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Dedication

For Alexander and Imogen, who have already enjoyed a lifetime of the Grid—Ian

To Phyllis for enduring the process, and Squirrel for keeping me company in the
early morning hours—Carl
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Dr. Ian Foster was born in Wellington, New Zealand. He has a bachelor of science
(Hons I) degree in computer science from the University of Canterbury in
Christchurch, New Zealand, and a doctorate in computer science from Imperial
College, London. Foster is Associate Division Director and Senior Scientist in the
Mathematics and Computer Science Division of Argonne National Laboratory, and
Professor of Computer Science at the University of Chicago. Foster's research
interests are in innovative technologies and applications of large-scale distributed
computing. An internationally recognized researcher and leader in the area of
Grid computing, he has published five books and over 200 articles and technical
reports in parallel computing, distributed systems, and advanced applications.
Foster is a fellow of the American Association for the Advancement of Science and
of the British Computer Society, which recognized his work on the Strand parallel
programming language with its 1989 award for technical innovation.

Dr. Carl Kesselman is the Director of the Center for Grid Technologies at the
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computing, and his research contributions in this area are internationally recog-
nized. He has published over 100 articles and papers in the area of high perform-
ance and distributed computing. He is a fellow of the British Computer Society.
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Foster and Kesselman have worked together since the late 1980s, collaborating
first on projects in parallel computing and more recently within the context of the
Globus Project®, which they established with their colleague Steven Tuecke in
1996. One significant product of their joint work has been the Globus Toolkit®, the
open source software that has emerged as the de facto standard for Grid comput-
ing in both e-business and e-science. Their contributions have been recognized by
numerous awards, including the 1997 Global Information Infrastructure Next
Generation Internet award, a 2002 R&D 100 award, the 2002 R&D Editor's choice
award, and the 2002 Ada Lovelace Medal from the British Computing Society.

They have recently begun to edit a new series entitled The Elsevier Series in
Grid Computing that will explore all aspects of Grids from standards to applica-
tions. Designed for researchers and professionals, the books will be authored by
the foremost experts in the field. This second edition of The Grid is the first title
in this new series.



Preface to the Second Edition

The Grid is an emerging infrastructure that will fundamentally change the way we
think about—and use—computing. The word Grid is used by analogy with the
electric power grid, which provides pervasive access to electricity and, like the
computer and a small number of other advances, has had a dramatic impact on
human capabilities and society. Many believe that by allowing all components of
our information technology infrastructure—computational capabilities, databases,
sensors, and people—to be shared flexibly as true collaborative tools, the Grid will
have a similar transforming effect, allowing new classes of applications to emerge.

This is the second edition of The Grid: Blueprint for a New Computing
Infrastructure. Writing this preface brings home to us just how much has happened
since the first edition was published, how much has been learned, and how much
new information there is to communicate about Grid technologies, their applica-
tion, and likely future evolution.

When we started planning the first edition early in 1997, we believed that
Grids were destined to be important, but we would not have predicted the impact
that Grid technologies have had on the practice of science and industry in the five
years since the book appeared in mid-1998. Rereading the first edition, we are
delighted with how much of what we wrote back then still applies. However, it is
certainly also the case that much has been learned and much is new.

Our understanding has evolved tremendously with respect to the nature both
of the opportunities offered by Grid computing and of the technologies needed to
realize those opportunities. We now see far more clearly the revolutionary impacts
of large-scale resource sharing and virtualization within both science and industry,
the intimate relationships between organizational and resource-sharing structures,
and the new technologies required to enable secure, reliable, and efficient resource
sharing on a large scale.
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This understanding has emerged from aggressive and imaginative application
experiments conducted by talented research and development teams around the
world. We report on some highlights of this work here, and these stories have
much to say concerning the excitement that Grid technologies generate within
application communities, the successes that have been achieved, and (we must
not lose sight of this perspective) the obstacles that remain to be overcome.

The technology has evolved, too, in both its implementation and its specifi-
cation. The open source Globus Toolkit® was only just emerging five years ago,
when the first edition appeared, and it has now been widely adopted as a de facto
standard infrastructure with a substantial international contributor and user base:
truly the “Linux of the Grid.” Meanwhile, work within the Global Grid Forum has
produced specifications defining the Open Grid Services Architecture, a Grid
standard that is seeing broad adoption within industry and research, with imple-
mentations available from multiple sources, including the Globus Toolkit. Other
complementary technologies—such as Condor, portal tools, and various commer-
cial offerings—have matured to the point where they form vital parts of the over-
all Grid software ecosystem. Thus, we are able to describe not only what might be
but what is, and the architectural framework within which future developments

.will occur.

Equally remarkable is the flowering of the Grid community. The Global Grid
Forum now regularly welcomes close to a thousand participants at its triennial
meetings to discuss and define the technical standards required for further evolu-
tion of the Grid. Large international science Grid projects in astronomy, physics,
biology, and other fields are well under way, and hundreds of smaller projects are
developing Grid technologies, deploying Grid infrastructures, and applying Grids to
a wide range of challenging applications. In Asia, Europe, and North America, major
government initiatives are being established to create the Grid infrastructures
required to support twenty-first-century science and engineering. Meanwhile, a
growing number of both large companies and startups (several featured in this
book) are investing large sums in the technology and, increasingly, selling Grid
solutions to companies with challenging information technology requirements.

———  Goals of This Book

Our goal in the second edition of The Grid is to present an up-to-date view of Grids
that reflects this progress and that both reports on real experiences and explains
the technologies available today and emerging from labs, companies, and stan-
dards bodies. Achieving this goal without at least doubling the size of the book
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would have been impossible if it were not for the miracle of the Web, and our
enlightened editor at Morgan Kaufmann. Fortunately, for your backs and wallets,
we have been able to place much of the material from the first edition on the Web,
allowing us to focus the second on what is new.

The development of this new edition has thus been an ambitious undertak-
ing, involving substantial revisions to some chapters and a large number of
entirely new contributions. In fact, there can be few sentences that remain the
same from first edition to second. Nevertheless, the old content remains accessi-
ble on the Web, and we refer to it frequently here, using the notation “Chapter
1:N” to refer to Chapter N in the first edition.

This edition, like the first edition, is intended to serve simultaneously as a mani-
festo, design blueprint, user guide, and research agenda for future Grid systems.

As a manifesto, the book seeks to make the case for Grids, explaining why they
are important and why we should be concerned with making them a reality.

As a design blueprint, the book is intended for software engineers, computing
center managers, technology program managers, chief information officers, and
other professionals who will be tasked with developing and deploying Grids. This
blueprint is intended to describe what Grids will look like, how they will be con-
structed, and how they will operate.

As a user guide, the book is intended for scientists, engineers, and program-
mers who will develop applications for Grids. For these users, we want to explain
what Grid applications will look like, how they will be developed, and what new
ways of thinking and programming they will require.

As a research agenda, the book is intended for students, researchers, and
research managers who want to understand the state of the art in relevant disci-
plines and the areas in which gaps in our knowledge demand further research. We
hope thus to broaden the engagement of researchers in distributed systems, secu-
rity, collaborative work, and other relevant domains whose engagement is vital to
the long-term success of the Grid agenda.

Clearly, we cannot expect to do justice to all four goals in a single book.
However, we do believe that we have succeeded in taking useful steps toward
each goal, and in so doing we hope to advance understanding of the technologies
needed to create the Grids of the future and the implications of these technologies
for future applications of computers.

The construction of Grids draws upon expertise from many diverse branches
of computer science, including distributed systems, networking, computer and
network security, electronic commerce, information systems, databases, operat-
ing systems, high-performance computing, and algorithms. Hence, in preparing
this book we have assembled a distinguished set of authors, each recognized as
an authority in one or more of these fields. We have asked these authors to

Xi
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summarize concrete achievements and the state of the art in their particular tech-
nology area, indicating where further developments will likely take place and the
achievements expected within the next five to ten years. We have also asked them
to identify the primary obstacles to progress—the areas in which focused research
efforts can be expected to make a significant difference. The result, we hope, is a
book that, like the first edition, will be valuable for years to come, both as a sum-
mary of where we are and as a road map for where we need to go to make Grids
a reality.

= Structure and Content of This Book

As summarized in Table 1 we have divided this second edition into seven parts
comprising a total of 30 chapters. We lead off in Part I with three personal state-
ments by influential thinkers on the significance of Grids, from the perspectives of
infrastructure, science, and industry, respectively. This material provides context
for Part II, which comprises a single scene-setting chapter that lays out central Grid
concepts and architectural principles upon which the rest of the material in the
book is based. Part III is concerned with applications. Building on the first edition’s
discussion of compute-intensive, data-intensive, teleinstrumentation, and collabo-
rative applications (Chapters 1:3-6, respectively), this edition’s 12 application
vignettes each present a substantial application success story. Parts IV, V, and VI
expand upon the architectural presentation of Part II by providing detailed discus-
sions of core architecture and services, data and knowledge management, and
higher-level tools, and Part VII addresses production Grid deployment, the com-
puting platforms on which Grids are constructed, peer-to-peer technologies, and
network infrastructure.

As this brief preview indicates, this book covers a tremendous amount of
material, more than we expect most readers to handle in one sitting. Thus, we
have structured chapters so that each can be read in isolation, while also provid-
ing (through careful editing and numerous cross references) the structure that
ensures that the whole is indeed more than the sum of its parts.

e Text Use

The book is designed to be used by the practicing professional or as a text for a
senior undergraduate- or graduate-level course in advanced networking, distrib-
uted computing, or Grids. In a quarter-length course, one lecture can be spent on
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Section Topic Chapter

Perspectives Grids in Context 1
The Scientific Imperative
The Industrial Imperative

Framework Concepts and Architecture 4

Applications Predictive Maintenance: Distributed Aircraft Engine Diagnostics 5

(brief “vignettes”) Distributed Telepresence: The NEESgrid Earthquake Engineering
Collaboratory 6
Scientific Data Federation: The World-Wide Telescope 7
Medical Data Federation: The Biomedical Informatics Research Network 8
Knowledge Integration: In Silico Experiments in Bioinformatics 9

Distributed Data Analysis: Federated Computing for High-Energy Physics 10

Massively Distributed Computing: Virtual Screening on Desktop
Computers 11

Enterprise Resource Management: Applications in Research and Industry 12

Interactivity with Scalability: Infrastructure for Multiplayer Games 13
Service Virtualization: Infrastructure and Applications 14
Group-Oriented Collaboration: The Access Grid Collaboration System 15
Collaborative Science: Astrophysics Requirements and Experiences 16
Architecture The Open Grid Services Architecture 17
Resource and Service Management 18
Building Reliable Clients and Services 19
Instrumentation and Monitoring 20

Security for Virtual Organizations: Federating Trust and 'Policy Domains 21

Data and Data Access, Integration, and Management 22

Knowledge Enhancing Services and Applications with Knowledge and Semantics 23

Tools Application-Level Tools 24
Languages, Compilers, and Runtime Systems 25
Application Tuning and Adaptation 26

Infrastructure Production Deployment: Experiences and Recommendations 27
Computing Elements 28
Peer-to-Peer Technologies 29
Network Infrastructure 30

1 Book Structure
L

TABLE



Preface to the Second Edition

Xiv

each chapter, and a project may be assigned based on one of the Grid program-
ming systems described in the book. In a semester-length course, some topics can
be covered in greater depth. Each chapter includes recommendations for further
reading.

In addition, we maintain a Web site that provides pointers to relevant Web
resources, including online documents and information about projects described
in the book. The URL for this Web site is www.mkp.com/grid2. Questions or com-
ments about this book or the Web site should be directed to the book's general edi-
tors at Gridbook@globus.org.
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