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Foreword
An invasion of armies can be resisted, but not an idea whose time has come.

—Victor Hugo, 1852

Grid computing is an idea whose time has come.
It has come not as a dramatic flash of brilliance or as a mind-bending leap,

but as part of a progression in computing that appears so natural, so obvious,
that in retrospect the innovation in all of it can almost go overlooked.

Innovation in IT has been driven by largely the same goals for the last 50
years—the drive for increased automation, greater efficiency, and the
flexibility for systems to accommodate change. Along with other important
companies, Oracle has helped drive innovation through past generations of
computing and continues to lead as businesses transition to grid computing.

Before diving into the heart of this book to learn the workings of grid
computing and the practice of it with Oracle software, let us revisit briefly
the innovations that shaped historical generations of computing. For it is out
of this context that grid computing emerges as the fifth major era in IT, and it
is from within this reality that companies must evolve.

The mainframe generation of computing, led by IBM in the 1960s,
automated core operations of the world’s most important businesses and set a
high bar for the performance, scalability, and reliability expected for enterprise
information technology. The innovations in throughput, parallelism, and high
availability of the mainframe remain an inspiration today.

One major limitation of mainframe computing was the extremely high cost
of big iron. For example, a typical mainframe from the popular IBM 7090/94
series cost $3,134,500, or about $18 million in today’s dollars. Building
applications for the mainframe was also highly specialized and took far too
long. This led to an “applications backlog”—unrealized innovations in
business automation functionality that needed a new foundation in order
to be unleashed.

A new wave of innovations from the late 1970s and into the 1980s
defined the minicomputer generation. Dramatically lower-cost hardware,
driven by smaller and more powerful CPU and memory chips and new
computer architectures, along with simpler, interactive operating systems,
introduced a new type of platform for deploying business applications.

xvii
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At the same time, software innovations such as the C programming
language, the Unix operating system, and the relational database management
system began to emerge. In 1970, IBM’s Ted Codd published the landmark
paper, “A Relational Model of Data for Large Shared Data Banks.” Oracle’s
Larry Ellison and his early partners seized the opportunity to offer a commercial
RDBMS. The relational database, along with so-called “fourth generation” (4GL)
tools, facilitated rapid application development, and enabled, for the first time,
end users to query databases and generate reports without application
programming at all.

The lower cost of computers and the more flexible and usable tools
for application creation also empowered departments to solve their own
automation problems, thus creating the dawn of departmental computing.
Together, these innovations helped address the pent-up demand for new
applications, and expanded access to computing and automation, which
spawned further innovation in business applications.

The next era of business computing, the client-server generation, was
enabled by the advent of the PC in the early 1980s. As Moore’s Law continued
to reflect the pace of innovation in processor and memory chips through the
1980’s, PCs became accessible to consumers and indispensable to professionals
in all business domains. Rich graphical user interfaces became the norm for
business applications, and individuals were empowered with tremendous,
easy-to-use computing power at their fingertips.

As networking standards, particularly TCP/IP, emerged, it became
possible to connect the PCs to server machines, creating the client-server
model of application architecture. This architecture differed from previous
approaches by separating the data management function, which ran on
shared servers, from the business logic and user interface processing, which
ran on the PC. Connecting PCs via networks to server machines running
relational databases provided for rich user interaction with the application,
while ensuring the integrity of the shared data.

While PCs delivered powerful new tools to users, the proliferation of PCs
within enterprises led to new problems. Networking limitations made it
difficult to achieve adequate performance and scalability. Maintaining all
those desktop and laptop computers, installing and upgrading systems and
application software, and tracking and protecting thousands of new corporate
assets introduced significant variable costs to computing that dwarfed the
relatively cheap computers themselves. The cost of labor in managing PCs,
servers, and software became recognized as a separate variable in the costs
of computing and one that could quickly overwhelm other expenses.
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The Internet computing model delivers on some of the unfulfilled hopes
and high costs of the client-server era. In this approach, the end user interacts
with a web browser, which is responsible only for formatting the display.
In contrast to client-server, no business logic runs on the desktop. Dedicated
servers, easily managed in the data center, take over the job of processing user
interactions and running the application logic. The multitier, network-centric
architectures of the Internet computing era reduce the costs of management,
while enabling greater adaptability than do client-server architectures.

One barrier that slowed adoption of Internet computing was the need to
rewrite applications, many of which had only recently undergone the move
to client-server computing. While the Internet and the Web were all the rage
for savvy consumers in the mid-1990s, it was not obvious at the time that
enterprise applications would also benefit from the new model. Oracle was
one of the first software companies to whole-heartedly embrace the Internet
age, promoting the notion of thin clients, developing Internet-centric
application development tools, and rewriting all its enterprise applications
for the Web.

This history of innovation and the migration through four major eras of
computing brings us to where we are today, in the midst of a rapid evolution to
grid computing. The innovation behind grid computing, including virtualization
of every layer of the computing stack, automated provisioning and workload
balancing, and centralized management over distributed and diverse grid
components, is no less remarkable than the innovation that drove change in
past computing generations. With grid computing, however, unlike the other
eras, applications do not require rewriting to take advantage of the benefits of
grid computing. For the first time in computing history, existing applications
from a past generation can continue unchanged into the new generation,
automatically reaping many of the rewards.

And the rewards are considerable. In the Internet computing era, a
company’s assets, including storage and servers, and intellectual assets such
as code, were dedicated to a task. These dedicated silos reduced the ability to
reuse and redeploy resources and increased the costs of management. With
grid computing, in contrast, all types of resources—e.g., storage, processing,
development, management, information—can be more fully utilized. All
types of resources—e.g., servers, application logic, data elements—have the
flexibility to be combined in new ways to solve new problems as needs
change. Furthermore, it is possible to achieve mainframe-level performance
and reliability by configuring a number of relatively inexpensive and small
commodity servers to form a grid. Or, to borrow Oracle’s description of the
grid, it “runs faster, costs less, and never breaks.”
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The new concepts of grid computing have migrated quickly from
academia to industry, and businesses are moving rapidly to deploy grids.
Whereas nearly a decade elapsed between Ted Codd’s seminal paper on
relational databases (1970) and Oracle’s launch of the first commercial
relational database (1979), it was only five years after Ian Foster’s first grid
blueprint book that Oracle 10g—the first database and application server
platform for the grid—was introduced. Less than a year later the industry
came together to form the Enterprise Grid Alliance. By 2008, the
technologies will be widely deployed.

In the following pages, you will develop a rich conceptual understanding
of grid computing, uncover how these grid technologies really work, and
learn how to transition to grid computing in your own operations.

Approximately 50 years after the dawn of the mainframe computing era, grid
computing now delivers equivalent qualities of service, better experiences for
users and developers, and the flexibility to adapt to future changes, and does it
at a dramatically lower cost.

Surely, this is an idea whose time has come.

The best thing about the Grid is that it is unstoppable.
—The Economist, June 21, 2001
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Introduction

T
his book introduces the reader to the concept of enterprise grid
computing. This book is written to be a high-level blueprint for
evolution towards enterprise grid computing covering the entire
IT stack. We have endeavored to make the book easy to read
and as self-contained as possible. However, due to the breadth

of topics covered and the technology choices available to the end user, we
are unable to provide a nuts-and-bolts guide for implementing each solution.
We do include a plethora of references and sources for further information,
which together with this book, should provide readers with the ammunition
they need to tackle the transition to Grid. While this book primarily focuses
on Oracle environments, the general concepts and best practices discussed
herein apply equally well to all IT environments.

The primary audience for this book would be CIOs and Information
Technology (IT) professionals who wish to get a comprehensive overview of
this emerging concept, while at the same time, understand its practical benefits
and current limitations. CEOs and other executives focused on the enterprise’s
bottom line may be interested in the high-level overview of enterprise grid
computing provided in Chapter 1 and the tactical and strategic implications
and the ROI model discussed in Chapter 12. This book may also be used as
a textbook on enterprise grid computing.

The structure of the chapters is as follows:

■ Chapter 1 provides an introduction to the subject of enterprise grid
computing and its benefits to enterprise IT. We also delve into the
problems facing enterprises today and how they are solved by
enterprise grid computing.

■ Chapter 2 provides a brief history of grid computing in general and
how it has evolved into enterprise grid computing. We provide an
overview of related terminology, industry trends, and standards
organizations involved in this effort.

■ Chapter 3 introduces the concept of a grid-enabled data center and
presents a reference implementation based on the Enterprise Grid
Alliance (EGA) Reference model. Here we set the stage for the
remaining chapters.

xxiii
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Chapters 4 through 11 each deal with a specific area of the IT stack. In
each chapter, we describe what grid computing involves, present technology
choices and processes for evolution towards a grid, as well as give an overview
of standards activities in that area.

■ Chapter 4 deals with Enterprise Storage infrastructure and emerging
technologies in Storage Arrays, Storage Networking, Storage
Virtualization and Provisioning, and Storage Management space that
make it possible to implement a cost-effective storage grid today.

■ Chapter 5 delves into the next layer of the IT stack, namely Enterprise
Server infrastructure. We discuss technologies such as low-cost modular
servers, clustering, virtualization, and server provisioning and resource
management, which make a server grid a reality today.

■ Chapter 6 takes the reader up into the enterprise applications domain.
We show the relationship between Service-Oriented Architectures
(SOA) and Grid and how the two can work together to create a very
flexible and agile application and business process infrastructure.

■ Chapter 7 takes on the still nascent topic of Information Grid, which
aims to bring together all enterprise information scattered around
various disparate information sources into a common umbrella.

■ Chapter 8 talks about software provisioning processes and how they
are improved with an enterprise grid.

■ Chapter 9 discusses the topic of grid management and how it differs
from today’s IT management. We discuss how enterprises can evolve
from today’s IT management of managing complexity to grid
management of managing pools of resources.

■ Chapter 10 treats enterprise security from a grid perspective, highlighting
the benefits and challenges brought about by a grid environment.

■ Chapter 11 discusses the important topic of business continuity and
how a grid-enabled data center is in fact better prepared for an
eventuality that shares multiple redundant components to serve high
availability and disaster recovery needs of groups of applications.

■ Chapter 12 outlines some tactical and strategic steps enterprises
can take to migrate to the grid in an incremental manner, while
addressing the pressing needs of an enterprise. We provide examples
of pilot projects that enterprises can undertake. We also present a
financial ROI model for the grid.
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