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Abstract— This paper shows the development of a virtual
laboratory for the Ocean research community based on Grid
technology, called Retelab. The main objective is to build a
useful tool for the researchers where the necessary computer
skills are minimum. The development has four phases. The
user access and registration is the first phase where we
have built a well balanced solution between simplicity and
security based on a Role Access Management Model. The
second phase is the Data Grid deployment focused on
metadata and thought to store geospatial information. Tools
to visualize and analyze the data are also available. Next
part is the job submission. A metascheduler was integrated
into Retelab and useful procedures were developed to use
the stored data as job inputs and to add the job results
into the Data Grid. The last phase is the implementation
and deployment, of different geospatial applications for the
Ocean research community.
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1. Introduction
The increasing number of research projects for Earth

Observation due to the launching of new missions every year,
with higher spatial and radiometric resolution, produces a
large amount of geographical datasets. The analysis, storage
and management of these data are often a very hard and
tedious job, even unfeasible. For this reason it was necessary
to find a uniform way to work, using Internet as a framework.
An example of this is the Earth System Grid project [1] for
climate study, whose main goal was to make a collaborative
framework between centers, users, models and distributed
data in the USA.

Specifically, the Ocean Study is an interdisciplinary work
where biologists, physicists, meteorologists, oceanographers
and computer engineers need to work together to process
data in an efficient way.

Grid technology was born to allow the research com-
munity to undertake collaborative computation and share
heterogeneous resources such as hardware (clusters, PCs,
sensors...), software (Operating Systems, scientific software),
and datasets, all of them connected through a network, i.e.
Internet.

This paper shows the development of the Retelab project.
Retelab can be understood as a distributed collaborative
working environment which will constitute a virtual lab-
oratory for multidisciplinary research projects related to
oceanographic remote sensing [2]. Grid technology is the
starting point of the project. We are trying to approach this
technology to the ocean researchers. Nowadays, there are
many Grid systems focused on different areas but most of
them have the focal point in the technology and not in the
end user. This project tries to provide a way to interact
with a Grid system with needlessness of computer skills.
The user does not need to know what kind of technology is
under the system or his/her knowledge would be minimum.
The main objective of Retelab is that researchers only need
to be concerned with their works and not with the tools
used in them. Retelab was developed following an iterative
and incremental model where each phase was terminated
with the implementation of a prototype to add new system
functionalities.

The remainder of this paper is outlined as follows: In
Section 2 the project is described explaining its main ob-
jectives and the different phases in which it was split to be
developed. The prototype architectures, used technologies
and characteristics about the software integration and the
implementation process are shown in Section 3. Section 4
shows the future work, and conclusions are drawn in the last
section.

2. Retelab Description
This project was structured in several phases and all of

them were developed following various common objectives
such as simplicity, friendly interface and the needlessness of
computer skills to use it, and specific ones.

2.1 User Access and Registration
The Grid Security Infrastructure (GSI) is one of the main

modules in a Grid system. GSI is focused on the Public Key
Infrastructure (PKI). The only way to access a system based
on PKI is with a digital certificate. The normal process to
get a digital certificate takes too much time and it is not
an easy task, specially when the user does not understand
what is the meaning of PKI and digital certificate. On the



other hand, it is also important to find a good solution to
manage user access and permissions. The project needs a
management model that allows to answer critical questions
such as ’Who can have access?’, ’What resources can they
work with?’ or ’What tasks can be done over a resource?’.
A Role Based Access Control (RBAC) [3] model seems to
be the most suitable management model to answer them.

The main goal of this phase is to look for a trade-off
solution between simplicity and security that will allow users
to get certificates and access the Grid system in an easier
and more comfortable manner. Moreover, it is necessary to
integrate the new system with a RBAC model, which will
allow an easy management of users.

2.2 Data Grid
Most of the Grid systems are developed focusing on

sharing computational resources. Nowadays, one of the main
problems is the data storage and the analysis of the informa-
tion that the projects produce. Some international research
projects such as Worldwide LHC Computing Grid [4], will
produce more than 15 Petabytes of data every year. Such a
large amount of data is impossible to store or analyze using
traditional storage data systems. Thus, it is clear that we need
new ways to store the information using distributed systems.
It would be desirable to have an easy way to analyze the
results, to work with them, to search through large datasets
and to share information with the research community.

The aim of this project phase is to develop a Data Grid and
to deploy it in the Retelab system. This Data Grid system
should allow the users to search in large datasets using
metadata. Thus, we need a common metadata schema to
describe geographic information. It should allow to visualize
and analyze the data that the users have retrieved. The
Retelab users should be able to edit the metadata adding or
removing elements and sharing the results. The system must
allow the users to download the data stored into Retelab.
The users would be able to upload new data and label them
with data attributes. If a user searchs in the Data Grid, the
retrieved results should be used as parameters in the Grid
jobs and the outputs generated by the jobs should be used
as new entries into the virtual Database.

2.3 Job Submission and Monitoring
There are many systems that allow users to submit jobs

to Grid systems, but they need some kind of interaction
with the end user. This interaction decreases simplicity and
transparency to the process and this portal, as we said
before, is designed for researchers without experience in
Grid systems. Thus, it is necessary to incorporate a decision
making tool to increase transparency. A tool that selects the
best option in accordance with the existing policies.

The objective is to develop a system which allows the
researchers to configure, execute and monitor their jobs, and
retrieve results.

2.4 Testbed Applications
The last phase in the Retelab project is to deploy several

test applications such as the Regional Ocean Model System
(ROMS) [5], [6] and "Sentinazos" [7]. These testbeds will
enable both to test the project, and to get useful software
that the oceanographers would be able to use.

3. Retelab Design and Implementation
Retelab was developed as a web portal based on portlets.

Portlets [8] are pluggable user interface components that
are managed and displayed into a web portal. The portlets
are very useful in Grid systems because they allow a high
interoperability and reuse and they can be developed and
added to the web portal on demand. GridSphere has been
chosen as a portlet container for Retelab. GridSphere [9]
is a portal framework that provides an open source, portlet
based web portal and enables developers to quickly develop
and package third party portlet web applications. We have
integrated some portlets developed by Open Grid Computing
Environment (OGCE) [10] to test our system, such as the
job submit portlet or the proxy-manager portlet. The Globus
Toolkit [11], specifically its version 4 (GT4), was used to
develop the Grid system.

As the previous section has shown, Retelab has been
developed in four main phases and each phase was finished
with the implementation of a functional prototype. The
following subsections describe the prototype architectures,
used technologies and details about the implementation.

3.1 User Access and Registration
Fig. 1 shows the different modules and technologies

integrated to develop this prototype. The main goal was
to find a well balanced solution between simplicity and
security. This solution is based on a RBAC model to manage
the portal user permissions.

There are three possible scenarios to access the system.
In the first scenario, the user is not registered. Thus, he/she
must use the Registration Portlet to do it. The Registration
Portlet is based on the PURSE system, specifically, a PURSE
portlet version [12]. PURSE [1] is an integrated solution
that provides an easy-to-use web interface for potential
users of an application to register themselves and request
sign-in credentials. The PURSE system can get user digital
certificates. We have improved PURSE to support the role
paradigm and also generate X.509 Attribute Certificates
(AC) for each user with his/her system roles. The ACs are
stored into a LDAP, whereas the digital certificates are stored
into MyProxy [13], which is an online credential repository.

In the second scenario the user is already registered. Thus,
he/she can access the system via the User Access Portlet,
using the login and password selected when he/she was
registered. Once the user is authenticated the system retrieves



Fig. 1: User Access and Register Architecture.

the user credentials, the digital and the attribute certificates,
which were generated in the registration phase and stored
respectively into MyProxy and into the LDAP. The user
credentials allow him/her to use the Grid system according to
his/her role. PERMIS [14] was the software used to support
the role paradigm in the Grid System, using the ACs.

The last scenario is the access of Shibboleth users. Shib-
boleth [15] is a software that provides Web Single SignOn
(SSO) across a reliable network of partners. The integration
of Shibboleth with the Retelab system has as starting point
an integration of Shibboleth with Gridsphere developed by
Meta Access Management System (MAMS) [16]. We have
improved this version to automatically add new users into
Retelab generating their ACs and digital certificates and
adding their personal information to the system. Using this
improved version, when one of the researchers at a partner
center wants to access the system, Retelab will just need
the confirmation of the user center. The user would use
the Shibboleth portlet to access the system. The Shibboleth
system may redirect the user to his/her center where he/she
would be authenticated and his/her attributes (name, email,
role, etc.) would be sent to the Retelab system. Retelab
would use the user attributes to generate the user credentials
according to the received information. These credentials
would be used in the Grid and web Retelab systems.

3.2 Data Grid
Fig. 2 shows the architecture of the Data Grid prototype.

We have developed a portlet as a user interface to access
the Data Grid. Data are stored in the system resources and
the Replica Location Service (RLS), which is part of GT4,
is used to store the specific data locations. The RLS has
two subsystems, the Location Replica Catalog (LRC) and
the Replica Location Index (RLI). The LRC maintains a
mapping between the Logical File Names (LFN) and the

Fig. 2: Data Grid Architecture.

real data paths or Physical File Names (PFN). The RLI
maps each LFN onto the LRC that has mapped the PFN.
Our system has a LRC in each resource that is part of
the Data Grid, and only one RLI. The LRCs would send
messages to the RLI to inform about the resources they
have. As we said before, our system must be focused on
the metadata. The Metadata Catalog System (MCS) [17]
allows us to map each LFN on a set of metadata to identify
each resource. The MCS uses the OGSA-DAI [18] Grid
service to manage its mapping information, which is stored
in a MySQL Database. We need a metadata schema to
describe geographic information, which will be common to
all Retelab users. We decided to use one of the standards
for Geospatial metadata, the ISO 19115 [19].

Data visualization can be done in two ways. In the first
way, we have developed a procedure to automatically make
a link for each retrieved result which allows to visualize it.
This link downloads the Integrated Data Viewer application
[20] and it is installed in the user computer using java web
start. This installation is automatic and transparent to the
user. Once the IDV is installed, it is directly loaded with the
previously selected data. This procedure is showed in Fig. 3.
In the second way, Retelab has a Live Access Server (LAS)
[21] that allows to visualize datasets. This LAS is deployed
in the web server and it is accessible via a portlet.

Once the user has done a search, it is also possible to use
the data results as parameters to the Grid jobs. To achieve
this, the user should make a simple click on each datum
that he/she wants to use as parameter and it will be added
to the job submission template. After the job execution is
completed, the user should be able to use the job outputs
as new entries in the Data Grid adding appropriate metadata
for them. This new data would be shared with the rest of
the research community. Next section has a more detailed
explanation about the job submissions.



Fig. 3: Example of the IDV Visualization.

3.3 Job Submission and Monitoring
The OGCE package provides a job submission portlet

compatible with GT4. It allows users to send jobs to the
Grid, but it forces them to select resources from a list.
Because the portal is intended for researchers without ex-
perience in Grid systems, Retelab has incorporated a Grid
metascheduler to make this kind of decisions on behalf of
user. Grid metaschedulers facilitate optimal utilization of the
Grid resources and they undertake the tasks for resource
discovery, job scheduling, execution, monitoring and job
output retrieval. Linking the portal with a metascheduler has
the advantage of keeping the users free to focus on their jobs,
leaving the complexity of resource allocation and scheduling
to the broker.

In this phase a job submission and monitoring portlet has
been developed. This portlet interacts with the GridWay [22]
metascheduler using the Distributed Resource Management
Application API (DRMAA) [23] OGF standard. GridWay
metascheduler was selected because it provides interoper-
ability with different Grid middlewares, supports DRMAA
OGF standard and allows jobs submission using the Job
Submission Description Language (JSDL) [24].

Fig. 4 shows the design and GridWay integration with the
Retelab system.

We found an important barrier related to the management
of proxy credentials in the GridWay environment. As men-
tioned, Retelab access is based on roles that each user has
in the AC, so the laboratory has been designed in order
that only one user account is needed for Grid activities.
Thus, different users are distinguished by their proxies.
Because GridWay was designed for single users, it uses
the same Unix process and the same proxy for all the jobs
submitted from the same local account. This represents a
major obstacle for our approach because we need to submit
different jobs linked to different proxies using the same local

Fig. 4: Job Management Architecture.

account.

A first approach was a version modified by the ARCS-
GridWay project for the Australian Research Collaboration
Service. This solution is close to our needs but it has some
limitations. One of the most important limitations is that this
version is not compatible with DRMAA standard.

The suitable solution would be a new version of GridWay
including modifications around the proxy management while
maintaining the compatibility with the DRMAA standard.
Finally, we have worked with the GridWay team in order to
develop this new version.

As a result, the job submission and monitoring portlet
has been deployed in the Retelab portal integrating the
new GridWay version . Using the MyProxy portlet, each
user can load different proxies from MyProxy servers. If
several proxies have been loaded the user decides which
one to use by default. The first step when a job is submitted
is to retrieve the job parameters defined by the user and
to verify which is the default proxy. In the second step,
the job submission portlet launches a new system process,
which executes a DRMAA java class. This java class is
responsible for creating the suitable job template and for
submitting it to GridWay. The key issue is that all the
processes run under the same local account but each one
has its own X509_USER_PROXY variable containing the
suitable proxy. After a job is successfully submitted, the job
information is stored in a MySQL database. Each submission
stores: user DN, name of the portal user, GridWay job id,
task name and results directory. GridWay job id is needed
for retrieving the job state using DRMAA methods. The job
state merged with the job information in the database is used
to build the monitoring output. Only information about jobs
owned by the registered user is shown in the monitor.



4. Future Work
Once the system is finished, it will be necessary to test

it and improve it. To achieve this, we want to develop and
deploy some testbed applications in Retelab. These appli-
cations were born as a necessity for some of the research
groups that are working with us.

There are two main applications to develop. The first spe-
cific application is ROMS (Regional Ocean Model System),
a new generation model for oceanic circulation specially
designed to simulate regional oceanic systems with great
accuracy (for example the Galician coast). ROMS is an
application already developed, which we want to improve
and deploy into Retelab. ROMS implements both MPI and
OpenMP parallelization methods [25]. Retelab architecture
and the domain decomposition of the MPI version will
allow to execute it in a hybrid model (openMP+MPI) [6].
To define ROMS jobs and visualize the results a specific
portlet is currently being developed. Jobs will be submitted
to the Grid using the previous GridWay portlet development.
Following the standards, this submission will be done using
JSDL. This testbed is being developed in two phases. The
current and first phase is the ROMS portlet development
where the user will be responsible to select the application
version (serial, MPI or OpenMP) during the job requirements
configuration. In a second phase, the metascheduler would
be the responsible to decide the best method to run ROMS
according to the available resources in each moment and the
requirements of the jobs measured by the portlet.

"Sentinazos" project will be the second application to
be developed and deployed in Retelab. "Sentinazos" is a
project in an early phase of development that will allow
the automatic detection of fuel disposal based on satellite
and airborne images. Once the images are obtained, different
algorithms based on image processing, neuronal networks
and fuzzy logic will be applied to detect, monitor and
prevent ecologic and economic disasters. We also propose
the integration of the information into an interoperable
Geographic Information System (GIS) that will help users
to easily manage and organize the data. Currently, we are
working in collaboration with another research group in the
development and testing of the algorithms and techniques,
which need a previous training period. Grid migration will
be faced in a near future.

5. Conclusions
In this paper we have presented the development of a

virtual laboratory thought for the Ocean Research Com-
munity. The integration and tuning of different kind of
technologies has allowed us to make an easy-to-use Grid
based system, where the computer skills are not necessary or
they are minimum, without neglecting the security. Standards
and open source software were used whenever possible.
This milestone was possible due to the collaboration of

an heterogeneous set of partners such as the University of
Santiago de Compostela, Supercomputing Center of Galicia
and different Ocean research centers.
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