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Abstract 

 
Large-scale neuroscience research projects are 

necessary in order to make significant progress in the 
study of degenerative brain diseases. At present the 
effectiveness of such efforts is being somewhat 
restricted by the absence of specifically tailored 
computing infrastructures. The neuGRID project 
aims to address this through the provision of a high-
level service oriented infrastructure that enables 
complex neuro-science research. One of the principle 
aims of this work is to develop portable services that 
can be re-used in a larger set of related medical 
applications to access distributed computing 
resources. These services will provide high-level 
functionality that will support workflow authoring 
and planning, provenance storage and retrieval, 
querying against heterogeneous data sources as well 
as security and data anonymization amongst others. 
This paper introduces the neuGRID service 
architecture and outlines the design of two specific 
services, namely the Pipeline Service and the Glueing 
Service. A proof of concept implementation to 
evaluate the neuGRID design approach has been 
developed. 
 
1. Introduction 
 
In recent years medical science has benefited from a 
huge increase in both the quantity and quality of 
research data. This has increased the need for the 
synthesis and processing of large amounts of 
information. In order to adhere to such requirements 
the medical domain is increasingly moving towards 
large-scale distributed computing infrastructures. 
These infrastructures, including Grids, enable 
scientists to find more efficient ways of accessing 
information from diverse data sources and to carry 
out coordinated research efforts that span multiple 
institutions. Numerous service frameworks in the 
domain have been built to facilitate the integration of 
data and the analysis, querying and collaboration 
over such infrastructures. Most of these service 

frameworks[1][2] are Grid based and have been 
developed for a particular community of medical 
users. However, the services built by one community 
cannot be easily shared and re-used in other medical 
domains due to architecture, interface and platform 
dependencies.  
  An aim of the neuGRID project is to provide a 
user-friendly grid-enabled e-infrastructure, which 
will enable the European neuroscience community to 
carry out research that is necessary for the study of 
degenerative brain diseases. One of its principal goals 
of the neuGRID infrastructure is to provide a set of 
generic services, specified in consultation with its 
clinician user communities. The services should 
thereby be tailored for medical informatics that can 
be reusable both across Grid-based neurological data 
and for wider medical analyses. Services include, but 
will not be limited to, query, pipeline, provenance, 
glueing and abstraction, anonymization and portal 
provisions. In this work we focus on two services that 
are used to demonstrate how SOA principles and the 
neuGRID design approach have been applied. The 
services provide workflow authoring and enactment 
as well as grid middleware abstraction. Results from 
a prototype implementation are presented and 
discussed.  
 
2. The neuGRID Services Infrastructure 
 
The neuGRID infrastructure is based on a Service 
Oriented Architecture (SOA). We aim to develop a 
standards compliant service infrastructure making it 
easier to port services to other medical domains. A 
SOA enables developers to separate base 
functionality from the user facing frontend services. 
Services are published and globally accessible via 
service interfaces. This principle will not only allow 
different user communities to interact with neuGRID, 
but will also help infrastructure services to 
communicate with each other through standardized 
interfaces. SOAs have been leveraged in multiple 
biomedical projects where computational procedures 
are usually decoupled from client applications. 
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Taverna[3], caGrid[2], @neurIST[4] and many other 
bio-informatics projects are based on SOA design 
concepts, enabling wider user communities to benefit 
from algorithmic and computational features. The 
neuGRID generic medical services are designed on 
these principles and an interaction of the subset of 
services is shown in Figure 1. 

 
Figure 1: Service Interaction 

  Unlike state of the art projects, the neuGRID 
infrastructure focuses on portable and middleware 
agnostic services. At the backend, services are 
designed to be middleware agnostic to support 
deployment on numerous platforms and grid 
middleware. At the frontend services are designed to 
support numerous frontends. The neuGRID Pipeline 
Service for instance, supports common scientific 
workflow authoring environments and transforms the 
abstract workflow representations used by these 
frontends into a common grid executable format. 
This concrete workflow format is enacted via the 
Glueing Service. The Glueing Service provides a 
middleware agnostic platform for submitting and 
executing workflows. It extends OGF SAGA[7] to 
SOA environments. The workflow specifications 
along with the execution information are logged in a 
provenance database through the provenance service. 
A querying service will be able to interact with the 
provenance service in order to bring information out 
of provenance database. 

3. The neuGRID Pipeline Service 
 
Neuro-imaging pipelines allow neuroscientists and 
clinicians to apply series of automated 
transformations and processes on brain images for 
decision support purposes using complex and nested 

workflows. Often these processes are very compute 
intensive and deal with large amounts of data. Grid 
enabled neuro-imaging pipeline services are either 
proprietary or limited in capability and 
neuroscientists have to rely on command line scripts 
to design and execute the pipelines. The primary 
functionality provided by the Pipeline Service is the 
enabling of pipeline authoring in a user-friendly 
environment, using neuro-imaging executables as 
actors. This component will parallelize and Grid-
enable the abstract user defined pipeline for optimal 
execution over a grid. It will also handle the 
submission and enactment of the pipeline over a Grid 
resource. Results of the execution as well as 
intermediary provenance data will be provided to the 
end-user 
 The principles of SOA have been applied during 
the design of the neuGRID Pipeline Service, where 
the user facing workflow authoring, workflow 
planning and gridification and the enactment are 
decoupled from each other. This enables the service 
to support numerous user-facing frontend authoring 
environments including Kepler and LONI. On the 
service side the Pipeline Service extends existing 
workflow planners like Pegasus[10] to translate 
abstract workflow descriptions into concrete grid 
executable workflows. Unlike related projects, the 
workflow enactment is decoupled form the 
underlying Grid middleware. This enabled the 
Pipeline Service, like other neuGRID services to be 
middleware agnostic and are portable across Grid 
middleware. The workflows are enacted via the 
Glueing Service, which encapsulates the complexities 
of the Grid Middleware. 

3.2. The Glueing Service 
 

The Glueing Service extends the OGF SAGA 
standard to SOA. SAGA (simple API for Grid 
Applications) is an open standard defined and 
maintained by the Open Grid Forum (OGF), which 
describes a high-level interface for easy 
programming of Grid applications. SAGA is not 
aimed at a single middleware but rather it provides 
APIs for developing applications using different Grid 
environments. SAGA APIs give a provision of 
running a job on a particular middleware by runtime 
loading of a middleware adaptor. SAGA adaptors 
pass jobs to the middleware as its clients and are 
responsible for the low-level communication with it. 
This removes the complexity of using middleware 
specific APIs for interacting with different Grid 
middleware. 

neuGRID implements a SAGA SOAP Adaptor, 
which translates SAGA API functions into standard 



 

 

web service calls. Client services and applications are 
developed against the standard SAGA API while on 
the backend the SAGA invocations are transformed 
into SOAP messages handled by the Glueing Service. 
This enables SAGA-based clients to interact with the 
Glueing Service in a seamless way, hence enabling 
the development of grid middleware agnostic 
services. This shields users and applications from 
writing complex Grid specific functionality. It will 
provide a simplified approach, which enables clients 
to gridify their applications without installing too 
many Grid specific libraries.  
 
4. Proof of Concept Implementation 
 
A prototype using a subset of services has been 
developed to build an experimental setup for 
performing analysis irrespective of middleware 
dependencies. The primary aim of the 
implementation was to evaluate the practicality of the 
design approach. In this prototype two primary 
services, Pipeline and Glueing, have been deployed. 
A neuro-imaging pipeline may for example be 
constructed to identify the cortical surface of raw 
brain imaging data. In this case the workflow is 
composed of different algorithms from the MNI 
neuro-imaging toolkit[11]. It performed a sequence 
of morphological pruning on brain scans and a 3D 
cortical surface map. 
 The implementation is depicted in Figure 2. 
Kepler specifications are represented by MoML [12], 
which is translated into a generic XML format by the 
Pipeline Service. This abstract workflow description 
is then described by an object oriented workflow 
API. Pipeline service uses the Workflow object to 
eventually enact each task in the workflow with all its 
dependencies. The Glueing Service performs the 
execution of each task, based on the task definition, 
input literals or data files and middleware 
information. The middleware that used was the OMII 
Grid Middleware[13]. 
 
5. Related Work 
 
There are numerous state of the art efforts, which aim 
to create high-level grid service infrastructures for the 
medical domain. caBIG[2] is a Grid services 
infrastructure which aims at providing standard 
applications, common data models and tools to 
enable more efficient access and sharing of 
distributed computation resources in cancer research. 
caGrid is the services infrastructure used in caBIG. It 
is based on the Globus Grid toolkit [7]. caGrid 
provides a number of services ranging from 

analytical, data services and service advertisement 
and discovery as well as security.  
 

 
Figure 2: Implementation Architecture 

 
A related effort is NeuroGrid[14]. Unlike other 
projects, NeuroGrid is not built on a specific Grid 
middleware, but uses web-services. It provides pre-
developed workflows for stroke analysis, dementia 
and psychosis. Users select data sets and the 
workflows and retrieve results from a portal. 
NeuroLOG[15] is a service workflow-based 
infrastructure. It uses Taverna[3] and MOTEUR for 
authoring service based workflows, gridifying and 
enacting them. Taverna authors SCUFL workflows 
which are web-service based. neuGRID pipelines 
mostly comprise neuro-imaging algorithms, which 
are executable tasks. Deploying a NeuroLOG like 
architecture would be expensive and at the same time 
would constrain scheduling. Therefore, this approach 
would not help in optimizing the use of Grid 
resources for rapid and efficient processing of neuro-
imaging pipelines on a Grid infrastructure.  
 The Biomedical Informatics Research Network 
(BIRN)[1] is a federated and distributed 
infrastructure for the storage, retrieval, analysis and 
documentation of biomedical data using state of the 
art open source toolkits built on Grid technology. The 
BIRN infrastructure is based on the Globus Toolkit. 
Condor cluster middleware is the primary means of 
executing workflows in the BIRN infrastructure. 
Various BIRN partners have developed numerous 
workflow authoring environments to aid authoring 
and enactment on the Grid. These include the LONI 
Pipeline and Kepler. 
 Both BIRN and caBIG, aim to develop domain 
specific Grid infrastructures based on a specific Grid 



 

 

middleware, while NeuroGrid provides its own 
middleware framework. The NeuroLOG 
infrastructure is based on service-based workflows, 
which would constrain scheduling decisions in the 
Grid. neuGRID aims to develop an infrastructure of 
services which is both portable and middleware 
agnostic enabling its application to a number of 
related medical applications. Services will also be 
designed to support a number of interfaces. As in the 
case of BIRN, both Kepler and Loni Pipeline are 
supported while adding the capability of executing 
authored pipeline against any available Grid 
Middleware. 
 
6. Conclusions 
 
 In this paper we have presented an overview of 
the services infrastructure in the neuGRID project 
and highlighted the significance of an SOA based 
framework in component-based development 
environments. The main focus of this work is to 
demonstrate the provision of a middleware agnostic 
paradigm in biomedical analysis frameworks. For this 
purpose much emphasis has been given to the 
seamless interaction of client applications with the 
underlying Grid middleware. The importance of the 
Pipeline and Glueing Service, in the context of 
decoupling client applications from distributed Grid 
frameworks, has been elaborated.  We have also 
presented a proof-of-concept implementation, which 
provides a middleware abstraction layer to isolate 
user interactions from complex Grid functionalities. 
This has motivated us to test our experimental setup 
with different Grid middleware and exploiting their 
computational and storage features simultaneously. 
The Glueing Service is a step towards an Inter-Grid 
Services Framework. It can also enable the 
scheduling of workflows to virtual organizations, 
which constitute of multiple Grids created with 
different middleware. At the same time, it allows the 
deployment of neuGRID Services against 
middleware that is fit for purpose.  
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