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1.1 INSPIRATION

Following Alessandro Volta's invention of the electric battery in 1800, Thomas
Edison and Nikola Tesla paved the way for electricity's widespread use by inventing
the electric bulb and alternating current (AC), respectively. Figure 1.1 shows \olta
demonstrating the battery for Napoleon | in 1801 at the French National Institute,
Paris. Regardless of whether \Volta envisioned it, his invention evolved into a
worldwide electrical power Grid that provides dependable, consistent, and pervasive
access to utility power and has become an integral part of modern society [1].
Inspired by the electrical power Grid's pervasiveness, ease of use, and reliability,
computer scientists in the mid-1990s began exploring the design and development of
an analogous infrastructure, called t@mmputational power Grid4], for wide-area
parallel and distributed computing [6]. The motivation for computational Grids was
initially driven by large-scale, resource (computational and data)-intensive scienti®c
applications that require more resources than a single computer [PC, workstation
(WS), supercomputer, or cluster] could provide in a single administrative domain.
A Grid enables the sharing, selection, and aggregation of a wide variety of geo-
graphically distributed resources, including supercomputers, storage systems, data
sources, and specialized devices owned by different organizations for solving large-
scale resource-intensive problems in science, engineering, and commerce. Because of
its potential to make impact on the twenty-®rst century as much as the electric power
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Figure 1.1 Volta demonstrates the battery for Napoleon | at the French National Institute,

Paris, in 1801. The painting (by N. Cianfanelli, 1841) is from the Zoological Section of
aLa Specula® at the National History Museum, Florence University, Italy.

Grid did on twentieth century, Grid computing has been hailed as the next revolution
after the Internet and the Web.

These developments foreshadow the realization of the vision of Leonard Klein-
rock, one of the chief scientists of the original Advanced Research Projects Agency
Network (ARPANET) project that seeded the Internet, who said in 1969 [3]: 2As of
now, computer networks are still in their infancy, but as they grow up and become
sophisticated, we will probably see the spreadafmputer utilities, which, like
present electric and telephone utilities, will service individual homes and of®ces
across the country.®

Utility computingis envisioned to be the next generation of information technol-
ogy (IT) evolution that depicts how computing needs of users can be ful®lled in the
future IT industry [13]. Its analogy is derived from the real world, where service
providers maintain and supply utility services, such as electrical power, gas, and water
to consumers. Consumers in turn pay service providers according to their usage.
Therefore, the underlying design of utility computing is based on a service provision-
ing model, where users (consumers) pay providers for using computing power only
when they need to.

1.2 GRID COMPUTING

Grid computing follows the service-oriented architecture and provides the hardware
and software services and infrastructure for secure and uniform access to heterogeneous
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resources and enables the formation and management of virtual organizations (VOS).
Italso supports application and services composition, work ow expression, scheduling,
and execution management and service-level agreement (SLA)-based allocation of
resources.

As there are a large number of projects around the world working on developing
Grids for different purposes at different scales, several de®nitions of Grid abound. The
Globus project (Argonne National Laboratory, USA) de®nes Grid as 2an infrastruc-
ture that enables the integrated, collaborative use of high-end computers, networks,
databases, and scienti®c instruments owned and managed by multiple organizations.®
Another utility notion-based Grid de®nition put forward by the Gridbus project
(University of Melbourne, Australia) is 2Grid is a type of parallel and distributed
system that enables the sharing, selection, and aggregation of geographically
distributed “autonomous' resources dynamically at runtime depending on their
availability, capability, performance, cost, and users' Quality of Service (QoS)
requirements.°®

The development of the Grid infrastructure, both hardware and software, has
become the focus of a large community of researchers and developers in both
academia and industry. The major problems being addressed by Grid developments
are the social problems involved in collaborative research:

. Improving distributed management while retaining full control over locally
managed resources

- Improving the availability of data and identifying problems and solutions to data
access patterns

. Providing researchers with a uniform user-friendly environment that enables
accesstoawiderrange of physically distributed facilities improving productivity

A high-level view of activities involved within a seamless and scalable Grid
environment is shown in Figure 1.2. Grid resources are registered within one or more

Figure 1.2 A worldwide Grid computing environment.





































































