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2 Introduction 
This document presents the vision of the NextGRID project and shows how that vision is being 
realised. It introduces the principal outputs of the project, namely the NextGRID Generalised 
Specifications and associated Cookbook, which enable commercially viable Grids, conforming 
to NextGRID architectural principles, to be implemented. 
 
NextGRID was a project to develop an architecture for next-generation Grids to enable their 
widespread use by research and industry thus creating a dynamic market place for new services 
and products. To realise this vision, the project had the main objective of developing a Grid 
architecture to support mainstream use by meeting the needs of business users by addressing 
economically viable business models and security, legal and privacy issues. The project 
involved 22 partners, had a duration of 43 months and involved some 1,680 months of effort. 
 
This document addresses an audience interested in exploiting the opportunities such new 
infrastructure would create. It sets out the capabilities and opportunities to be expected from 
Next Generation Grids; their realisation through the Generalised Specifications and the 
associated Cookbook; and the project’s strategy for making a significant contribution to the 
development of Next Generation Grids. More detailed information addressing a technical 
audience is presented in the detailed NextGRID Whitepaper1 and the work referenced therein. 
 
In practice, the commercial adoption of Grid technology, in applications that cross 
organisational boundaries, has not yet happened. This is largely because the balance of risk and 
reward in a commercial environment is different from that underpinning existing academic 
Grids. Implicit business models make it difficult for each participant to assess this balance and 
manage risks. There are several specific factors that are holding back the deployment of multi-
organisation Grids supporting multiple applications. These relate to security, service level 
agreements, software licensing models, pricing, competitive procurement of services, the 
diverse nature of business services, difficulties in estimating costs in advance of deployment 
and the perceived and actual difficulty of deploying Grids. A key task of NextGRID has been 
to understand these barriers to the wider adoption of inter-enterprise Grids beyond their current 
academic niche and to create an architecture which overcomes those barriers where possible. 
 
The NextGRID vision is of Grids which are economically viable; in which new and existing 
business models are possible; in which the development, deployment and maintenance of 
applications are easy; and in which the provisions for security and privacy give confidence to 
businesses, consumers and the public. The requirements, placed on such an infrastructure to 
support viable business models, have been derived from real-world applications and have 
directed the technical work of the project. 
 
The consortium which undertook NextGRID represents the different stakeholders from 
representative value chains. This is essential to ensure the development of Grid infrastructures 
driven by viable business models. The consortium comprised: 

·  Users with expertise in specific domains, where Grids have the potential to improve 
existing business processes and to stimulate new ways of doing business; 

·  Hardware and software providers to address support, interoperability and licensing 
issues; 

                                                
1 www.nextgrid.org/white_paper.html 
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·  Service and infrastructure providers to address the viability of the commercial 
opportunities enabled by Grids; 

·  Research organisations and academia to exploit and extend their existing expertise in 
Grids by identifying new challenges and opportunities. 

 
One long-term impact of NextGRID will be realised through the evolution of standards. This is 
a slow, but essential part of the process of technological adoption. The Generalised 
Specifications developed in NextGRID will have a significant influence on the evolution of 
these standards. 
 
Information and communication technologies are recognised as having a key role in Europe’s 
transformation into a dynamic, competitive, knowledge-based economy. Sustained success is 
increasingly reliant on flexibility in business processes, which allows businesses to adapt to a 
changing global environment. IT applications and services are an essential enabler for this 
flexibility. To meet this need, there has been a clear shift in the market towards service-oriented 
IT systems. These allow consumers to obtain a wide range of services from a choice of 
providers, delivered via a ubiquitous telecommunications infrastructure. The emergence of this 
infrastructure has allowed users to enjoy permanent global connectivity from a range of wired 
and wireless devices without needing to be concerned with the technologies and networks 
involved. Grid technology is an essential component for the establishment of a marketplace, 
which builds on this global connectivity, where persistent compute and data-intensive 
applications can be shared securely and where services can be dynamically brokered and traded 
on a viable commercial basis. 
 
Consequently, Grid applications must be capable of executing on an inter-enterprise, 
heterogeneous Grid infrastructure. The separate interests of independent stakeholders cannot be 
resolved a priori as is the case for applications designed to execute in a single domain. This 
implies that a Grid infrastructure must be capable of bridging the different business models 
used by different stakeholders at run time. 
 
Grids are already delivering benefits to scientists and to some businesses, but only with an 
enormous cost in skilled human resources for the deployment and operation of Grids and the 
software installations on which they depend. This approach is not viable in a general 
commercial setting for economic, security and other reasons. There are also qualitative 
differences between academic and commercial business models for service provision. 
Sustainable commercial business models are essential for the viability of Next Generation 
Grids and will only be realised through the development of cost-effective and universally 
applicable technology. 
 
Grids have the potential to make a significant advance beyond the Internet, by turning it from a 
passive information medium into an active tool for creating and exploring new knowledge and 
fuelling business and industry. A key issue in this transformation will be the realisation of the 
capability to compose services from independent sources in a standardised and cost-effective 
way. 
 
Of course, NextGRID does not address these objectives alone. The participants in NextGRID 
are the representatives of a much larger community of researchers, technology vendors, service 
providers and users. This wider community has the critical mass necessary to make Grids a 
reality. NextGRID is an important catalyst in that overall process. 
 
A document entitled “The NextGRID Vision and its Realisation”  is included in Appendix B. 
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3 The NextGRID Vision and Outcomes 

3.1 The NextGRID Vision 
The overall vision of NextGRID is one of creating an infrastructure to enable new business. 
This vision is inspired by the emergence of Grid technology from academic research where it 
has been used for a number of years to support research collaborations. This use by academic 
research has clearly demonstrated the sharing of resources to enable new ways of working and 
has enabled the achievement of previously unattainable results. The NextGRID vision now 
goes beyond academic resource sharing to encompass a dynamic marketplace where resources 
are available on a commercial basis and where services can be composed, brokered, bought and 
sold, seamlessly and automatically. 
 
In this vision, Grid-based applications execute on inter-enterprise, heterogeneous Grid 
infrastructures which encompass at run time, the different business models used by different 
stakeholders. This implies a cost-effective and universally applicable technology supporting 
diverse and sustainable business models. 
 
In this vision, a significant advance beyond the Internet is made by turning it from a passive 
information medium into an active tool for creating and exploring new knowledge and fuelling 
business and industry. A key issue in this transformation will be the realisation of the capability 
to compose services from independent sources in a standardised and cost-effective way. 
 
This is a vision of a networked IT infrastructure able to support an unlimited range of 
applications and business processes throughout their lifecycle. This encapsulates all the 
necessary resources, including hardware, software, and data and services, available from a 
complex ecosystem of providers. This vision parallels developments in telecommunications 
which have now become ubiquitous and invisible with a shift from "occasionally connected" to 
"occasionally disconnected" to "always connected". Grids will evolve to provide all users with 
a global, transparent infrastructure providing rich and ubiquitous functionality and a dynamic 
marketplace for services whilst hiding the complexity of the underlying technology. 
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3.2 Business Requirements 
We shall now relate this overall vision to a set of Business Requirements placed on Grids for 
them to enable a dynamic marketplace. The NextGRID Business Requirements were derived 
from analysis of applications and business needs, based on the work undertaken mainly in 
workpackages 3 and 7. These requirements comprise a sufficient set to support viable Grid-
based business models and the specification of a viable infrastructure to enable those models, 
and have been determined by considering real-world business models and through experiments 
on real-world applications. A set of technical challenges and architectural principles have been 
derived from these requirements and have directed the work of the project. These challenges 
relate to security, management, performance and licensing. The architectural principles address 
SLA-driven dynamics, dynamic federation of resources and a minimal, but sufficient 
infrastructure. Full technical details are presented in the NextGRID Whitepaper2. 
 
In any endeavour, business models are needed to balance risks against rewards. These may be 
described by explicit rules that govern the interactions between the participants or they may be 
an implicit consequence of the policies and technical measures used. The business model 
adopted by one participant may be disclosed to others but this is not essential. For a business 
model to be viable, the balance of risks and rewards must make it beneficial for all participants. 
If the business model is unclear or does not deliver sufficient advantage to each of its 
participants, it will not be sustainable. 
 
A global Grid marketplace where computing resources, information and services can be bought 
and sold has been envisaged for several years now, but has not yet been realised, other than in 
somewhat constrained and limiting instances. Amazon Webservices and salesforce.com are 
examples of this. The ability to select and use service components from a variety of 
independent sources and integrate them into an application that delivers the functionality and 
performance desired is essential for the realisation of that global marketplace. 
 
The real promise of Grids is that they will enable new ways of working and new business 
opportunities, supporting the flexibility and agility that is becoming increasingly important if 
companies are to be competitive in a global market. To realise that promise an infrastructure 
needs to be developed which will support the commercially viable use of resources by 
organisations whose interaction is predicated on the exchange of services for money. 
 
Business relationships are generally codified in contracts. These make all relevant details 
explicit: defining what is to be provided, relevant business practices and standards to be used, 
as well as pricing and penalties for breach of contract. In a service-provision relationship, part 
of the contract is frequently expressed in a service level agreement (SLA). An SLA can be used 
to provide an explicit context for relationships between Grid entities, be they resources, 
individuals, or organisations. This context determines many of the managerial and operational 
policies to be applied within the relationship. 
 
Based on these considerations we can identify the following eight business-driven requirements 
which a viable Grid infrastructure must satisfy. 
 
Requirement 1 – Flexible Business Models: Whilst a number of specific business models 
likely to stimulate new business ventures have been identified for Grids, the important 
requirement is to provide support for all viable business models. Like the Web, where several 

                                                
2 www.nextgrid.org/white_paper.html 
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distinct business models operate, Grids must be adaptable to a variety of models. Grid 
infrastructures must offer real benefits to a diverse range of business applications. Specifically, 
there must be financial advantages in the Grid approach over conventional in-house solutions. 
 
Requirement 2 – Specific Quality of Service Terms: The functional description of a service, 
used for advertisement or as part of the SLA, does not address all the needs of a consumer or 
provider. In order to provide market differentiation between providers, quality of service (QoS) 
terms such as Reliability, Robustness, and Resilience are required to qualify the function 
provided. The scope for these QoS terms is virtually unlimited, so SLAs must support terms 
flexibly. Furthermore, to support the management of infrastructure on both the consumer and 
provider sides, the granularity of the terms must be flexible. Best practice among ISPs is to 
define management policies based on what is efficient for them, and base SLA terms on what 
these efficient policies can deliver. This was a major input from the telecommunication 
partners and NextGRID uses the same approach. Furthermore, there need to be standard 
methods, suitable for automation, for consumers and providers of services to agree on service 
levels, pricing, penalties and the other terms that underpin a commercial relationship. 
 
Requirement 3 – Dynamic Secur ity: Even within “closed shop”  environments, security is 
critical. Operational security and operational integrity must have a very high priority in 
commercial environments. In addition to the common concerns of communication security 
(authentication, authorization, integrity, confidentiality and non-refutation) and operational 
security (intrusion detection, accounting, risk assessment, and audit), there is a requirement that 
dynamically changing trust relationships be supported. The reasons for variations in the trust 
relationship range from simple accounting types (the user’s account is empty) to significantly 
complex (a user’s role has changed due to an acquisition by another company). These changes 
in trust relationships need to be managed throughout the lifetime of a business relationship. 
 
Requirement 4 – Dynamic Composition: The NextGRID vision is of services that can be 
composed to create new more specialised services. In this vision, service composition takes 
place late in the service provisioning lifecycle, possibly even during execution. This requires 
that composition primitives, semantic descriptions of service components, and workflow 
technologies all operate dynamically and in concert with dynamic security. 
 
Requirement 5 – Economic Sustainability: The sustainable deployment of Grids in a 
commercial environment requires strong economic underpinning. The barriers that prevent 
Grid infrastructures from becoming economically self-sustaining like the Internet must be 
identified and addressed. Support for the competitive procurement of services is essential to 
enable the transition to an open marketplace based on real currencies where goods and services 
are traded. 
 
Requirement 6 – Pr ivacy: Privacy, which is effectively the application and management of 
confidentiality in line with policies, preferences and laws, is essential in a Grid infrastructure 
where it must be a central aspect. 
 
Requirement 7 – Facilitated Management: The ability to manage a Grid infrastructure 
effectively and efficiently is critical for its commercial viability. Manual management, 
particularly of a large dynamic infrastructure, is expensive and restricts the number of viable 
business models. The ability to manage an infrastructure at a minimum cost is an important 
requirement. Viable Grids need to operate with a high degree of automation because the 
operational costs of commercial IT are dominated by staff costs. Furthermore, any management 



© Copyright 2008 The University of Edinburgh and 
members of the NextGRID Consortium 

2nd June 2008  NextGRID Final Report Page 9 of 48 

infrastructure must integrate with the underpinning business infrastructure, in particular 
through the implementation and management of SLAs. 
 
Requirement 8 – Interactive Suppor t: The provision of interactive support can be 
decomposed into a number of independent properties of a service relationship, e.g. response 
time, control, feedback and privacy. Grid implementations must provide mechanisms to specify 
and support these capabilities in service deployments. This has an impact on both the SLA and 
on the basic Grid infrastructure. 
 
NextGRID has addressed these requirements through the design of a service-oriented 
architecture which supports the commercial, public and scientific sectors. For all these 
requirements, as with the Internet, global standards are essential to provide stability and 
flexibility and to avoid vendor “ lock in”  and lack of competition. 

3.3 The Generalised Specifications and Cookbook 
NextGRID has worked towards the realisation of such an infrastructure which can enable new 
business through the development of supporting architectural concepts. This has been the 
motivation behind the work undertaken by the research organisations and commercial 
enterprises participating in the project. The resources needed for the implementation of a 
commercial grade Grid infrastructure are many times greater than those available in 
NextGRID, where the focus has been to research and design such infrastructures. 
Consequently, the approach adopted by the project has been to publish Generalised 
Specifications for the implementation of NextGRID-compliant components from which 
interested parties could implement a NextGRID-compliant infrastructure, either as a whole or 
as parts. A Generalised Specification provides the precise definition of an interface that may be 
supported by any number of components within the system. Each component is an identifiable 
software implementation of one or more Generalised Specifications. A component is designed 
to provide a given function and may implement several Generalised Specifications. An 
implementation of NextGRID is an integrated collection of components, based on Generalised 
Specifications, that addresses a particular business need. 
 
To complement the Generalised Specifications, the NextGRID Cookbook has been developed. 
This Cookbook is a guide for system designers and developers who want to implement a Grid. 
It consists of a set of examples showing how NextGRID-compliant components can be 
combined to construct a Grid addressing a range of commercial applications. It addresses an 
audience which has a basic understanding of Service Oriented Architectures. This Cookbook 
shows how these components interact so that systems of varying complexity can be built to 
satisfy the needs of particular applications. 
 
The components presented fully comply with the NextGRID architectural principles. That is, 
they can be combined to form a complete, fully operational Grid infrastructure to address real 
business requirements. The components offer extensive capabilities for service construction 
and composition. The NextGRID Cookbook offers guidelines to combine these components 
and construct Grids from them. It provides extended examples which demonstrate how this can 
be done. The Cookbook comprises: 

·  Component Specifications: The components are the independent, elemental entities 
that can be combined to form a Grid. They will typically implement one or more 
Generalised Specifications. 

·  Descr iptions of Systems of Components: These are examples of the use of one or 
more components to address a particular business goal. 
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·  Descr iptions of Application Scenar ios: These are application scenarios demonstrating 
the use of the components. 

·  Generalised Specifications: These define and describe the interfaces to the 
components of NextGRID thereby enabling the design and implementation of a Grid. 

·  The Integration Diagram: This depicts the interactions of the NextGRID components. 

The NextGRID Cookbook presents a set of examples demonstrating the implementation of a 
Next Generation Grid architecture. A culinary analogy is used, referring to ingredients, recipes 
and meals. The ingredients are a pool of software components that NextGRID has specified. 
The recipes are ways of combining these ingredients to provide specific functionality in a Grid 
environment. In this way a new system of more complex components can be created which, 
again following the culinary analogy, can be thought of as recipes. By combining these further, 
one can implement higher level scenarios (until reaching the level of application scenarios) that 
could be regarded as ‘meals’ . In other words the Cookbook provides guidelines to implement 
application scenarios by combining components. 
 

 
Figure 1: Screen shot of NextGRID Cookbook 
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The Generalised Specifications became available in the second half of 2007 with the full set 
completed in Spring 2008. Full details are published on the NextGRID website3 together with 
the associated NextGRID Cookbook. 

                                                
3 www.nextgrid.org  
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4 Challenges Faced 
In order to realize its vision, NextGRID faced many significant technical challenges, some of 
which were easily identified from the beginning while others have emerged during the project. 
These technical challenges have been derived from the business requirements of section 3.2 
which were themselves identified through an analysis of NextGRID’s key application driven 
experiments. These challenges can be classified into four areas: Security; Management; 
Performance; and Licensing. 

4.1 Security-Related Challenges 
Applications in important commercial fields, such as finance, drug and automotive design, in 
the processing of medical and personal data, and in the media industry, have a need for 
absolute security of competitive or personal information. For example in the financial sector 
regulatory requirements limit access to data even within a single organisation. An important 
challenge in a Grid system is the mapping of security and confidentiality rules defined by the 
regulatory authorities and internally within companies. 
 
It is obvious that the inter-organisational character of Grids requires very strong security and 
confidentiality measures when it comes to the operation of enterprise business applications that 
deal with sensitive data. This involves not only legal regulations (data privacy laws, regulatory 
laws etc.) but also company policies and additional concerns that arise from the shared nature 
of the Grid paradigm. It is important to ensure isolation on the Grid resource-provider side 
given that a direct competitor might also be a customer of that resource provider. 
 
The NextGRID architecture incorporates a federated (cross-domain) security model based on 
dynamic security token services and supporting dynamic authorisation policies. This approach 
takes account of the requirements of businesses that will use NextGRID and the constraints of 
regulatory authorities.  

4.2 Management Related Challenges 

4.2.1 Availability 
High availability is essential for the core components of any Grid deployed in a commercial 
environment. This may require the duplication of key components and other measures to ensure 
the continuing availability of services. Only if inter-organisational Grids can provide at least 
the same levels of availability, quality, cost effectiveness and flexibility as intra-organisational 
Grids, will they be acceptable. That is, hard SLAs must be put in place and enforced. A critical 
issue is to ensure that SLAs are enforceable and for them to specify what happens when things 
go wrong so that violations of individual terms do not necessarily invalidate the entire SLA. It 
is also essential that SLA terms are manageable, and do not create irreconcilable conflicts 
between the needs for high availability and for high utilisation. The NextGRID architecture 
provides features which support the implementation of services which can show the required 
dynamic behaviour, but still be governed by an SLA. 

4.2.2 Service Discovery 
Dynamic components must be provided for the discovery of available services and for 
describing them. This set of services is expected to be large and constantly changing. On one 
hand, discovery components must handle frequent service-set updates. On the other hand, they 
have to provide acceptable look-up throughput to service consumers. Throughput is affected by 
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the number of service queries, which is expected to be large, both because of the large number 
of clients and because of the need to keep the local view of service availability up-to-date. 
 
NextGRID has developed a standards-based Generalised Specification for registries which act 
as mediators between service publishers and service users, possibly via intermediaries such as 
brokers or other registries. In a real NextGRID scenario, multiple registries would exist in a 
decentralised environment.  

4.2.3 Integration of Legacy Code 
An important challenge in the implementation of a Grid infrastructure is the integration of 
legacy code either to provide or consume services. Fundamentally, NextGRID must be able to 
support applications that do not use middleware or allow for code modification via a container 
or VM-based approach. 
 
To address this challenge NextGRID has developed a model for dynamic orchestration based 
on workflow description and enactment which supports the integration of legacy applications. 

4.2.4 Usage Control over Resources 
Next Generation Grids must support the controlled usage of Grid functionality on both the 
resource-provider and resource-user sides. For example a service may have over 100 
consumers on the user-side supported by a smaller group on the provider-side. Since the actions 
of Grid users may have a large effect on the budget of their organisation or on the quality of 
service for other users, the system has to offer facilities to monitor, control and restrict the 
actions of users in order to follow financial and operational limits. The restriction and control 
mechanisms have to cover different organisational units and management levels within the 
companies concerned. Teams not normally associated with the development and deployment of 
the system will exercise much of this management. Due to the large number of Grid users, the 
tight latency demands of applications and the strong coupling with the services provided, it will 
be necessary to have a distributed, usage-control system to prevent management becoming a 
bottleneck. 
 
NextGRID has addressed this challenge by creating a policy framework used in SLAs and 
based on mechanisms similar to those of the Semantic Web. 

4.2.5 Interoperability 
In addressing the needs of business, the issue of interoperability arises. In a Next Generation 
Grid, business applications not only have to deal with different processor families, operating 
systems and database systems, but also with different Grid middleware. To protect investments, 
it is expected that the majority of customers will focus on middleware with commercial 
backing from one or multiple major vendors. However, even then, the middleware layer will 
need to be interoperable with other products. 
 
The NextGRID architecture incorporates a minimum infrastructure to support interoperability 
at the low levels. The use of SLAs, the ability to encapsulate services using composition 
primitives and the support for workflow based orchestration are key elements of NextGRID 
that address the issue of interoperability at the higher levels. 

4.2.6 Non-exclusive access to resources 
Another challenge occurs because the Grid resource management system cannot rely on 
exclusive access to resources. One of the reasons is that within a data centre, a Grid will share 
the resources with traditional infrastructures and enterprise resource management systems. A 



© Copyright 2008 The University of Edinburgh and 
members of the NextGRID Consortium 

2nd June 2008  NextGRID Final Report Page 14 of 48 

specific example of this would be the sudden loss of a Grid resource that was also part of a fail-
over infrastructure in a high-availability system. 
 
The NextGRID architecture uses an operational management framework to allow service 
providers to manage resources. This includes the ability to discover and seamlessly bring into 
play external resources if local resources are insufficient. Once again the SLA is fundamental 
to enabling this by giving the service provider flexibility in how it provides the agreed level of 
service. The service consumer, for their part, does not need to understand how the service is 
provided, and changes in configuration are transparent. 

4.2.7 Data Management Technologies 
Many business applications are database intensive. Other applications, however, require more 
complex management capabilities, such as data federation and replication. Given the possible 
distance between the database server and the compute node in a Grid, appropriate mechanisms 
to handle aspects such as latency in the resource-discovery process are needed. Furthermore, 
the owner of data may wish to manage remote access to those data. 
 
NextGRID has developed a number of data management technologies to address this challenge, 
such as the Unified Dynamic Activity Package (UDAP) which is an information model 
technology, an information discovery framework based on query propagation and technologies 
to integrate and aggregate data. 

4.3 Performance Related Challenges 
Performance-related issues always pose a challenge in any process-based system, be it a 
computer or human-based process. At the architectural level it is difficult to ensure good 
performance because this depends on the resources comprising the Grid and on their 
interconnection. Consequently in NextGRID the strategy has been to permit performance-based 
Service Level requirements and model them explicitly in the architecture. The following three 
subsections highlight three examples based on application experiments that need to be 
addressed between enterprises engaged in a Grid-based interaction. Note that performance 
requirements of the applications themselves are internal to the service provider, easily managed 
with SLAs. They have little direct effect on the architecture of Grids. However, the architecture 
of a Grid must to be such that service providers can fulfil their SLAs.  

4.3.1 Data Rates 
In financial applications, there are high or peak data rates for fast access to market-data 
sources. In video processing, the amounts of data that must be handled, even in the simple case 
of a 15-minute film, are very large. The storage capabilities of the environment must be 
enhanced so as to deliver the result in a satisfactory timeframe. In turn, the data-transfer service 
requirements are equally large. Available network bandwidth must be maximised in order to 
create an environment capable of providing cost effective solutions. 
 
In addition to providing the SLA infrastructure which allows the service provider to manage 
the risks of offering a service where the data rates are demanding, NextGRID has investigated 
and produced a parallel HTTP implementation to address this particular need and improve 
performance. 

4.3.2  Scalability 
For NextGRID to succeed, it must be possible to implement the architecture in a scalable way. 
This scalability must be in terms of the numbers of users, service providers, complexity of 
services offered and usage patterns. These issues have been taken account of throughout the 
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architecture. The architecture allows multiple distributed information sources (registries) to 
exist, and the security, discovery and SLA negotiation mechanisms are decentralised. 
 
The requirement to establish SLAs need not constrain scalability; a service provider can offer 
an SLA where multiple invocations of the service can be made under a single SLA. This 
enables scalability in terms of the number of service requests by a user, since the overhead of 
setting up the SLA does not dominate.  

4.3.3 Interactive Access 
In general, the response times should be as fast as possible as latency is critical in many 
financial and other classes of applications. NextGRID has identified a number of concepts that 
can be assessed independently to identify the specific requirements of a Grid when providing a 
generalised notion of interactivity. These are response times, degree of control over the 
applications, feedback from and interactivity with applications. 
 
It was not NextGRID’s aim to provide dramatic improvements in network latency and 
bandwidth. What NextGRID can do through the SLA and policy mechanisms, is to allow a 
service consumer to understand in business terms the level of interactivity being offered, and to 
allow service providers to manage the risks of offering such a service with a given level of 
technology available. If a service provider offers a service which is very demanding in terms of 
its interaction with the user, then policies can be written to ensure that the terms are met. These 
policies might include, for example, always ensuring that key aspects of the service are carried 
out ‘ in-house’, rather than outsourced.  

4.4 Licensing Challenges 
Existing software licensing models do not often sufficiently address the requirements of a 
distributed environment, particularly if the coalition is built dynamically and if the same 
service is provided simultaneously to different Virtual Organisation under different conditions. 
There are many different licensing models, addressing different aspects such as who (an 
individual or an organisation) is permitted to use the application, where the application may 
run, and whether these two aspects are fixed or may float. Many of these licensing models are 
poorly suited to Grid scenarios. The challenge faced by NextGRID is to support the availability 
of application codes across Grids within viable business models. NextGRID has addressed this 
challenge by supporting a wide range of licensing models so that potential business models for 
the use of application codes are not unduly constrained. 
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5 Technical Achievements by Workpackage 

5.1 Overview 
This section presents an overview of the technical work of NextGRID. For each workpackage 
the major challenges faced and technical achievements are presented. 

5.2 Organisation of the Technical Workpackages 
The technical work in NextGRID was organised as seven closely coupled workpackages: 

1. Architecture: This activity played a central leadership role which guided research 
within NextGRID. It took ideas and strategies from the other technical workpackages (2 
to 7) and turned them into a unifying architecture to form the basis for further activities 
within those Workpackages. This Workpackage aimed to proceed systematically to 
develop an integrated understanding of all the factors which must be taken into account 
in the development of the NextGRID architecture; 

2. Standards: This activity focused on coordinating standards activities across the 
workpackages. This included the identification of potential standards to be taken 
forward, the selection of those standards where effort should be deployed by NextGRID 
and the monitoring of standards activities within NextGRID; 

3. Business and Operational Models: This activity focused on techniques for the 
identification of financially sustainable Grid business models. It also developed 
information models necessary to describe SLAs, policies and events used in the 
management of future Grids, and ensured that all NextGRID experiments took place in 
an appropriate security context. 

4. Gr id Foundations: This activity developed and tested new components and extended 
and tested existing components corresponding to the concepts, mechanisms and 
interfaces arising from the architecture activity. The work addressed the basic properties 
of individual services, the protocols used to communicate with them and the core 
services fundamental to the services architecture for next-generation Grids; 

5. Gr id Dynamics: This activity explored mechanisms for dynamically assembling and 
orchestrating interacting Grid services in support of the overall vision of NextGRID. It 
focused initially on the needs of business (security, economic viability and privacy) in 
preparation for moving later to those of individuals and society (personal privacy, 
scalability and usability). Grid Dynamics was strongly orientated to the client-side and 
the management of end-to-end Grid behaviour which depends on service capabilities 
and attributes; 

6. Gr id Interactions: The purpose of the revised Grid Interactions workpackage was to 
address the need for consistent user interaction models in the NextGRID architecture. 
These were based on input from the other workpackages of the project. Results were 
integrated by Workpackage 6 before being fed back to the NextGRID architecture 
specification work in Workpackage 1, thus ensuring that all the different types of users 
and different phases in the lifecycle of a Grid application or service were taken into 
account; 

7. Applications: This activity focused on: driving the architectural work by capturing 
application requirements and specifying use scenarios; the development of 
representative application systems using available middleware both from NextGRID 
and elsewhere; and the evaluation of NextGRID components giving feedback to the 
other workpackages including Architecture and Business and Operational Issues; 
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5.3 Technical Achievements by Workpackage 
In the following sections we summarise the technical work of each workpackage and present 
their achievements. 

5.3.1 Workpackage 1 Architecture 
This workpackage was the focus of the work in NextGRID. It directed the other workpackages 
and synthesised their results into the NextGRID architecture, realised through the Generalised 
Specifications and associated Cookbook. The Generalised Specification and Cookbook are the 
major outputs from the project. 
 
In NextGRID, an iterative process operated in which functional capabilities were integrated 
into the evolving NextGRID Architecture, tested, and then evaluated against the original 
requirements. The process is shown in the Figure 2. 
 

 
Figure 2: The NextGRID Process, showing where the WP1 Tasks operate. 

 
As a starting point, the NextGRID Baseline Architecture was developed in the first six months 
of the project. This baseline was very simple and was merely a starting point for the iterative 
process. Through this iterative process the Baseline Architecture evolved into a Conceptual 
Model which was then refined into a Component Model. This Component Model is a more 
formal rendering suitable as input to the software design and development process. Throughout 
this process an Analysis task took as input the designs and component models used in 
experiments from other workpackages, plus their findings and recommendations. The Analysis 
task then combined this input to create an overall component model for NextGRID. 
 
The final outputs of this work package are the Generalised Specifications and Cookbook. These 
are the major outputs of the NextGRID project. These give the definition of the architecture in 
terms of profiles and schemas which will enable NextGRID compliant implementations to be 
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produced. The Cookbook shows how NextGRID components can be combined to carry out the 
functions needed for business-oriented Grids. 
 
Along the way NextGRID has produced intermediate, but none the less crucial, outputs which 
describe the architecture from different perspectives and which together have led to the 
Generalised Specifications. These have evolved over the course of the project, reaching a stable 
state during the final twelve months. The most significant of these intermediate descriptions are 
the NextGRID Business Requirements, presented in section 3.2 of this document, and the 
NextGRID Architectural Principles. The latter are discussed in the NextGRID Whitepaper. 
 
The NextGRID Business Requirements were derived from analysis of applications and 
business needs, based on the work undertaken mainly in workpackages 3 and 7. These 
requirements are expressed in business rather than technology terms and led to a set of 
Architectural Principles which translate the business-based requirements into a series of 
technical challenges. The NextGRID Requirements are introduced earlier in this document. 
Both the Requirements and Architectural Principles are presented in detail in the NextGRID 
Architecture and Vision Whitepaper. This whitepaper, first issued at month 12 of the project, 
has undergone a number of revisions throughout the project, with its final version publicly 
available4. 

5.3.2 Workpackage 2 Standards 
This workpackage has made a major contribution to standards at both the European and global 
levels. It has managed and supported a coordinated involvement in standards activities both by 
participants in the NextGRID project and by participants in other European Union funded 
projects. 

5.3.2.1 Standards collaboration across EU-funded FP6 Gr id projects  
This workpackage established an IST FP6 Grid projects strategy group, the Grid Standards Co-
ordination Group (GSCG), in January 2005 to coordinate the activities of the IST FP6 Grid 
projects. NextGRID chaired this group and organised its first and subsequent meetings. The 
group has focused on achieving and maintaining information about standards relevant to 
member projects, discussing a standardization strategy for the member projects, and stimulating 
collaboration with standardization bodies and other stakeholders and interest groups active in 
standardization. 
 
The GSCG focused on the collection of requirements from each of the member projects. A 
consolidated list of relevant standards and specifications, adopting a uniform NextGRID 
categorization, was produced, and documented in a Standards Cooperation Plan. The GSCG 
collaborated with the European Telecommunications Standards Institute (ETSI) during the 
formation of the ETSI Technical Committee (TC) GRID and several group members 
participated in the Open ETSI Grid-Workshop Standardization meetings and subsequent ETSI 
TC Grid meetings. 

5.3.2.2 Development of the NextGRID standards roadmap  
Based on the ongoing developments and results obtained in the technical workpackages, the 
positioning of NextGRID to the relevant standards and specifications was kept up to date via a 
categorized list. The categorization distinguished between standards that should be adopted by 
NextGRID, standards and specifications that were being considered, and technology areas that 
lacked standards or specifications. A Standards Contributions impact and strategy sheet was 

                                                
4 www.nextgrid.org/white_paper.html 



© Copyright 2008 The University of Edinburgh and 
members of the NextGRID Consortium 

2nd June 2008  NextGRID Final Report Page 19 of 48 

also internally maintained, as a mechanism to follow-up, assess and plan the NextGRID 
standards contributions. Following the emergence of the Generalised Specifications, the above 
two documents were merged into the NextGRID Standards Roadmap. This roadmap was 
aligned to the Generalised Specifications structure. The objective of the roadmap was to focus 
the NextGRID standards activities. An in-depth assessment and update of the roadmap was 
performed following each revision of the Generalized Specifications. 

5.3.2.3 Coordination of NextGRID standards impact  
Across the whole project, and over the duration of the Standards Workpackage, NextGRID 
partners have achieved significant impact on standards in areas including: 

·  Providing improvements to the OGF OGSA WG standardisation process and suggesting 
and scoping the idea of OGSA Profiles; and contributing the “straw man”  architecture, 
developed in the first phase of the project, as a basis for the OGSA Basic Profile. The 
OGSA WSRF Basic Profile is now a stable published standard. 

·  Bringing the WSRF and WSN specifications to OASIS Standards through NextGRID 
participation and leadership. 

·  Together with other external contributors, NextGRID partners have pointed out security 
issues with the WS-Addressing specification in W3C; 

·  Significant contributions to standards via ETSI; 
·  Contributing to the WS-Addressing standard by identifying security vulnerabilities in 

the emerging SOAP standards. 
·  Co-chairing the new OGF Reference Model WG and contributing to the draft on 

lifecycle management.  
·  Scoping and writing the WS-Naming specification in the OGF OGSA-Naming WG. 

This has formed the basis for the NextGRID Naming and Addressing Generalised 
Specification. 

·  Contributing significantly to the OGF OGSA AuthZ and the OGSA Security Profile 2.0. 
·  Giving input into GGF WS-Agreement and into the OGF GRAAP-WG. NextGRID 

provided the secretary of this WG. 
·  Chairing the OGF GSA-RG. 
·  Leading the production of the OGF OGSA Data Architecture document contributing 

significantly to the OGSA Data Scenarios document based on work within NextGRID. 
·  Co-chairing the OGF OGSA-DMI WG and providing the principal architecture for the 

DMI Functional Specification.  
·  Chairing the OGSA ByteIO WG. The main impact on ByteIO was through the 

NextGRID implementation experiments and use cases and work on an interoperability 
process document. 

·  Contributing to the OGF InfoD WG via a use case for InfoD based on the NextGRID 
digital media application and through the specification and provision of a detailed 
scenario. 

·  Influencing the BES WG, together with the UNICORE project, and jointly with the 
Globus Alliance, to take into account the input from the "Extended Service Interface" 
jointly proposed by NextGRID which contains the concepts of symmetry and the 
NextGRID-style SLA-based factory pattern. 

·  Contributing to the JSDL WG and to the drastic revision of its initial draft. NextGRID 
partners have participated in interoperability tests that involved the exchange of JSDL 
documents between Grid components. JSDL has rapidly moved towards publication as 
an OGF Proposed Recommendation. 

·  Engagement in the OGF Semantic Grid RG and Workflow Management RG to support 
the definition of an effective service and workflow specification. A formal specification 
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of the Simplified NextGRID Workflow Language to be used as a reference leading 
towards standardization has been developed as part of the Generalised Specifications. 

·  Significant participation at GGF and OGF events including the presentation of 
application use cases. NextGRID staff took up leadership roles in OGF throughout the 
lifetime of the project, including the positions of Architecture, Security, Infrastructure, 
Data, and Standards Area Directors. NextGRID staff furthermore chaired the Technical 
Strategy Committee, which was formed after the merger of the GGF and the EGA. 
NextGRID staff provided 3 out of 10 members plus the non-voting chair of the OGF 
NOMCOM. 

5.3.3 Workpackage 3 Business Models 
This workpackage has made significant input into the architectural, development and 
experimental work of the NextGRID project. 

·  Existing open-source modelling tools have been identified, extended and optimised. A 
modelling tool based on queuing theory has been developed within the project. These 
tools enable issues raised by larger scales and greater diversity of stakeholders to be 
simulated in a few minutes using a parameter based approach. The tools enable “what 
if”  scenarios to be investigated and permit the user to evaluate the effects of different 
model parameters. 

·  A questionnaire has been developed which examines the viability of business 
propositions. A number of business models have been analysed using this device. This 
analysis has revealed important criteria which need to be addressed by any potential 
Grid-based service in terms of SLAs, licensing arrangements, the balance of risks and 
rewards and the conflict between availability and utilisation. These models are giving 
important insight into the compromises that are necessary in any viable Grid business 
model. 

·  A confidential roadmap has been developed which sets out predictions for the near to 
medium-term adoption of Grid technology by business. These predictions are related to 
a set of challenges which have strongly influenced the development of the NextGRID 
architecture. 

·  Work on industrial requirements for quality of service and SLAs has strongly influenced 
the development of the NextGRID architecture and the conduct of experiments. The 
mapping of SLAs to the middleware management level has been investigated using the 
“Provider Smart Bit”  and through the development of the SLA Intermediate Language 
(SLA-IL). Guidelines have been created for mapping SLAs from SLA Schema to SLA-
IL. This mapping takes into account legal, governance and historical criteria. 
Additionally SLA Schema have been used to represent obligations on both the provider 
and the consumer when using licensed software, following the key NextGRID 
architectural principle of symmetry in the bipartite SLA. 

·  Security policies for Grid-based experiments have been developed. These are based on 
risk analysis and categorise experiments against security considerations. This has 
influenced the conduct of NextGRID experiments and given feedback to the 
architectural design process of Workpackage 1. 

5.3.4 Workpackage 4 Grid Foundations 
This has been a complex workpackage addressing 7 principal tasks, the achievements of which 
have been as follows. 
 
Unified Models of Computation and Data and Scheduling Services 
The Universal Dynamic Activity Package (UDAP) model was conceived at the beginning of 
the project and has been steadily developed throughout. The initial UDAP model comprised 
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four areas: resource, activity, workflow, and rule. The objective was to hide from both users 
and applications the complexity of resource description, and details such as data format and 
workflow description language. 
 
The UDAP model has been tested by experiments including the Implied Volatility prototype. 
The UDAP model has now been implemented into the NextGRID SLA framework. A UDAP 
model implementation API has been released, which can be used by other developers to 
employ straightforwardly the modelling elements for their own applications. 
 
Integrated Suppor t for  Data and Information Discovery 
This task has seen the development of the Echo pattern framework, a distributed data discovery 
mechanism. This initial design has been tested and extended to address issues including 
scalability, privacy and trust within a business-style Grid, SLAs, notification functionality and 
basic security mechanisms. Further developments and experiments have led to the design of the 
NextGRID Information Discovery Framework (IDF). 
 
High-level Methods for  Data Integration 
This task involved two sub-tasks: data integration, focusing on data transformation; and data 
transport. 
 
For data transport, a Parallel HTTP Data Transport component was developed to give an 
alternative high performance data transport protocol specifically aimed at fitting the 
requirements of Grid Environments with tighter security constraints, such as Enterprise Grids, 
whilst giving performance which is comparable to GridFTP. This exploits standard HTTP, so 
that existing infrastructure, existing firewalls and active defence mechanisms at Grid sites need 
not be changed. A significant outcome of this work was the submission of a patent application 
to the European Patent Authority. 
 
Work on data integration and transformation led to the development of some software 
components (based within the OGSA-DAI framework) to provide a means to transform data 
between different formats. These basic components were then further enhanced to create a data 
transformation framework, which enabled the expression and application of arbitrary schema 
mapping transformations. 
 
Advanced Deployment, Service Management and M igration 
The focus of this task was to address issues in the management and control of future Grids: not 
only to the hardware comprising the Grid fabric, but also the Grid applications and services 
running on that fabric. 
 
An automated service management framework was implemented, essential to enable a highly 
dynamic and adaptive infrastructure as part of an economically sustainable Grid, which 
supported the automatic acceptance of proposed offers by both parties. This was extended to 
create a complete base management framework implementation, specifically including the 
areas of negotiation, monitoring and evaluation of services. This framework which includes 
SLA-based negotiation, discovery, registry and QoS components, along with the operational 
management components has been tested by the Implied Volatility and Digital Media 
application experiments. The SLA components have emerged as a key development in the 
NextGRID framework. 
 
Gr id Intrusion Detection and Service Endpoint Secur ity 
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This task involved two sub-tasks: Grid Intrusion Detection System (Grid IDS) and Service 
Endpoint Security. 
 
For the Grid-IDS task a high-level framework was designed, leading to a prototype component 
for a Grid Monitoring Architecture, which implemented a WS-Notification based Grid 
Monitoring Architecture (WSN-GMA), and related components including a generic alert 
correlation service, management component, and a defence framework against Denial of Web 
Service (DoWS) attacks. In addition, a SAML based secure conversation framework was 
implemented and tested. Some SAML work was carried out in collaboration with other projects 
and forms part of an experiment, where the concepts of dynamic and scoped federations were 
combined with AAA, PBAC-based access control, and Kerberos/X.509 identity mapping. 
Specific Sensors, Analysers and Managers were developed as plug-ins, with some reference 
implementations. In addition, secure event communication was integrated into the IDS, along 
with a resource advertisement capability. A Grid IDS software package has been generated 
which includes: secure WSN-GMA based event middleware, correlation service, management 
component and its GUI tool, sensor, and an integrated demo. 
 
Endpoint security addressed architectural issues from a Grid-service security perspective. An 
initial set of components were completed on top of the baseline web services security 
prototype, supporting a secure service interaction with GRIA, following the NextGRID security 
model, and implementing the interoperability scenario experiment, which enabled the 
completion of a first version of the NextGRID Generalised Specifications on Security. 
NextGRID client-side .NET security components and the formulation of NextGRID security 
principles, which have been the foundation for the NextGRID security architecture and 
specification, have been completed. 
 
Gener ic Author isation, Accreditation and Accounting 
This task developed a set of tools to enable the straightforward incorporation of generic 
Authorisation, Accreditation and Accounting (AAA) into Grid systems. The AAA toolkit 
incorporates a token-based authentication and authorization framework. An advance resource 
reservation scheduler and resource manager were implemented, along with a Security Token 
Service. 
 
Capacity and Per formance Estimation 
A component model for the provision of the QoS information was developed, comprising two 
major components: the “QoS Information Requester” ; and the “QoS information Provider” . 
The QoS Components (QoS History and QoS Analyzer) have been integrated with the rest of 
the NextGRID Architecture and in particular with the SLA Template Editor. 

5.3.5 Workpackage 5 Grid Dynamics 
The Grid Dynamics work in NextGRID has achieved the following in the context of 
development of the architecture to support the Next Generation Grid: 

·  understanding the need for an adaptive execution model to support a stable platform for 
application software developers, and formulating the Virtual Infrastructure Model to 
meet this; 

·  developing components needed to support and validate the VIM approach, including 
dynamic service discovery, adaptive workflow enactment, dynamic security and 
dynamic service selection; 

·  understanding service discovery requirements and demonstrating how they can be met 
within the VIM approach by implementing business-oriented discovery and ranking 
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services to support workflow authors when designing abstract workflows as well as run-
time service discovery components; 

·  analysing the relationship between these dynamic discovery requirements and P2P 
technologies, and identifying that structured overlay networks are well suited for query 
resolution in Grid-based federations, but that hybrid schemes may also become 
important in the future; 

·  extending the OWL-S language to support the representation of adaptive workflows 
using XML, and implementing enactors for this language, highlighting and addressing 
limitations of existing Semantic Web technologies for modelling adaptive workflows 
and their run-time environments; 

·  developing dynamic federated security models based on WS-Federation and WS-Trust 
workflows, implemented via contextualised security token services and policy update 
facilities, highlighting the benefits of bipartite SLA as the fundamental primitive for 
federating security policies between administratively separate domains; 

·  applying dynamic federated security along with run-time discovery capabilities to 
secure bipartite SLA and support their operation throughout the SLA lifecycle, and 
showing this allows SLA to support a wide range of accountability models; 

·  identifying three fundamental federation mechanisms supporting service (or resource) 
encapsulation, orchestration and sharing, and showing how these primitives can be used 
to support the formation and operation of extensive Virtual Organisations; 

·  understanding how the presence of bipartite SLA associated with access to all services 
changes the need for ‘conventional’  resource brokering, and developing a variation that 
addresses brokering of SLA to establish (and extend) the range of services that can be 
discovered at run-time, rather than only playing a role in service selection; 

·  developing service selection (binding) methods that can be used to manage end-to-end 
QoS by using SLA-based management, including algorithms to select services to fulfil 
abstract workflow processes, based on functional requirements (from the workflow), 
SLA terms, previous usage data, and previous quality of experience when using 
services from the same supplier under similar terms. 

 
Traditionally, Grids have been based around the concept of large, long-lived virtual 
organisations (VOs) which were set up manually after protracted negotiations to allow central 
management of resources and users. The Grid Dynamics work has played a critical role in 
showing how Grids need not be limited to such heavyweight models of collaboration, but can 
be constructed using dynamic federation methods based on simpler bipartite agreements. The 
NextGRID architecture allows such Grids to be established very rapidly, but to the same (or 
better) levels of security and manageability previously achieved in large-scale VOs. 
 
An analysis of three existing Grids (Globus, UNICORE and GRIA) in WP5 showed that the 
NextGRID models for self-similar composition though service encapsulation, orchestration and 
sharing are also a superset of previous models of Grid-based resource federation, collaboration 
and accountability. Related work showed that SLA-based management can be used to support 
‘ traditional’  VO models. Thus NextGRID, while addressing new models of Grid-based 
collaboration, is also capable of support existing models to provide a migration path for 
existing user communities. 
 
The Grid Dynamics workpackage produced prototype software components for use in 
architectural and application validation experiments: 
 

·  a dynamic registry implementation supporting Service and SLA registry functions; 
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·  a business registry implementation supporting harvesting of QoS offered in SLA terms 
and their use to rank providers of discovered services; 

·  a semantic workflow language (OWL-WS) capable of describing dynamic, abstract 
workflows needed for the Grid Virtual Infrastructure Model (VIM); 

·  a VIM enactor that can evaluate and execute workflows expressed in the OWL-WS 
language, interfacing with other components to provide service discovery, selection and 
security; 

·  a dynamic SLA Broker able to represent customers to negotiate new (long-lived) SLA 
with service providers; 

·  security token services for identity (sign-on) and other attributes (group membership) 
including dynamic management of federated policies using trust relationships rooted in 
bipartite SLA; 

·  a development toolkit to support the use of NextGRID security by service developers; 
·  VO lifecycle support services based on management through the terms of bipartite 

SLA; 
·  prioritisation and selection of components that allocate (or co-allocate) services to fulfil 

an abstract workflow, with services chosen based on their SLA terms and previous 
Quality of Experience. 

 
This workpackage also led the project-wide software integration efforts to support the use of 
these and other components in validation experiments, and especially in full-scale end-to-end 
application experiments in WP7. 
 
Finally, the Grid Dynamics work provided considerable input to the final specification of the 
NextGRID architecture by WP1, with especially strong contributions to the SLA negotiation, 
registry, workflow and dynamic security profiles. 

5.3.6 Workpackage 6 Grid Interactions 
The principal achievements of this workpackage have been the development of the following: 
 
The Semantic Workflow Programming Tool: The conceptual design and prototyping of a 
Semantic Workflow Programming Tool (SWPT) has been completed and this tool has been 
integrated with other NextGRID components. The SWPT supports the run-time Grid Virtual 
Infrastructure Model (VIM) with features such as abstract workflow management, dynamic 
workflow enactment and semantic discovery. Workflows resulting from the use of SWPT are 
described using a workflow language, currently the NextGRID workflow language OWL-WS. 
The SWPT has been designed to be extended to other languages. Its outputs can be saved for 
further developments or passed to the runtime components of the Grid VIM. The SWPT was 
used for producing workflows, both for the Digital Media and EDR applications 
 
The Adaptive API: The conceptual design and prototyping of an Adaptive API for the Grid 
VIM has been completed and this tool has been integrated with other NextGRID components. 
The aim was to develop a highly reusable component that supports programming the Grid VIM 
client through its own semantic language. The Adaptive API can be extended and adapted to 
support other workflow languages, semantic-aware or not, and also to include new features as 
they are needed. Via the Adaptive API, it is possible to deploy NextGRID components and the 
Grid VIM easily. 
 
The SLA Author ing Tool: The conceptual design and prototyping of an SLA Authoring tool 
for the Grid VIM has been completed and this tool has been integrated with other NextGRID 
components. The objective was to determine the extent to which human interaction be 
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abstracted from the detail of the dynamic processes through which efficient Grid management 
can be achieved. The outcome has been a tool that has been used successfully in the 
development of services and template documents in WP7 applications. 

5.3.7 Workpackage 7 Applications 
This workpackage formulated requirements based on trial applications and tested software 
components and concepts. It provided input to the architecture activities via the requirements 
and feedback from the outcome of the experiments. Its principal achievements have been: 

·  Application requirements and use cases specifications were formulated and 
continuously refined. These specifications were given to the architecture and 
development workpackages and formed a major output to the rest of the project. 

·  Grid-enabled application prototypes for all application areas were developed and 
demonstrated with use of all major NextGRID packages: the Consumer, Supplier, the 
Service Offering, Business, Operational, Application Management packages and the 
Client Application as well as Advertiser frameworks. 

·  The NextGRID component and architecture validation by application experiments were 
planned and performed in close cooperation with the architecture and development 
workpackages. The results of the experiments were fed back to the architecture 
workpackage via experiment reports. 

·  WP7 made significant contributions to the activities of the NextGRID Integration Task 
Force and to the NextGRID White Paper with sections on application requirements and 
experiments. 
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6 Exploitation 
In this section we present the intellectual capital developed in the project and outline ways in 
which the results of NextGRID will be exploited and taken forward in new developments. 
 
NextGRID was an architectural development project. That is to say, its principal objective was 
to design an architecture capable of sustaining profitable business processes at some stage in 
the future. As such it has developed both know-how and software components. Much of this 
know-how and most of the software components have been put into the public domain by way 
of standards activities and by download. Partners will, of course, be able to use that know-how 
and those software components in their own business activities involving both products and 
services. 
 
As clearly stated in the NextGRID Vision and Architecture Whitepaper, a major longer-term 
impact from this project will come through its contribution to standards. This is because the 
long-term vision of NextGRID and other projects which are contributing to the development of 
the Grid will only be realised towards the end of the current decade. Nevertheless we anticipate 
that some of the standards developed and some of the components prototyped in NextGRID 
will be exploited in advance of the realisation of that long-term vision. 
 
The major technical achievements of NextGRID have been: 

·  Generalised Specifications: A framework for the development of Generalised 
Specifications was specified at month 24. This framework has now been populated 
and is issued with a complementary Cookbook given guidance on the 
implementation of NextGRID compatible middleware. 

·  File transfer  mechanism: The development of a secure file transfer mechanism, 
for which a patent application has been filed. 

·  Standards: Contribution to standards in particular via ETSI and the OGF/GGF. 
·  The Pr inciple of Service Level Agreement (SLA)-dr iven dynamics: SLAs form 

a basis for moving Grids from academia to business. They constitute a mechanism 
by which the Grid can be used to provide services in a competitive and profit-
driven market. It seems likely that SLAs have the potential for adoption and 
exploitation by service providers both within and outside NextGRID. 

·  The NextGRID Baseline Architecture: This architectural blueprint has been 
widely used both within NextGRID and within Grid research worldwide. Over 
2,000 downloads of this document have been made from the NextGRID website. 

·  Workflow tools: The OWL-WS workflow language developed in Workpackage 6. 
·  The prototype applications in Workpackage 7: These provide a good indication 

to the service providers in NextGRID of the types of services they might provide 
and to the end-users of the types of services that they might expect. Whilst not 
necessarily a target for commercial exploitation, these prototypes clearly point the 
way to new products and services; 

 
The long-term nature of the NextGRID project means that we give no claims for early 
exploitation of results, although it seems likely that some elements of the work of the project 
will find earlier exploitation than the expected timescales for the move of Grids into 
mainstream commerce. Exploitation plans are confidential to individual partners. However 
exploitation actions by the partners include the use of components and know-how from 
NextGRID in new products and services and the further development of NextGRID concepts 
and components in subsequent projects. 
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7 Dissemination 
In this section we present the dissemination actions and conference and exhibition attendances 
which have taken place during the project intended to give the work of the project the 
maximum exposure to both the Grid development community and to potential adopters. 
Appendix A of this document presents the major publications made resulting directly from the 
work of the project. 
 
The following dissemination actions have taken place: 
 

Event  Type Type of audience 
Business Units Workshop 
(March 2008) 

Workshop NextGRID partners, the business units 
of NextGRID partners and external 
organisations 

Business Units Workshop 
(February 2007) 

Workshop NextGRID partner and their business 
units 

Various Conference - Presentations have 
been given at several conferences 
and workshops. 

Grid Research Community 

Various There have been 44 publications 
involving NextGRID partners (see 
section 12 below) 

Grid research community 

Fact sheets and flyers Various fact sheets and flyers have 
been developed and updated during 
the course of the project 

Grid research community 

Oct 2004 Project web-site - A detailed 
project website has been 
developed. The Google PageRank 
of this site has stood at 7 during 
most of the project 

The Grid development community and 
potential early adopters 

Sept 2004 A series of industrial videos 
highlighting the benefits of the 
Grid to potential early adopters has 
been produced. 

Potential early industrial adopters 

 



© Copyright 2008 The University of Edinburgh and 
members of the NextGRID Consortium 

2nd June 2008  NextGRID Final Report Page 28 of 48 

8 Impact of the Project 
NextGRID is a project to develop an architecture for next-generation Grids. Its impact arises 
thought the following: 
 

·  Technical achievements bringing forward the wider adoption of Grids; 
·  The contribution to standards supporting the wider use of Grids; 
·  Early commercial exploitation by the NextGRID partners and early adopters; 
·  Collaboration with other initiatives; 
·  Direct exploitation of the results of the project. 

 
We shall discuss each of these in turn. 

8.1 Technical achievements 
The development of the SLA model, the high-speed data-transfer mechanism, the completion 
of the Generalised Specifications and the related Cookbook, the clarification of issues related to 
security, the development of the UDAP data model, the development of workflow models and 
the better understanding of application requirements are all seen as major technical 
achievements readily lending themselves to exploitation. These achievements are set to be 
exploited not only by the project partners, but also by other interested parties subject to 
appropriate licence terms. This has significant potential for take-up. 

8.2 Contribution to standards 
The project has already made significant contributions to standards, as described in section 
5.3.2, both through the GSCG, the ETSI Technical Committee (TC) GRID, OGF, OASIS, 
WC3 and other European activities. Contributions by individual partners will continue after 
NextGRID has finished. 

8.3 Commercial Exploitation 
FLE have filed a patent for the high-speed data-transfer mechanism developed in NextGRID. 
In May 2008, GridSystems will make available an open-source release of FURA 1.55 which 
contains NextGRID components (Security Token Service and Quality of Service manager). IT-
Innovation released GRIA 5.1 as open source in May 2007 and GRIA 5.26 in December 2007, 
which contain NextGRID inspired components and which are being used by several companies 
to evaluate Grid technologies. Components from NextGRID are now in the OGSA-DAI 
research base. These will feed as appropriate into OGSA-DAI releases in response to 
requirements from the user base. The Common Information Service (CIS), which has been 
developed in the course of the UDAP work in NextGRID, is being extended and has been 
integrated as the UNICORE information service in UNICORE version 6.1, released in 
February 2008.  

8.4 Collaboration with other initiatives 
The project has significant involvement in OGF and exchanges ideas regularly at that forum. 
NextGRID is having a significant impact on standards through partner involvement in OGF, 
ETSI, Globus and UNICORE. NextGRID participants have also taken an active role in the 
NESSI European Technology Platform. These collaborations will continue beyond the end of 
NextGRID. 

                                                
5 www.gridsystems.com 
6 www.gria.com 
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Formation of European Technology Platforms (ETP) was a significant move by the EU to 
provide a framework for defining R&D priorities in strategically important areas. NextGRID 
partners were instrumental in the establishment of the NESSI (Networked European Software 
and Services Initiative) ETP, with a strong influence on the service oriented approach to ICT 
infrastructure. NextGRID was directly involved in a number of workshops and consensus-
building events within NESSI, particularly the Service Oriented Infrastructure Working Group 
and consequently contributed to the NESSI–GRID and NESSI Strategic Research Agendas and 
to input for the definition of the FP7 workprogramme. 
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9 Further Challenges 
NextGRID has identified the following remaining challenges beyond the scope and objectives 
of the present project. These relate to: 

·  Addressing the individual rather than the enterprise; 
·  Integration of other workflow languages; 
·  Improved quality of service through the identification and use of business level 

objectives within an SLA 
·  Further security issues; 
·  Further study of Business Models. 

9.1 Addressing the individual 
The current manifestation of NextGRID is very much more focused on the enterprise rather 
than the individual. This is a necessary sequence because the development and eventual 
widespread adoption of Grids will be driven by the needs of enterprises first and then secondly 
by the offerings they will make to individuals. Consequently NextGRID has focused on this 
first stage. Nevertheless as Grids develop and evolve, further work will be needed to reflect the 
requirements of individuals for whom Grids will provide a gateway to services. 

9.2 Integration of Workflow Languages 
There needs to be support for multiple ontologies and multiple languages. The integration of 
workflow languages other than OWL-S into the NextGRID framework is an area for further 
work. As with the Internet, the GRID needs to be open to a range of tools and technologies.  
 
The use of workflow to create and deploy new services rather than just operating them needs to 
be explored. 
 
The use of OWL-S to analyse workflow in order to extract QoS terms for SLAs should be 
investigated further. This may require annotation of the workflow possibly using OWL-S. 

9.3 Improved Quality of Service 
It should be possible to improve Quality of Service by developing a process to map Business 
Level Objectives (BLOs) to management functions to control the execution environment. 
Basically this involves mapping BLOs to Critical Success Factors (CSFs) and Key 
Performance Indicators (KPIs) which then have a closer relationship to Service Level 
Objectives (SLOs), which in turn can be controlled automatically. Note that in this process 
there are some BLOs on both the service and customer sides that do not appear in the SLA. 
Furthermore it should be possible to identify a number of BLOs that exist, with uniform 
semantics, across several levels of the SLA cascade. 

9.4 Further Security Issues 
NextGRID has addressed data access and federated security. However, these have not been 
combined in any rigorous evaluations. Consequently, work needs to be done on labelling data 
with access and distribution restrictions based on criteria such as jurisdiction. The composition 
of NextGRID security and NextGRID data access has the potential to address many of these 
requirements. 
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9.5 Further study of business models 
Although it was clear that further work on business models was unlikely within the context of a 
NextGRID-like project due to the high level of commercial value associated with completely 
described business models, this is an area where further investigation is needed, possible within 
the confines of a single organisation or as an academic study as business over the GRID 
evolves. 
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10 Lessons learned 
This section addresses project-related issues particularly those related to the management and 
administration of a large-scale Integrated Project (IP), the dissemination of its results and 
collaboration with other projects working in similar areas. This section does not address any 
technical issues. 

10.1 Management and Administration 
·  A large-scale integrated project (IP) needs several layers of management resulting in a 

greater proportional management overhead than in a smaller project. The management 
of an IP is much more complex than that of a more focused, smaller project. 

·  An IP such as NextGRID, which is driven by the iterative design of an architecture 
rather than having an orientation to a particular development goal, presents significant 
challenges to coordinate the work effectively. The management of the dependence 
between different tasks across the project has been particularly demanding. 

·  The administration of IPs places considerable burdens on the Coordinator and the 
Commission. The overhead of a 12-monthly revision of the Description of Work is 
significant, the reporting requirements are onerous and the contractual constraints do not 
allow for the easy removal of a partner from the consortium when appropriate. It is 
difficult for a consortium to deal with delinquent partners on a reasonable timescale 
because of the inertia inherent in the contractual relationship between the participants 
and in the procedures to remedy lack of performance. It is not possible to monitor costs 
on a timescale appropriate to good project management because this information is not 
easily, readily and accurately available from partners outside the yearly audits. 

10.2 Dissemination 
·  The promotion of complex technical projects is perhaps better handled in-house, 

provided appropriate skills are available, rather than through external PR agencies. Our 
experience in NextGRID has been that such agencies are not always well equipped to 
convey complex messages well to non-technical audiences. 

10.3 Collaboration with other projects 
·  Significant emphasis was placed on collaboration between projects in Framework 6.The 

Commission took the role of coordinating that collaboration, but had insufficient 
resources to coordinate activities effectively. 

·  Projects were only interested in collaboration where there was a clear benefit. Such 
collaboration usually took the form of bilateral activities. Generally there was little 
collaboration involving wide groups of projects. 

·  Previous experiences in Framework 4, where there were well resourced projects 
dedicated to the stimulation and organisation of coordination, demonstrate that this was 
an effective mechanism for stimulating effective collaboration. 
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11 Conclusions 
The NextGRID vision is of Grids, which are economically viable; in which new and existing 
business models are possible and profitable; in which development, deployment and 
maintenance are easy; and in which the provisions for security and privacy give confidence to 
businesses, consumers and the public. This vision looks far beyond the academic roots of Grids 
in aiming to support fully the requirements of organisations and individuals from business and 
the public sector. It embraces a service-oriented infrastructure, which is as ubiquitous and 
transparent as the Web is today and which provides support for commercial, public sector and 
scientific applications. The complete realisation of this vision will take much longer than the 
duration of NextGRID and involves a global effort combining resources many times greater 
than those deployed in this project. Nevertheless the work undertaken in NextGRID constitutes 
an important step on the path to that realisation. 
 
The technical challenges derived from the business requirements have been measured against 
real-world needs through the analysis of application-driven experiments. Together this 
framework of vision, business requirements, technical challenges, experiments and 
architectural development has driven the work of the project. It has resulted in a legacy which 
is the Generalised Specifications, their contribution to the implementation of Grids and their 
impact on standards. 
 
The principal outputs of NextGRID comprise the Generalised Specifications and associated 
Cookbook, which enable commercially viable Grids, conforming to NextGRID architectural 
principles to be implemented. Associated implementations of some NextGRID components are 
already available. These, of course, are not a complete Grid implementation, but are a stepping 
stone to such a complete implementation. Indeed many of the NextGRID partners have plans to 
take forward these outputs as proprietary and open-source software releases and to use software 
components and derived know-how in their product and service offerings. Further projects, 
some already started and some in gestation, will continue the developments started by 
NextGRID. 
 
The project has now successfully concluded, all its major objectives have been achieved and a 
significant step has been taken towards the achievement of its driving vision. 
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13 Appendix A: List of Publications 
The following 44 publications directly resulting from the work in NextGRID are in print or are 
in press: 
 

[1] Leon Gommans, Cees de Laat, Robert Meijer, Token Based path authorization at 
Interconnection Points between Hybrid Networks and a Lambda Grid (IEEE 
GRIDNETS 2005 proceedings). ISBN: 07803-9277-9. 

[2] Mark Parsons, The Next Generation Grid (CT Watch, November 2005 issue). 
[3] Stefano Beco, Barbara Cantalupo, Ludovico Giammarino, Nikolaos Matsakanis, 

Mike Surridge, OWL-WS: A workflow Ontology for Dynamic Grid Service 
Composition (1st IEEE International Conference on eScience and Grid Computing 
Proceedings). ISBN: 0-7695-3648-6. 

[4] Peer Hasselmeyer, On Service Discovery Process Types (3rd International 
Conference on Service Oriented Computing/ISOC 05). ISBN: 3-540-30817-2, pp 
144-157. 

[5] Juergen Schumacher, Uwe Jaekel, Falk Zimmerman, Grid Service for derivative 
pricing (1st International Workshop on Grid Technology for Financial Modelling & 
Simulation). Proceeding of Science (GRID 2006). 

[6] Stefano Beco, Barbara Cantalupo, Ludovico Giammarino, Nikolaos Matsakanis, 
Mike Surridge, Putting Semantics in Grid Workflow Management: the OWL-WS 
approach (GGF16) <www.semanticgrid.org/GGF/ggf16/papers/3GGFSGW-OWL-
WS>. 

[7] Philip Masche, Paul McKee, Bryce Mitchell, The Increasing Role of Service Level 
Agreements in B2B Systems (Proceedings of the 2nd International Conference on 
Web Information Systems and Technologies). ISBN: 978-972-8865-47-4. 

[8] Leon Gommans, Cees de Laat, Robert Meijer, Token based authorization at 
Interconnection Points between Hybrid Networks and a Lambda Grid (Broadband 
Networks 2005 ISBN: 0-7-803-9276-0 &  IEEE Communications Magazine, March 
2006 issue)  

[9] Bryce Mitchell, Paul McKee, SLAs: A Key Commercial Tool (Innovation and the 
Knowledge Economy: Issues, Applications, Case Studies: Paul Cunningham and 
Miriam Cunningham (Eds), 2005 IOS Press Amsterdam). ISBN: 1-58603-563-0. 

[10] Leon Gommans, Bas, van Oudenaarde, Freek Dijkstra, Cees de Laat, Tal Lavian, 
Inder Monga, Arie Taal, Franco Trvistino, Aldred Wan, Applications Drive Secure 
Lightpath Creation Across Heterogeneous Domains (IEEE Communications 
Magazine, vol 44, no.3, March 2006 issue). On page(s): 100-106 ISSN: 0163-6804. 

[11] Mehran Ashant, Mike Surridge, Thomas Leonard, Ananth Krishna, Olle Mulmo, 
Dynamic Trust Federation in Grids (iTrust 2006 Conference). ISSN: 0302-9743, 
ISBN: 978-3-540-34295-3. 

[12] Philip Masche, Paul Mckee, Bryce Mitchell, The Increasing Role of Service Level 
Agreements in B2B Systems (WEBIST 2006). 

[13] Jun Wang, Security Assertion Mark up Language, (ICWS 2006). 
[14] P.Wieder, J.Gallop, Coordination of Standardisation Efforts, European Grid 

Technology Days 2006 
[15] Peer Hasselmeyer, Performance Evaluation of a WS Service Group Based Registry 

(Grid 2006).  
[16]  Peer Hasselmeyer, Bastian Koller, Lutz Schubert, Philipp Wieder, Towards SLA-

Supported Resource Management (HPCC-06). Lecture Notes In Computer Science, 
Volume 4208, Springer, pp. 743-753. Munchen, SE. 
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[17] Jun Wang, A Web Services Secure Conversation Establishment Protocol Based on 
Forwarded Trust ( IEEE ECWS 2006). ISBN: 0-7695-2669-1, pp 569-576. 

[18] Jun Wang, Defending Against Denial of Web Services Using Sessions (IEEE/IST 
MonAm 2006). ISBN: 3-937201-02-05, pp 32-37. 

[19] Dimosthenis Kyriazis, Konstantinos Dolkas, Andreas Menchytas, Theodora 
Varvarigou, A new Workflow Mapping Mechanism for Grids (Proceedings of 15th 
IST Mobile & Wireless Communication Summit 2006). Published in proceedings of 
15th IST Mobile & Wireless Communication Summit 2006. 

[20] Peer Hasselmeyer, Changtao Qu, Lutz Schubert, Philipp Wieder, Towards 
Autonomous Brokered SLA Negotiation (eChallenges 2006), Paul and Miriam 
Cunningham (Eds); Exploiting the Knowledge Economy - Issue, Applications, Case 
Studies, Volume 3, IOS Press, 2006. 

[21] Stefano Beco, Barbara Cantalupo, Annalisa Terracina, The Role of Workflow in 
Next Generation Business Oriented Grids: Two Different Approaches leading to a 
Unified Vision (eScience 2006). ISBN 0-7695-2734-5. 

[22] Konstantinos Tserpes, Dimosthenis Kyriazis, Andreas Menychtas, Theodora 
Varvarigou, A Novel Mechanism for Provisioning of High-Level Quality of Service 
Information in Grid Environments, Special Issue on Performance Evaluation of 
QoS-aware Heterogeneous Systems, European Journal of Operational Research, 
Elsevier. 

[23] Peer Hasselmeyer, A Resource Brokering Service Based on Service Level 
Agreements, (ISCOC 2006). 

[24] Y. Demchenko, O. Mulmo, L. Gommans, C. de Laat, A. Taal, A. Wan, Using 
Workflow for Dynamic Security Context Management in Grid-based applications 
(Future Generation Systems, March 2007). On page(s): 72-79, ISBN: 1-4244-0343-
X. 

[25] Giuseppe Avellino, Stefano Beco, Barbara Cantalupo, Andrea Cavallini, A Semantic 
Workflow Authorising Tool for Programming Grids (presentation delivered at 
“WORKS 07”  in Monterey, CA). ISBN: 978-1-59593-715-5, pages 69-74). 

[26] Konstantinos Tserpes, Dimosthenis Kyriazis, Andreas Menchytas, Theodora 
Varvarigou, Fabrizio Silvestri, Domenico Laforenza, An Open Architecture for QoS 
Information in Business Grids (CoregGRID Symposium, April 2007). Published in 
the proceedings of CoreGRID Symposium - Towards Next Generation Grids, 
Springer US, ISBN: 978-0-387-72497-3 (Print). 

[27] Paul McKee, Steve Taylor, Mike Surridge, Richard Lowe, Carmelo Ragusa, 
Strategies for the Service Market Place (GECON 07). Lecture notes in Computer 
Science, ISBN, 978-3-540-74430-6, pages 58-70. 

[28] Peer Hasselmeyer, Henning Mersch, Bastian Koller, H.N.Quyen, Lutz Schubert, 
Philipp Wieder, Implementing an SLA Negotiation Framework (eChallenges 2007). 

[29] J.Wang, L. Lo Iacono, Intrusion Detection and Tolerance in Grid-based 
applications (Grid-STP 2007). 

[30] Peer Hasselmeyer, Bastian Koller, Ioannis Kotsiopoulous, Dean Kuo, Michael 
Parkin, Negotiating SLAs with Dynamic Pricing Policies (SOC@Inside Workshop, 
July 2007). 

[31] Dimosthenis Kyriazis, Konstantinos Tserpes, Andreas Manychtas, Antonis Litke, 
Theodora Varvarigou, An innovative Workflow Mapping Mechanism for Grids in 
the Frame of Quality of Service (Future Generation Computer Systems, July 2007). 

[32] Konstantinos Tserpes, Lutz Schubert, Bastian Koller, Dimosthenis Kyriazis, 
Theodora Varvarigou, Learning from the past - SLA Composition using QoS 
History, (eChallenges 2007).  
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[33] P.Hasselmeyer, B.Koller, I.Kotsiopoulos, D.Kuo, M.Parkin: Negotiating SLAs with 
Dynamic Pricing Policies, International Conference on Servive-Orinented 
Computing, ISOC 2007, September 2007. 

[34] H.Mersch, Ph.Wieder, B.Koller, G.Murphy, R.Perrott, P. Donachy, Improving 
Business Opportunities of Financial Service Providers through Service Level 
Agreements (Usage of Service Level Agreements in Grids Workshop in conjunction 
with the 8th IEEE International Conference on Grid Computing “Grid 2007”, 
Austin, US, September 19, 2007). 

[35] Ahmend D. Memon, Mohammad S. Memon, Philipp Wieder, Bernd Schuller, CIS: 
An Information Service based on the Common Information Model (Proceedings of 
3rd IEEE International Conference on e-Science and Grid Computing, Bangalore, 
India, Dec 2007, ISBN 0-7695-3064-8, pp 465-472). 

[36] David Snelling, Al Anjomshoaa. Francis Wray, Achim Basermann, Mike Fisher, 
Mike Surridge, Philipp Wieder, NextGRID Architectural Concepts, published in 
book titled Towards Next Generation Grids, Springer US, ISBN: 978-0-387-72497-
3, 2007). 

[37] Hubert Herenger, Rene Heek, Roland Kubert, Operating Virtual Organizations on 
Behalf of Bipartite Service Level Agreements (Grid 2007). 

[38] Changtao Qu, A Grid Advance Reservation Framework for Co-Allocation and Co-
Reservation across Heterogeneous Local Resource Management (7th Int. 
Conference on Parallel Processing and Applied Mathematics/PPAM 2007). 

[39] Peer Hasselmeyer, Removing the need for State Dissemination in Grid Resource 
Brokering, (MGC 2007). 

[40] Achim Basermann, Gregory A. Kohring, Carsten Neff, Secure Fast Derivative 
Pricing Environment Using Advanced Grid Technology, (HPDC2008). 

[41] A.Basermann, G. A Kohring, C. Neff, Derivative Pricing as a Business Grid, 
(Computational Finance 2008). 

[42] Steve Taylor, Paul Mckee, Grid Business Models, Evaluation & Principles, 
(Chapter 6 of “Grid Business Models and Utility Computing”, Edited by Rajkumar 
Buyya and Kris Bubendorfer). 

[43] Steve Taylor, Paul Mckee, SLA’s, Negotiation and Potential Problems (“Market 
Oriented Grid and Utility Computing”, Edited by Rajkumar Buyya and Kris 
Bubendorfer). 

[44] Dimosthenis Kyriazis, Konstantinos Tserpes, Andreas Menychtas, Ioannis 
Sarantidis, Theodora Varvarigou, Service Selection and Workflow mapping for 
Grids: An approach exploiting Quality of Service Information (Concurrency and 
Computation: Practice and Experience, Wiley InterScience) 
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1 Introduction 

This document presents the vision of the NextGRID project and shows how that vision is being 
realised. It introduces the principal outputs of the project, namely the NextGRID Generalised 
Specifications and associated Cookbook, which enable commercially viable Grids, conforming to 
NextGRID architectural principles, to be implemented. 

This document addresses a business-orientated audience interested in exploiting the opportunities 
this new infrastructure creates. It sets out the capabilities and opportunities to be expected from 
Next Generation Grids; their realisation through the Generalised Specifications and the associated 
Cookbook; and the project’s strategy for making a significant contribution to the development of 
Next Generation Grids. More detailed information addressing a technical audience is presented in 
the detailed NextGRID Whitepaper1 and the work referenced therein. 

In practice, the commercial adoption of Grid technology, in applications that cross organisational 
boundaries, has not yet happened. This is largely because the balance of risk and reward in a 
commercial environment is different from that underpinning existing academic Grids. Implicit 
business models make it difficult for each participant to assess this balance and manage risks. 
There are several specific factors that are holding back the deployment of multi-organisation Grids 
supporting multiple applications. These relate to security, service level agreements, software 
licensing models, pricing, competitive procurement of services, the diverse nature of business 
services, difficulties in estimating costs in advance of deployment and the perceived and actual 
difficulty of deploying Grids. A key task of NextGRID has been to understand these barriers to the 
wider adoption of current Grids beyond their current academic niche and to create an architecture 
which overcomes those barriers where possible. 

The NextGRID vision is of Grids which are economically viable; in which new and existing 
business models are possible; in which the development, deployment and maintenance of 
applications are easy; and in which the provisions for security and privacy give confidence to 
businesses, consumers and the public. The requirements, placed on such an infrastructure to 
support viable business models, have been derived from real-world applications and have directed 
the technical work of the project. 

The consortium which undertook NextGRID represents the different stakeholders from 
representative value chains. This is essential to ensure the development of Grid infrastructures 
driven by viable business models. The consortium comprised: 

·  Users with expertise in specific domains, where Grids have the potential to improve 
existing business processes and to stimulate new ways of doing business; 

·  Hardware and software providers to address support, interoperability and licensing issues; 
·  Service and infrastructure providers to address the viability of the commercial opportunities 

enabled by Grids; 
·  Research organisations and academia to exploit and extend their existing expertise in Grids 

by identifying new challenges and opportunities. 

                                                
1 www.nextgrid.org/white_paper.html 
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One long-term impact of NextGRID will be realised through the evolution of standards. This is a 
slow, but essential part of the process of technological adoption. The Generalised Specifications 
developed in NextGRID will have a significant influence on the evolution of these standards. 

Information and communication technologies are recognised as having a key role in Europe’s 
transformation into a dynamic, competitive, knowledge-based economy. Sustained success is 
increasingly reliant on flexibility in business processes, which allows businesses to adapt to a 
changing global environment. IT applications and services are an essential enabler for this 
flexibility. To meet this need, there has been a clear shift in the market towards service-oriented IT 
systems. These allow consumers to obtain a wide range of services from a choice of providers, 
delivered via a ubiquitous telecommunications infrastructure. The emergence of this infrastructure 
has allowed users to enjoy permanent global connectivity from a range of wired and wireless 
devices without needing to be concerned with the technologies and networks involved. Grid 
technology is an essential component for the establishment of a marketplace, which builds on this 
global connectivity, where persistent compute and data-intensive applications can be shared 
securely and where services can be dynamically brokered and traded on a viable commercial basis. 

Consequently, Grid applications must be capable of executing on an inter-enterprise, 
heterogeneous Grid infrastructure. The separate interests of independent stakeholders cannot be 
resolved a priori as is the case for applications designed to execute in a single domain. This implies 
that a Grid infrastructure must be capable of bridging the different business models used by 
different stakeholders at run time. 

Grids are already delivering benefits to scientists and to some businesses, but only with an 
enormous cost in skilled human resources for the deployment and operation of Grids and the 
software installations on which they depend. This approach is not viable in a general commercial 
setting for economic, security and other reasons. There are also qualitative differences between 
academic and commercial business models for service provision. Sustainable commercial business 
models are essential for the viability of Next Generation Grids and will only be realised through 
the development of cost-effective and universally applicable technology. 

Grids have the potential to make a significant advance beyond the Internet, by turning it from a 
passive information medium into an active tool for creating and exploring new knowledge and 
fuelling business and industry. A key issue in this transformation will be the realisation of the 
capability to compose services from independent sources in a standardised and cost-effective way. 

Of course, NextGRID does not address these objectives alone. The participants in NextGRID are 
the representatives of a much larger community of researchers, technology vendors, service 
providers and users. This wider community has the critical mass necessary to make Grids a reality. 
NextGRID is an important catalyst in that overall process. 
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2 The NextGRID Vision 

The overall vision of NextGRID is one of creating an infrastructure to enable new business. This 
vision is inspired by the emergence of Grid technology from academic research where it has been 
used for a number of years to support research collaborations. This use by academic research has 
clearly demonstrated the sharing of resources to enable new ways of working and has enabled the 
achievement of previously unattainable results. The NextGRID vision now goes beyond academic 
resource sharing to encompass a dynamic marketplace where resources are available on a 
commercial basis and where services can be composed, brokered, bought and sold, seamlessly and 
automatically. 

In this vision, Grid-based applications execute on inter-enterprise, heterogeneous Grid 
infrastructures which encompass at run time, the different business models used by different 
stakeholders. This implies a cost-effective and universally applicable technology supporting 
diverse and sustainable business models. 

In this vision, a significant advance beyond the Internet is made by turning it from a passive 
information medium into an active tool for creating and exploring new knowledge and fuelling 
business and industry. A key issue in this transformation will be the realisation of the capability to 
compose services from independent sources in a standardised and cost-effective way. 

This is a vision of a networked IT infrastructure able to support an unlimited range of applications 
and business processes throughout their lifecycle. This encapsulates all the necessary resources, 
including hardware, software, and data and services, available from a complex ecosystem of 
providers. This vision parallels developments in telecommunications which have now become 
ubiquitous and invisible with a shift from "occasionally connected" to "occasionally disconnected" 
to "always connected". Grids will evolve to provide all users with a global, transparent 
infrastructure providing rich and ubiquitous functionality and a dynamic marketplace for services 
whilst hiding the complexity of the underlying technology. 
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3 Business Requirements 

We shall now relate this overall vision to a set of requirements placed on Grids for them to enable 
a dynamic marketplace. These requirements comprise a sufficient set to support viable Grid-based 
business models and the specification of a viable infrastructure to enable those models, and have 
been determined by considering real-world business models and through experiments on real-
world applications. A set of technical challenges and architectural principles have been derived 
from these requirements and have directed the work of the project. These challenges relate to 
security, management, performance and licensing. The architectural principles address SLA-driven 
dynamics, dynamic federation of resources and a minimal, but sufficient infrastructure. Full 
technical details are presented in the NextGRID Whitepaper1. 

In any endeavour, business models are needed to balance risks against rewards. These may be 
described by explicit rules that govern the interactions between the participants or they may be an 
implicit consequence of the policies and technical measures used. The business model adopted by 
one participant may be disclosed to others but this is not essential. For a business model to be 
viable, the balance of risks and rewards must make it beneficial for all participants. If the business 
model is unclear or does not deliver sufficient advantage to each of its participants, it will not be 
sustainable. 

A global Grid marketplace where computing resources, information and services can be bought 
and sold has been envisaged for several years now, but has not yet been realised, other than in 
somewhat constrained and limiting instances. Amazon Webservices is an example of this. The 
ability to select and use service components from a variety of independent sources and integrate 
them into an application that delivers the functionality and performance desired is essential for the 
realisation of that global marketplace. 

The real promise of Grids is that they will enable new ways of working and new business 
opportunities, supporting the flexibility and agility that is becoming increasingly important if 
companies are to be competitive in a global market. To realise that promise an infrastructure needs 
to be developed which will support the commercially viable use of resources by organisations 
whose interaction is predicated on the exchange of services for money. 

Business relationships are generally codified in contracts. These make all relevant details explicit: 
defining what is to be provided, relevant business practices and standards to be used, as well as 
pricing and penalties for breach of contract. In a service-provision relationship, part of the contract 
is frequently expressed in a service level agreement (SLA). An SLA can be used to provide an 
explicit context for relationships between Grid entities, be they resources, individuals, or 
organisations. This context determines many of the managerial and operational policies to be 
applied within the relationship. 

Based on these considerations we can identify the following eight business-driven requirements 
which a viable Grid infrastructure must satisfy. 

 

                                                
1 www.nextgrid.org/white_paper.html 
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Requirement 1 – Flexible Business Models: Whilst a number of specific business models likely 
to stimulate new business ventures have been identified for Grids, the important requirement is to 
provide support for all viable business models. Like the Web, where several distinct business 
models operate, Grids must be adaptable to a variety of models. Grid infrastructures must offer real 
benefits to a diverse range of business applications. Specifically, there must be financial 
advantages in the Grid approach over conventional in-house solutions. 

Requirement 2 – Specific Quality of Service Terms: The functional description of a service, 
used for advertisement or as part of the SLA, does not address all the needs of a consumer or 
provider. In order to provide market differentiation between providers, quality of service (QoS) 
terms such as Reliability, Robustness, and Resilience are required to qualify the function provided. 
The scope for these QoS terms is virtually unlimited, so SLAs must support terms flexibly. 
Furthermore, to support the management of infrastructure on both the consumer and provider 
sides, the granularity of the terms must be flexible. Best practice among ISPs is to define 
management policies based on what is efficient for them, and base SLA terms on what these 
efficient policies can deliver. This was a major input from the telecommunication partners and 
NextGRID uses the same approach. Furthermore, there need to be standard methods, suitable for 
automation, for consumers and providers of services to agree on service levels, pricing, penalties 
and the other terms that underpin a commercial relationship. 

Requirement 3 – Dynamic Secur ity: Even within “closed shop”  environments, security is 
critical. Operational security and operational integrity must have a very high priority in 
commercial environments. In addition to the common concerns of communication security 
(authentication, authorization, integrity, confidentiality and non-refutation) and operational 
security (intrusion detection, accounting, risk assessment, and audit), there is a requirement that 
dynamically changing trust relationships be supported. The reasons for variations in the trust 
relationship range from simple accounting types (the user’s account is empty) to significantly 
complex (a user’s role has changed due to an acquisition by another company). These changes in 
trust relationships need to be managed throughout the lifetime of a business relationship. 

Requirement 4 – Dynamic Composition: The NextGRID vision is of services that can be 
composed to create new more specialised services. In this vision, service composition takes place 
late in the service provisioning lifecycle, possibly even during execution. This requires that 
composition primitives, semantic descriptions of service components, and workflow technologies 
all operate dynamically and in concert with dynamic security. 

Requirement 5 – Economic Sustainability: The sustainable deployment of Grids in a 
commercial environment requires strong economic underpinning. The barriers that prevent Grid 
infrastructures from becoming economically self-sustaining like the Internet must be identified and 
addressed. Support for the competitive procurement of services is essential to enable the transition 
to an open marketplace based on real currencies where goods and services are traded. 

Requirement 6 – Pr ivacy: Privacy, which is effectively the application and management of 
confidentiality in line with policies, preferences and laws, is essential in a Grid infrastructure 
where it must be a central aspect. 

Requirement 7 – Facilitated Management: The ability to manage a Grid infrastructure 
effectively and efficiently is critical for its commercial viability. Manual management, particularly 
of a large dynamic infrastructure, is expensive and restricts the number of viable business models. 
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The ability to manage an infrastructure at a minimum cost is an important requirement. Viable 
Grids need to operate with a high degree of automation because the operational costs of 
commercial IT are dominated by staff costs. Furthermore, any management infrastructure must 
integrate with the underpinning business infrastructure, in particular through the implementation 
and management of SLAs. 

Requirement 8 – Interactive Suppor t: The provision of interactive support can be decomposed 
into a number of independent properties of a service relationship, e.g. response time, control, 
feedback and privacy. Grid implementations must provide mechanisms to specify and support 
these capabilities in service deployments. This has an impact on both the SLA and on the basic 
Grid infrastructure.  

NextGRID has addressed these requirements through the design of a service-oriented infrastructure 
which supports the commercial, public and scientific sectors. For all these requirements, as with 
the Internet, global standards are essential to provide stability and flexibility and to avoid vendor 
“ lock in”  and lack of competition. 
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4 The Generalised Specifications and Cookbook 

NextGRID has worked towards the realisation of such an infrastructure which can enable new 
business through the development of supporting architectural concepts. This has been the 
motivation behind the work undertaken by the research organisations and commercial enterprises 
participating in the project. The resources needed for the implementation of a commercial grade 
Grid infrastructure are many times greater than those available in NextGRID, where the focus has 
been to research and design such infrastructures. Consequently, the approach adopted by the 
project has been to publish Generalised Specifications for the implementation of NextGRID-
compliant components from which interested parties could implement a NextGRID-compliant 
infrastructure, either as a whole or as parts. A Generalised Specification provides the precise 
definition of an interface that may be supported by any number of components within the system. 
Each component is an identifiable software implementation of one or more Generalised 
Specifications. A component is designed to provide a given function and may implement several 
Generalised Specifications. An implementation of NextGRID is an integrated collection of 
components, based on Generalised Specifications, that addresses a particular business need. 

To complement the Generalised Specifications, the NextGRID Cookbook has been developed. 
This Cookbook is a guide for system designers and developers who want to implement a Grid. It 
consists of a set of examples showing how NextGRID-compliant components can be combined to 
construct a Grid addressing a range of commercial applications. It addresses an audience which has 
a basic understanding of Service Oriented Architectures. This Cookbook shows how these 
components interact so that systems of varying complexity can be built to satisfy the needs of 
particular applications. 

The components presented fully comply with the NextGRID architectural principles. That is, they 
can be combined to form a complete, fully operational Grid infrastructure to address real business 
requirements. The components offer extensive capabilities for service construction and 
composition. The NextGRID Cookbook offers guidelines to combine these components and 
construct Grids from them. It provides extended examples which demonstrate how this can be 
done. The Cookbook comprises: 

·  Component Specifications: The components are the independent, elemental entities 
that can be combined to form a Grid. They will typically implement one or more 
Generalised Specifications. 

·  Descr iptions of Systems of Components: These are examples of the use of one or 
more components to address a particular business goal. 

·  Descr iptions of Application Scenar ios: These are application scenarios demonstrating 
the use of the components. 

·  Generalised Specifications: These define and describe the interfaces to the 
components of NextGRID thereby enabling the design and implementation of a Grid. 

·  The Integration Diagram: This depicts the interactions of the NextGRID components. 

The NextGRID Cookbook presents a set of examples demonstrating the implementation of a Next 
Generation Grid architecture. A culinary analogy is used, referring to ingredients, recipes and 
meals. The ingredients are a pool of software components that NextGRID has specified. The 
recipes are ways of combining these ingredients to provide specific functionality in a Grid 
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environment. In this way a new system of more complex components can be created which, again 
following the culinary analogy, can be thought of as recipes. By combining these further, one can 
implement higher level scenarios (until reaching the level of application scenarios) that could be 
regarded as ‘meals’ . In other words the Cookbook provides guidelines to implement application 
scenarios by combining components. 

 

Figure 3: Screen shot of NextGRID Cookbook 

The Generalised Specifications became available in the second half of 2007 with the full set 
completed in Spring 2008. Full details are published on the NextGRID website1, together with the 
associated NextGRID Cookbook. 

                                                
1 www.nextgrid.org 
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5 Conclusions 

The NextGRID vision is of future Grids, which are economically viable; in which new and 
existing business models are possible and profitable; in which development, deployment and 
maintenance are easy; and in which the provisions for security and privacy give confidence to 
businesses, consumers and the public. This vision looks far beyond the academic roots of Grids in 
aiming to support fully the requirements of organisations and individuals from business and the 
public sector. It embraces a service-oriented infrastructure, which is as ubiquitous and transparent 
as the Web is today and which provides support for commercial, public sector and scientific 
applications. The complete realisation of this vision will take much longer than the duration of 
NextGRID and involves a global effort combining resources many times greater than those 
deployed in this project. Nevertheless the work undertaken in NextGRID constitutes an important 
step on the path to that realisation. 

The technical challenges derived from the business requirements have been measured against real-
world needs through the analysis of application-driven experiments. Together this framework of 
vision, business requirements, technical challenges, experiments and architectural development has 
driven the work of the project. It has resulted in a legacy which is the Generalised Specifications, 
their contribution to the implementation of Grids and their impact on standards. 

The principal outputs of NextGRID comprise the Generalised Specifications and associated 
Cookbook, which enable commercially viable Grids, conforming to NextGRID architectural 
principles, to be implemented. Associated implementations of some NextGRID components are 
already available. These, of course, are not a complete Grid implementation, but are a stepping 
stone to such a complete implementation. Indeed many of the NextGRID partners have plans to 
take forward these outputs as proprietary and open-source software releases and to use software 
components and derived know-how in their product and service offerings. Further projects, some 
already started and some in gestation, will continue the developments started by NextGRID. 
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