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Preface

Parallel programming (PP) used to be an area once confined to a few niches,
such as scientific and high-performance computing applications. However, with
the proliferation of multicore processors, and the emergence of new, inherently
parallel and distributed deployment platforms, such as those provided by cloud
computing, parallel programming has definitely become a mainstream concern.

Unfortunately, writing scalable parallel programs using traditional lock-based
synchronization primitives is well known to be a hard, time-consuming, and
error-prone task, mastered by a minority of programmers only. Thus, to bring
parallel programming into the mainstream of software development, we are in
urgent need of better programming models.

Building on the abstraction of atomic transactions, and freeing program-
mers from the complexity of conventional synchronization schemes, transactional
memories (TMs) promise to respond exactly to this need, simplifying the devel-
opment and verification of concurrent programs, enhancing code reliability, and
boosting productivity.

Over the last decade, TM has been subject to intense research in computer
science and engineering, with hundreds of papers published in prestigious in-
ternational conferences and journals addressing a wide range of complementary
aspects including hardware and operating systems (OSs) support, language in-
tegration, as well as algorithms and theoretical foundations. Moreover, even if
TMs were first introduced in the context of shared-memory multiprocessors,
the abstraction of distributed transactional memory (DTM) has been garnering
growing interest of late in the area of cloud computing, due to two main rea-
sons. On the one hand, the increasing reliance of cloud computing platforms on
in-memory data management techniques, fostered by the need for maximizing
efficiency and supporting real-time data processing of ever-growing volumes of
data. On the other hand, the inherent complexity of building large-scale applica-
tions on top of the weakly consistent models embraced by the first generation of
large-scale NoSQL data stores, which has motivated intensive research on mech-
anisms aimed to enforce strong consistency semantics in large-scale distributed
platforms.

The growing interest in TMs has not only been confined to academic en-
vironments. On the industrial side, some of the major players of the software
and hardware markets have been up-front in the research and development of
prototypal products providing support for TMs. The maturing of research in
the field of TM has recently led to hardware TM implementations on several
mainstream commercial microprocessors and to the integration of TM support
for the world’s leading open source compiler.

In such a vast inter-disciplinary domain, the Euro-TMCOST Action (IC1001)
has served as a catalyzer and a bridge for the various research communities look-
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ing at disparate, yet subtly interconnected, aspects of TM. Starting in February
2011 and ending in February 2015, Euro-TM established a Pan-European re-
search network that brought together more than 250 researchers from 17 Euro-
pean countries. Over the last 4 years Euro-TM helped shape the research agenda
in the TM area and ensured timely dissemination of research results via thematic
workshops; fostered joint publications and research projects; showcased relevant
research results in the area in industrial conferences; and educated early-stage
researchers via doctoral schools hosting renowned specialists both from industry
and academy.

This book emerged from the idea to have Euro-TM experts compile recent
results in the TM area in a single and consistent volume. Contributions have
been carefully selected and revised to provide a broad coverage of several fun-
damental issues associated with the design and implementation of TM systems,
including their theoretical underpinnings and algorithmic foundations, program-
ming language integration and verification tools, hardware supports, distributed
TMs, self-tuning mechanisms, as well as lessons learnt from building complex
TM-based applications.

Organization. The book is organized in four sections. The four chapters encom-
passed by Section 1 address theoretical foundations of TM systems, focusing not
only on the definition of safety (Chaps. 1 and 3) and liveness (Chap. 2) guaran-
tees in TM, but also on the problem of designing disjoint-access (i.e., inherently
scalable) TM implementations (Chap. 4).

Section 2 covers algorithmic aspects associated with the design of TM sys-
tems. First, it illustrates the main algorithmic alternatives in the design space
of software (Chap. 5) and hardware (Chap. 6) implementations of TM. Next,
it addresses the design and implementation of multi-version TM (Chaps. 7 and
8). Finally, it surveys existing techniques in the literature on TM support for
parallel nesting (Chap. 9).

Section 3 deals with the issue of mitigating or even avoiding contention in
TM systems, by leveraging on various policies for contention management and
transaction scheduling (Chap. 10), as well as techniques that attempt to leverage
on semantic knowledge on the code to be executed transactionally (Chap. 11).

Section 4 investigates aspects related to TM and reliability from a twofold
perspective: how to leverage on the TM abstraction to simplify exception han-
dling in programming languages (Chap. 12) and mask exceptions at the hard-
ware level (Chap. 13); how to ensure the correctness of TM-based applications
by means of automatic verification tools (Chap. 14).

Section 5 addresses the design of DTM platforms. Chapter 15 first provides
background on algorithms for replication of transactional systems, by focusing on
fully replicated systems (in which each node maintains a full copy of the system
state). Chapter 16 considers partially replicated TM systems, analyzing trade-
offs between the data-flow and control-flow paradigms. The section is concluded
by a survey of existing protocols for DTM systems that adopt the data-flow
paradigm.
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Finally, Section 6 covers the development of TM-based applications, and on
their self-tuning. In more detail, Chap. 17 reports the lessons learnt while de-
veloping complex TM-based applications. Chapters 18 and 19 focus instead on
self-tuning techniques for TM systems. The former addresses the issue of dy-
namically adapting the degree of parallelism in shared-memory TM systems.
The latter discusses the key challenges associated with the design of self-tuning
mechanisms in DTM platforms, surveying existing work in this area.

In summary, the present book provides a unique collection of tutorials, which
will allow graduate students in computer science to get familiar with state-of-
the-art research in TM and its applications, typically along their road to doctoral
studies.

It is noteworthy that this book has only been made possible thanks to the
dedication and expertise of our contributing authors, many of whom are from
the COST Action Euro-TM. Their effort resulted in a book that is an invaluable
tool for researchers active in this emerging domain.

October 2014 Rachid Guerraoui
Paolo Romano

This book may be cited as
COST Action IC1001 (Euro-TM) - “Transactional Memory: Foundations, Algo-
rithms, Tools, and Applications”, Editors Rachid Guerraoui and Paolo Romano,
ISBN 978-3-319-14719-2, 2015
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