for integration of meta-layer of knowl-
edge,

e Merge - duplicate detection and similarity mechanism,

e Extractor - knowledge extracting mechanism, allowing to extract knowledge from
local peer resources - like files or browser bookmarks,

e Peer Selector - semantically driven query routing mechanism,

e Controller - the component that controls the collaboration among all other compo-
nents

2.5.2 Platform Enhancements

Additionally, two major platform enhancements have been developed:

e security framework based on peer-to-peer principles, allowing for access control of
local resources with trust delegation mechanisms,

e integration with search engine, allowing for both full-text and semantic search in
local peer resources (like files).
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2.5.3 Two Platform Instantiations

The integration effort was also put into instantiating the platform in the case studies,
resulting in two applications - Xarop (for Virtual Enterprise Case Study) and Bibster (for
Scalability Case Study).

2.5.4 Strong Collaboration Among Partners

This one is not a “hard” deliverable, but also a very important achievement of the project.
Delivering all things mentioned above was possible only because of really close collabo-
ration between all involved partners. So we managed to:

e setup the common code repository, all the development was done against this repos-
itory, so the integration efforts have not been left for the last project phase, but
spread over the whole project (which minimized the risk of not finishing them in
time),

e perform many tests of the platform, which was a key success factor for ensuring it
really works in real-world settings.



Chapter 3

Lessons Learnt from the Use Cases

3.1 IBIT Case Study

The main goal of this section is to present the evaluation results and lessons learned from
the use of XAROP, the prototype developed for the IBIT Case Study in SWAP under the
WP7. The section presents the analysis of the data gathered in the evaluation, and draws
the main conclusions of this evaluation.

3.1.1 Evaluated User Interfaces

We have evaluated the two user interfaces of XAROP: The Knowledge Searching Inter-
face, that is the main user interface to structure, share and retrieve knowledge; and the
OntoEdit plug-in, the interface embedded in Xarop to change/update the local ontology,
and to assist the steps of the DILIGENT methodology defined to maintain a common
ontology.

3.1.2 Evaluated Users

Initially, we planned to test the system on 28 peers from 7 organizations, but due to some
users leaving their organizations, and in other situations some users not being able to
use the system for technical reasons (not appropriate hardware), we finally evaluated the
system on 20 peers from 6 organizations. The evaluation plan of XAROP was executed
between July and August 2004.

19
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3.1.3 Evaluation methodology

The evaluation methodology was based on User Feedback methods. We obtained the
user feedback from two sources: an on-line questionnaire and through interviews with the
users. The on-line questionnaire, with 55 questions, was divided by evaluation goals: 30
guestions on the user interface, 13 questions on the functionalities for knowledge struc-
turing and knowledge searching, 8 questions on knowledge sharing, and 4 questions on
organizational and economical impact. User Interviews were particularly useful in elicit-
ing information about user attitudes, impressions, and preferences.

We also used Observational Methods that involved real people using the system. The
users were observed directly doing special or ordinary tasks in their work, while the ob-
server made notes about their behavior and performance that were considered important to
record. Unfortunately, we didn’t have access to information about the number of queries
sent around by peers to perform a System Evaluation.

3.1.4 Analyzing General Results on the User Interfaces

During the installation phase, no installation problems occurred, and the XAROP tools
didn’t have blocking bugs that impede normal use of the tools. In general terms, the
performance of the tool was good. The users could run without problems the platform
simultaneously with other applications that they normally use in the everyday work.

Taking into account the indicators obtained in the general questionnaire on the user
interfaces (NOTE: all the gathered data from the questionnaires can be consulted in the
Deliverable-7.5), it is reflected that the users had a positive impression on the user inter-
face. Some graphical elements, as the cluster map, contributed to give this impression.
The users encountered the organization of the information and the arrangement of menus
and menu items clear and usable, respectively. Regarding the screen features, the screen
layout is well organized for the users, separating clearly the side for visualising/presenting
guery results and the side for browsing folders and sending queries.

The terminology used by the system was considered consistent, and the multi-
language interface contributed to improve this opinion, but the system still requires that
the users have to understand specific terms on P2P networks and the Semantic Web do-
mains. This is specially dramatic when using the OntoEdit plug-in, where words as
‘concept’, 'instance’, ‘relation’, 'attribute’ are not at all familiar to the users without a
background in knowledge engineering, in the context of the application.

The users penalized the lack of information about the state of progress of some tasks
performed by the system. This is the case when sharing folders with OntoScrape and
when downloading files.

The users penalized the ’learnability’, this is the case with which the users can begin
effective interaction and achieve maximum performance with the system. It was not easy
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for the users without a previous experience in the use of knowledge management tools to
know what is the 'process’ to follow to share/retrieve knowledge: (1) sharing folders and
bookmarks, (2) full indexing the documents, (3) classifying documents using the local
ontology, (4) establishing permissions of access to files. Further, it seemed, that it was
not easy for the users to discover new functionalities of the system. Also, the difficulty
for learning by trial and error could be attributed to specific functionalities for the system,
for example, the 'drag and drop’ functionality to select documents from the results list
panel to classify them under concepts of the local ontology. This difficulty for learning is
extreme when we assume that the users have to be able to understand/learn how to manage
the local node repository: After classifying manually documents under concepts of the
local ontology, the users have to launch the OntoEdit plug-in if they want to remove the
entries of classified documents. It is not intuitive for the users that the files can be saved
to a local shared folder by dragging them from the results list panel to a local folder in the
peer folders tree.

The lack of some supplemental information (FAQs, Glossary, Help) was also penal-
ized for the users.

Regarding the obtained results about the system capabilities, the users consider that
the system does not perform the tasks 'fast enough’. This appreciation could be due to
the fact that the users normally don't understand/assume the asynchronous behavior of
the system when sending queries. It seems that not experts users, familiar with Google,
don’t assume that the system can take some time getting the results from other users’ PCs
in the P2P network.

Regarding the specific questions on the user interfaces, the users considered that the
icons should be more concrete and familiar, specially for the cluster map, where it is a
bit confusing to differentiate what is a concept query and what is a folder query. This
situation was also produced when the user adds a folder as a new concept of the local
ontology using OntoEdit. In this case, there is no way to distinguish queries on the cluster
map, because the folder and the created new concept have the same name.

It is relevant to emphasize that an important number of users considered that the menu
structure of the system does not match the task structure. This can be related to the previ-
ously mentioned difficulty for a considerable number of users to understand the process
of sharing, structuring and retrieving knowledge.

3.1.5 Analyzing Results on the Knowledge Searching and Providing
functionalities

Regarding the questions about knowledge providing functionalities (sharing folders and
bookmarks), the stated results show that the general opinion is positive, but some users
pointed a missing feature: to give the possibility of sharing individual files, not only entire
folders.
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Surprisingly, the users have a negative opinion about the helpfulness of the automatic
classification feature, and the process by which it is performed (during the full indexing
of documents). In interviews with the users, some of them stated that they prefer basically
to classify manually documents under concepts of the local ontology. This would mean
that automatic classification is still an advanced feature for normal users. They normally
conceive the full indexing process only as a previous step to perform keyword-based
searches. So, some users were confused when after the indexing process some documents
were automatically classified.

Manual classification of documents was, in general, appreciated as an interesting func-
tionality to structure knowledge.

Regarding the kinds of searches on the local peer supported by the system, the users
encountered more helpful and valuable browsing folders and the keyword-based search.
The reason is obvious, taking into account that users are very familiar with the files man-
ager of Windows and keyword searches on search engines like Google. The conceptual
search was not considered, in general, useful for the users, and surprisingly this result is
not coherent with the good acceptance and predisposition of the users, indicated previ-
ously, to classify documents manually. Anyway, this incoherent result could demonstrate
that, after all, the conceptual search functionality was not well understood by the users. In
interviews with the users, some of them didn’t appreciate the benefits of getting semantic
results in the searches. They didn’t understand that the results of a query (in this case,
of a concept query) could retrieve the documents classified under a broader term of the
ontology, not only of the selected concept. Even, some of them conceive the ontology as
a 'common folder structure’, instead of an ontology to enrich the searches.

Some users pointed that, having the possibility of sharing a folder structure, they don't
see the need of using an ontology to classify documents.

Lessons learned:

1. Keyword search - Sometimes semantic keyword search was not appreciated by
users because they did not get the results they were expecting. They asked for
exact matches.

2. Automatic classification - The users did not appreciate this feature at all. They
would have preferred the system not to classify their documents. They wanted to
classify their documents manually.

Regarding visualization of results on the cluster map, and the possibilities it offers
to discover new knowledge and duplicate documents, users considered this functionality
very useful and attractive, even though, some users were confused when the cluster map
simultaneously presented the results of several queries. Normally, the users are not fa-
miliar with the possibility of mixing results of several queries, to detect duplicates and
discover new knowledge.
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Results reflect that it was very difficult for the users to use OntoEdit to change the local
ontology according to their needs, because it requires knowledge engineering background
that the users did’t have (only 5 peers evaluated the OntoEdit plug-in to try to change the
local ontology). This result regarding OntoEdit will be more described in the next section.

In general terms, attending to the results of the final questions of this section, the
users benefit from the use of XAROP to structure their local resources according to their
personal views. Even though the users seem not to have been benefited from the use of an
ontology, they admitted that the system contributed to improve their information searches.

3.1.6 Analyzing Results on Knowledge Sharing

The results obtained in this section reflect the parallelism with the results exposed in the
previous section, when evaluating the searches on the local peer, but in this case focused
on the evaluation of searches on remote peers. Users found the browsing folders function-
ality and keyword-based searches on remote peers more helpful than concept searches.
Manual peer selection and downloading files features were also valued positively.

Regarding security, the users trust the levels of security provided by the system, with
the possibility of establishing access permissions to individual files.

The final questions reflected that the system could not contribute significantly to save
time when exchanging knowledge with members within the same organization. And this
was similarly the case when exchanging knowledge with members of other organizations.
In both cases the users preferred to browse remote folders, instead of sending queries.
One of the reasons of this low contribution of the system to knowledge sharing is that a
low number of peers were active all the time during the evaluation, this situation didn’t
contribute to motivate the users to share knowledge. This lack of motivation could force
the need of establishing mechanisms such as incentives for the users to share knowledge
in the future.

3.1.7 DILIGENT Methodology Evaluation Results

In this section we present the evaluation about how the use of the ontology benefited the
creation of a common, inter-organizational knowledge view. We also analyzed how the
individual view of each user contributed to the creation of the common view. For that,
we have evaluated two iterations or cycles of the DILIGENT methodology. DILIGENT
covers the following steps:

1. Build the common ontology
2. Local adaptations

3. Analysis
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4. Revision

5. Local update

In the first iteration the first version of the common ontology was delivered to the
users by email (step 1) in a text file. Then the users extended the common ontology
according to the local needs (step 2) and sent the extended ontology back to the ontol-
ogy engineer (the changes were sent by email in text files too). Then, we created the
central board, formed by one representative member of each organization. The repre-
sentative member of IBIT also assumed the role of ontology engineer. The hotel asso-
ciations/federations designated only one representative member for these organizations.
The central board analyzed (step 3) and revised (step 4) the local adaptations done by
the users to produce the new version of the common ontology. The board balanced the
requests, and decided on the changes to be introduced in the ontology. The new version
of the common ontology was sent to the users (step 5) for local updating (the ontology
was distributed through the first distribution of the XAROP platform).

In thesecond iterationsome users liked the new version of the ontology (it is interest-
ing to comment that for some users it was difficult to distinguish between topic hierarchies
and concept hierarchies). The initial idea was that the users could produce the local adap-
tation in this second iteration using OntoEdit. But the users encountered difficulties using
OntoEdit to change the local ontology. This tool requires some background in knowl-
edge engineering that the users don’t have. Even though, 5 peers from IBIT were able
to do changes on the local ontology using OntoEdit, in the end, only the ontology engi-
neer was able to benefit from the use of this tool. So, despite the users having OntoEdit
available, we decided to continue collecting the local changes using text files (step 2).
Each representative member compiled the proposed extensions by the users in one text
file. Representative members had to specify which concepts to add and the place in the
hierarchy in which they should be added.

Problems found in the extensions requested by the users:1. Confusion between
folders and concepts: (one of) the users thought that the taxonomy of concepts should
mimic their folder structure. In this case the board decided not to follow the user’s sug-
gestions and introduce the requested changes, since this would compromise the quality of
the ontology. Itis interesting to notice that some users didn’t understand why the ontology
has to change. In one organization most users were active in suggesting changes and in
others they preferred to delegate the task to one person. The reason could be that in some
organizations, like CITTIB, there is a fixed organizational structure with a well-defined
workflow. They can not decide nor contribute to change the process in the organization.

Nonetheless the folders provided insight as to some of the concepts users were missing
in the ontology. Some required action could be: some more training on the differences of
what concepts in an ontology are and how they should be related to the information users
have in their folders and documents.
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2. Introduction of concepts that belong to other modules (parts of the ontology or
subdomains of knowledge. Please, see description of the modules in D7.5, page 20): (one
of) the users requested the introduction of concepts in the module which he specifically
worked with that correspond to concepts that should be introduced in another module.
In this case, it would be beneficial that users should have some higher level view of the
main modules of the ontology. This could probably be used to remember users of other
possible modules where they could find some of the concepts they are needing.

Analysis of requested changes:

1. Most of them were specializations of existing concepts and broadening with new
sibling concepts.

2. Some of them were the introduction of some instantiations.

3. Some of them were renaming due to change in legislation.

The local extensions provided by the users were analyzed (step 3) and revised (step
4) in a meeting held in Palma with members of the SWAP consortium and the Instituto
Superior Tcnico (Lisboa). We balanced and included some suggested extensions in the
common ontology, and sent the new version to the rest of members of the central board to
get their approval. In two of the modules we completely followed the requested changes
from some of the users’ board members. In one of the modules we did not follow the
requested changes. They were requested by the member of the board that used his folder
structure to suggest new concepts. However, we tried to abstract from the folder structure
and introduced changes representing the concepts he would require. This second iteration
has not concluded yet, we are currently expecting feedback from the users.

Lessons learned:

1. To ease the task of understanding the ontology. The users should have preferably
focused access to the part of the ontology they are dealing with. Otherwise it can
be too confusing. However, sometimes users should browse through the whole
ontology to find concepts they want, that is, identify the concepts they need in the
whole ontology and not just specifically in the “module” they are mainly using.

2. Adaptation - We have to provide easy ways to the users of extending the local
ontology, avoiding the need of launching and using an ontology editor to produce
the local changes.

3. Reuse - Users did not reuse concepts, ontologies, or adaptations from others. This
may be due to lack of appropriate tools. On the other hand, no one requested this
feature to be added.
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3.1.8 Conclusions

The evaluation results indicate that the XAROP platform satisfied the requirements and
the major expectations of the virtual enterprise case study. The results were positive in
terms of usability and about the functionalities for knwoledge structuring and searching,
even though during the evaluation the system could not contribute significantly to save
time when exchanging knowledge within and between organizations.

A relatively low number of peers were active all the time during the evaluation, this
situation didn’t contribute to motivate the users to share knowledge. We have to find
mechanisms to give incentives to peers to share knowledge. One possible solution in the
future to increase the number of active peers could be to establish some passive and per-
manent active peers in some organizations, putting available documents of public interest
(indicator reports emitted by public institutions).

The DILIGENT process contributed to create a common understanding of the tourist
destination management domain among organizations, but we have to deliver a more
friendly ontology editing tool if we want to motivate them to provide local extensions
of the ontology.

Regarding the impact of the system in the organizations, the general opinion is that the
system is useful to support effectively and efficiently the processes of the organization,
but the organizations do not expect that the system could support those processes in the
future, beyond the case study. In conclusion, this reflects that a real deployment of the
system will require a major compromise of the organizations to adopt supporting tools for
the collaborative decision making, and also a 'social and culture change’ of the users to
new ways of cooperation.

3.2 Bibliographic Case Study

In this section we describe the lessons learnt of the Bibster case study based on the eval-
uation report delivered in [SMM]. It presents the results of carrying out the evaluation
plan, which is discussed in Deliverable 10.2. In this case study, SWAP technology is em-
ployed to help researchers in sharing bibliographic data, in order to save work in trying
to find this data and avoid unnecessary and error-prone duplication of the bibliographic
entries.

The evaluation consisted of two parts: a user-focused evaluation and a system evalua-
tion. Results of both types will be presented in the following.
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3.2.1 User Evaluation
Methodology

The user evaluation is based on feedback obtained from an online user survey and from
email and web forums.

The on-line user survey is a test for assessing the user experience with certain particu-
lar features of the Bibster platform. It is also intended to profile the users in terms of their
technical environment, scientific background and existing social relationships with each
other.

The second source of feedback is from email and web forums. Users can subscribe
to a mailing list where they can post questions and suggestions for improvement. The
Bibster system has also been discussed in a Slashdot ‘arfi@eomments were posted
on this forum.

Feedback from on-line user survey

Users who downloaded the Bibster application from the web site were invited to fill out
an on-line user survey. The first part of this questionnaire records specific circumstances
that might effect the user experience: personal information, previous experience and the
technical environment in which the software is deployed. The second part contains ques-
tions about the experience of the users with the tool as well as existing social relationships
of users that might affect their behavior in knowledge transfer.

Over the period of 3—30 August, 2004, the online questionnaire was filled in 72 times.
Note that the actual number of answers to the survey questions varies by question as the
users had the possibility to opt-out, i.e. not to answer a question if they did not want to.
We note that some members of the SWAP project have also filled in the questionnaire.

User background The first and last segment of the questionnaire contained questions
related to the background of the users. These questions were introduced so that we can
understand who the users are and put the answers to the evaluation in context.

Of those who answered the question related to their affiliation (28), almost all of them
are employed in academia (24) with the vast majority in the position of a PhD student (21).
The average years in research is low accordingly: only 6 years (or 5 years when remov-
ing a single outlier). When asked to specify their research interests, the most commonly
occurring keywords were (in order of importance): ontology, ontologies, Semantic Web,
peer-to-peer, information/information systems, knowledge/knowledge management, in-
ternet, digital library. This would come as no surprise, since the initial roll-out targeted
the academic world and in specific the Semantic Web community and those interested in

http://slashdot.org/article.pl?sid=04/08/02/2153251
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peer-to-peer technology by profession. We cannot conclude, however, whether the case
is that the software did not have a wider appeal or simply those who tried from outside
of these communities (e.g. those who came across the software through Slashdot) did not
feel obliged to fill out the questionnaire.

The distribution to the question abodWlgX use shows that users either uséX
for all their publications or none at all, with the two groups equally represented in the
sample. Those who run Linux us@gX more than other users (86 vs. 48 percent), which
is explained by the fact thafTiexX originates in the Unix world. Altogether, however, there
are less Linux users than one would might expect from this community: the distribution
of the operating systems shows a dominance of Windows.

Concerning the hardware environment, the average user of the sample has a machine
equipped with 512 MB of memory (based on 42 replies) and a processor of 1600 MHz
(32 replies).

Working with bibliographic items  The next section of the survey inquired about the
present methods that users employ to find bibliographic data. From the results it seems
that people first turn to Google, followed by Citeseer, DBLP and other methods in this
particular order. Among the other resources mentioned we find local libraries, col-
leagues, IEEE (ieeexplore.ieee.org), Web of Science, SIGGRAPH, bioone, JStor, daf-
fodil.de, Amazon, SearchPlus@LANL, and Scirus, where many of these tools serve a
specific science community. See Figure 3.1.
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Figure 3.1: The percentage of users (y-axis) who ranked a given search tool on the first,
second, third or fourth place (x-axis) when asked about their order of preference.

The high ranking of Google over the search engines specialized in bibliographic items
can be explained by the unsurpassed coverage of Google in general web content including
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the pages of Citeseer itself. Also, it has been noted by many researchers in the past that
web users prefer the fast answer over the precise one; it is likely that many people try
Google first and then move on to a more specialized service if the answer cannot be found
among the first few hits returned.

When it comes to local content, 56% of the users keep their bibliographic items in a
single file, 41% use multiple files and only 1 person is known to use a database (of 39
responses). The vast majority of the users (75%) use a text editor to manage their file(s),
2 persons use JabRef, while 8 users use some other (unspecified) tool for this purpose. In
essence, the bulk of the management of bibliographic items is still done manually without
any specific tool support.

User appreciation of Bibster The main block of questions asked the opinion of the
users about Bibster and its specific features.

First, we wanted to know the extent of the experience of the users with the system. It
seems that about half of the users who have answered this question (24 persons) tested
the system for a week or less, which suggests a high attrition rate. It is also unfortunate
that a quarter of the users ran the tool for a day or less.

The overall usefulness of the system was rated as 2.65 (based on 23 answers) on a
scale of 1 - Outstanding, 2 - Good, 3 - Average 4 - Needs improvement, 5 - Poor. This
means that the software is considered slightly more average than good by the respon-
dents. However, 78 percent of these respondents would like to keep the system after the
evaluation period.

More targeted questions were also introduced to focus on benefits that we expected
from the introduction of Bibster, i.e. the facilitation of knowledge discovery and knowl-
edge sharing (learning) and improvement over previous search methods in terms of time
and quality. Unfortunately, the results showed that for most users, the system did not
increase the quality and efficiency of the search compared with previous search methods.
No doubt, this had to do with the performance problems experienced with the system.

The users were also asked to rate individual features of the system. The following
table shows the usefulness of certain features of Bibster as perceived by the users (based
on 22 responses and using the same scale as for overall usefulness). The features are listed
in decreasing order of approval by the users.
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Exporting to £TpX 1.77
Searching using keywords 1.82
Searching using specific attributes (author, title etd.)82
Detecting duplicate entries 2.14
Sorting by author 2.18
Adding new BibTeX entries 2.36
Looking up BibTeX items by topic 2.59
Sorting by date 2.63
Selecting peers manually 2.91
Sorting by the source of the information 2.95

Worthy to note the relatively low value attributed to looking up publications by topic
as opposed to using keywords. The users in the sample also found little use to manual
peer selection and sorting by peers. This seems to suggest that Bibster is considered more
an anonymous peer-to-peer system (like Napster) than a community tool: the users are
not concerned about the source of the information. (Note: peers were identified by user
identifiers, not the real name of the users, although most users tended to choose identifiers
that were reflective of their name.)

The respondents also had the opportunity to describe in free text the features that they
liked the most, the ones they liked the least and any new features they would like to see.
Among the positive aspects of the system, users mostly mentioned the idea itself, i.e. the
combination of Semantic Web and peer-to-peer technology. Complaints mostly focused
on the implementation: the download size, memory footprint and speed of the application,
and the extensive use of the hard disk. Secondly, users suffered from the lack of shared
data: too few publications in the system, focused on a narrow area (Computer Science).

In requests for new features, a number of users noted the need to share the actual
documents (or at least share the URLS) and at least two users have mentioned the idea of
a client/server version of Bibster. The idea seems to be a fix for the performance problem:
a research group could set up a server (or "super-peer”) that would regularly poll the
client machines (the computers of individual researchers) for bibliographic data. Only the
server would be visible to the outside and therefore the client machines would not have to
answer to requests from outside of their group. This would naturally reduce the load on
the client machines.

Feedback from email and forums

The direct feedback from the Slashdot forum and email provided more detailed informa-
tion from a subset of the Bibster users on the usefulness, flaws an possible improvements.
Here we analyze their comments and see which lessons we can learn from it.

There were 79 comments posted on the Slashdot forum about Bibster and +/- 40
emails from people that are known by members of the Bibster developers team. A high-
level summary of the analysis of the comments can be divided in meta statements on using
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a peer-to-peer approach and in comments on technical and usability improvements.

About the Peer-to-Peer approach

¢ Reliability of the data: The idea that every person can contribute bibliographic
meta-data rises the question about the reliability of it. The meanings of the forum
posters are divergent. One user refers to the CDDB project which stores meta-data
for CDs (Title, Artist and Track listings), where often substantial variations in the
spellings, capitalization, punctuation, etc. are made between different providers.
The lack of the possibility of constant peer reviewing, like in Wikipedia, could lead
to inaccurate and untrustworthy info.Some possible solutions proposed by two users
are a peer review mechanism or an automatic 'pagerank’ inspired distributed rating
mechanism.

¢ Availability of the data Some users address the positive aspects of the direct avail-
ability and redundancy of the data on a peer-to-peer network. The problem with
Bibster however seems to be that at the current startup phase, not many users are
online and that therefor also users will stop using it because they cannot find the
information they seek. A comment via email was about solving this problem be
adding some peers to the network by the developers of Bibster that have much con-
tent (like the complete DBLP database) and are constantly online.

e Accessibility and use of standardsSome postings were about having different
ways to get content from the Bibster network. One user comments that BibTeX
may be widely used in the hard sciences, but which is not international-friendly,
has a bad data model insufficient to the task of representing the sorts of data that
scholars in the humanities deal with. One user suggests to use an open network
protocol that would allow developers to make their own interfaces like a text based
one. Also the ACM topic hierarchy needs to be more general to keep more users
interested.

About features and possible improvements Comments and requests for new features
and possible improvements concerned:

Full text and user comment sharing, support for other operating systems, improve-
ments in the user interface, the dependency on the Eclipse framework, the installation
procedure, and bug fixing.

Summary

In general, the user evaluation revealed that users like the idea of combining Semantic
Web techniques with peer-to-peer for sharing Bibtex entries. However, the current Bibster
implementation has such a big memory and CPU footprint and also a slow repsonse rate
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and low number of participants that many users did not like it now. The users that tested
the system are working in the knowledge engineering domain, so we cannot make any
statements about its usability in other research fields. The users like the possibility to
export the local repository t&TgX and also the search possibilities on specific attributes
(author, title, etc.).

3.2.2 System Evaluation
Methodology

The system evaluation is based on the analysis of system activity that was automatically
logged to log files on the individual Bibster clients as described in the evaluation plan
[SMMH)]. Therefore, the user and system activity could be recorded and analyzed.

The log files were locally created in an XML format and periodically sent to a cen-
tralized FTP server. For analyzing purposes, the log data was written in a database and
queried using Excel as statistic tool.

Environment

A total of 398 peers spread across multiple organizations mainly from Europe and North
America used the Bibster system.

Figure 3.2 shows the distribution of the usage activity in terms of number of queries
of the 13 calender weeks of the evaluation period. Two effects are striking: First, because
of holidays in July and August, the average activity in these months is lower than in June.
However, there is a peek in calender week 32, because of the attention drawn to the Bibster
system by the positive comments at Slashdatworldwide well known news portal for
information technology. Unfortunately, the positive effects of this interest were singular
in nature and could not be retained.

Content Analysis

A total of 98872 bibliographic entries were shared by the 398 peers, with an average of
248 entries per peer. However, the distribution had a high variance (c.f. Figure 3.3):
While 62% (248 peers) were free-ridihgnd shared no content, 6% (24 peers) shared at
least 1000 entries each, accounting for 79% of the total shared content.

2http://slashdot.org/articles/04/08/02/2153251.shtml?tid=185&tid=
1&tid=218

3In many peer-to-peer systems (e.g. Naptser, Gnutella) users are mainly interested in their own ad-
vantage and conserve their resources (i.e. bandwidth) by sharing no files. In the common literature this
phenomena is calleeree-Riderproblem. Users do not have a direct incentive to share files.
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Figure 3.2: Distribution of Query Activity
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Figure 3.3: Distribution of Shared Content

Querying

The users performed a total of 3319 queries. The two ontologies (SWRC and ACM) were
used for about half of the queries, whereas the other half used the generic search over all
attributes. The SWRC ontology was mainly used for the purpose of querying for special
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types of publications (e.g. for Articles) or for publications of a given author.

In 720 queries the users asked for topics of the ACM topic hierarchy (isAbout).
Thereby it is likely that the users are accepting the ontology based searching capabilities
and that there is a benefit for them in using these ontologies. Furthermore, the frequent
gueries for ACM topics would justify the chosen topic-based expertise model as the basis
for peer selection.

With respect to the scope of the queries, the users mainly performed queries on their
local peers and automatic search across the entire network. Only in few cases the queries
were directed to a manually selected peer. This confirms the need for efficient peer selec-
tion algorithms.

Peer Selection

With respect to query routing and the use of the expertise based peer selection, we were
able to reduce the number of query messages by more than 50 percent, while retaining the
same recall of documents compared with a naive broadcasting approach. The precision
of the peer selection process (the percentage of the reached peers that actually provided
answers to a given query) was determined as follows: While the expertise based peer
selection results in an almost constant high precision of 28%, the naive algorithm results
in a lower precision decreasing from 22% after 1 hop to 14% after 4*hops

From the number of forwarded query messages sent per query, it can be seen that
with an increasing number of hops, the number of messages sent with the expertise based
peer selection is considerably lower than with the naive algorithm. Although we have
shown an improvement in the performance, the results also show that with a network of
the size as in the field experiment, a naive approach is also acceptable. On the other
hand, with a growing number of peers, query routing and peer selection becomes critical:
In simulation experiments with larger peer networks with thousands of peers, we have
shown improvements in the order of one magnitude in terms of recall of documents and
relevant peers [HSvVHO4].

Comparison with Results from Simulation Experiments

Overall, the results of the simulation experiments have been validated: We were able to
improve the precision of the peer selection and thus reduce the number of sent messages.
However, the performance gain by using the expertise based peer selection was not as
significant as in the simulation experimehts

This is mainly due to the following reasons:

4The decrease is due the redundancy of relevant peers found on different message paths: Only distinct
relevant peers are considered.

5In terms of recall, there were no improvements at all, as even the naive algorithm generally was able to
reach all relevant peers.
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e Size of the networkhe size of the network in the field experiment was considerably
smallerthan in the simulation experiments. While the total number of participating
peers was already fairly large (398), the number of peers online at a certain point in
time was fairly small (order of tens).

e Network topologyn the field experiment we built the semantic topology on-top of
the JXTA network topology. Again, related to the small size of the network, the
JXTA topology degenerates to a fully connected graph in most cases. Obviously,
for these topologies, a naive algorithm yields acceptable results.

¢ Distribution of the conteniin the simulation experiments, we distributed the shared
content according to certain assumptions (based on topics, conferences, journals).
In real world experiments, the distribution is much more heterogeneous, both in
terms of the expertise of the peers and the amount of shared content (c.f. Figure
3.3).

Summary

The Bibster system was used by 398 peers across Europe and the USA. Although free-
riding was quite frequent, it did not hamper the overall system performance. The ontology
based search functionality has been used by the users. We have been able to show that the
usage of Semantic Web technologies and ontologies provideaded value

Unsurprisingly, in small networks witemall user groupsintelligent query routing
is not a major issue. While it is beneficial to direct queries to specific peers known to
the user (a trust issue!), advanced routing algorithms may only be beneficial for a much
larger number of users in a network. Based on our experience we now conjecture that
content-based routing and trust issues will have to converge for such larger networks, too.

3.2.3 Conclusion

The overall opinion of the users and the results of the system evaluations indicate that the
ideas behind Bibster are promising but the current implementation and the low number of
users discourage people to use it. It is striking to see that users do not seem to appreciate
the topic hierarchy for searching but the log files of the usage did show that people really
used it.

Due to the small size of the network, the advanced peer selection method cannot
show its potential because broadcasting does not hinder. However, we can already see its
advantage in the fact that the number of messages is halved.

The users liked the possibility to export the local repositoryAlgX{_and also the
search possibilities on specific attributes (author, title, etc.). The implementation of the
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duplicate detection seems to work satisfactorily for the users. Many users were free-riders
but this did not hamper the overall system performance.
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Dissemination

Due to the diversity of the SWAP consortium there were two broad lines of dissemination
activities that we can point out. On the one hand, there was dissemination geared to-
wards academic environments done primarily by the research partners with publications,
presentations and co-organisation of main conferences, events and workshops related to
the project. Likewise, there have been dissemination activities geared towards the indus-
try participating in the more important events and mass media, at both the local and the
international level.

The Continuous Dissemination Actions task has been going on throughout the entire
project:

One of the deliverables was the design and continuous maintenance of the SWAP web
page http://swap.semanticweb.org ), which has followed the project from its
beginning to its official completion. It helped as a valuable means of dissemination for at-
tracting the interest of the industry and research organizations in relation to IS Technolo-
gies compatible with those developed within the project, and potential users that could
eventually incorporate the developed technologies into their organization schemes.

Marketing material has been produced to support the different events in which all the
partners have participated during the project. A poster representing the project and leaflets
in English and Spanish explaining the project have been prepared.

Many articles and papers have been published in specialized scientific/technical pub-
lications (and also in non-technical publications with strategic value for dissemination,
such as those related to the user partners themselves or their related business/activity sec-
tors: Public Administration, Industrial Associations, Student Associations, as well as the
general Press).

The note following highlights (detailed by partner in the Individual Contribution Sec-
tion of the deliverable D8.5, on the References web page of the project, and in the publi-
cations chapter of this final report). Academic publications: DIT 02, CIA 02, FQAS 02,
Kl 02, EKAW 02, AMKM 03, ISWC-03, WM 03, WIAMIS 03, SemPGRID, KMDAP
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03, KIM 03, ENTER 03 ITC-IRST, XML Colloquium, OntoWeb, SIG 03, IJCAI-WS,

WWWO03, WWW-04, ECAI-04, ICSNW-04. Industrial and Mass Media Articles: Di-
ario de Mallorca, Balearic TV, Innovation & Energy Bulletin (Balearic Gov.), Madrl+D
website, 5DIAS, ComputerWorld, Computing.

The partners have attended appropriate forums for direct dissemination, such as spe-
cialized workshops, congresses and conferences, both national and European, related to
Semantic Web and peer-to-peer information. These forums were not only in the EU, but
also outside the EU: ITC-IRST,XML Colloquium, OntoWeb, WWWO03 Workshop on P2P
& Grid, SIG03, EKAW-2004, WWW2004, STAIRS2004, ECAI04, ESWS-2004, I-Know
2004, Meta4 International User Forum 2002 and 2003 First International KM Conference
for Spanish Speaking Countries 2004, etc.

A Special Deliverable of the project is the D1.7 Book. Springer, a major publisher,
will publish this book. The book summarizes the results of the project and will dissemi-
nate them to a broader audience. The title of the book will be “Semantic Peer-to-Peer for
Knowledge Management”.

Concerning the contribution to standards, SWAP built upon existing standardization
efforts in the field of Semantic Web and Ontologies. In fact, the two research institutes
have been key players in creating the Semantic Web ontology standard OWL or the query
language SeRQL, as well as in building and enhancing some of the most sophisticated
existing Semantic Web tools (KAON, Sesame).

SWAP is part of the broader Semantic Web activity and has interacted closely with
third parties (universities, EU projects, Consulting Firms) throughout the project. An ex-
tra deliverable has been produced in collaboration with Carnegie Mellon University to de-
velop a case study. SWAP has also collaborated with Edamok, Meaning PADLR/ Edutella
and Sewasie Projects and Aduna and Ontoprise Consultancy companies for tools.
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Exploitation

We can divide the actual outcome into two lines. On the one hand we have defined a
range of new methods in the field of peer-to-peer systems on the other hand we have
developed two applications for two different case studies. On the method side, the SWAP
project has produced new methods in different areas and make significant contribution to
the research of the Semantic Web. On the representation language level a query language
for RDF and a context language for OWL were defined. We designed a meta model to
capture different attributes of peers and the knowledge they share. This model is used
by almost all other methods applied in the SWAP system. Ontology heterogeneity is
inherent in ontology based peer-to-peer systems, since peers may or may not share the
same ontology to model a certain domain. In the SWAP project we tackled the problem of
ontology heterogeneity in two ways. Firstly we have developed a new mapping method,
which generates mappings between ontologies much faster than existing methods and
with higher accuracy. These mapping method are based on the combination of different
similarity functions. Secondly we have defined a process which helps the participants of
the network to find shared concepts of their ontologies. This reduces heterogeneity for the
concepts most often used. Based on the research done on ontology heterogeneity we could
also define a new method to provide recommendation to users. This method is used in
the Bibster system to suggest new bibliographic entries to the user. A particular problem
in peer-to-peer networks is the routing of queries to knowledgeable peers. In the course
of the project two different routing algorithms were developed. The advertisement based
approach facilitates the setup of the peer-to-peer network while the rating based approach
can be used to fine tune the routing quality. Methods which are not yet implemented in
any of the applications but point to future directions include new ways to process complex
gueries. This becomes interesting when the answer of a certain query must be combined
from the results delivered by different peers.

On the application side, the SWAP project has produced a generic peer-to-peer plat-
form to exchange data in RDF format. On top of this generic application two case study
specific solutions were build. For the research community the Bibster system was devel-
oped.
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XAROP, was optimized to fulfil the needs of knowledge workers in the tourism do-
main. XAROP enables its users to share files, bookmarks and emails with other partici-
pants of the network. In the XAROP case study the number of participants is small, thus
routing is not a problem. The methods most significant to the XAROP platform are the
security mechanisms, the automatic document classification, the similarity detection be-
tween folders, the distributed ontology engineering process, new visualization metaphors
and the view generation of the query language.

The other solution, Bibster is currently used by more than 1000 participants with
the number growing each day. Bibster allows to exchange metadata about Bibliographic
entries. In this system methods for intelligent routing as well as for similarity detection are
of particular interest. Similarity between bibliographic entries can be used to determine
duplicates in a given answer or to suggest similar entries which might be interesting to the
user. Bibster can be downloaded throumtp://bibster.semanticweb.org

The Technological Implementation Plan summarizes the results of the project and de-
scribes the exploitation plans and the business plans of the different partners, the tangible
results of the project.

Following the recommendations of the project Final Review Meeting, apart from on
the eTIP web page, IST results have also been published on the CORDIS web page, in the
Technology MarketPlace area. The two prototypes resulting from the project have been
published: Xarop (RCN 33254) and Bibster (RCN 33192).

Each partner has implemented own exploitation plans to take advantage of both the
knowledge acquired throughout the project and its tangible results.

Among the latter are the two prototypes, Xarop and Bibster, developed in the two case
studies on the platform developed in SWAP, which are now in executable state.

Regarding the Xarop prototype, the traditional marketing channels if the industrial
partners will be used with a licence model based on the number of peers or users, first on
the installed base of Meta4 clients, taking advantage of the tourism environment and the
relationships that IBIT has in the tourism environment.

To facilitate the dissemination of the results, the Bibster code has been classified open
source and has been placed in SourceForce for download. The exploitation of this proto-
type, due to its focus, is being carried out among Researchers and academic institutions
world-wide with an LGPL licence model, headed by AIFB and VU. The exploitation
and system-roll out was organized in three phases: In the first phase (April to May) the
system was delivered to the SWAP patrticipants and their associated institutes. The pur-
pose of this phase was to identify bugs and test the stability of the system. In the second
phase (May to June) the system was rolled out and introduced to some selected institu-
tions. During this phase about 30 - 40 users worked with the system. In the last phase
(June to September) the system was propagated on several mailing lists and therefore de-
livered to the public. In this last phase we counted over 10000 visitors of our website
(http://bibster.semanticweb.org) and more than 3000 downloads of the system.
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Aside from the prototypes, we have used the conceptual work and components devel-
oped during the project. In close cooperation with the company Aduna, the Vrije Uni-
versiteit Amsterdam has developed and extended some base technologies for accessing
information in P2P networks that will be exploited in future research as well as commer-
cial product development at Aduna. There are mainly three relevant technologies: Visual
Front-end for ontology information in P2P networks, Sail Main Memory Implementation
and SERQL Language Definition.

The Security architecture, SeRQL engine and the conceptual work done on distributed
knowledge management will be used in the Emplois CM Solutions. Meta4 have also
evaluated the possibility of integrating the technology developed during the project to
develop a new release of the Meta4 KnowNet product, opening new lines of R & D, to
satisfy the current market needs, which tend towards simplicity and collaboration.
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Summary

“SWAP combines two highly successful technologies, viz. Semantic Web and
Peer-to-peer computing.”

This quote is taken from the original project proposal and the technical annex of the
project. To summarize the concrete results as presented on the previous pages, we will
now map these results to the original goals.

“1. SWAP will offer a Conceptual Analysis of the problem. The analysis com-
prises the use of semantic web technology in peer-to-peer computing, but it
will also consider how emergent semantics may be constructed by overlap-
ping knowledge structures of different peers (e.g. common categorizations of
knowledge, common bookmark names of web pages)”

We have provided a thorough analysis of the involved paradigms. Different deliverables
have looked at the paradigms themselves, as well as their combination for knowledge
management. Based on this analysis we developed a methodological approach, which
was then used for SWAP.

“2. SWAP will explore the conceptual architectures made possible by this
combination. They constitute the foundations for the subsequent integration
task as well as for further exploitation.”

An architecture has been developed considering various aspects and degrees of detail. The
aspects ranged from high-level general architecture considerations, to very specific issues
such as software and hardware requirements from user side. From this we developed a
general understanding on the structure which the SWAP system was to be built on. It was
reflected in the SWAP architecture.

“3. SWAP will investigate new methods to realize a Semantic Web based peer-
to-peer system”
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A lot of innovative research has been carried out in the two and half years of the SWAP
project. Many individual methods were output of this research. For a full list please
refer to the published deliverables. The success was not limited to the project, but was
spread across the research community. The list of academic publications can be seen as
an indicator for this.

“4. The methods will be implemented in a set of tools”

Theoretical concepts and methods alone are not enough for success. The methods were
consequently transferred and implemented in a set of tools. All of them, except for the
very latest, could be integrated into the SWAP system.

“5. The tools will be integrated based on the foundations from the conceptual
architectures in a demonstrator that can be tested in case studies.”

Integration of very different tools into a system, which has to meet very different require-
ments from case study side, was a challenging task. Nevertheless, this task was met in
the project very well. The results can be viewed in the two systems: Xarop and Bib-
ster. Effectively, we did not only develop demonstrators, but tools which run across the
world on a daily basis. For a demonstration of our systems we refer to the open-source
Bibster fttp://bibster.semanticweb.org ), which can be easily downloaded,
installed, and run.

“6. The tool environment will be evaluated in two case studies about Knowl-
edge Management for investment analysts and about Knowledge Sharing be-
tween SMEs (virtual enterprises).”

The two SWAP systems have been thoroughly evaluated in two case studies, of which one
had to be replaced during the project term due to the drop-out of one partner. Xarop was
successfully run across six independent organizations. Bibster is still running around the
world. The objective evaluation has shown mostly positive very interesting results. We
have received extensive feedback from evaluators, and in the case of Bibster additionally
from many users. From all this feedback we could extract valuable lessons learned. Fur-
ther, our consortium was rewarded the do-IT software award (15.000 Euro) of the German
state of Baden-\lirttemberg for the Bibster system.

The results of the project were constantly promoted, in past and current dissemina-
tion and exploitation activities. Dissemination through the webpage:(/swap.
semanticweb.org ) was in place shortly after project begin, it was constantly main-
tained, and will be kept online for the time after project termination. Numerous publica-
tions from both academia and industrial partners were presented at well-known research
conferences as well as application oriented events. Exploitation will be continued by the
commercial partners, which plan to use the gained technology in their business fields.
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Open source efforts of the university partners will also continue, specifically we plan to
exploit the basic software in both the projects SEKT and KnowledgeWeb.

As expressed by all partners, the project can be regarded as very successful. Part-
ners already continue their effective collaboration in other projects, or they are actively
planning on how to ensure future collaboration.
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Appendix A

A.1 Deliverables

| Deliverable No| Deliverable Name | Lead Participant

D1.1 Analysis P2P systems VU

D1.2 Analysis Ontology-based KM solutions VU

D1.3 Analysis O for P2P, P2P for KM Meta4d

D1.4 Analysis P2P for O Unikarl

D15 First version of SWAP methodology VU

D1.6 Refined SWAP methodology VU

D1.7 Book VU

D2.1 Conceptual architecture Meta4

D2.2 Modular architecture Meta4

D2.3 Technical architecture Meta4

D2.4 Integration architecture empolis Polska
D3.1 Method survey Unikarl

D3.2 Methods design Unikarl

D3.3 Methods implementation Unikarl

D3.4 Test scenario Unikarl

D3.5 Integrated Methods Unikarl

D3.6 Refined Methods Unikarl

D4.1 Platform selection Unikarl

D4.2 Implementation of basic ontology-services VU

D4.3 Tools - first versions VU

D4.4 Tools - improved versions VU

D4.5 P-Up Unikarl

D4.6 P-Viz VU

D4.7 Final tools Unikarl

D5.1 Basic application platform empolis Polska
D5.2 Integrated application platform empolis Polska
D5.3 Instantiated application platform for KM caseempolis Polska

study
D5.4 Instantiated application platform for virtual enterMeta4
prise case study
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| Deliverable No| Deliverable Name | Lead Participant
D6.1 Specification of use cases Dresdner Bank
D6.2 Refined specification of use cases Dresdner Bank
D6.3 Evaluation for KM case study Dresdner Bank
D7.1 First User environment definition IBIT
D7.2 Refined User Environment Definition IBIT
D7.3 Virtual Enterprise SWAP prototype IBIT
D7.4 Evaluation plan IBIT
D7.5 Evaluation report IBIT
D8.1 Public Web Page and Project presentation Meta4
D8.2 Dissemination and Use Plan Meta4
D8.3 Exploitation market survey Meta4
D8.4 Technology Implementation Plan Meta4d
D8.5 Report on overall exploitation and disseminatioNeta4
actions
D9o.1 Report “Project Description” UniKarl
D9.2 Report “1st Six-monthly Periodic Progress RéddJniKarl
port”
D9.3 Report “2nd Six-monthly Periodic Progress RdJniKarl
port”
D9.4 Report “3rd Six-monthly Periodic Progress RedJniKarl
port”
D9.5 Report “4th Six-monthly Periodic Progress RedJniKarl
port”
D9.6 Report “5th Six-monthly Periodic Progress RedJniKarl
port”
D10.1 Requirements analysis UniKarl
D10.2 Evaluation plan VU
D10.3 Integrated system SWAP-Bib empolis Polska
D10.4 Evaluation report about SWAP-Bib VU
D11.1 Authorisation requirements analysis and design empolis Polska
D11.2 Integrated platform with authorization empolis Polska
D11.3 SWAP-Orenge integration empolis Polska
D114 SeRQL prototype implementation report empolis Polska
SWAP CMU Report VU
SWAP 2002 Annual Report UniKarl
SWAP 2003 Annual Report UniKarl
Research Agenda V.1 UniKarl and VU
Research Agenda V.2 UniKarl and VU
Final Report UniKarl

All deliverables are available via the project webpage. A password might be required,
if the document is confidential.
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A.2 Publications

Publications are grouped by partner.

e T. Sollazzo, S. Handschuh, S. Staab, M. Frank, N. Stojanovic: “Semantic Web
Service Architecture Evolving Web Service Standards towards the Semantic Web”.
In: Proceedings of the 15th International FLAIRS Conference. Pensacola, Florida,
May 16-18, 2002. AAAI Press

e Editorial; M. Frank, N. Noy, S. Staab (eds.). Semantic Web 2002 Proceedings
of the Workshop at WWW-2002. Honolulu, Hawaii, May 7, CEUR Workshop
proceedings, 2002.

e Christoph Tempich, Julien Tane, Steffen Staab, Marc Ehrig, Christoph Schmitz:
“Towards Evaluation of Peer-to-Peer-based Distributed Knowledge Management
Systems” at the conference for “Agent Mediated Knowledge Management03”

e Marc Ehrig, Christoph Tempich, Steffen Staab, Frank can Harmelen, Ronny Siebes,
Marta Sabou, Jeen Broekstra, Heiner Stuckenschmidt: “SWAP: Ontology-based
Knowledge Management with Peer-to-Peer Technology” at the “2nd Knowledge
Management Conference (WM 2003)” in Lucerne

e U. Reimer, A. Abecker, S. Staab, G. Stumme (eds.). WM2003 Professionelles
Wissensmanagement Erfahrungen und Visionen. Proceedings der Konferenz
WMZ2003. Luzern, CH, April 2-4, 2003. Lecture Notes in Informatics. Gl e.V.

/ Kllen Verlag, 2003.

e Marc Ehrig, Christoph Tempich, Steffen Staab, Frank can Harmelen, Ronny Siebes,
Marta Sabou, Jeen Broekstra, Heiner Stuckenschmidt: “SWAP: Ontology-based
Knowledge Management with Peer-to-Peer Technology” at the “4th European
Workshop on Image Analysis for Multimedia Interactive Services” at the University
of London

e Marc Ehrig, Christoph Tempich, Steffen Staab, Frank can Harmelen, Ronny Siebes,
Marta Sabou, Jeen Broekstra, Heiner Stuckenschmidt: “SWAP: Ontology-based
Knowledge Management with Peer-to-Peer Technology” at the “2nd Knowledge
Management Conference (WM 2003)” in Lucerne

e Jeen Broekstra, Marc Ehrig, Peter Haase, Frank van Harmelen, Arjohn Kampman,
MartaSabou, Ronny Siebes, Steffen Staab, Heiner Stuckenschmidt, Christoph Tem-
pich: “A Metadata Model for Semantic-Based Peer-to-Peer Systems” at the work-
shop on Semantics in Peer-to-Peer and Grid Computing at the 12th International
World Wide Web Conference in Budapest, 2003.
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e Marc Ehrig, Peter Haase, Ronny Siebes, Steffen Staab, Heiner Stuckenschmidt,
Rudi Studer, Christoph Tempich: "The SWAP Data and Metadata Model for
Semantics-Based Peer-to-Peer Systems” at the First German Conference on Multi-
agent System Technologies, Erfurt, Germany, 2003

e Christoph Tempich, Raphael Volz: Towards a benchmark for Semantic Web rea-
soners - an analysis of the DAML ontology library. in Proceedings of Evaluation of
Ontology-based Tools (EON2003) at 2nd International Semantic Web Conference
(ISWC 2003), 20.10.2003, ed. Y. Sure, 2003 D7.4 Evaluation Plan EU IST-2001-
34103 17

e M. Ehrig, C. Schmitz, S. Staab, J. Tane, C. Tempich. Towards Evaluation of Peer-
to-Peer-based Distributed Knowledge Management Systems. In: L. van Elst et al.
(eds) Agent-Mediated Knowledge Management. Post-proceedings of the AAAI
Spring Symposium. LNAI 2926 Springer, 2004.

e Christoph Tempich, Steffen Staab, Rudi Studer: TIME2Research - Ein Wissenpor-
tal fr den Unternehmensanalysten . WI2003, Dresden, 2003.
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A.3 XAROP — A Report on Introducing a Decentralized
Semantics-based Knowledge Sharing Application

A.3.1 Abstract

Knowledge management solutions relying on central repositories sometimes have not met
expectations, since users often create knowledge ad-hoc using their individual vocabulary
and using their own individual IT infrastructure (e.g., their laptop). To improve knowledge
management for such decentralized and individualized knowledge work, it is necessary
to, first, provide a corresponding decentralized IT infrastructure and to, second, deal with
specific problems such as security and semantic heterogeneity. In this paper, we describe
the technical peer-to-peer platform that we have built and summarize some of our experi-
ences applying the platform in case study for coopetitioning organizations in the tourism
sector.

A.3.2 Introduction

Knowledge management solutions relying on central repositories sometimes have not met
expectations, since users often create knowledge ad-hoc using their individual vocabulary
and using their own individual IT infrastructure (e.g., their laptop). [BBT02] provide an
explanation for the failed cases. They argue that traditional knowledge management sys-
tems take on a traditional managerial control paradigm, while subjectivity and sociality
are essential features of knowledge creation and sharing. From that point they overhaul
the traditional architecture of knowledge management systems towards a more decentral-
ized architecture.

This general observation is supported by our own case study, which we pursued in the
course of the SWAP project The case study is in the tourism domain of the Balearic
Islands. The needs of the tourism industry there are best described by the term ‘coope-
tition’. On the one hand the different organizatia@mpetdor customers against each
other. On the other hand, they mustoperatein order to provide high quality for re-
gional touristic issues like infrastructure, facilities, clean environment, or safety — that
are critical for them to be able to compete against other tourism destinations. Working
based on traditional, centralized knowledge management systems is infeasible, since no
single organization can control all processes.

Although the need for decentralized knowledge management solutions is obvious,
the field of solutions is still very limited. Two technologies are currently emerging as
candidate solutions. On the communication level peer-to-peer (P2P) networks provide the
means to connect the different participardk [BBD *04]) while ontologies can provide
the necessary expressivity on the representation level [D. 98].

http://swap.semanticweb.org/
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As for peer-to-peer networks one can distinguish three separate lewelsfrastruc-
ture, application and community level([SF03]). The P2P infrastructure provides ba-
sic mechanisms to communicate, security mechanisms, resource identification and peer
identification. The P2P application provides services to the users supporting their process
needs. P2P communities comprise the social activities which are enabled by the P2P
paradigm.

Our use of ontology-based knowledge representation lies orthogonal to the three levels
of the P2P network. The use of semantic descriptions of data sources stored by peers and
indeed of semantic descriptions of peers themselves alleviates current problems on all
three levels as we will show in the remainder.

In this paper we describe our experiences in introducing a peer-to-peer based knowl-
edge management application. The application is built around and takes advantage of
ontologies at the three different levels mentioned before. Before we start to explain this in-
teraction, we briefly introduce the organizational setting of our case study (Section A.3.3).
From the case study we have derived several technical requirements (Section A.3.4) for
our application. The requirements led us first to an architecture for a semantically en-
riched peer-to-peer application (Section A.3.5), and second to a number of new methods
(Section A.3.6). We finalize the paper with a summary of the case study (Section A.3.7)
and lessons learned (Section A.3.7), a reference to the related work (Section A.3.8) and
the conclusion (Section A.3.9).

A.3.3 Organizational Context

The case study we consider here is based in the tourism sector of the Balearic Islands. A
number of organizations participating in the case study want to collaborate on some re-
gional issues. Therefore they now collect and share information atdioatorsreflect-

ing the impact of growing population and tourist fluxes in the islands, their environment
and their infrastructures. Moreover, these indicators can be used to make predictions and
help planning. For instance, organizations that reqQuiality & Hospitality management

use the information to better plan, for example, their marketing campaigns. As another
example, a governmental agency, a Balearic Government’s co-ordination center of telem-
atics, provides the local industry with information aboetv technologiethat can help

the tourism industry to better perform their tasks.

Due to the different working areas and objectives of the collaborating organizations,
it proved impossible to set up a centralized knowledge management system or even a
completly centralized ontology. The case study partners asked explicitly for a system
without a central server, where knowledge sharing is integrated into the normal work, but
where very different kinds of information could be easily shared with others.
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A.3.4 Requirements

From a technical point of view, the different organizations can be seen as one or many
independently operating nodes within a “knowledge” network. Nodes can join or discon-
nect from the network at any moment and can live or act independently of the behavior of
other nodes in the system. A node may perform several tasks. The most important one is
that it acts as a peer in the network, so it can communicate with other nodes to achieve its
goals. But apart from that it may act as an interface to interact with the human user of the
network, or it may access knowledge sources to accomplish its tasks. One node may have
one or more knowledge sources associated with it. These sources contain the information
that a peer can make available to other peers. Examples are a user’s filesystem and mail
folders or a locally installed database.

A node must be designed to meet the following requirements that arise from the task of
sharing information from the external sources with other pdetsgration: Each piece
of knowledge requires metadata about its origin. To retrieve external information, the
metadata needs to capture information about where the piece of information was obtained
from. This information will allow to identify a peer and locate resources in its repositories.
Information heterogeneityAs each peer may use its own local ontology, the distributed
information is inherently heterogeneous. Mappings may be required, e.g. to overcome
the heterogenous labelling of the same objects. However, in most cases some of the
defined structures are very similar to each other. A general process is needed to identify
commonalities and make them explicit.
Security: Some information may be of private nature and should not be visible to other
peers. Other information may be restricted to a specific set of peers.
Presentation:In a peer-to-peer network queries are forwarded to different peers. Due to
different network latencies and resources on the answering machines, answers can come
at any time. Hence, the interface must help the user to distinguish between recent and
old results, must update itself from time to time and should visualize where results come
from.
Network efficiencyln peer-to-peer systems a general problem is, to distribute the queries
in the network. Since, the number of messages increases exponentially with the number
of hops a query is allowed to travel, intelligent query routing algorithms are required when
the size of the network grows.

A.3.5 The SWAP platform

In the SWAP project, we have build the generic platform SWAPSTER to account for the
general need of sharing semantic-based information in P2P fast@sed on SWAP-

STER we have developed a semantic and P2P based knowledge management solution
appropriate for the case study sketched above. The latter is called XAROP i.e. Catalan

2Bibster [HBE"04] is another solution for a different case
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for syrup.

XAROP nodes wrap knowledge from their local sources (files, e-mails, etc.). Nodes
ask for and retrieve knowledge from their peers. For communicating knowledge, XAROP
transmits RDF structures [KCO03], which are used to convey conceptual structures (e.g.,
the definition of what an indicator for airtravel is) as well as corresponding data (e.g.,
data about the number of arrivals by plane). For structured queries as well as for key-
word queries, XAROP uses SeRQL, an SQL-like query language that allows for queries
combining the conceptual and the data level and for returning newly constructed RDF-
structures.

In the following we describe only the XAROP components that we refer to later in
this document.

Knowledge Sources:Peers may have local sources of information such as the local file
system, e-mail directories, local databases or bookmark lists. These local information
sources represent the peer’s body of knowledge as well as its basic vocabulary. These
sources of information are the place where a peer can physically store information (doc-
uments, web pages) to be shared on the network.

Knowledge Source Integrator: The Knowledge Source Integrator is responsible for the
extraction and integration of internal and external knowledge sources into the Local Node
Repository. This task comprises (1) means to access local knowledge sources and extract
an RDF(S) representation of the stored knowledge, (2) the selection of the RDF statements
to be integrated into the Local Node Repository and (3) the annotation of the statements
with metadata.

Local Node Repository: The local node repository stores all information and its meta
information a peer wants to share with remote peers. It allows for query processing and
view building. The repository is implemented on top of Sesame [BKv02].

User Interface: The User Interface of the peer provides individual views on the informa-
tion available in local sources as well as on information on the network. The views can be
implemented using different visualization techniques (topic hierarchies, thematic maps,
etc). One part of the user interface is thdit component. Th&dit component allows the

user to supervise the mapping process and enables light weight ontology engineering.

Communication Adapter: This component is responsible for the network communica-
tion between peers. Our current implementation of the Communication Adapter is build
on the JXTA framework [Gon01].

Information and Meta-information. Information is represented as RDF(S) statements

in the repository. The SWAP meta mogiétf. [EHVHT03]) provides meta-information
about the statements in the local node repository in order to memorize where the state-
ments came from and other meta-information.

Besides the SWAP meta data model the SWAP environment builds on the SWAP
Shttp://swap.semanticweb.org/2003/01/swap-peer #
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common ontology. The SWAP common model defines conceptsforFile andFolder.
Purpose of these classes is to provide a common model for information usually found on
a peer participating in a knowledge management network.

Querying for Data. SeRQL[Bro03] is an SQL like RDF query language. The main
feature of SeRQL is the ability to define structured output in terms of an RDF graph
that does not necessarily coincide with the model that has been queried. This feature is
essential for defining personalized views in the repository of a XAROP peer.

A.3.6 Method description on the three P2P levels

In this section we explain some of the methods that are most crucial to the XAROP knowl-
edge management solution at the infrastructure, application or community level. Because
of space restriction we skip over parts that are only of longer term interest, such as scal-
ability towards a larger P2P network, which we have explore in another case study in
somewhat more depth [HBDA4].

Infrastructure level: A distributed Security framework

Security considerations are of particular concern within a peer-to-peer framework. Users
of a P2P system want to be sure that they give access to local resources only to trusted
persons. Furthermore, they want to define different access control levels to their local
knowledge, since they might trust different participants to various extent. While these
consideration in themselves are difficult to handle, the security mechanism in a P2P sys-
tem must be straightforward to define.

For authentication we use a public-key infrastructure (PKI) infrastructure with certifi-
cate authorities established within XAROP. A certain XAROP node acts as a root certifi-
cate authority for the XAROP system, all other peers will configure this node as trusted
root certificate authority. In small networks, this certificate authority will issue certificates
directly for users, whereas in large networks, it is possible to build a hierarchy of certifi-
cate authorities. The certificate creation will be done offline, on the configuration level.
Certificates themselves will not be transmitted within the standard SWAP user interface.

The access control model has to be based on rules, since we cannot demand from users
that they will enumerate privileged users for each local resource. The rules have to base on
strict facts with proven origin (i.e. signed by the peer that generates a fact). A simple rule
gives access for a single documeeq.(SWAP.doc) to a single, fixed persoeg(Esteve).

More complex rules are based on knowledge about both people and resources (All people
involved in SWAP project can download all documents from my SWAP folder). All access
control rights have to be explicit. Otherwise we assume that access is not allowed.

Further, the right to decide about the access properties of peers can be delegated to

“http://swap.semanticweb.org/2003/01/swap-common #
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other peers. A person that we delegate the right to can be fixed or described by a similar
pattern, forming a chain of truseg. All people, about which Esteve said that they are
involved in SWAP, and Mariusz said that they work for empolis, can download all my
documents about SWAP). The access properties have to be digitally signed by the peer
who assigned them.

Example for IBIT IBIT needs access control based on organization boundaries. On the
other hand, it is not acceptable for an average user to be forced to create and maintain or-
ganizational information by herself. Using the described security model for the IBIT case
an average user has to define (1) their administrator and (2) access control rules for his
local resources. Administrators, define and maintain information about (1) organizational
structures and (2) user membership to organizations.

Application level: Dealing with Semantic Heterogeneity and Visualization

Heterogenity Semantic mapping between ontologies is a necessary precondition to es-
tablish interoperation, i.e. overcoming the heterogeneity between peers using different
ontologies. When we tried to apply existing tools [NM03, DDHO03] to our scenario, we
found that existing mapping methods were not suitable for the ontology integration task
at hand. They have laid focus exclusively on improving the effectiveness and neglected
efficiency, which becomes an issue already with the ontologies required in the context of
Xarop. Itis not sufficient to provide its user with the best possible mapping, it is also nec-
essary to answer his queries within a few seconds - even if the two peers use two different
ontologies and have never encountered each other before.

We briefly introduce the process that our approach follows [ES04]. It is started with two
ontologies, which are going to be mapped onto one another, as its input. Mapping one on-
tology onto another means that for each entity (concept, relation, or instance) in ontology,
we try to find a corresponding entity, which has the same intended meaning, in ontology.
Feature engineeringransforms the initial representation of ontologies into a format di-
gestible for the similarity calculations such as RDFS. In a naive approach all entities of
the first ontology are compared with all entities of the second ontolsggr¢h steps
However, in our approach we use heuristics to lower the number of candidate mappings.
In specific, this means to compare pairs with similar labels or pairs for which neigh-
boring entities have been assigned a mapping. siitmdarity computatiormeasures are
needed to compare the features of ontological entities. The features need to be extracted
from extensional and intensional ontology definitions such as URIs, RDF/S primitives
such assubclass, or domain specific features. Extremely costly features, in terms of run-
time complexity, are replaced by less costly features. Then “String Similarity” measures
the similarity of two strings on a scale from 0 to 1 based on Levenshtein’s edit distance
[Lev66]; “SimSet” is used to compare sets of entities based on measures used for multidi-
mensional scaling [CC94]. In general, there are several similarity values for a candidate
pair of entities. These must be aggregated into a single aggregated similarity value. This
is achieved through a summarization and normalization of adjusted similarity values. A
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similarity value above a certain threshold finally implies a mappintgg(pretatior). Sev-

eral iterations of similarity calculations are needed to receive meaningful results. The
returned output is a mapping table.

In first evaluation runs we have shown that our approach for identifying mappings be-
tween two ontologies is on a par with other good state-of-the-art algorithms concerning
the quality of proposed mappings, while outperforming them with respect to efficiency.
Using an approach combining many features to determine mappings clearly leads to sig-
nificantly higher quality mappings. The here used approach is faster than standard promi-
nent approaches by a factor of 10 to 100. This makes the presented method a valid ap-
proach for the Xarop scenario.

Visualization We have developed the Cluster Map[FSvHO03], for visualizing populated,
light-weight ontologies as used for XAROP. It visualizes the instances of a number of
selected classes from a hierarchy, organized by their classifications. Figure A.1 shows an
example Cluster Map, visualizing documents, classified according to topics discussed in
those documents. The dark gray spheres represent ontology classes (the topics), with an
attached label stating their name and cardinality.

When a subclass relation holds between two classes, they are connected by a directed
edge. The light yellow spheres represent instances. Balloon-shaped edges connect in-
stances to the class(es) they belong to. Instances with the same class membership are
grouped in clusters. Our example contains two clusters, one of them showing overlap
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between the two classes. Cluster Maps contain a lot of information about the instantiation
of the classes, specifically exploiting the overlaps between them. For example, figure A.1
shows that the “original lucerne” folder class has a significant overlap with the “swap
idea”. Such observations can trigger hypotheses about the available information and the
domain in general. The graph layout algorithm used by the Cluster Map is a variant of the
well-known family of spring embedder algorithms. Its outcome results in the geometric
closeness of objects indicating their semantic closeness: classes that share instances are
located near each other, and so are instances with the same or similar class memberships.

The Cluster Map is embedded in a highly interactive GUI, which is designed for
browsing-oriented exploration of the populated ontology. Users can subsequently cre-
ate visualizations of a number of classes by marking the check boxes in the class tree on
the left pane. The software can animate the transition from one visualization to the next,
showing how the instances are regrouped in clusters. Through interaction a user can also
retrieve information about the specific documents that are contained in a class or cluster.
Further the visualization can be fine-tuned in several ways, in order to support certain
tasks, or improve scalability. In the context of XAROP it was important to account for
the particularities of P2P systems. Hence, the results are marked with the peer name they
are coming from. Results are added to the Cluster Map incrementally, since not all peers
answer at the same time. New results are highlighted. The search can be stopped when
the user is satisfied. Thus it provides the usability requirements needed for the XAROP
system.

Community level: The Distributed Ontology Engineering Process

Every participant in the XAROP network is allowed to structure his knowledge according
to his needs. However, as we found in the case study, people working on the same issue
have very similar ways of structuring information. Hence, a first step towards community
building is to raise awareness about the existing commonalities within the group. From
an ontological perspective that is equivalent to the agreement on a shared ontology. To
enable the detection and building of shared ontologies we have defined a new ontology
engineering process template. DILIGENT. It is important to note that the purpose of

this process is not to agree on a conceptual model for the entire domain, but to find the
subset of that model which is implicitly already agreed on. We introduce a board in charge
of analyzing local ontologies and defining shared ones. This means that the participants
can and should change the shared ontology after its publication. The DILIGENT process
focuses in contrast to known ontology engineering methodologies available in the liter-
ature [GPFLCO03] on distributed ontology development involving different stakeholders,
who have different purposes and needs and who usually are not at the same location.

We will now describe the general process, roles and functions in the DILIGENT
process (cf. [PSSTO04]). It comprises five main activities: laild, (2) local adapta-
tion, (3) analysis (4) revision, (5) local update (cf. figure A.2). The process starts by
havingdomain expertsusers knowledge enginee@ndontology engineerbuilding an
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Figure A.2: Roles and functions in distributed ontology engineering

initial ontology.

The team involved in building the initial ontologyiz. the board, should be relatively
small, in order to more easily find a small and consensual first version of the shared ontol-
ogy. Moreover, we do not require completeness of the initial shared ontology with respect
to the domain. On the first sight it seems contradictory that the case study partners do not
want to share a common infrastructure but a shared ontology. However, the existence of
a shared domain, overlapping or related competencies within organizations and the need
for carrying out certain functions in cooperation suggests that it is possible to develop
ontologies shared by the different sub-communities.

Once the product is made available, users can start using itbaatly adapting it for

their own purposes. Typically, due to new business requirements, or user and organiza-
tion changes, their local ontologies evolve in a similar way as folder hierarchies in a file
system. In their local environment they are free to change the reused shared ontology.
However, they are not allowed to directly change the ontology shared by all users. Fur-
thermore, the control board collects change requests to the shared ontology.

The boardanalyzesthe local ontologies and the requests and tries to identify similarities

in the users’ ontologies. Since not all of the changes introduced or requested by the users
will be introduced, a crucial activity of the board is deciding which changes are going to

be introduced in the next version of the shared ontology. The input from users provides
the necessary arguments to underline change requests. A balanced decision that takes into
account the different needs of the users and meets user’s evolving requirehasnts

be found. The board should regularbvisethe shared ontology, so that local ontologies

do not diverge too far from the shared ontology. Therefore, the board should have a well-
balanced and representative participation of the different kinds of participants involved in
the process.

Once a new version of the shared ontology is released, usensgpckate their ownlo-

cal ontologies to better use the knowledge represented in the new version. Even if the
differences are small, users may rather rezigethe new concepts instead of using their
previously locally defined concepts that correspond to the new concepts represented in

5The idea in this kind of development is not to merge all user ontologies.
6This is actually one of the trends in modern software engineering methodologies (see Rational Unified
Process).



APPENDIX A. 64

the new version.

A.3.7 The case study

More concretely four organizations including 21 peers took part in the case study and itis
expected that the total number of organizations will grow by 7 to a total of 28 peers until
September 2004.

Early experiencesln a collaboration effort the KEEx [BBD04] system was distributed
among the participants in an early stage of the project. In the distributed version of KEEXx
users could share file, email and bookmark folders and the corresponding documents with
the participants. Additionally to a keyword based query mechanism they could look at
the contents of other participants folders. Furthermore they were able to provide manual
mappings between their own folders and remote folders. This made it possible to query
for remote documents by means of the local folder structure. From this early experi-
ment we could draw two main conclusions which led us to our current solution. Our first
conclusion was, that keyword based querying is not sufficient in the context of the case
study, since three different languages were in use and the search suffered from low preci-
sion. The performance of the search was improved by the use of a folder based approach.
Our second conclusion was, that some users are willing to provided mappings between
their structures and remote structures, but the additional effort to keep them updated is
prohibitive.

Current status With XAROP users can share different kinds of folders and the corre-
sponding documents. In the setup phase of the application users must define which in-
formation they want to share with whom. Additionally to the security infrastructure we
introduced a small but shared ontology, to reduce the cost of mapping provision. Local
documents can be associated automatically and manually with the concepts of the shared
ontology. Participants can thus query for the content of others also with the concepts of
the ontology. The shared ontology can be extended by the participants individually. The
manual association task between documents and concepts was eased in two ways. Firstly,
users could associate entire folder sub trees with certain concepts. Secondly, users could
import their local folder structures and use the mapping tool to search automatically for
correspondences between their local structures and the shared ontology. The mapping
tool can also be used to search for correspondences between local and remote structures.
When all participants had worked with the system for several days the board — comprising
two domain experts and two ontology engineers — came together to analyze the changes
made to the common ontology. The board could identify several concepts which are
shared implicitly by all users. After some discussion the board decided to slightly change
the shared ontology and redistribute a new version.

Lessons learnedThe case study helped us to better comprehend the use of ontologies
in a peer-to-peer environment in general. The first lesson we learn is that security is the
single most important issue in inter-organizational knowledge exchange. Without appro-
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priate security mechanism users are not willing to share any information. Additionally
to the implemented security mechanisms the participants would also like to know, who
downloads which information. The possibility to grant access to certain documents on
a 'per-query’ base, was also requested. They could thus decide on query time which
documents to share with whom.

On the application level we made the observation that the combination of keyword
based and concept based search helps users to refine their query according to their in-
formation needs. At this point the ease of use of our user interface is very important.
However, we must still work on the system and make it more light weight since not all
participants work with the latest available computer equipment. Our mapping algorithm
provides first suggestions for possible mappings very early, although these might be re-
vised when the algorithm proceeds. This behavior was appreciated by most users.

Regarding the community level, the shared ontology was quickly accepted. Even
so our users did understand the ontology mainly as a classification hierarchy for their
documents and did not create instances of the defined concepts. Our expectation that the
collaborative ontology engineering effort raised community awareness was met. Some of
the participants changed their own folder structures in order to adhere to the commonly
defined shared ontology. Other participants extended and changed it a bit. Later on this
was the input for a refinement of the original ontology.

In spite of the technical challenges, user feedback was very positive since (i) the tool
was integrated into their daily work environment and could be easily used and (ii) the tool
provided very beneficial support to perform their tasks.

A.3.8 Related work

Knowledge management in Peer-to-Peer systems is the topic of various active research
projects. Edutella [N02] provides an RDF-based infrastructure for exchanging metadata

in P2P applications. The Edutella Query Service is intended to be a standardized query ex-
change mechanism for RDF metadata stored in distributed RDF repositories. The Edutella
project focuses on the education community. The Edamok project [BBPalso deals

with distributed knowledge management in Peer-to-Peer systems and provides advanced
facilities for mapping knowledge structures. However, neither of the systems is accompa-
nied with an overall process for decentralized knowledge management on the community
level. [J.03] presents a commercial P2P solution. They emphasize the organizational
difficulties and the security concerns of the participants when introducing their P2P appli-
cation. The system does not provide semantics-based representation of knowledge, and
thus allows only for keyword-based queries.
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A.3.9 Conclusion

In this paper we have described a solution for the recently recognized problem of decen-
tralized knowledge management. We have developed a semantics based P2P knowledge
sharing platform. In this platform, we introduced an appropriate security mechanism on
infrastructure level. On the application level we introduced new mapping and visualiza-
tion techniques. To foster community building we have defined a distributed ontology
engineering process. We have described how the different methods have been applied
in a concrete case study in the tourism domain. The results of our early experiments in
introducing the application in the case study show the promises of our work. We could
derive several lessons learned which will drive the future development of XAROP.

While we have addressed a broad range of problems in decentralized knowledge man-
agement, there are some issues to be addressed as part of future work. For example, query
routing is currently not an issue within the XAROP system since the number of users is
still small and simple query routing mechanism work effectively. However, in bigger net-
works, as they are found in the Bibster case study (the second system build on Swapster)
efficient query routing is crucial. The interested reader may find some ideas of how to
deal with such scalability issues in the description of the Bibster system[GBE
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A.4 Bibster — A Semantics-Based Bibliographic Peer-to-
Peer System

A.4.1 Abstract

This paper describes the design and implementation of Bibster, a Peer-to-Peer system
for exchanging bibliographic data among researchers. Bibster exploits ontologies in data
storage, query formulation, query routing and answer presentation: When bibliographic
entries are made available for use in Bibster, they are structured and classified accord-
ing to two different ontologies. This ontological structure is then exploited to help users
formulate their queries. Subsequently, the ontologies are used to improve query rout-
ing across the Peer-to-Peer network. Finally, the ontologies are used to post-process the
returned answers in order to do duplicate detection. The paper describes each of these
ontology-based aspects of Bibster. Bibster is a fully implemented open source solution
built on top of the IXTA platform.

A.4.2 Introduction

The advantages of Peer-to-Peer architectures over centralized approaches have been well
advertised, and to some extent realized in existing applications: no centralized server
(thus avoiding a bottleneck for both computational performance and information update),
robustness against failure of any single component, scalability both in data volumes and
the number of connected parties.

However, besides being the solution to many problems, the large degree of distribu-
tion of Peer-to-Peer systems is also the cause of a number of new problems: The lack
of a single coherent schema for organizing information sources across the Peer-to-Peer
network hampers the formulation of search queries, duplication of information across the
network results in many duplicate answers to a single query, and answers to a single query
often require the integration of information residing at different, independent and unco-
ordinated peers.Finally, query routing and network topology (which peers to connect to,
and which peers to send/forward queries to) are significant problems.

The research community has recently turned to the use of semantics in Peer-to-Peer
networks to alleviate these problems @3], [N*02], [CFM*03]. The use of semantic
descriptions of datasources stored by peers and indeed of semantic descriptions of peers
themselves helps in formulating queries such that they can be understood by other peers,
in merging the answers received from other peers, and in routing queries across the net-
work. In particular, the use of ontologies and of Semantic Web technologies has been
identified as promising for Peer-to-Peer systems.

The scenario that we have envisioned is that researchers share bibliographic metadata
in a community with a Peer-to-Peer system. The data may have been obtained from local
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BibTeX files or from bibliography servers like the DBLP databfaseCiteSeet. As one

may easily recognize, this scenario (like some others that we do not elaborate upon in this
paper) exhibits two characteristics that strongly require a semantics-based Peer-to-Peer
system.

First, a centralized solution does not exist and cannot exist, because of the multitude
of informal workshops that researchers refer to, but that do not show up in centralized
resources such as DBLP. Any such centralized resource will only cover a limited scientific
community. For example, DBLP covers a lot of Artificial Intelligence, but almost no
Knowledge Management, whereas a lot of work is being done in the overlap of these two
fields. At the same time, many individual researchers are willing to share their resources,
provided they do not have to invest work in doing so.

Second, the use of Semantic Web technology is crucial in this setting. Although a
small common-core ontology of bibliographic information exists (title, author/editor, etc),
much of this information is very volatile and users define arbitrary add-ons, for example
to include URLs or abstracts of publications.

In this paper we will describe the design of the Bibster system and emphasize the
semantic components and their use: semantic extraction of bibliographic metadata in sec-
tion A.4.5, semantic querying in section A.4.6, peer selection using semantic topologies
in section A.4.7, and semantic duplicate detection in section A.4.8. Furthermore, Bibster
has been fully implemented and we present evaluation results from a field experiment in
section A.4.9.

A.4.3 Major Bibster Use Cases

Bibster is aimed at researchers that share bibliographic metadata. Requirements for Bib-
ster must include capabilities that support their daily work. Researchers may want to:

1. query a single specific peer (e.g. their own computer, because it is sometimes hard
to find the right entry there), a specific set of peers (e.g. all colleagues at an institute)
or the entire network of peers (to obtain the maximal recall at the price of low
precision).

2. search for bibliographic entries using simple keyword searches, but also more ad-
vanced, semantic searches, e.g. for publications of a special type, with specific
attribute values, or about a certain topic.

3. integrate results of a query into a local knowledge base for future use. Such data
may in turn be used to answer queries by other peers. They may also be interested
in updating items that are already locally stored with additional information about
these items obtained from other peers.

’http://dblp.uni-trier.de/
8http://citeseer.org/
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Figure A.3: Searching for publications about database management authored by Codd

The screenshot in figure A.3 partially indicates how these use cases are realized in
Bibster. TheScopewidget allows for defining the targeted peers, SearchandSearch
Details widgets allow for keyword and semantic sear&esults Tableand BibtexView
widgets allow for browsing and re-using query results. The query results are visualized in
a list grouped by duplicates. They may be integrated into the local repository or exported
in formats such as BibTeX and HTML.

A.4.4 Design of Bibster

Ontologies in Bibster Ontologies are crucial throughout the usage of Bibster, viz. for
importing data, formulating queries, routing queries, and processing answers.

Firstly, the system enables users to import their own bibliographic metadata into a lo-
cal repository. Bibliographic entries made available to Bibster by a user (cf. section A.4.5)
are automatically aligned to two common ontologies: The first ontology (SYWRE&
scribes different generic aspects of bibliographic metadata (and would be valid across

Shttp://www.semanticweb.org/ontologies/swrc-onto-2001-12-11.daml
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many different research domains), the second ontology (ACM Topic Hier&)ctig-
scribes specific categories of literature for the Computer Science domain.

Secondly, queries are formulated in terms of the two ontologies: Queries may concern
fields like author, publication type, etc. (using terms from the SWRC ontology) or queries
may concern specific Computer Science terms (using the ACM Topic Hierarchy).

Thirdly, queries are routed through the network depending on the expertise models of
the peers describing which concepts from the ACM ontology a peer can answer queries
on. A matching function determines how closely the semantic content of a query matches
the expertise model of a peer. Routing is then done on the basis of this semantic ranking.

Finally, answers are returned for a query. Due to the distributed nature and potentially
large size of the Peer-to-Peer network, this answer set might be very large, and contain
many duplicate answers. Because of the semistructured nature of bibliographic metadata,
such duplicates are often not exactly identical copies. Ontologies help to measure the
semantic similarity between the different answers and to remove apparent duplicates as
identified by the similarity function.

Bibster Architecture and Modules The Bibster system has been implemented as an
instance of the SWAP System architecture as introduced T03R Figure A.4 shows a
high-level design of the architecture of a single node in the Peer-to-Peer system. We will
now briefly present the individual components as instantiated for the Bibster system.
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Figure A.4: SWAP System Architecture

Communication Adapter: This component is responsible for the network communica-
tion between peers. It serves as a transport layer for other parts of the system, for sending
and forwarding queries. It hides and encapsulates all low-level communication details

Onttp://www.acm.org/class/1998/
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from the rest of the system. In the specific implementation of the Bibster system we use
JXTA as the communication platform.

Knowledge Sources:The knowledge sources in the Bibster system are sources of bibli-
ographic metadata, such as BibTeX files stored locally in the file system of the user.

Knowledge Source Integrator: The Knowledge Source Integrator is responsible for the
extraction and integration of internal and external knowledge sources into the Local Node
Repository. In section A.4.5 we describe the process of semantic extraction from BibTeX
files. In section A.4.8 we explain how the knowledge of local and remote sources can be
merged, i.e. how duplicate query results are detected.

Local Node Repository: In order to manage its information models and views as well

as information acquired from the network, each peer maintains a Local Node Repository
providing the following functionality: (1) Mediate between views and stored informa-
tion, (2) support query formulation and processing, (3) specify the peer’s interface to the
network, and (4) provide the basis for peer ranking and selection. In the Bibster sys-
tem, the Local Node Repository is based on the RDF-S Repository Sesame [BKvHO1].
The query language SeRQL is used to formulate semantic queries against the Local Node
Repository, as described in section A.4.6.

Informer: The task of the Informer is to proactively advertise the available knowledge

of a peer in the Peer-to-Peer network and to discover peers with knowledge that may
be relevant for answering the user’s queries. This is realized by sending advertisements
about the expertise of a peer. In the Bibster system, these expertise descriptions contain
a set of topics that the peer is an expert in. Peers may accept — i.e. remember — these
advertisements, thus creating a semantic link to the other peer. These semantic links form
a semantic topology, which is the basis for intelligent query routing (cf. section A.4.7 for
details).

Query Replier: The Query Replier is the coordinating component controlling the process

of distributing queries. It receives queries from the User Interface or from other peers.
Either way it tries to answer the query or distribute it further according to the content of
the query. The decision to which peers a query should be sent is based on the knowledge
about the expertise of other peers.

User Interface: The User Interface (Figure A.3) allows the user to import, create and edit
bibliographic metadata as well as to easily formulate queries.

A.4.5 Semantic Extraction of Bibliographic Metadata

Many researchers have accumulated extensive collections of BibTeX files for their bib-
liographic references. However, these files are semi-structured and thus single attributes
may be missing or may not be interpreted correctly. For interchanging bibliographic data
in a semantically based Peer-to-Peer network it has to be represented in a structured and
formal way. BibToOntois a component of Bibster for extracting explicit knowledge of
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bibliographic items. Plain BibTeX files are transformed into an ontology based knowl-
edge representation.

The target ontology is the Semantic Web Research Community Ontology (SWRC),
which models among others a research community, its researchers, topics, publications,
tools, and properties between them. The SWRC ontology defines a shared and common
domain theory which helps users and machines to communicate concisely and supports
the exchange of semantics.

BibToOnto automatically classifies bibliographic entries according to the ACM topic
hierarchy. Additionally, it is possible to reclassify the entries manually in the user in-
terface of Bibster. The ACM topic hierarchy is a standard schema for describing and
categorizing computer science literature. It covers 1287 topics of the computer science
domain. In addition to the sub- and supertopic relations, it also provides information
about related topics.

The following example shows a transformation of a BibTeX entry to a SWRC
ontology based item. The resHltis represented as an RDF graph in figure A.5.
@ARTICLE{codd70relational

author = "Edgar F. Codd",

year = "1970",

title = "A relational model for large shared data banks",
journal = "Communications of ACM",

volume = "13",

number = "6",

pages = "377--387"}

For better readability we used a concatenation of the author name and the title of the publication as a
URI in this example. In the Bibster system however we calculate hash codes over all attribute values to
guarantee the uniqueness of URIs.
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A.4.6 Semantic Querying

Each peer node in the Bibster system manages a local RDF repository with bibliographic
data extracted by BibToOnto or integrated from other peers. The query language interface
to the local RDF repository is SeRQL [BKO04].

SeRQL (Sesame RDF Query Language) is an RDF/RDF-S query language that was
developed in the context of the SWAP project to address practical requirements that were
not sufficiently met by other query languages.

SeRQL Design Principles.Several characteristics are urgently required in the context of
Bibster (but also of many other systems) for an RDF/RDF-S query language like SeRQL.
In particular, it must:

1. be functional such that each query returns a RDF graph, which may be integrated
into the local repository or queried again,

2. be aware of the (optional) schema,

3. let the user formulate path expressions for navigating the RDF graph, e.g. the
combination of SWRC and ACM topic hierarchy,

4. be able to deal witloptionalvalues, e.g. a publisher field may be given or not.

Without showing all capabilities of SeRQL in full detdil we briefly show how
SeRQL queries are composed, and how tasks in the Bibster system are performed using
SeRQL.

(1) SeRQL uses aelect-from-where or construct-from-where filter,
where theselect or construct  clauses specify projections, them clause speci-
fies a graph match template (by means of path expressions), anti¢he clause allows
the definition of additional boolean constraints on matched values in the path expressions.

(2) SeRQL takes the RDF schema into account by mapping from the given graph to
its formal model.

(3) When navigating the RDF graph, SeRQL exploits the formal semantics of path la-
bels. For examplesrdfs:subClassOf> is interpreted as a reflexive transitive relation
and upward inheritance of instances is interpreted (throughrtifdype>  relation (cf.
[BKO4] for full details).

(4) Bibtex entries may be incomplete. SeRQL allows to distinguish between optional
and required elements in the query and, hence, is flexible enough to deal with these cir-
cumstances.

A Querying Scenario. In our running example, a researcher is querying for journal
articles written by the author Codd about database management. Internally, this request
is formulated as a SeRQL query that looks as follows:

125eehttp://www.openrdf.org/doc/SeRQLmanual.html for a complete overview.
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construct distinct
{s} prop {val};
<rdf:itype> {t};
<swrc:author> {x} <rdf:itype> {<rdf:Seqg>};
<rdfs:member> {author} prop_author {val_author}
from
{s} <serqgl:directType> {t};
<rdf:itype> {<swrc:Article>};
prop {val};
<swrc:isAbout> {<acm:ACMTopic/Information_Systems/Database_Management>};
<swrc:author> {x} <rdfs:member> {} <swrc:lastName> {Iname},
[{x} <rdfs:member> {author} prop_author {val_author} ]
where prop != <rdfitype> and Iname like "Codd"
using namespace
swrc = <!http://www.semanticweb.org/ontologies/swrc-onto-2001-12-11.daml#>,
acm = <!http://daml.umbc.edu/ontologies/classification#>

Compare the structure of the from-clause to the representation of the RDF graph given
in figure A.5. The from-clause retrieves not only the identifier for the particular journal
entry ("codd70_relational”, matched by), but also the graph structure surrounding it,
which essentially gives the entry its meaning: the name of the author, the type of publi-
cation, the year it was published, the number of pages, etc. Also, if the first and middle
names of an author are known, the query retrieves those (but it does not fail if these are
not known).

The use of schema-awareness is evident in the use of typing informatsinsomeed
not only be of typeswrc:Article , We also retrieve itspecific(or direct) type. Being
functional plays a role as well: A graph transformation is used to create a query result that
can be easily processed to be given back to the user through the GUI.

A.4.7 Expertise Based Peer Selection

The scalability of a Peer-to-Peer network is essentially determined by the way how queries
are propagated in the network. Peer-to-Peer networks that broadcast all queries to all peers
do not scale — intelligent query routing and network topologies are required to be able to
route queries to a relevant subset of peers that are able to answer the queries.

Modern routing protocols like Chord [SM¥01] and CAN [RFH 01] allow for so-
phisticated query routing based on distributed indices. More recently, in the Semantic
Web context, schema based Peer-to-Peer networks such as the one describe@8]n [N
have emerged based on complex, extensible semantic descriptions of resources. They al-
low for complex queries against these metadata instead of simple keyword-based queries.
Another semantic-based approach is pSearch [TXMO02], a decentralized non-flooding
Peer-to-Peer information retrieval system. pSearch distributes document indices through
the Peer-to-Peer network based on document semantics generated by Latent Semantic In-
dexing (LSI). The search cost (in terms of nodes searched and data transmitted) for a given
guery is thereby reduced, since the indices of semantically related documents are likely to
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be co-located in the network. Here we give an overview of the model of expertise based
peer selection as proposed in [HSvHO04] and how it is used in the Bibster system. In this
model, peers use a shared ontology to advertise semantic descriptions of their expertise
in the Peer-to-Peer network. The knowledge about the expertise of other peers forms a
semantic topology, independent of the underlying network topology. If the peer receives
a query, it can decide to forward it to peers about which it knows that their expertise is
similar to the subject of the query. The advantage of this approach is that queries will not
be forwarded to all or a random set of known peers, but only to the ones that have a good
chance of answering it.

Semantic Description of Expertise. PeersThe Peer-to-Peer network consists of a set
of peersP. Every peep € P has a Local Node Repository, which stores the bibliographic
metadata.

Common Ontology. The peers share an ontolo@, which is used for describing the
expertise of peers and the subject of queries. In our ¢asethe ACM topic hierarchy
that contains a set of topi@s

Expertise. An expertise description is an abstract, semantic description of the Local Node
Repository of a peer based on the shared ontotogyrhe expertise® of a peer is thus
defined ast C 27, where eacke € E denotes a set of ACM topics, for which a peer
provides classified instances.

Advertisements. AdvertisementsA C P x FE are used to promote descriptions of the
expertise of peers in the network. An advertisement A associates a peerwith

an expertisee. Peers decide autonomously, without central control, whom to promote
advertisements to and which advertisements to accept. This decision is based on the
semantic similarity between expertise descriptions.

Matching and Peer Selection. QueriesQueriesq € () are posed by a user and are
evaluated against the local node repositories of the peers. First a peer evaluates the query
against its local node repository and then decides which peers the query should be for-
warded to.

Subjects. A subject is an abstraction of a given quergxpressed in terms of the common
ontology. The subject specifies the required expertise to answer the query. In our scenario,
the subjects of queries are definedas 27, eachs is the set of ACM topics that are
referenced in the query. E.g., the extracted subject of the query in example A.4.6 would
beInformation Systems/Database Management

Similarity Function. The similarity functionSim : S x E — [0, 1] yields the semantic
similarity between a subject € S and an expertise descriptienc E. An increasing
value indicates increasing similarity. If the value issGande are not similar at all, if
the value is 1, they match exactlgim is used for determining to which peers a query
should be forwarded. In Bibster, the similarity functiStmr,,;.s is based on the idea
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that topics which are close according to their positions in the topic hierarchy are more
similar than topics that have a larger distance. For example, an expert on the ACM topic
Information Systems/Information Storage and Retridvad a higher chance of giving

a correct answer on a query abdoformation Systems/Database Managentean an
expert on a less similar topic likdardware/Memory Structures

To be able to define the similarity of a peer’s expertise and a query subject, which
are both represented as a set of topics, we first define the similarity for individual topics.
[LBMO3] have compared different similarity measures and have shown that for measuring
the similarity between concepts in a hierarchical structured semantic network, like the
ACM topic hierarchy, the following similarity measure yields the best results:
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StMropic(t1, l2) = erite .

Topic(t1, b2) {1 otherwise

Herel is the length of the shortest path between tapiandi, in the graph spanned
by theSubTopiaelation.h is the level in the tree of the direct common subsumer ftpm
andt,. « > 0 andg > 0 are parameters scaling the contribution of shortest path length
[ and depthh, respectively. Based on their benchmark data set, the optimal values are:
a=0.2,0=0.6.

Peer Selection Algorithm. The peer selection algorithm returns a ranked set of peers,
where the rank value is equal to the similarity value provided by the similarity function.
Therefore, peers that have an expertise more similar to that of the subject of the query will
have a higher rank. From this set of ranked peers one can, for example, select the best
peers, or all peers whose rank value is above a certain threshold. In the Bibster system we
select the best peers that have not yet received the query along the message path, where
n can be specified. A maximum number of hops (set to 4 for the field experiment) further
limits the forwarding of queries.

Semantic Topology

The knowledge of the peers about the expertise of other peers is the basis for a semantic
topology. Here it is important to state that this semantic topology is independent of the
underlying network topology. At this point, we do not make any assumptions about the
properties of the topology on the network layer.

The semantic topology can be described by the following relation:

Knows C P x P, whereKnows(py, p2) means thap, knows about the expertise pf.

The relationK nows is established by the selection of which peers a peer sends its adver-
tisements to. Furthermore peers can decide to accept an advertisement, e.g. to include it
in their registries, or to discard the advertisement. The semantic topology in combination
with the expertise based peer selection is the basis for intelligent query routing.
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A.4.8 Semantic Duplicate Detection

When querying the Bibster network one receives a large number of results with an of-
ten high number of duplicates. This is due to the fact that we do not have a centralized
but many distributed local repositories. Furthermore, the representation of the metadata
is very heterogeneous and possibly even contradicting. To enable an efficient and easily
usable system Bibster presents query results grouping duplicates together. Duplicates in
Bibster are bibliographic entries which refer to the same publication, person, or organi-
zation in the real world, but are modelled as different resources. Bibster uses specific
similarity functions to recognize two resources as being duplicates.

Similarity Function. A similarity function for RDF resourcer of the local node repos-
itory is a functionsim : R x R — [0..1].

For each resource type (publication, person, organization), we have compiled a set of
specific features used to assess the similarity between two of its instances. For instance,
publications are assessed based on their titles, publication types, authors, years, ACM
topics, etc. For each of the features we use differaividual similarity functionswhich
are grouped as follows:

The data value levefocuses on comparisons of data values, which in RDF are rep-
resented as typed literals. For example, to determine the similarity of data values of
type string (e.g. to compare the last names of persons) we usgntectic similarityof
[Mae01]. At thegraph structure levelve check how resources are related to each other.
For example, a publication resource is linked to person resources, e.g. authors. Thus we
can compare two publications on the basis of the similarity of the sets of authors. This
feature alone is not deciding, but it supports the hypothesis of having duplicate entries.

Similarity measures at trantology leveextend the ones at the graph structure level by
ontology specific characteristics. To determine the similarity of two publications based on
their topics we make use of the ACM topic hierarchy. We apply the hierarchical similarity
function as presented earlier in this paper [RMBB89].

Applying backgroundknowledge about a specific domawe can define more appro-
priate similarity functions. For example, in the SWRC domain ontology there are many
subconcepts of publications: articles, books, and technical reports to just name a few. Un-
known publication types are often provided as Misc. We can thus define a function that
returns a value of 1 if the publication type is identical, a value of e.g. 0.75 if Misc is one
of it, and O otherwise.

From the variety of individual similarity functions, an overall value is obtained with
an aggregated similarity function, using a weighted average over the individual functions.
For Bibster, the weights have been assigned based on experiments with sample data. More
precisely, several duplicates were detected manually. From these training duplicates the
weights were adjusted to achieve a maximal f-measure (combination of precision and
recall) value.
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The Duplicate Relation. As duplicates we consider those pairs of resources whose sim-
ilarity is larger than a certain threshold

t€0.1]: Dy := {(x,y)|sim(x,y) >t}

If we assume that the duplicate relation is transitive, we can define the transitive closure
as:
TC(Dy) = {(z, 2)[(z,y) € De A (y, 2) € D}

This transitive closure essentially represents clusters of semantically similar resources.

Resource Merging. Instead of presenting all individual resources of the query result,
duplicates are visualized as one, merged, resource. The merged resources comprise the
union of statements of the individuals identified as duplicates. In the case of conflicting
property values, we apply heuristics for the merging of resources (e.g. for booktitles to
select the most detailed value with the least abbreviations).

A.4.9 Results

The Bibster system that implements the methods presented in this paper has been eval-
uated by means of a public field experiment. The user actions and system events are
continuously logged and analyzed to evaluate the user behavior and system performance.
We have analyzed the results for a period of two months (June and July 2004) and have
obtained the following interesting results: A total of 146 peers from various organizations
spread mainly over Europe and North America used the Bibster system. The users shared
more than 70000 bibliographic entries. While seventeen peers shared more than 1000
items each, accounting for 84% of the total content, a lot of peers provided only little
content or were “free-riding”.

The users performed a total of 1782 queries. The SWRC ontology was used for about
half of all queries, mainly for the purpose to search for special types of publications (e.g.
only for articles) or for publications of a given author. In 348 queries the users asked for
topics of the ACM topic hierarchy. Thereby it is obvious that the users are accepting the
ontology based searching capabilities and that there is a benefit for them in using these
ontologies.

With respect to query routing, with the expertise based peer selection we were able
to reduce the number of query messages by about 50 percent, while retaining the same
recall of documents compared with a naive broadcasting approach. Figure A.6 shows the
number of forwarded query messages sent per query and the precision of the peer selection
(the percentage of the reached peers that actually provided answers to a given query).
Although we have shown an improvement in the performance, the results also show that
with a network of the size as in the field experiment, a naive approach is also acceptable.
On the other hand, with a growing number of peers, query routing and peer selection
becomes critical: In simulation experiments with larger peer networks with thousands of
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peers, we have shown improvements in the order of one magnitude in terms of recall of
documents and relevant peers [HSvHO4].
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Figure A.6: Number of Messages and Precision of Peer Selection

Lessons Learned

This section summarizes some experiences we have gained from the development and
application of Bibster.

For Bibster and similar applications the usage of Semantic Web technologies and on-
tologies provide amdded value— in fact it is almost a strict requirement given its semi-
structured, volatile data structures. Semantic structures serve important user concerns like
high quality duplicate detection or comprehensive searching capabilities.

Unsurprisingly, in small networks witemall user groupsintelligent query routing
is not a major issue. While it is beneficial to direct queries to specific peers known to
the user (a trust issue!), advanced routing algorithms may only be beneficial for a much
larger number of users in a network. Based on our experience we now conjecture that
content-based routing and trust issues will have to converge for such larger networks, too.

A.4.10 Related Work

In the previous sections, related work on the individual aspects of semantics-based Peer-
to-Peer technology has already been discussed. Therefore in this section our study of
related work focuses on complete systems.
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Edutella €f. eg.[NT03]) is a Peer-to-Peer system based on the JXTA platform, which
offers similar base functionality as the SWAP system. The Edutella network focuses
on the exchange of learning material. They use super-peer based topologies, in which
peers are organized in hypercubes to route queries. In contrast to their work, Bibster is
embedded in the general SWAP architecture and a running application.

[ANSO02] describes the design of a Peer-to-Peer network for open archives, where data
providers, i.e. research institutes, form a Peer-to-Peer network which supports distributed
search over all the connected metadata repositories. This scenario which is similar to our
bibliographic Peer-to-Peer scenario, however, their system has not been implemented up
to this point.

P-Grid [AMD™"03] is a structured, yet fully-decentralized Peer-to-Peer system based
on avirtual distributed search tree. It aims at providing load-balancing and fault-tolerance,
assuming that peers fail frequently and are online with low probability. P-Grid also con-
siders updates with an update algorithm based rumor spreading.

The DFN Science-to-Science (S2S) [Wer03] system enhances content based searching
by using peer-to-peer technology to make locally generated indexes accessible in an ad
hoc manner. Whereas Bibster is fully distributed, S2S uses a kind of super peers (Search
Hubs) to route queries and cache information.

Various systems address the issue of heterogeneity in Peer-to-Peer systems on the
schema level, such as the Piazza peer data management systerrOB[IM/hich al-
lows for information sharing with different schemas relying on local mappings between
schemas.

A.4.11 Conclusion

In this paper, we have described the design and implementation of Bibster, a semantics-
based Peer-to-Peer system for the exchange of bibliographic metadata between re-
searchers. For this purpose, Bibster exploits lightweight ontologies, expressed in RDF
Schema in all its crucial aspects: data-organisation, query formulation, query routing and
duplicate detection. To our knowledge, Bibster now constitutes the first ontology-based
Peer-to-Peer systems ready for fielded deployment.

In general, there are interesting alternatives for each of the different aspects (e.g.,
[N*02] for querying or [AMD" 03] for query routing) and, actually, we are still exploring
multiple approaches to optimize the overall system (e.g., [TSWO04] for query routing). In
practice, however, it constitutes a major challenge to integrate these different components
into a coherent system like Bibster.

The next steps in the development of Bibster &reits optimization (e.g., manual
qguery optimization) ii) its spreading to further user groups aiid) the extension of
Bibster to better account for personalized semantic structures, based on the two common
core ontologies, e.g. peer-local extensions of the ACM topic hierarchy.
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The reader may find further reading material on Bibster, its underlying technologies
and related material in the open available project deliverable documentatidtpat
/lswap.semanticweb.org/ andhttp://bibster.semanticweb.org/
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