
Chapter 1

Introduction

As demands emerge for ever greater computer processing speeds and capacities,
traditional serial processors have begun to encounter physical laws that inhibit
further speed increases. One impediment is the speed of light. Signals cannot
propagate faster than about a foot in a nanosecond. Hence, computer components
commanded by another component ten feet away cannot respond in less than 10
ns. To defeat this limit, designers try to make computers smaller. This effort en-
counters limits on the allowed smallness of chip feature sizes and the need to dis-
sipate heat.

The most promising strategy to date for overcoming these limits is the aban-
donment of serial processing in favor of parallel processing. Parallel processing is
the use of multiple processors simultaneously working on one problem. The hope
is that if a single processor can generate X floating point operations per second
(FLOPS), then ten of these may be able to produce 10X FLOPS, and, in the case of
massively parallel processing, a thousand processors may produce 1000X FLOPS.

Problems of obvious interest for parallel processing because of their compu-
tational intensity include the following.

• Matrix inversion

• Artificial vision

• Data base searches

• Finite element analysis

• Computational fluid dynamics

• Simulation

• Optical ray trace

• Signal processing

• Optimization
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However, the range of applications for parallel processing has proven to be
much broader than expected. This volume examines various types of parallel pro-
cessing and describes by example the wide variety of application areas that have
shown themselves to be well-suited to parallel processing.

Parallel processing, or concurrent computing as it is sometimes termed, is
not conceptually new. For as long as there have been jobs that can be broken into
multiple tasks that in turn can be handed out to individual workers for simultane-
ous performance, team projects have been an effective way to achieve schedule
speedup. In the realm of computation, one recalls the depression era U.S. govern-
ment's Works Progress Administration (WPA) projects of the 1930s to generate
trigonometric and logarithmic tables that employed hundreds of mathematicians,
each calculating a small portion of the total work. Lenses were designed the same
way, with each optical engineer tracking one ray through a candidate design.

The recent excitement for parallel computer architectures results from the
rising demand for supercomputer performance and the simultaneous maturing of
constituent computer technologies that make parallel processing supercomputers
a viable possibility.

The term supercomputer enjoys an evolving definition. It has been facetiously
defined as those computers that exhibit throughput rates 50% greater than the
highest rate currently available. The advent of the term occurred in the 1975 time
frame, when it was variously applied to the CDC-7600, the Illiac IV, and other
high-performance machines of the day. The usage became firmly established on
the arrival of the Cray-1. Today, with the need for high performance computing
greater than ever, the supercomputer identifier is commonplace. For the purpose
of this book the term supercomputer means that class of computers that share the
features of high speed and large capacity compared with the average of what is
available at any given time. Both elements are important: High speed on small
problems is insufficient. With this definition supercomputers over time cease
being supercomputers and retire to the category "former supercomputers."

Today there are hundreds of supercomputers in the world because there are
many applications that offer a very high payoff despite the large costs of super-
computing methods. For example, consider the case described by W. Ballhaus of
the NASA Ames Research Center (Mountainview, CA): Supercomputers were
used to design the A-310 Airbus Airliner. It is estimated that the use of the super-
computer resulted in a fuel efficiency improvement of 20%. For jet fuel priced at
$1.30/gal, over a 15-year life expectancy with 400 flights per year per plane, the
fleet life fuel savings resulting from the improved efficiency is $10 billion.

Parallel processing supercomputers have not always been technically feasi-
ble. They require interprocessor communication to perform sufficiently well that
multiple processors can execute an application more quickly than a single proces-
sor acting alone can execute that application. Even today we see cases where 32
processors are slower than 16 processors working the same problem, not because
the problem is insufficiently parallel, but because the interprocessor communica-


