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Preface

Over the past several decades, advances in digital signal processing have permeated many appli-
cations, providing unprecedented growth in capabilities. Complex military systems, for example,
evolved from primarily analog processing during the 1960s and 1970s to primarily digital process-
ing in the last decade. MIT Lincoln Laboratory pioneered some of the early applications of digital
signal processing by developing dedicated processing performed in hardware to implement appli-
cation-specific functions. Through the advent of programmable computing, many of these digital
processing algorithms were implemented in more general-purpose computing while still preserving
compute-intensive functions in dedicated hardware. As a result of the wide range of computing
environments and the growth in the requisite parallel processing, MIT Lincoln Laboratory rec-
ognized the need to assemble the embedded community in a yearly national event. In 2006, this
event, the High Performance Embedded Computing (HPEC) Workshop, marked its tenth anni-
versary of providing a forum for current advances in HPEC. This handbook, an outgrowth of the
many advances made in the last decade, also, in several instances, builds on knowledge originally
discussed and presented by the handbook authors at HPEC Workshops. The editors and contribut-
ing authors believe it is important to bring together in the form of a handbook the lessons learned
from a decade of advances in high performance embedded computing.

This HPEC handbook is best suited to systems engineers and computational scientists working
in the embedded computing field. The emphasis is on a systems perspective, but complemented with
specific implementations starting with analog-to-digital converters, continuing with front-end signal
processing addressing compute-intensive operations, and progressing through back-end processing
requiring intensive parallel and programmable processing. Hardware and software engineers will
also benefit from this handbook since the chapters present their subject areas by starting with fun-
damental principles and exemplifying those via actual developed systems. The editors together with
the contributing authors bring a wealth of practical experience acquired through working in this
field for a span of several decades. Therefore, the approach taken in each of the chapters is to cover
the respective system components found in today’s HPEC systems by addressing design trade-offs,
implementation options, and techniques of the trade and then solidifying the concepts through spe-
cific HPEC system examples. This approach provides a more valuable learning tool since the reader
will learn about the different subject areas by way of factual implementation cases developed in the
course of the editors’ and contributing authors’ work in this exciting field.

Since a complex HPEC system consists of many subsystems and components, this handbook
covers every segment based on a canonical framework. The canonical framework is shown in the
following figure. This framework is used across the handbook as a road map to help the reader navi-
gate logically through the handbook.

The introductory chapters present examples of complex HPEC systems representative of actual
prototype developments. The reader will get an appreciation of the key subsystems and compo-
nents by first covering these chapters. The handbook then addresses each of the system components
shown in the aforementioned figure. After the introductory chapters, the handbook covers computa-
tional characteristics of high performance embedded algorithms and applications to help the reader
understand the key challenges and recommended approaches. The handbook then proceeds with
a thorough description of analog-to-digital converters typically found in today’s HPEC systems.
The discussion continues into front-end implementation approaches followed by back-end parallel
processing techniques. Since the front-end processing is typically very compute-intensive, this part
of the system is best suited for VLSI hardware and/or field programmable gate arrays. Therefore,
these subject areas are addressed in great detail.
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Canonical framework illustrating key subsystems and components of a high performance embedded comput-
ing (HPEC) system.

The handbook continues with several chapters discussing candidate back-end implementation
techniques. The back-end of an HPEC system is often implemented using a parallel set of high
performing programmable chips. Thus, parallel processing technologies are discussed in signifi-
cant depth. Computing devices, interconnection fabrics, software architectures and metrics, plus
middleware and portable software, are covered at a level that practicing engineers and HPEC com-
putational practitioners can learn and adapt to suit their own implementation requirements. More
and more of the systems implemented today require an open system architecture, which depends on
adopted standards targeted at parallel processing. These standards are also covered in significant
detail, illustrating the benefits of this open architecture trend.

The handbook concludes with several chapters presenting application examples ranging from
electro-optics, sonar surveillance, communications systems, to advanced radar systems. This last
section of the handbook also addresses future trends in high performance embedded computing
and presents advances in microprocessor architectures since these processors are at the heart of any
future HPEC system.

The HPEC handbook, by leveraging the contributors’ many years of experience in embedded
computing, provides readers with the requisite background to effectively work in this field. It may
also serve as a reference for an advanced undergraduate course or a specialized graduate course in
high performance embedded computing.

David R. Martinez
Robert A. Bond
M. Michael Vai
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