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Foreword 

While Grids have initially emerged from the need to get access to more 
computing power by combining several high-performance computers, it has 
been quickly evident that there is a similar need to get access to data, such 
as databases, file systems, and digital libraries which are widely spread in the 
Internet. By accessing these distributed data and processing them using Grid 
computing resources to produce knowledge, we can expect to extend the scope 
of Grid Technologies to new applications. In fact, research activities in this 
area are being pursued by several research teams and, at the same time, big 
companies are very active in the area. 

The huge amount of dispersed data and information repositories have arisen 
new challenges in the field of Grid computing. Grids are evolving towards 
flexible and knowledge-based infrastructures, in which services will be dy- 
namically composed, allowing applications to access heterogeneous resources 
to be exploited in complex distributed applications. The field of Grid com- 
puting can take advantage of related paradigms, such as Workflows, Services, 
and Ontologies in order to provide an infrastructure with mentioned features. 
This new approach can be referred as the Knowledge and Data Management in 
Grids, and it must address issues related to data services composition, knowl- 
edge discovery, data and knowledge integration to provide the ability for ex- 
tracting useful knowledge from unmanageable volume of data, by exploiting 
storage management, database and data mining techniques in a Grid context. 

The strategic importance of Data and Knowledge Management in the con- 
text of Grid Technologies, have led CoreGRID, the only one Network of Excel- 
lence in Grid and P2P technologies funded by EU 6th Framework Programme, 
to have a dedicated institute to investigate research issues in this area. This 
book is the result of the efforts carried out by researchers involved in this 
CoreGRID Institute during the first year. While the CoreGRID ambition is 
to foster integration and collaboration, the first year was mainly to let Core- 
GRID researchers to know one each other. Several meetings and workshops 
were organized to give the opportunity to researchers to exchanged and con- 
front their ideas. This was the goal of the first Workshop on Knowledge and 
Data Management in Grids that has been held in Poznan (Poland) on Septem- 
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ber 13-14, 2005. 1 would like to take this opportunity to express my gratitude 
to the organizers of this workshop as well as to all contributors. 

Thierry Priol, CoreGRID Scientific Co-ordinator 



Preface 

Data and knowledge play a key role in current and future Grid applications 
and services. The issues concerning representation, querying, discovery, and 
integration of data and knowledge in dynamic distributed environments can 
be addressed by exploiting features offered by Grid Technologies. Current 
research activities are leveraging the Grid for the provision of generic- and 
domain-specific solutions and services for data management and knowledge 
discovery. The goal is to promote a wide diffusion and use of knowledge-based 
Grid services for the Semantic Grid and the Knowledge Grid. To this end, re- 
searchers are focusing on problems related to (i) providing commodity-based 
distributed frameworks for storing, accessing, and handling data, (ii) develop- 
ing semantic-based techniques and tools for supporting data intensive applica- 
tions, and (iii) designing distributed data analysis techniques and services for 
information and knowledge extraction on Grids. 

The CoreGRID Network of Excellence aims at strengthening and advanc- 
ing scientific and technological excellence in the area of Grid and Peer-to-Peer 
technologies. To achieve its objectives, CoreGRID brings together a critical 
mass of well-established researchers from more than forty European institu- 
tions active in the fields of distributed systems and middleware, models, algo- 
rithms, tools and environments. 

In the CoreGRID NoE, the Institute on Knowledge and Data Management 
(KDM) has the objective to improve integration of research activities in the 
fields of data management, knowledge discovery and Grid computing for pro- 
viding knowledge-based Grid services for the Semantic Grid through a tight 
coordination of European researchers active in those areas. The research tasks 
undertaken in the context of the KDM Institute compose a unified scenario of 
the data and knowledge management in GRIDS through a layered approach that 
starts from efficient data storage techniques up to information management and 
knowledge representation and discovery. At the same time, joint research ac- 
tivities pursued by the Institute partners are providing single solutions for data 
and knowledge management that will bring benefits to research and industry in 
GRID technology. Within its activities. the KDM Institute organized the first 
Workshop on Knowledge and Data Management in Grids that has been held in 
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Poznan (Poland) on September 13-14,2005. The purpose of the workshop was 
bringing together CoreGRID researchers and invited external scientists doing 
research in Knowledge and Data Management in Grid and Peer-to-Peer Sys- 
tems. The workshop provided a forum for the presentation and exchange of 
views on the latest Grid Technology research in the area of knowledge and 
data management. 

This book is the third volume of the CoreGRID series and, as a result of 
that workshop and some additional invited papers, it brings together scien- 
tific contributions by researchers and scientists working on storage, data, and 
knowledge management in Grid and Peer-to-Peer systems. The book chapters 
present the latest Grid solutions and research results in key areas of knowledge 
and data management such as distributed storage management, Grid databases, 
Semantic Grid and Grid-aware data mining. All the addressed topics are dis- 
cussed in the context of recent research projects. 

The book includes four parts: Grid Data Management, Grid Data Storage, 
Semantic Grid, and Distributed Data Mining. All those sections are concerned 
with key topics in the area of knowledge and data management on Grids. 
They provide a general view of the main challenges in implementing data- 
and knowledge-intensive applications in a Grid computing scenario. 

The first part includes four chapters. The first one presents an overview of 
the OGSA-DAI (Open Grid Service Architecture - Data Access and Integra- 
tion) software, which provides a uniform and extensible framework for access- 
ing structured and semi-structured data and provide some examples of its use 
in significant Grid projects. The second chapter discusses data integration and 
query reformulation in service-based Grids. The XMAP data integration algo- 
rithm is presented and service-based architecture for data integration-enabled 
query processing on the Grid is discussed. In the third chapter are evaluated the 
benefits of using OGSA-DAI in bioinformatics GRIDS by establishing commu- 
nication between OGSA-DAI and GRID project developers as well as through 
practical case studies involving current projects. The last chapter of this part 
discusses fault-tolerance in Grid-based distributed query processing. A new 
scheme for adding fault-tolerance to distributed query processing through a 
rollback-recovery mechanism is evaluated in the context of the OGSA-DQP 
system. 

The Grid Data Storage part includes a chapter on Conductor, a rule-based 
production system providing the ability to configure storage systems to meet 
resource constraints and application requirements. Conductor is able to eval- 
uate alternatives and minimize system costs based on certain criteria. Then 
an autonomous distributed system built on top of the Violin framework is pre- 
sented that is able to configure and reconfigure the storage hierarchy by detect- 
ing service breaches and take actions to eliminate them. The third chapter of 
this part presents the Clusterix Data Management System (CDMS), a solution 
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for data management on Grids. Taking into account Grid specific network- 
ing conditions - different bandwidth, current load and network technologies 
between geographically distant sites, CDMS tries to optimize data throughput 
via replication and replica selection techniques. 

The third part includes five chapters discussing key topics in the Semantic 
Grid area. The first chapter describes the dynamic aspects of the Semantic 
Grid reference architecture, S-OGSA, by presenting the typical patterns of in- 
teraction among these services. The next chapter describes a science metadata 
model developed at CCLRC providing interoperability of scientific informa- 
tion systems in the organization and form a specification of the type and cate- 
gories of metadata that studies should capture about their investigations. Then 
the Semantic Grid part includes a chapter that argues that providing the appro- 
priate means for accessing and using ontologies effectively is a key factor in 
enriching current Grid with semantic technologies and supporting progress to- 
wards the next generation Grid. That work was performed in the OntoGrid 
project. The fourth chapter in this part proposes an ontology-based meta- 
scheduler as a Grid service for co-allocating resources on multiple grid nodes 
based on semantic information. Finally, the part finishes with a chapter that 
presents the implementation of Atlas, a P2P system for the distributed storage 
and querying of RDF(S) metadata describing OntoGrid resources and services. 

The last part of the book includes contributions on Distributed Data mining 
in Grids. The first chapter describes the composition of distributed knowl- 
edge discovery services according to the WSRF model by using the Knowl- 
edge Grid environment. The chapter focuses in particular on the application 
modeling. Applications are designed using a UML model, which is translated 
into a BPEL representation, in turn processed by the Knowledge Grid services 
for its execution. The second chapter addresses the problem of mining fre- 
quent closed itemsets in a highly distributed setting like a Grid. Authors show 
how frequent closed itemsets, mined independently at each site, can be merged 
in order to derive globally frequent closed itemsets. The last chapter reports 
progress made by using data mining techniques in the TELEMAC project con- 
cerned with enhancing the efficacy of anaerobic digestion in potentially unsta- 
ble digesters. After placing the specific TELEMAC situation in a generic Grids 
context, authors present a classification approach to attributes for metadata and 
indicate some examples of model resource discovery. 

From recent developments we can see the Grid moving from a computa- 
tion platform to a data and knowledge management infrastructure. This trend 
needs new models, tools and solutions for enabling Grid computing to support 
advanced Grid applications. This book discusses some of the key technolo- 
gies needed to support this trend and presents solutions recently designed to 
implement scalable applications. 
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