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and historically have made distributed computing diffi-
cult. Grid technologies overcome these obstacles by pro-
viding standard and uniform mechanisms for such crit-
ical tasks as creating and managing services on remote 
computers, for supporting “single sign on” to distrib-
uted resources, for transferring large datasets at high 
speeds, and for forming large distributed virtual com-
munities and maintaining information about the exis-
tence, state, and usage policies of community resources.

Standard mechanisms are critical if we are to avoid 
balkanization of infrastructure caused by different ap-
plication developers rolling their own architectures. A 
decade of research, development, experimentation, and 
standardization has produced considerable consensus 
on Grid architecture principles and technologies, with 
in particular the community based, open source Globus 
ToolkitÆ (GT) being used by most major Grid projects 
and seeing significant industrial adoption. In addition, 
emerging Open Grid Services Architecture (OGSA) 
standards firmly align Grid computing with broad in-
dustry initiatives in service-oriented architecture and 
Web services. Grid-related standards are being defined 
within various standards bodies, including the Global 
Grid Forum, which has emerged as a significant force 
for standards setting and community development, 
with close to  people from more than  orga-
nizations regularly attending its meetings. e NSF 
Middleware Initiative (NMI) also plays an important 
integrating role, providing essential support for the 
productization, packaging, dissemination, and support 
of open source Grid technologies such as GT.

e NMI-sponsored GRIDS Center has created a 
searchable database called the Grid Projects and De-
ployments System (GPDS, at http://www.gpds.org), 
with over  examples of the Grid in action. Visitors 
may search or browse by region, sponsor or user dis-
ciplines, and submit their own examples by complet-
ing a simple form. e GPDS is a growing resource for 
anyone seeking information about how and where Grid 
tools like GT, Condor-G and others are being used. Proj-
ects from  countries on four continents include spon-
sored research and commercial applications. 

As the GPDS demonstrates, many scientific disci-
plines are using the Grid to conceive new avenues of 
research that weren’t possible until recently. While the 
technology has had its earliest impact in fields (e.g., 
physics) where data and other resources have tradition-
ally been shared freely, the Grid is causing other, less 
open communities (e.g., medical imaging) to reconsider 
long-standing norms that have mitigated against broad 

The Grid 

e term Grid refers to a new infrastructure that builds 
on today’s Internet and Web to enable and exploit 
large-scale sharing of resources within distributed, of-
ten loosely coordinated groups what are sometimes 
termed virtual organizations. Grids provide scalable, se-
cure, and reliable mechanisms for discovering and ne-
gotiating access to remote resources including, but cer-
tainly not restricted to, clusters. e availability of Grid 
infrastructure, when combined with ubiquitous Inter-
net connectivity and ever faster networks, enables en-
tirely new, often communication-, compute-, and data-
intensive applications.

Grid concepts and technologies emerged first within 
the scientific computing community, as a means of pool-
ing computers, streaming large amounts of data from 
databases or instruments to remote computers, link-
ing sensors with each other and with computers and ar-
chives, and connecting people, computing, and storage in 
collaborative environments that avoid a need for travel. 
Grid technologies are being deployed in a wide range of 
“e-science” projects and provide foundational elements 
for national and international “cyberinfrastructures” (a 
term coined by the U.S. National Science Foundation). 
Interest within industry is growing as companies real-
ize that the needs of advanced e-business have much in 
common with those of e-science. Both require systems 
that span multiple institutions and that execute reliably, 
delivering consistent performance despite heteroge-
neous hardware, software, and policies.

e central motivation for Grid computing is that 
in a world where communication is close to free, we are 
not restricted, when solving problems, to local resourc-
es. For example, I can run interesting computer pro-
grams (game, scientific simulation, or business logic) 
remotely, rather than installing them locally. When an-
alyzing data, I can have the remote code access relevant 
datasets directly. I can repeat a computation hundreds of 
times, on different datasets, by calling upon the collec-
tive computing power of my company or research col-
laboration or by purchasing cycles from a cycle provider. 
And I can review output with remote colleagues in rich 
collaborative environments.

While high-speed networks are often necessary for 
scenarios such as these, they are far from sufficient. 
Remote resources are typically owned by others, exist 
within different administrative domains, run differ-
ent software, and are subject to different security and 
access control policies. ese issues characterize a Grid 
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collaboration. e same benefits can occur within com-
panies that might not have a culture of sharing, wheth-
er internally or externally. 

Grid computing is a compelling example of how 
sustained exponential technology evolution can have 
revolutionary impacts on the practice of computing. 
With high-speed networks becoming ubiquitous, and e-
business and e-science concepts achieving broad adop-
tion, we can expect Grid technologies and applications 
to become a major part of the computing landscape.
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