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Preface

This book is the result of the seminar “A 30-Year Perspective on Replication,” which
took place at Monte Verità, Ascona, Switzerland, in November 2007. As suggested
by the title, the goal of the seminar was not to speculate about the future of repli-
cation, but rather to understand the present, by analyzing past successes and past
failures, and to make an assessment of about 30 years of research on replication.
Replication is a topic addressed by several communities: the distributed computing
community, the distributed system community, and the database community. Each
of these communities has looked at replication from different points of view and
with different goals, e.g., performance vs. fault tolerance. Recently, these different
goals have started to converge, and there has been work showing that efficiency and
strong consistency can sometimes be reconciled.

During the seminar the observation was made that we had reached a point of
understanding of the different issues of replication, and this knowledge should be
materialized in a book covering the different aspects of replication. This book results
from this observation. Its goal is to present a comprehensive view of the achieve-
ments of 30 years of research on replication. The book was written by most of
the people who have contributed to developing the state-of-the-art replication tech-
niques. It brings a comprehensive view of existing solutions, from a theoretical as
well as from a practical point of view. It covers replication of processes/objects and
of databases; replication for fault tolerance and replication for performance; benign
faults and malicious (Byzantine) faults. By covering these different issues in an in-
tegrated way, we believe the book fills a gap, and as such it should find a place in
the graduate teaching of distributed computing, distributed systems, and databases.

The book is organized in thirteen chapters. Chapter 1 introduces consistency
models for replicated data, both in the context of process/object and database repli-
cation. Chapter 2 discusses replication techniques commonly used in process repli-
cation, focusing on primary back-up and related techniques; it considers both the
fail-stop and the crash failure models. Chapter 3 considers modular approaches to
process replication; it starts with state-machine replication based on atomic broad-
cast and shows how this can be built on top of consensus. Although the litera-
ture on consensus is vast, there are many misunderstandings, often involving dif-
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ferent communities. Chapter 4 discusses these misunderstandings. Chapter 5 cov-
ers replication for performance; it contains different strategies and examples, and
discusses trade-offs. Chapters 6 and 7 provide a historical account of the Virtual
Synchrony Replication Model and Viewstamped Replication, two early replication
systems and how they have evolved over the years. Chapters 8 and 9 are dedicated
to state-machine replication with Byzantine faults; the first considers distributed
trust systems, and the second introduces protocols for state-machine replication.
Chapter 10 surveys Byzantine quorum systems, suitable for use when parts of the
system cannot be trusted. Chapters 11 through 13 consider database replication.
Chapter 11 bridges the gap between process/object replication and database repli-
cation, while Chap. 12 surveys database replication techniques; it discusses differ-
ent replication approaches, consistency criteria for replicated databases and existing
systems. Chapter 13 illustrates database replication with a case study: the details of
an architecture for practical database replication.

Each one of the chapters in the book is self-contained, and can be read individu-
ally. Readers interested in certain specific aspects of replication, however, may pre-
fer to focus on some of the chapters. Chapters 1 and 11 through 13 provide a detailed
description of replication in the context of databases. Theoretical aspects of replica-
tion under benign failures are discussed in Chapters 1, 3 and 4. Chapters 5, 12 and
13 cover many issues involving practical replication issues. Chapters 8 through 10
address replication under malign failures (i.e., Byzantine failures). Readers mostly
interested in historical aspects of replication should read Chaps. 6 and 7.

The Monte Verità seminar organizers are thankful to all the participants for ac-
cepting to take part in this unique seminar, and to all authors for taking their time to
produce this book. We would also like to thank a number of institutions for the fi-
nancial support to the seminar: the Monte Verità Foundation, the Hasler Foundation,
Microsoft, Eidgenössische Technische Hochschule Zürich (ETHZ), École Polytech-
nique Fédérale de Lausanne (EPFL), Università della Svizzera italiana (USI), and
the École polytechnique in Palaiseau.

October 2009 Bernadette Charron-Bost
Fernando Pedone

André Schiper
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Alfrânio Correia Jr., José Pereira, Luı́s Rodrigues, Nuno Carvalho, and
Rui Oliveira
13.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
13.2 An Architecture for Practical Database Replication . . . . . . . . . . . . . . . . 254
13.3 Reflector: Replication-Friendly Database Support . . . . . . . . . . . . . . . . . 257

13.3.1 Reflection for Replication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
13.3.2 Processing Stages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258
13.3.3 Processing Contexts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
13.3.4 Base-Level and Meta-level Calls . . . . . . . . . . . . . . . . . . . . . . . . . 260
13.3.5 Exception Handling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
13.3.6 Existing Reflector Bindings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261

13.4 GCS: Communication and Coordination Support . . . . . . . . . . . . . . . . . 263
13.4.1 Architectural and Algorithmic Issues . . . . . . . . . . . . . . . . . . . . . 264
13.4.2 Existing GCS Bindings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 266

13.5 Replicator: Pluggable Replication Protocols . . . . . . . . . . . . . . . . . . . . . . 267



Contents XV

13.6 Consistent Database Replication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 268
13.6.1 Replication with Conservative Execution . . . . . . . . . . . . . . . . . . 270
13.6.2 Replication with Optimistic Execution . . . . . . . . . . . . . . . . . . . . 272
13.6.3 Active Replication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
13.6.4 Hybrid Replication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276
13.6.5 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 277

13.7 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 282
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287


	Title Page
	Preface
	List of Authors
	Contents


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice




