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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 principa outputs of the project, namely the NextGRID Generalised
Specifications and associated Cookbook, which enable commercialy 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 Whitepaper® and the work referenced therein.

In practice, the commercia 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
commercia 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 severa 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 essentia 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 commercia
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. Thisis 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 globa environment. IT applications and services are an essentia enabler for this
flexibility. To meet this need, there has been a clear shift in the market towards service-oriented I'T
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 commercia 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 apriori asisthe case for applications designed to execute in asingle domain. Thisimplies
that a Grid infrastructure must be capable of bridging the different business models used by
different stakeholders at run time.

Grids are dready 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 commercia business models for service provision. Sustainable commercia business
models are essentia 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 areality.
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
commercia 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.

Thisisavision of anetworked 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 paralels 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 al users with a global, transparent
infrastructure providing rich and ubiquitous functionality and a dynamic marketplace for services
whilst hiding the complexity of the underlying technol ogy.
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3 Business Requirements

We shall now relate this overal vision to a set of requirements placed on Grids for them to enable
a dynamic marketplace. These reguirements 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 Whitepaper™.

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 al 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 redlised, 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 aviable Grid infrastructure must satisfy.

1 \www.nextgrid.org/white paper.html
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Requirement 1 — Flexible Business M odels: 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 functiona 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 maor 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 Security: Even within “closed shop” environments, security is
critical. Operational security and operationa 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 (auser’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
commercia 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 servicesis essentia to enable the transition
to an open marketplace based on real currencies where goods and services are traded.

Requirement 6 — Privacy: 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 alarge 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
commercia 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 Support: 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 essentia 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 redlisation 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 commercia 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 commercia 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.

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

Descriptions of Application Scenarios. 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 1. 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 website!, 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 economicaly 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 Gridsin
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 alegacy 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 commercialy 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 devel opments started by NextGRID.
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