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Abstract

In this paper we describe the Geodise Database Toolbox, which utilises Web services, XML,
databases and Grid technologies to help manage data created by engineering applications running
locally or on the Grid. It has been integrated into the Matlab and Jython scripting environments for
ease of use, and into other applications via its Java API. The toolbox supports centralised vs.
personal data repositories, the former accessed via secure Web services from platform independent
client applications. Metadata can be easily defined on files, data structures, collections of related
data, and workflows. A distinctive feature is the support for user-defined application specific
metadata that can be queried to locate required data efficiently. We describe the toolbox, how it has
been deployed and exploited, and indicate that our approach has proved sufficiently generic to be

useful in arange of application areas.

1. Introduction

Engineering design search and optimisation
(EDSO) aims to achieve improved designs by
exploiting engineering modelling and analysis.
Variables in a design are systematicaly
modified to increase, or reduce a quality
measure called the objective function, whilst
ensuring the variables satisfy certain constraints.
It often involves computationally and data
intensive processes, producing large amounts of
data at different locations in a variety of
formats. The emergence of Grid computing and
Web service technologies provides new
opportunities for the engineering community to
access an extended range of compute resources
and manage the sizable data created by
distributed applications more effectively. To
help engineers utilise the available compute and
data resources on the Grid, the Geodise project
[1] have developed computational and database
toolboxes to bring the technologies into an
environment familiar to engineers. The Geodise
Computational Toolbox [2] provides a suite of
functions which enable and simplify access to
Grid compute resources, and the database
toolbox offers similar support for data
management and sharing.

In previous papers [3, 4] we described how
the Geodise Database Toolbox, wrapped as a set
of Matlab [5] functions that can be incorporated
into a user s Matlab scripts, has been used in
Computational Fluid Dynamics (CFD) and
Computational Electromagnetic (CEM)
engineering problems. Matlab is a powerful,

flexible, and easy to use scripting environment
popular with engineers. It aso provides a
powerful execution engine for our workflows,
and is available on a wide variety of platforms
and operating systems.

The underlying toolbox is exposed as a Java
APl so it can be integrated with different
scripting environments, such as Jython [6], and
other applications that can interact with Java
code. For example, the GENIE project [7]
supports environmental scientists modelling
long term climate change and has used the API
to manage data from their framework using a
web portal. The Geodise Workflow
Construction Environment (WCE) [8] also uses
the APl to &) archive, query, and retrieve the
workflows for reuse and sharing; b) store data
for monitoring workflow executions. Recently
we have released the toolbox s client code to the
Integrative Biology project [9] so that
researchers can experiment with using our
repository remotely to manage their application
data. We have also extended the toolbox so that
it can be used more conveniently for monitoring
application processes while they are running, so
that engineers can intervene to halt or change
long running optimisations if necessary.

In this paper we will give an overview of the
architecture in section 2 and discuss deployment
in section 3. A description of how the toolbox
has been used in various applications will be
given in section 4 and in section 5 we will
demonstrate its use in application monitoring
using an example drawn from engineering
design practice. Section 6 summarises the
conclusions and future work.



2. Architecture Overview

Traditionally, data created from engineering
applications is stored in files on file systems
with little information to describe them. When
the data volume is large, this makes them
difficult to search, share and reuse. The
limitation of this approach becomes more
obvious when a group of people working in
different ingtitutions, i.e. in a Virtua
Organisation (VO), wish to collaborate to solve
a common problem, making use of Grid
technology. This can be overcome by attaching
additional descriptive information (metadata) to
the data, so that it can be located by querying its
characteristics rather than having to know its
location.

2.1 Metadata

To encourage the use of metadata within the
engineers  environment it must be
straightforward to specify and sufficiently
flexible to contain any terms and nested data
structures required to describe the relevant
application data. The Storage Resource Broker
(SRB) [10] provides a uniform interface for
connecting to heterogeneous resources over a
network and, with the Metadata Cataog
(MCAT), provides dataset access based on
characteristics rather than names or physical
locations. However, MCAT has limited support
for application specific metadata, particularly
the complex, nested data structures and data
types which are often essential in assisting
engineering users to locate data specific to their
problems.

To achieve the required flexibility and ease
of use we have developed the Geodise Database
Toolbox which allows engineers working in the
Matlab environment to define metadata
conveniently as Matlab structures. Standard
metadata (e.g. archive date, file size) are
generated automatically by the toolbox so that
users only need to concentrate on defining
custom metadata specific to their applications,
and granting access permissions to other users
in the VO if they want to share the data
Metadatais stored in an XML enabled relational
database (Oracle 9i [11]): standard metadata is
stored in tables for efficient access, whilst user
defined metadata is stored as native XML for
flexibility, and this can be transparently
converted to and from user defined Matlab
structures using our XML Toolbox for Matlab
[22].

The database is queried using a simple
syntax to locate files/variables or groups of data
based on their characteristics. Users specify

gueries as a combination of named metadata
variables and comparison operators, with
options for exact or wildcard matches and case
insensitivity. A user query is converted to a
combination of SQL and XPath, and restricted
so that it only returns results the user is entitled
to access. The returned array of structures may
contain all the metadata for each result or a
specified subset, for example the user may only
want the unique data identifiers, which can then
be used to retrieve files from the archive,
regardless of where they are stored. Users can
incorporate the query function into their Matlab
scripts directly or interact with a query GUI
supporting hyperlinks for downloading and
browsing related data.

A datagroup is used to logically group
together related data, such as that used in a
process monitoring task, and metadata can be
added at the group level so that the entire
collection is described. A datagroup may also
contain sub-datagroups, and data can belong to
multiple datagroups. This gives users the ability
to describe and exploit relationships or
hierarchies.

Jython [6] is a pure Java implementation of
the Python scripting language which, like
Matlab, allows seamless integration with any
Java code. We were therefore able to implement
the database toolbox in Jython by providing a
thin set of functions on top of our existing Java
client APl. We aso provide functionality
analogous to the XML Toolbox for Matlab,
converting between metadata contained in
Jython dictionaries or objects and XML. Data
types in the XML Toolbox are described by
type, dimensions and array index where
applicable, and using the same XML syntax for
Jython means metadata can be passed between
the environments via the database. For example,
an engineer may prefer to install Jython for free
at home and query the database to monitor the
progress of their current job. Alternatively,
Jython may be used to archive files and
associated metadata from Grid compute
resources that do not have access to a Matlab
license, then later in the lab the data can be
queried, retrieved and plotted for analysis using
Matlab.

For applications running in  other
environments, metadata can be defined using
the appropriate data structures and then
converted into XML format before calling the
toolbox s Java API. For example, in the
Geodise WCE metadata is defined initidly as
Java objects, and then converted into XML
before archiving.
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Figure 1 - A GUI or high level set of scripting funt¢ions on top of a client side Java API provides an
interface to secure data management Web servicesdafile transfer. User scripts may run locally as
shown or on remote compute resources with the usardelegated authorisation credentials.

2.2 Web and Grid technologies

Both files and variables (primitive values and
data structures) can be archived in the
repository with associated system generated and
user defined metadata. Files are archived to a
user specified remote file store, using GridFTP
[13] and assigned Universally Unique
Identifiers (UUIDs) [14]. This information is
recorded in the database allowing files to be
physically located and retrieved by their UUIDs
later. Variables are archived as XML in a way
similar to the user defined metadata.

All database access is supplied through
secure Web services for storage and query of
metadata, file location and authorisation, as
shown in Figure 1. The Web services are
invoked, using Apache Axis [15], from platform
independent client code running locally or on
Grid resources. To support distributed users and
prevent unauthorised access we use a secure
method of Web service communication. It
allows X.509 certificate based authentication
and authorisation using the same delegated
credentials that provide a point of single sign-on
for computational jobs on the Grid [16]. The
user’'s unique identifier (certificate subject) is
extracted from the certificate that signs the
SOAP [17] request message and used to
authorise database access, record data

ownership and allow users to grant access
permissions to others.

Projects like Spitfire [18] and OGSA-DAI
[19] develop generic middleware to provide
database access from Grid applications. Spitfire
is a project within the European DataGrid
(EDG) project [20]. It provides a thin layer on
top of a relational database management system,
and uses Web service technology to provide
SOAP-based RPC to some user-definable
database operations. It is designed to give quick
and easy access to data where the access
patterns are simple, rather than to be used as a
full-fledged data management system. Problems
are anticipated for long-running queries, queries
returning a very large result set, and other
operations that need a large amount of system
memory.

We also encountered a problem when the
volume of query results was very high. In this
situation returning all the results from the Web
service as one very large SOAP message can
cause Axis to run out of memory when it
attempts deserialization on the client. To
prevent this we split large results into chunks,
which are no more than 2 MB in size by default.
The client code pulls the results back in stages
from the service, which will indicate when they
have all been returned. This is transparent to the
user, as the client code passes on the full results
when the process is complete. Users can



