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ABSTRACT
Roughly a decade ago, power consumption and heat dissipation concerns forced the semicon-
ductor industry to radically change its course, shifting from sequential to parallel computing.
Unfortunately, improving performance of applications has now become much more difficult than
in the good old days of frequency scaling. is is also affecting databases and data processing
applications in general, and has led to the popularity of so-called data appliances—specialized
data processing engines, where software and hardware are sold together in a closed box. Field-
programmable gate arrays (FPGAs) increasingly play an important role in such systems. FPGAs
are attractive because the performance gains of specialized hardware can be significant, while
power consumption is much less than that of commodity processors. On the other hand, FPGAs
are way more flexible than hard-wired circuits (ASICs) and can be integrated into complex sys-
tems inmany different ways, e.g., directly in the network for a high-frequency trading application.
is book gives an introduction to FPGA technology targeted at a database audience. In the first
few chapters, we explain in detail the inner workings of FPGAs. en we discuss techniques and
design patterns that help mapping algorithms to FPGA hardware so that the inherent parallelism
of these devices can be leveraged in an optimal way. Finally, the book will illustrate a number of
concrete examples that exploit different advantages of FPGAs for data processing.

KEYWORDS
FPGA, modern hardware, database, data processing, stream processing, parallel al-
gorithms, pipeline parallelism, programming models
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Preface
System architectures, hardware design, and programmable logic (specifically, field-programmable
gate arrays or FPGAs) are topics generally governed by electrical engineers. “Hardware people”
are in charge of embracing technological advantages (and turning them into improved perfor-
mance), preferably without breaking any of the established hardware/software interfaces, such as
instruction sets or execution models.

Conversely, computer scientists and software engineers are responsible for understanding
users’ problems and satisfying their application and functionality demands. While doing so, they
hardly care how hardware functions underneath—much as their hardware counterparts are largely
unaware of how their systems are being used for concrete problems.

As time progresses, this traditional separation between hard- and software leaves more
and more potential of modern technology unused. But giving up the separation and building
hardware/software co-designed systems requires that both parties involved understand each other’s
terminology, problems/limitations, requirements, and expectations.

With this book we want to help work toward this idea of co-designed architectures.
Most importantly, we want to give the software side of the story—the database community in
particular—a basic understanding of the involved hardware technology. We want to explain what
FPGAs are, how they can be programmed and used, and which role they could play in a database
context.

is book is intended for students and researchers in the database field, including those
that have not had much contact with hardware technology in the past, but would love to get
introduced to the field. At ETH Zürich/TU Dortmund, we have been teaching for several years
a course titled “Data Processing on Modern Hardware.” e material in this book is one part of
that Master-level course (which further discusses also “modern hardware” other than FPGAs).

We start the book by highlighting the urgent need from the database perspective to invest
more effort into hardware/software co-design issues (Chapter 1). Chapters 2 and 3 then introduce
the world of electronic circuit design, starting with a high-level view, then looking at FPGAs
specifically. Chapter 3 also explains how FPGAs work internally and why they are particularly
attractive at the present time.

In the remaining chapters, we then show how the potential of FPGAs can be turned into
actual systems. First, we give general guidelines how algorithms and systems can be designed
to leverage the potential of FPGAs (Chapter 4). Chapter 5 illustrates a number of examples
that successfully used FPGAs to improve database performance. But FPGAs may also be used to
enable new database functionality, which we discuss in Chapter 7 by example of a database crypto



xiv PREFACE

co-processor. We conclude in Chapter 8 with a wary look into the future of FPGAs in a database
context.

A short appendix points to different flavors of FPGA system integration, realized through
different plug-ins for commodity systems.

Jens Teubner and Louis Woods
June 2013
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