Guest Editors' Introduction

on Research Center

JULY e AUGUST 2003

he term “the Grid” was coined in
I the mid-1990s to denote a (then)
proposed distributed computing
infrastructure for advanced science and
engineering. Researchers have since
made much progress in constructing
such an infrastructure and extending
and applying it to a broad range of com-
puting problems. As a result, “grid” has
entered the computer science vocabulary
to denote middleware infrastructure,
tools, and applications concerned with
integrating geographically distributed
computational resources. The term'’s use
can create confusion due to the obvious
overlap with established fields. Howev-
er, its popularity also bears witness to
the emergence of a vibrant community
of researchers and practitioners whose
concerns build on, but reach beyond,
those of traditional networking and dis-
tributed computing.

Researchers first developed grid con-
cepts and technologies to enable resource
sharing within scientific collaborations —
first in early gigabit test beds, and then on
increasingly larger scales. At the root of
these collaborations was the need for par-
ticipants to share not only data sets but
also software, computational resources,
and even specialized instruments such as
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telescopes and microscopes. More gener-
ally, scientists needed technologies to sup-
port coordinated resource sharing and
problem solving in dynamic, multi-insti-
tutional collaborations. Similar require-
ments for sharing resources between
cross-organizational collaborations arise
within commercial environments, includ-
ing enterprise application integration, on-
demand service provisioning, data center
federation, and business-to-business part-
ner collaboration over the Internet. Com-
mercial adoption of grid technologies is
thus accelerating along a trajectory simi-
lar to the World Wide Web, which began
as a technology for scientific collabora-
tion but was adopted for e-business.

The Grid’s success to date owes much
to the relatively early emergence of clean
architectural principles, de facto standard
software (in particular, the Globus Tool-
kit; www.globus.org), aggressive early
adopters with challenging application
problems, and a vibrant international
community of researchers, developers,
and users. This combination of factors
created a solid experience base that has
more recently driven the Global Grid
Forum’s (GGF; www.ggf.org) efforts to
define the Open Grid Services Architec-
ture (OGSA), which now forms the basis

IEEE INTERNET COMPUTING



Guest Editors’ Introduction

We have not included an “introduc-
tion to the Grid” article in this
issue of IC, as that topic is covered in detail
elsewhere. Instead, we refer you to two
recent articles that introduce Grid com-
puting' and the Open Grid Services Archi-
tecture,” respectively, as well as two addi-
that
perspectives on the surrounding issues.>*

tional articles provide other
For those seeking more detail, we recom-
mend the second edition of the seminal The
Grid® and a recent collection of technical
papers, entitled Grid Computing: Making the
Global Infrastructure a Redlity.® A recent NSF
report also provides a compelling descrip-
tion of the scientific case for Grid infra-
structure and tools.”

Other sources of information include

* the annual IEEE International Sym-

posium on High Performance Distri-
buted Computing (www.hpdc.org),
which is the principal academic con-
ference in the field;

a forthcoming special issue of the Journal
of Parallel and Distributed Computing
(www.academicpress.com/jpdc) ;

the new Journal of Grid Computing;
(www.kluweronline.com/issn/1570
-7873);

the Global Grid Forum (www.ggf.org)
Web site and triannual meetings;
GlobusWorld (www.globusworld.org),
a user group and tutorial meeting for
the open-source Globus Toolkit; and
the GridToday online newsletter (www.
gridtoday.com).
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of both open-source and commercial grid prod-
ucts. Building on Web services principles and tech-
nologies, the core OGSA Grid service specification
defines standard interfaces and behaviors that
address critical issues in distributed system inte-
gration and management, including the creation,
lifetime management, introspection, and grouping
of services. Other specifications under develop-
ment address such issues as security, registry, pol-
icy, data access and integration, service manage-
ment, and workflow.

We cannot hope to do justice to all aspects of this
broad topic in a single theme issue, but the four
articles that follow provide a good introduction to
some of the concerns that drive current work on
Grid deployment, applications, and research.

The Articles

In the first article, “Building a Production Grid in
Scandinavia,” Eerola and colleagues provide a
detailed account of the design, deployment, and
application of a scientific grid infrastructure with-
in the Nordic countries. The goal of this work is to
let a multinational community of high-energy
physicists federate computing and storage
resources across institutions to support various
computation- and data-intensive tasks. The arti-
cle describes the Globus-Toolkit-based NorduGrid
architecture, the software elements developed (or
configured) specifically for the NorduGrid, and the
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authors’ application experiences with it.

In “Service-Centric Globally Distributed Com-
puting,” Graupner and colleagues introduce some
concepts that could prove useful when applying
grid technologies within commercial computing
infrastructures. In particular, the authors address
the question of how to confederate multiple com-
pute-data centers (“utility data centers”) to
increase flexibility and utilization for business
workloads. They introduce the virtual server
abstraction as a means of virtualizing computa-
tional resources, and they describe algorithms for
managing the mapping of physical resources to
virtual servers.

Leff, Rayfeld, and Dias address similar issues in
the third article, “Service-Level Agreements and
Commercial Grids,” but they work from the per-
spective of the negotiation process that lets a
resource consumer establish commitments from a
resource provider. The authors describe how to use
the Web-Service-Level Agreement notation to
express user requirements and how to use dynam-
ic offload mechanisms to deal with excessive load.

As the Grid has evolved, it has moved from
merely distributed computation or data to an entire
application infrastructure. In the final article, “Pro-
totyping the Workspaces of the Future,” Stevens ,
Papka, and Disz describe a geographically distrib-
uted collaborative environment underpinned by
video for creating persistent virtual venues. The
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article includes history, future directions, and a set
of detailed examples of environments in which the
Access Grid is being applied. Because this article
presents a system that has been in wide use for a
few years, and describes a blueprint for the next-
generation Access Grid, it provides a useful per-
spective on the Grid’s evolution.

The Future of Grid Computing
Although these articles provide just a sampling
of the work under way in the Grid community,
they suggest the breadth of the modalities that
are being addressed (storage, data, computers,
services, and collaboration), the wide range of
participants (application scientists, industrial
researchers, and academic computer scientists),
and the varying degrees of maturity in the ideas
and technologies.

The articles also suggest areas in which future
deployment, application, research, and development
will likely occur. For many application communi-
ties, the next few years will focus on achieving
robust and sophisticated operational deployments
to support increasingly ambitious application sce-
narios. Some communities are already scrambling
to use grid technologies to handle overwhelming
quantities of data; others are still considering how
to reengineer their work modes to exploit large-
scale resource sharing.

Within industry, we see tremendous effort and
progress on the commercial application of grid tech-
nologies. Initial deployments from companies such
as Avaki, Data Synapse, Fujitsu, Hitachi, HP, IBM,
NEC, Oracle, Platform, Sun, and United Devices have
focused primarily on the intra-enterprise federation
of computation and data resources. Future products,
some of which are already in field trials, will address
issues such as service virtualization, distributed sys-
tem management, and data integration.

For computer scientists, this growing interest
in large-scale resource sharing and distributed
system integration represents a tremendous
opportunity to discover new technical chal-
lenges, reassess existing approaches and under-
standings, and deliver new capabilities. We can
exploit as unique test beds for advanced grid
technologies the extensive grid deployments that
are now under way or planned in various scien-
tific communities. Careful study of the chal-
lenges that arise within such systems already
suggests many directions for new research, in
areas ranging from trust, security, and policy to
distributed system management.

While the participants in this work are still
largely from “the Grid community,” we see hopeful
signs of increasing engagement by researchers in
other fields, including networking, distributed sys-
tems, databases, algorithms, system management,
security, human factors, artificial intelligence, and
computer-assisted collaborative work. M
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