
Preface

The growing popularity of the Internet along with the availability of powerful computers, standardised software, and high-
speed networks as low-cost commodity components is helping to change the way we undertake computing,
communication, and business. High Performance Computing (HPC) systems developed using standard off-the-shelf
hardware and software components have been employed in several application areas including science, engineering, and
commerce. The benefits of these HPC technologies are now starting to reach mass markets due to their usage in Internet
and Web-based applications such as digital libraries, virtual laboratories, video on demand, e-commerce, web services,
collaborative systems, and so on.

Applications in the Information Age are data driven in nature and demand highly reliable computing systems that are
capable of delivering balanced computing, storage, I/O, and network communication performance. We have seen a
dramatic increase in microprocessor performance in the last few years and computer system performance is doubling every
18-24 months {Moore's Law). This is likely to continue for several years. Unfortunately, the rate of improvements in
storage access speed has not kept pace with processor performance. Although disk storage densities have increased by
60-80% per year, overall improvement in disk access times, which rely upon advances in mechanical systems, has been
less than 10% per year.

Amdahl's law implies that the speedup obtained from computers is limited by the slowest system component. As a result,
disk system performance is becoming a dominant factor and bottleneck in overall system behavior. It is necessary to
improve I/O performance so that it balances with processor performance. Hence, storage capacity and access speed have
become critical issues to be considered in the design of computer systems.

To tackle both the capacity and performance problems, disk arrays and parallel I/O issues are being widely investigated.
The basic objective of integrating multiple disks together is to create highly reliable, mass storage systems. To improve I/O
performance, storage units in disk arrays are accessed in parallel. Although, using I/O devices in parallel increases the
capacity and performance of storage systems, it does not reduce the probability of disk failure. Hence, integrated
mechanisms for improving storage reliability, capacity, and performance have been proposed.

The innovative il Redundant Arrays of Inexpensive Disks (RAID)" idea, proposed in 1988 by David Patterson, Garth
Gibson, and Randy Katz from the University of California, Berkeley, has heralded a new era in large-scale storage systems.
The RAID systems use distribution algorithms and different fault tolerant mechanisms to provide improved capacity,
availability and performance. The RAID concept has helped in overcoming bottlenecks due to the disparity in processor,
memory, storage, and I/O performance. In just a few years, RAID technology has evolved from concept to reality.

There are several techniques proposed and used in the design and development of high performance storage systems.
These include parallel I/O, caching, prefetching, smart and serverless file systems, adaptive techniques driven by storage
access patterns, and rich I/O interfaces. Caching and prefetching mechanisms greatly enhance the performance of storage
subsystems due to improved cache hit-ratio and reduced disk I/O access time. File systems have been modified to take
advantage of the possibility of using several devices in parallel. Furthermore, these mechanisms have been enhanced for
taking advantage of resources located in different nodes in a cluster or storage network. A number of high performance
storage subsystems such as Storage Area Networks (SAN) and Network-Attached Storage (NAS) provide efficient I/O
interfaces with rich semantics. These topics are dealt in greater depth throughout the book.

Organization
The increasing demand for high performance, large-scale storage systems and the lack of a readily accessible single source
of information on this area has motivated the creation of this book. The literature in this area is usually scattered among
many journals, conferences, and workshops devoted to different areas, including operating systems, parallel and distributed
systems, algorithms, multimedia, and databases. The first objective of this book is to provide state-of-the-art information
on high-performance mass storage systems. The second objective is to identify the emerging technologies and future trends
in high performance storage systems and parallel I/O areas, including new parallel I/O programming paradigms, standards
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