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Preface

The availability of many-core computing platforms enables a wide variety
of technical solutions for systems across the embedded, high-performance
and cloud computing domains. However, large scale many-core systems are
notoriously hard to optimise. Choices regarding resource allocation alone can
account for wide variability in timeliness and energy dissipation (up to several
orders of magnitude). This book covers dynamic resource allocation heuristics
for many-core systems, aiming to provide appropriate guarantees on perfor-
mance and energy efficiency. It addresses different types of systems, aiming to
harmonise the approaches to dynamic allocation across the complete spectrum
between systems with little flexibility and strict performance guarantees all
the way to highly flexible systems with soft performance guarantees.

Resource allocation is one of the most complex problems in large multi-
processor and distributed systems, and in general it is considered NP-hard. The
theoretical evidence shows that the number of possible allocations of applica-
tion tasks grows exponentially with the increase of the number of processing
cores. The empirical evidence points in the same direction, with case studies
showing that for a realistic multiprocessor embedded system (40–60 applica-
tion components, 15–30 processing cores) a well-tuned search algorithm had
to statically evaluate hundreds of thousands of distinct allocations before it
finds one that meets the systems performance requirements.

In this book, we argue that the only way to cope with such complexity
is to design systems that are capable to explore the allocation space during
runtime. This is commonly done in cloud and high-performance computing,
mainly because the workload of such systems cannot be accurately predicted
in advance and static allocations are thus impossible. In embedded systems,
the workload is more predictable in terms of its worst-case behaviour, but
static allocations that take such characterisation into account tend to produce
underutilised platforms. We therefore set the scene for dynamic resource
allocation mechanisms by identifying and evaluating allocation heuristics that
can be used to provide different levels of performance guarantees, and that
cope with different levels of dynamism on the application workload.

xi



xii Preface

The book starts with a description of the common practices and challenges
in dynamic resource allocation, highlighting the peculiarities of each domain:
embedded, HPC and cloud computing. Then, each of the challenges is
addressed in detail within the following chapters, which are largely self-
contained and therefore can be read in any order. To facilitate understanding,
all of them follow the same structure: a specific challenge is motivated and
the respective problem is precisely formulated; a detailed description of a
solution to the problem is then given, followed by experimental work showing
quantitative evidence of the strengths and weaknesses of that solution; related
work is reviewed; and a summary of the chapter is given at the end.

The technical work that resulted in this book was done within the frame of
the DreamCloud project, and the project website1 makes available a number
of reference implementations of the models and heuristics described here.
Updates to this book will also be made available on that website.

Leandro Soares Indrusiak,
Piotr Dziurzanski,

and Amit Kumar Singh,

York, summer of 2016.

1http://www.dreamcloud-project.org
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