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Abstract. There have been a number of e-Science projects which address the issues of
collaboration within and between scientific communities. Most effort to date focussed
on the building of the Grid infrastructure to enable the sharing of huge volume of
computational and data resources. The ‘portal’ approach has been used by some to
bring the power of grid computing to the desk top of individual researchers. However,
collaborative activities within a scientific community are not only confined to the
sharing of data or computational intensive resources. There are other forms of sharing
which can be better supported by other forms of architecture. In order to provide a
more holistic support to a scientific community, this paper proposes a hybrid
architecture, which integrates Grid and peer-to-peer technologies using Service
Oriented Architecture. This platform will then be used for a semantic architecture
which captures characteristics of the data, functional and process requirements for a
range of collaborative activities. A combustion chemistry research community is
being used as a case study.

1. Introduction

Research on infrastructure to support scientific collaboration has attracted the
attention of many institutions and organisations worldwide. The UK e-Science
programme and its research centres are amongst the most active participants [1]. E-
Science projects, such as myGrid [2] or DAME [3], have mainly focused on
developing middleware to support scientific collaboration commonly known as the
Grid. The main purpose of the Grid is for “coordinated resource sharing and
problem solving in dynamic, multi-institutional virtual organisations” [4]. Grid
developer community recently has adopted a Service Oriented Architecture, OGSA
[5], to enhance the interoperability of services on the Grid and the flexibility when
using the services. However, the challenge is how to bring the benefits of the Grid to
the wider scientific communities (i.e. those which may need the power of the Grid
only occasionally). The current portal approach provides a gateway to the Grid power
from a desktop machine, e.g. in [3], but its support for interactive collaboration
amongst end users is rather limited.

Peer-to-peer, on the other hand, is a computing model, which has a more lightweight
approach to the sharing of computing resources. This model has been proved to be
successful in many commercial desktop file-sharing applications such as Napster* and
currently Kazza®. The advantage of peer-to-peer is that its application is closer to end
users, and when using the system, they have the sense of ownership over their shared
resources. In addition, a peer-to-peer application often provides online means of
communication to support collaborative work, therefore, not only computing
resources but also scientific knowledge could be shared. It is anticipated that the
world of scientific computing will be more and more decentralised into peer-to-peer
model, where scientists” desktops will be edges of the network [6].

! Napster has been put out of service
2 http://www.kazza.com
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In the effort to improve the support for scientific collaboration, an integrated
architecture combining the Grid and peer-to-peer concepts is proposed. The goal of
this integration is to bring resources on the Grid more widely available to the whole
scientific community. In order to increase automation and quality of collaboration
within the new architecture, the use of Semantic Web technology is planned.

The domain of experimentation for this study comes from the Combustion Chemistry
Research Community. Requirements capture has been an on-going activity. The next
section of this paper will provide the background of collaborative requirements within
the Combustion Chemistry Research Community. The proposed hybrid architecture
will be presented in the third section. The potential offered by the Semantic Web
technology and its challenges will be assessed.

2. Context: the Combustion Chemistry Research Community®

The centre of Combustion Chemistry research is building models of chemical
reactions. This activity is time-consuming and requires expert knowledge. However,
because the input data necessary for the building process, experimental data and
reaction rate coefficients, is scattered around in the community and improperly
evaluated, the model builders do not have access to all of these data, and hence, the
accuracy of resulted models are limited to only particular conditions. Consequently,
subsequent combustion processes that use these models are also limited to certain
level of accuracy. In order to overcome these shortcomings and to get model users
involved in building process, the combustion chemistry community is looking for a
computing infrastructure, which has:

- A storage for storing knowledge relevant to compiling reaction models, such as
experiment data, as well as reaction models.

- A collection of tools for enabling scientific collaboration amongst all distributed
participants and tools for enabling processing, analysis and validation of data as
well as assembly the data into models.

The ultimate goal of the Combustion Chemistry Research Community is a paradigm
that enables building reaction models in a consistent and systematic way by
incorporating all available data and expertise of all members of the community.

(The problems & requirements above identified by chemists in [7], [8] & [9])

3. The integration of Grid and Peer-to-peer

Integration between Grid and peer-to-peer has been considered in Peer-to-peer Grids
[10], which mixes Grid and peer-to-peer concepts into a democratic architecture
mediated by Web Services. This paper proposes a different way of integrating the
Grid and peer-to-peer, which attaches peer-to-peer and the Grid together (figure 1) so
that they can mutually support each other. This method of integration reduces the cost
of implementation and management while still maintaining flexibility as
characteristics of the Grid and of peer-to-peer will remain the same.

As shown in figure 1, the integrated architecture separates heavy computation and
storage into the Grid side, computation layer, and lightweight collaboration into peer-
to-peer side, collaboration layer. For example, in the context of Combustion
Chemistry research, heavy computation can be simulations of reaction mechanism;
sharing of experimental data and mechanisms amongst scientists are lightweight

* Information about combustion chemistry research is collected from discussions with chemists from
Department of Chemistry at the University of Leeds and other work related to combustion chemistry

-2



collaboration. The two layers can be connected by either Web or Grid Services that
depends on the choice of implementation.
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Figure 1: The integration of Grid and Peer-to-peer

Information about resource on the traditional Grid such as experimental data,
simulation programs, is only known and accessible to authorised users. However,
research communities are widely distributed, and not all members are granted access
to Grid. Therefore, there might be a situation in which some scientists are desperate
for resource, whereas the resource is readily available on the Grid with minimal use.
The proposed integration is addressing this problem in the following way: (i)
resources on the Grid are transformed into Web (Grid) services; (ii) the owners of
these services publish service advertisements into their peer-to-peer communities; (iii)
on receiving information about necessary services, scientists, who do not have access
to Grid, can request service owners to execute the services on their behalf. In this
model, the role of resource owners is to bridge the need of peer-to-peer communities
and resources on the Grid. This role will be automated and can be extended to
authorised Grid users, who are also members of peer-to-peer communities.

In addition to the above advantage, the separation of computation to the Grid and
lightweight collaboration into peer-to-peer also reduces the management complexity
of trivial collaboration on the Grid. Other features of peer-to-peer computing such as

instant messaging, file sharing also add great values to the integrated architecture in
supporting scientific collaboration.




4. Potential application of the Semantic Web

The above section has described in principle the interaction of Grid and peer-to-peer
in the collaborative architecture. A semantic architecture would also be necessary to
bring the architecture to its full potential as well as to satisfy strict requirements of
modern scientific communities. For instance, Combustion Chemistry Research
Community requires of higher level of automation in building chemical mechanism
and locating validated source of scientific data. In order to achieve this, characteristics
of scientific collaborative processes and data need to be captured and categorised in a
proper format that is understandable to computer programs. This requires the use of
ontology from the Semantic Web technology. One example from the architecture, the
discovery of available services on the Grid in peer-to-peer environment will clearly
benefit from the use of ontology.

The use of ontology in a decentralised peer-to-peer environment leads to a
challenging problem. As ontology is a means of capturing scientific knowledge and
knowledge in a scientific community evolves overtime, it will not be feasible to have
only a common static ontology for a community. Ontology building has to be a
continuous process. It will also not appropriate for some people to develop the
ontology, and the other people using it. The one who uses the ontology is the one who
has most knowledge of it, then that one should contribute to development of the
ontology. In addition, with one piece of ontology, communities from different
backgrounds may understand differently. Therefore, ontologies should be local to
communities that it is built to support.

For all the above reasons, this paper is proposing an approach to be used within the
integrated architecture, in which ontology within a community will be used and
contributed by its members. In order to achieve this, the peer-to-peer environment will
be organised as communities and sub-communities. Each community or sub-
community will promote a leader or a chairperson, who leads the community, and
agree on a common ontology to be used. A member of a community can make change
to the ontology of the community by advertising definition of new terms and concepts
to all other members of that community. Other members will give feedback if
appropriate. When all the agreements are made on the new ontology, the chairperson
will make it official to the community and notify other members about the decision.

5. Conclusion and work to be done

This paper has introduced an integrated architecture between Grid and peer-to-peer to
support scientific collaboration, focusing more on the collaboration aspect with the
aim to bring large-scale resources a step closer to end scientist users. The use and the
management of ontologies have also been considered to exploit full potential of the
collaboration within and amongst communities in peer-to-peer environment.

A prototype implementation of the integration in the context of Combustion
Chemistry Research Community without ontology has been developed and proved to
be successful. This implementation is using Grid Services from Globus Toolkit 3 [11]
and JXTA [12] on Grid and peer-to-peer side respectively. The concept Peer Group
and messaging mechanism of JXTA seems to match well with the integrated
architecture. The next implementation will be incorporating ontology into
collaboration layer to support resource discovery, focusing particularly on discovering
services, and managing ontologies within communities. This implementation
promises to bring a novel architecture into reality.
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