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Message from the Program Chair

It was my great pleasure to welcome you in Trondheim for the first “Data Management
in Grids” workshop, associated to the VLDB conference. Since the mid-1990s and the
emergence of Grids, many research activities have been initiated in relation to data
management in these dynamic, heterogeneous and cross-organizational environments.
The database community can offer its unique expertise in the management of very large,
widely distributed databases. Conversely, Grids offer a novel and very exciting field of
research for database scientists both in terms of application domains and fundamental
research.

This workshop was intended to bring together these two communities, and thus
to offer a unique workspace for researchers to discuss and exchange ideas about the
emerging challenges and opportunities offered by Data Grids. The co-location with
the VLDB conference attracted researchers from both fields and launched interesting
discussions.

The call for papers attracted 24 submissions. From the submissions, the Program
Committee selected nine regular papers for the one-day workshop. The international
flavor (seven countries represented for the final program) produced a very enriching and
interactive workshop. In addition to the paper presentations, the program also included
two invited talks : “Globally Distributed Data” by Reagan Moore, San Diego Super-
computing Center, USA, and “An Outline of the Global Grid Forum Data Access and
Integration Service Specifications,” by Mario Antonioletti, University of Edinburgh,
UK.

I would like to thank all those who submitted papers for consideration, the partici-
pants of the conference, and the members of the Program Committee for their hard and
conscientious work, their time and their careful effort in the reviewing process.

2005 Jean-Marc Pierson
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Globally Distributed Data

Reagan W. Moore

San Diego Supercomputer Center,
San Diego, CA
moore@sdsc.edu

The management of globally distributed data is simplified through the use of data
grids which enable data sharing environments. Data grids provide both the
interoperability mechanisms needed to interact with legacy storage systems and
legacy applications, as well as the logical name spaces needed to identify files,
resources, and users. Data grids also provide support for consistent management of
state information about each file within the distributed environment.  The state
information includes access controls, descriptive metadata, and administration
metadata. These capabilities enable data virtualization, the ability to manage data
independently of the chosen storage repositories. Applications that manage globally
distributed data include data grid federations, distributed digital libraries, and
distributed persistent archives.

The Storage Resource Broker (SRB), developed at the San Diego Supercomputer
Center, is an example of generic data grid software infrastructure that uses database
technology to manage state information for globally shared collections. The software
has been under development since 1995, initially funded by the Defense Advanced
Research Project Agency to support Massive Data Analysis Systems. Subsequent
projects focused on the application of the technology in support of distributed data
management. Across most of the projects that use data grid technology, the goal of
distributed data management was either:

o sharing of data. Scientists share original data sets while pursuing research.
publication of data. Scientists register data sets used in the research into a
digital library for future discovery and access.

e preservation of data. This corresponds to the creation of standard digital
reference sets that are then used as the intellectual capital of the discipline.
New theory or observational results are compared against these reference
data. The technology that manages infrastructure independence (ability to
migrate collections onto new hardware and software systems) is called a
persistent archive.

The application areas included a patent digital library for the US Patent and
Trademark Office; Department of Energy high energy physics data grids; prototype
research persistent archives for the National Archives and Records Administration;
National Library of Medicine digital library for digital embryo images; National
Science Foundation persistent archive for the National Science Digital Library;
National Institute of Health Biomedical Informatics Research Network data grid for
neuroscience data; NSF Real-time Observatories, Applications, and Data
Management network for sensor data; and NSF National Virtual Observatory for
astronomy sky surveys.

J.-M. Pierson (Ed.): VLDB DMG 2005, LNCS 3836, pp. 1 -3, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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Each project defined standard descriptive metadata, standard data encoding
formats, and standard services that would be used to manipulate the data. The
descriptive metadata were organized in a collection hierarchy along with
administrative metadata that represented state information managed by the data grid.
Data grids separated the management of the state information from the storage of the
data. The result of each operation on the material within the data grid was tracked
and the associated state information was associated with the files that were
manipulated. An example is the creation of a replica of a file. The location of the
replica and the date it was created were registered into a metadata catalog that is
maintained in a relational database.

A typical project assembled a shared collection that contained 1-million to 2-
million files, with the largest shared collection holding over 27 million files. The
sizes of the collections ranged from 1-2 terabytes to collections of simulation data that
exceeded 150 terabytes. The collections were organized by groups of researchers that
contained 20 persons up to several hundred persons.

SDSC is approaching the issue of global data management from three different
perspectives:

1. Data virtualization: Create a shared collection that manages the name spaces
for resources, files, users, metadata, and access controls independently from
the storage system.

2. Access virtualization: Integrate distributed data management into major
applications such as digital libraries, persistent archives, and real-time sensor
data management systems.

3. State information virtualization: Define the consistency constraints that are
applied in the update of state information, and provide the ability to change
the constraints when federating data grids, modifying views of collections,
managing data placement, or asserting global consistency properties.

The data virtualization efforts are exemplified through the use of the SRB to
manage logical name spaces to provide persistent global naming. In addition, the
SRB differentiates between the access methods required by preferred interfaces, and
the storage repository protocols required to interact with legacy storage systems. The
SRB maps from the access interface protocol to a standard set of operations for
manipulating data and metadata. The SRB then maps from a standard set of
operations that will be performed at a storage repository to the particular protocol
required by that system. The result is the ability to manage data that is distributed
across multiple types of storage systems, while providing a uniform access interface.

The access virtualization builds upon the data virtualization through the integration
of advanced user interfaces. A major example is the integration of digital library
technology with data grid technology. The goal is the ability to provide digital library
services on collections that are distributed across multiple storage systems, and
authentication domains.

An example is the integration of the DSpace digital library, developed at MIT and
Hewelett Packard, with the Storage Resource Broker data grid. The resulting system
is able to support:
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e creation of DSpace collections whose size is greater than the local disk
capacity

e replication of digital entities between sites for disaster recovery

e access to digital entities that reside in another DSpace instance

A similar effort is being done to integrate the Fedora digital library, developed at
University of Virginia and Cornell University, on top of the Storage Resource Broker
data grid.

The state information virtualization is a new research effort with the goal of
producing the next generation of data management technology. When federating data
grids that manage different consistency constraints, the ability to characterize the
chosen constraints becomes important. Building a shared collection that crosses
multiple environments with different consistency requirements can be accomplished
through the direct association of the governing constraint with each metadata
attribute. Two types of constraints are required: procedural rules that are followed
when state information is updated, and global consistency constraints that can be
verified as properties of a sub-collection. This latter example is one of the major
challenges of distributed data management systems, namely how to create consistent
state from possibly inconsistent state.

For further information, see http://www.sdsc.edu/srb.



XML Data Integration in OGSA Grids

Carmela Comito and Domenico Talia

DEIS, University of Calabria,
Via P. Bucci 41 c,
87036 Rende, Italy
{ccomito, talia}@deis.unical.it
http://www.deis.unical.it/

Abstract. Data integration is the flexible and managed federation, anal-
ysis, and processing of data from different distributed sources. Data inte-
gration is becoming as important as data mining for exploiting the value
of large and distributed data sets that are available today. Distributed pro-
cessing infrastructures such as Grids can be used for data integration on
geographically distributed sites. This paper presents a framework for in-
tegrating heterogeneous XML data sources distributed among the nodes
of a Grid. We propose a query reformulation algorithm to combine and
query XML documents through a decentralized point-to-point mediation
process among the different data sources based on schema mappings. The
above cited XML integration formalism is exposed as a Grid Service within
the GDIS architecture. GDIS is a service-based architecture for providing
data integration in Grids using a decentralized approach. The underlying
model of such architecture is discussed and we show how it fits the XMAP
formalism/algorithm.

1 Introduction

The Grid offers new opportunities and raises new challenges in data management
arising from large scale, dynamic, autonomous, and distributed nature of data
sources. A Grid can include related data resources maintained in different syntaxes,
managed by different software systems, and accessible through different protocols
and interfaces. Due to this diversity in data resources, one of the most demanding
issue in managing data on Grids is reconciliation of data heterogeneity. Therefore,
in order to provide facilities for addressing requests over multiple heterogeneous
data sources, it is necessary to provide data integration models and mechanisms.

Data integration is the flexible and managed federation, analysis, and processing
of data from different distributed sources. In particular, the rise in availability of
web-based data sources has led new challenges in data integration systems for
obtaining decentralized, wide-scale sharing of data, preserving semantics. These
new needs in data integration systems are also felt in Grid settings. In a Grid it
is not suitable to refer to a centralized structure for coordinating all the nodes
because it can become a bottleneck and, most of all, it doesn’t benefit from the
dynamic and distributed nature of Grid resources.

The Grid community is devoting great attention toward the management of
structured and semi-structured data such as databases and XML data. The most

J.-M. Pierson (Ed.): VLDB DMG 2005, LNCS 3836, pp. 4-15, 2005.
© Springer-Verlag Berlin Heidelberg 2005
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significant examples of such efforts are the OGSA Data Access and Integration
(OGSA-DAI) [1] and the OGSA Distributed Query Processor (OGSA-DQP) [2]
projects. However, till today only few of those projects [3,4] actually meet schema-
integration issues necessary for establishing semantic connections among hetero-
geneous data sources.

For these reasons, we propose a framework for integrating heterogeneous XML
data sources distributed over a Grid. By designing this framework, we aim at de-
veloping a decentralized network of semantically related schemas that enables the
formulation of distributed queries over heterogeneous data sources. We designed
a method to combine and query XML documents through a decentralized point-
to-point mediation process among the different data sources based on schema
mappings. We offer a decentralized service-based architecture that exposes this
XML integration formalism as a Grid Service [5]. We refer to this architecture
as the Grid Data Integration System (GDIS). The GDIS infrastructure exploits
the middleware provided by OGSA-DQP, OGSA-DAI, and Globus Toolkit 3 [6],
building on top of them schema-integration services.

The remainder of the paper is organized as follows. Section 2 presents a short
analysis of data integration systems focusing on specific issues related to Grids.
Section 3 presents the XMAP integration framework; the underlying integration
model and the XMAP query reformulation algorithm are described. Section 4
illustrates the deployment of the XMAP framework on a service-based Grid archi-
tecture. Finally, Section 5 outlines future work and draws some conclusions.

2 Data Integration and Grids

The goal of a data integration system is to combine heterogeneous data residing at
different sites by providing a unified view of this data. The two main approaches
to data integration are federated database management systems (FDBMSs) and
traditional mediator /wrapper-based integration systems.

A federated database management system (FDBMS) [7] is a collection of co-
operating but autonomous component database systems (DBSs). The DBMS of a
component DBS, or component DBMS, can be a centralized or distributed DBMS
or another FDBMS. The component DBMSs can differ in different aspects such
as data models, query languages, and transaction management capabilities.

Traditional data integration systems [8] are characterized by an architecture
based on one or more mediated schemas and a set of sources. The sources contain
the real data, while every mediated schema provides a reconciled, integrated, and
virtual view of the underlying sources. Moreover, the system includes a set of
source descriptions that provide semantic mappings between the relations in the
source schemas and the relations in the mediated schemas [9].

Data integration on Grids presents a twofold characterization:

1. data integration is a key issue for exploiting the availability of large, hetero-
geneous, distributed and highly dynamic data volumes on Grids;

2. integration formalisms can benefit from an OGSA-based Grid infrastructure,
since it facilitates dynamic discovery, allocation, access, and use of both data
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sources and computational resources, as required to support computationally
demanding database operations such as query reformulation, compilation and
evaluation.

Data integration on Grids has to deal with unpredictable, highly dynamic data
volumes provided by unpredictable membership of nodes that happen to be par-
ticipating at any given time. So, traditional approaches to data integration, such
as FDBMS [7] and the use of mediator/wrapper middleware [9], are not suitable
in Grid settings. The federation approach is a rather rigid configuration where
resources allocation is static and optimization cannot take advantage of evolving
circumstances in the execution environment. The design of mediator/wrapper in-
tegration systems must be done globally and the coordination of mediators has
to be done centrally, which is an obstacle to the exploitation of evolving charac-
teristics of dynamic environments. As a consequence, data sources cannot change
often and significantly, otherwise they may violate the mappings to the mediated
schema.

The rise in availability of web-based data sources has led to new challenges in
data integration systems in order to obtain decentralized, wide-scale sharing of
semantically-related data. Recently, several works on data management in peer-
to-peer (P2P) systems are moving along this direction [10,11,12,13). All these
systems focus on an integration approach not based on a global schema: each peer
represents an autonomous information system, and data integration is achieved by
establishing mappings among the various peers.

To the best of our knowledge, there are only few works designed to provide
schema-integration in Grids. The most notable ones are Hyper [3] and GDMS [4].
Both systems are based on the same approach that we have used ourselves: build-
ing data integration services by extending the reference implementation of OGSA-
DAI. The Grid Data Mediation Service (GDMS) uses a wrapper/mediator ap-
proach based on a global schema. GDMS presents heterogeneous, distributed data
sources as one logical virtual data source in the form of an OGSA-DALI service.
This work is essentially different from ours as it uses a global schema. For its part,
Hyper is a framework that integrates relational data in P2P systems built on Grid
infrastructures. As in other P2P integration systems, the integration is achieved
without using any hierarchical structure for establishing mappings among the au-
tonomous peers. In that framework, the authors use a simple relational language
for expressing both the schemas and the mappings. By comparison, our integra-
tion model follows as Hyper an approach not based on a hierarchical structure,
however differently from Hyper it focuses on XML data sources and is based on
schema-mappings that associate paths in different schemas.

3 A Decentralized XML Data Integration Framework

In this section, we describe a framework meant to integrate heterogeneous XML
data sources distributed among nodes of a Grid. The primary design goal of this
framework is to develop a decentralized network of semantically related schemas
that enables the formulation of queries over heterogeneous, distributed data sources.
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The environment is modeled as a system composed of a number of Grid nodes,
where each node can hold one or more XML databases. These nodes are connected
to each other through declarative mappings rules. The framework implements then
a method to combine and query XML documents through a decentralized point-to-
point mediation process among the different data sources. Moreover, the interface
it exposes to access and query the XML data sources is completely uniform, re-
gardless of the intrinsic complexity of the underlying system.

3.1 Integration Model

Our integration model is based on schema mappings to translate queries between
different schemas. The goal of a schema mapping is to capture structural as well
as terminological correspondences between schemas.

As mentioned before, traditional centralized architecture of data integration
systems is not suitable for highly dynamic and distributed environments such as
the Grid. Thus, we propose an approach inspired from [13] where the mapping
rules are established directly among source schemas without relying on a central
mediator or a hierarchy of mediators. In consequence, in our integration model,
there is no global schema representing all data sources in a unique data model
but a collection of local schemas (the native schema of each data source). This
way, the coordination of the various nodes is completely decentralized. Each node
is free to establish the semantic connections with the source schemas it considers
more appropriate. Therefore, to integrate a source in the system, one needs only to
provide a set of mapping rules that describes the relationships between its schema
and the other schemas it is related to.

The specification of mappings is thus flexible and scalable. Regardless of the
total number of nodes composing the system, each source schema is directly con-
nected to only a small number of other schemas. However, it remains reachable
from all other schemas that belong to its “transitive closure”. For any mapping
M, its closure is defined as the set of rules that can be derived from M by repeated
composition of schema paths. In other words, the system supports two different
kinds of mapping to connect schemas semantically: point-to-point mappings and
transitive mappings. In transitive mappings, data sources are related through one
or more “mediator schemas”. For example, if we have a source A directly connected
to a source B and B connected to C, A is connected to both B and C. Establishing
the mappings this way creates a graph of semantically related sources where each
of the sources knows its direct semantic neighbors (point-to-point mapping) and
can learn about the mappings of its neighbors (transitive mapping). Therefore,
in our integration model all nodes are equal: there is no distinction between data
sources and mediators. Each node acts both as a data source contributing data
and as a local mediator providing an uniform view over the data provided by other
nodes.

We address structural heterogeneity among XML data sources by associating
paths in different schemas. Mappings are specified as path expressions that relate
a specific element or attribute (together with its path) in the source schema to
related elements or attributes in the destination schema. The data integration



