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About the book: The Internet is a distributed system, but so are wireless
communication, cloud or parallel computing, multi-core systems, mobile networks. Also
an ant colony, a brain, or even the human society can be modeled as distributed
systems. In this book we will be highlighting common themes and techniques. In
particular, we study some of the fundamental issues underlying the design of distributed
systems, for example, communication, coordination, fault-tolerance, locality,
parallelism, symmetry breaking, synchronization, and uncertainty.About the author:
Roger Wattenhofer is a professor at ETH Zurich. Before joining ETH Zurich, he was at
Brown University and Microsoft Research. His research interests include fault-tolerant
distributed systems, efficient network algorithms, and cryptocurrencies such as Bitcoin.
He has published more than 300 scientific articles. In 2017, he published the book
Blockchain Science.
This book is devoted to the most difficult part of concurrent programming, namely
synchronization concepts, techniques and principles when the cooperating entities are
asynchronous, communicate through a shared memory, and may experience failures.
Synchronization is no longer a set of tricks but, due to research results in recent
decades, it relies today on sane scientific foundations as explained in this book. In this
book the author explains synchronization and the implementation of concurrent objects,
presenting in a uniform and comprehensive way the major theoretical and practical
results of the past 30 years. Among the key features of the book are a new look at lockbased synchronization (mutual exclusion, semaphores, monitors, path expressions); an
introduction to the atomicity consistency criterion and its properties and a specific
chapter on transactional memory; an introduction to mutex-freedom and associated
progress conditions such as obstruction-freedom and wait-freedom; a presentation of
Lamport's hierarchy of safe, regular and atomic registers and associated wait-free
constructions; a description of numerous wait-free constructions of concurrent objects
(queues, stacks, weak counters, snapshot objects, renaming objects, etc.); a
presentation of the computability power of concurrent objects including the notions of
universal construction, consensus number and the associated Herlihy's hierarchy; and
a survey of failure detector-based constructions of consensus objects. The book is
suitable for advanced undergraduate students and graduate students in computer
science or computer engineering, graduate students in mathematics interested in the
foundations of process synchronization, and practitioners and engineers who need to
produce correct concurrent software. The reader should have a basic knowledge of
algorithms and operating systems.
The gap between theoretical ideas and messy reality, as seen in Neal Stephenson,
Adam Smith, and Star Trek. We depend on—we believe in—algorithms to help us get a
ride, choose which book to buy, execute a mathematical proof. It's as if we think of
code as a magic spell, an incantation to reveal what we need to know and even what
we want. Humans have always believed that certain invocations—the marriage vow, the
shaman's curse—do not merely describe the world but make it. Computation casts a
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cultural shadow that is shaped by this long tradition of magical thinking. In this book, Ed
Finn considers how the algorithm—in practical terms, “a method for solving a
problem”—has its roots not only in mathematical logic but also in cybernetics,
philosophy, and magical thinking. Finn argues that the algorithm deploys concepts from
the idealized space of computation in a messy reality, with unpredictable and
sometimes fascinating results. Drawing on sources that range from Neal Stephenson's
Snow Crash to Diderot's Encyclopédie, from Adam Smith to the Star Trek computer,
Finn explores the gap between theoretical ideas and pragmatic instructions. He
examines the development of intelligent assistants like Siri, the rise of algorithmic
aesthetics at Netflix, Ian Bogost's satiric Facebook game Cow Clicker, and the
revolutionary economics of Bitcoin. He describes Google's goal of anticipating our
questions, Uber's cartoon maps and black box accounting, and what Facebook tells us
about programmable value, among other things. If we want to understand the gap
between abstraction and messy reality, Finn argues, we need to build a model of
“algorithmic reading” and scholarship that attends to process, spearheading a new
experimental humanities.
"This book is dedicated to the coverage of research issues, findings, and approaches to
Mobile P2P computing from both conceptual and algorithmic perspectives"--Provided
by publisher.
The rapid evolution of computer science, communication, and information technology
has enabled the application of control techniques to systems beyond the possibilities of
control theory just a decade ago. Critical infrastructures such as electricity, water, traffic
and intermodal transport networks are now in the scope of control engineers. The sheer
size of such large-scale systems requires the adoption of advanced distributed control
approaches. Distributed model predictive control (MPC) is one of the promising control
methodologies for control of such systems. This book provides a state-of-the-art
overview of distributed MPC approaches, while at the same time making clear
directions of research that deserve more attention. The core and rationale of 35
approaches are carefully explained. Moreover, detailed step-by-step algorithmic
descriptions of each approach are provided. These features make the book a
comprehensive guide both for those seeking an introduction to distributed MPC as well
as for those who want to gain a deeper insight in the wide range of distributed MPC
techniques available.
This work aims to provide an understanding of the analysis and applications of
algorithmic paradigms, to both the traditional sequential model of computing and to a
variety of parallel models. Concepts are applied to a broad range of subject areas,
including matrix operations.
Gives a thorough exposition of network spanners and other locality-preserving network
representations such as sparse covers and partitions.
Distributed Systems: An Algorithmic Approach, Second Edition provides a balanced
and straightforward treatment of the underlying theory and practical applications of
distributed computing. As in the previous version, the language is kept as unobscured
as possible—clarity is given priority over mathematical formalism. This easily digestible
text: Features significant updates that mirror the phenomenal growth of distributed
systems Explores new topics related to peer-to-peer and social networks Includes fresh
exercises, examples, and case studies Supplying a solid understanding of the key
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principles of distributed computing and their relationship to real-world applications,
Distributed Systems: An Algorithmic Approach, Second Edition makes both an ideal
textbook and a handy professional reference.
Both authors have taught the course of “Distributed Systems” for many years in the respective
schools. During the teaching, we feel strongly that “Distributed systems” have evolved from
traditional “LAN” based distributed systems towards “Internet based” systems. Although there
exist many excellent textbooks on this topic, because of the fast development of distributed
systems and network programming/protocols, we have difficulty in finding an appropriate
textbook for the course of “distributed systems” with orientation to the requirement of the
undergraduate level study for today’s distributed technology. Specifically, from - to-date
concepts, algorithms, and models to implementations for both distributed system designs and
application programming. Thus the philosophy behind this book is to integrate the concepts,
algorithm designs and implementations of distributed systems based on network programming.
After using several materials of other textbooks and research books, we found that many texts
treat the distributed systems with separation of concepts, algorithm design and network
programming and it is very difficult for students to map the concepts of distributed systems to
the algorithm design, prototyping and implementations. This book intends to enable readers,
especially postgraduates and senior undergraduate level, to study up-to-date concepts,
algorithms and network programming skills for building modern distributed systems. It enables
students not only to master the concepts of distributed network system but also to readily use
the material introduced into implementation practices.
In modern computing a program is usually distributed among several processes. The
fundamental challenge when developing reliable and secure distributed programs is to support
the cooperation of processes required to execute a common task, even when some of these
processes fail. Failures may range from crashes to adversarial attacks by malicious processes.
Cachin, Guerraoui, and Rodrigues present an introductory description of fundamental
distributed programming abstractions together with algorithms to implement them in distributed
systems, where processes are subject to crashes and malicious attacks. The authors follow an
incremental approach by first introducing basic abstractions in simple distributed environments,
before moving to more sophisticated abstractions and more challenging environments. Each
core chapter is devoted to one topic, covering reliable broadcast, shared memory, consensus,
and extensions of consensus. For every topic, many exercises and their solutions enhance the
understanding This book represents the second edition of "Introduction to Reliable Distributed
Programming". Its scope has been extended to include security against malicious actions by
non-cooperating processes. This important domain has become widely known under the name
"Byzantine fault-tolerance".
In modern computing a program is usually distributed among several processes. The
fundamental challenge when developing reliable distributed programs is to support the
cooperation of processes required to execute a common task, even when some of these
processes fail. Guerraoui and Rodrigues present an introductory description of fundamental
reliable distributed programming abstractions as well as algorithms to implement these
abstractions. The authors follow an incremental approach by first introducing basic
abstractions in simple distributed environments, before moving to more sophisticated
abstractions and more challenging environments. Each core chapter is devoted to one specific
class of abstractions, covering reliable delivery, shared memory, consensus and various forms
of agreement. This textbook comes with a companion set of running examples implemented in
Java. These can be used by students to get a better understanding of how reliable distributed
programming abstractions can be implemented and used in practice. Combined, the chapters
deliver a full course on reliable distributed programming. The book can also be used as a
complete reference on the basic elements required to build reliable distributed applications.
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Distributed and Cloud Computing: From Parallel Processing to the Internet of Things offers
complete coverage of modern distributed computing technology including clusters, the grid,
service-oriented architecture, massively parallel processors, peer-to-peer networking, and
cloud computing. It is the first modern, up-to-date distributed systems textbook; it explains how
to create high-performance, scalable, reliable systems, exposing the design principles,
architecture, and innovative applications of parallel, distributed, and cloud computing systems.
Topics covered by this book include: facilitating management, debugging, migration, and
disaster recovery through virtualization; clustered systems for research or ecommerce
applications; designing systems as web services; and social networking systems using peer-topeer computing. The principles of cloud computing are discussed using examples from opensource and commercial applications, along with case studies from the leading distributed
computing vendors such as Amazon, Microsoft, and Google. Each chapter includes exercises
and further reading, with lecture slides and more available online. This book will be ideal for
students taking a distributed systems or distributed computing class, as well as for professional
system designers and engineers looking for a reference to the latest distributed technologies
including cloud, P2P and grid computing. Complete coverage of modern distributed computing
technology including clusters, the grid, service-oriented architecture, massively parallel
processors, peer-to-peer networking, and cloud computing Includes case studies from the
leading distributed computing vendors: Amazon, Microsoft, Google, and more Explains how to
use virtualization to facilitate management, debugging, migration, and disaster recovery
Designed for undergraduate or graduate students taking a distributed systems course—each
chapter includes exercises and further reading, with lecture slides and more available online
* Comprehensive introduction to the fundamental results in the mathematical foundations of
distributed computing * Accompanied by supporting material, such as lecture notes and
solutions for selected exercises * Each chapter ends with bibliographical notes and a set of
exercises * Covers the fundamental models, issues and techniques, and features some of the
more advanced topics
The new edition of this bestselling title on Distributed Systems has been thoroughly revised
throughout to reflect the state of the art in this rapidly developing field. It emphasizes the
principles used in the design and construction of distributed computer systems based on
networks of workstations and server computers.
The objective of our monograph is to cover the developments on the theoretical foundations of
distributed symmetry breaking in the message-passing model. We hope that our monograph
will stimulate further progress in this exciting area.
This second edition of Distributed Systems, Principles & Paradigms, covers the principles,
advanced concepts, and technologies of distributed systems in detail, including:
communication, replication, fault tolerance, and security. Intended for use in a senior/graduate
level distributed systems course or by professionals, this text systematically shows how
distributed systems are designed and implemented in real systems.

Cooperative network supercomputing is becoming increasingly popular for
harnessing the power of the global Internet computing platform. A typical Internet
supercomputer consists of a master computer or server and a large number of
computers called workers, performing computation on behalf of the master.
Despite the simplicity and benefits of a single master approach, as the scale of
such computing environments grows, it becomes unrealistic to assume the
existence of the infallible master that is able to coordinate the activities of
multitudes of workers. Large-scale distributed systems are inherently dynamic
and are subject to perturbations, such as failures of computers and network links,
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thus it is also necessary to consider fully distributed peer-to-peer solutions. We
present a study of cooperative computing with the focus on modeling distributed
computing settings, algorithmic techniques enabling one to combine efficiency
and fault-tolerance in distributed systems, and the exposition of trade-offs
between efficiency and fault-tolerance for robust cooperative computing. The
focus of the exposition is on the abstract problem, called Do-All, and formulated
in terms of a system of cooperating processors that together need to perform a
collection of tasks in the presence of adversity. Our presentation deals with
models, algorithmic techniques, and analysis. Our goal is to present the most
interesting approaches to algorithm design and analysis leading to many
fundamental results in cooperative distributed computing. The algorithms
selected for inclusion are among the most efficient that additionally serve as good
pedagogical examples. Each chapter concludes with exercises and bibliographic
notes that include a wealth of references to related work and relevant advanced
results. Table of Contents: Introduction / Distributed Cooperation and Adversity /
Paradigms and Techniques / Shared-Memory Algorithms / Message-Passing
Algorithms / The Do-All Problem in Other Settings / Bibliography / Authors'
Biographies
Topics in Parallel and Distributed Computing provides resources and guidance
for those learning PDC as well as those teaching students new to the discipline.
The pervasiveness of computing devices containing multicore CPUs and GPUs,
including home and office PCs, laptops, and mobile devices, is making even
common users dependent on parallel processing. Certainly, it is no longer
sufficient for even basic programmers to acquire only the traditional sequential
programming skills. The preceding trends point to the need for imparting a broadbased skill set in PDC technology. However, the rapid changes in computing
hardware platforms and devices, languages, supporting programming
environments, and research advances, poses a challenge both for newcomers
and seasoned computer scientists. This edited collection has been developed
over the past several years in conjunction with the IEEE technical committee on
parallel processing (TCPP), which held several workshops and discussions on
learning parallel computing and integrating parallel concepts into courses
throughout computer science curricula. Contributed and developed by the leading
minds in parallel computing research and instruction Provides resources and
guidance for those learning PDC as well as those teaching students new to the
discipline Succinctly addresses a range of parallel and distributed computing
topics Pedagogically designed to ensure understanding by experienced
engineers and newcomers Developed over the past several years in conjunction
with the IEEE technical committee on parallel processing (TCPP), which held
several workshops and discussions on learning parallel computing and
integrating parallel concepts
The overwhelming majority of a software system’s lifespan is spent in use, not in
design or implementation. So, why does conventional wisdom insist that software
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engineers focus primarily on the design and development of large-scale
computing systems? In this collection of essays and articles, key members of
Google’s Site Reliability Team explain how and why their commitment to the
entire lifecycle has enabled the company to successfully build, deploy, monitor,
and maintain some of the largest software systems in the world. You’ll learn the
principles and practices that enable Google engineers to make systems more
scalable, reliable, and efficient—lessons directly applicable to your organization.
This book is divided into four sections: Introduction—Learn what site reliability
engineering is and why it differs from conventional IT industry practices
Principles—Examine the patterns, behaviors, and areas of concern that influence
the work of a site reliability engineer (SRE) Practices—Understand the theory and
practice of an SRE’s day-to-day work: building and operating large distributed
computing systems Management—Explore Google's best practices for training,
communication, and meetings that your organization can use
In the race to compete in today’s fast-moving markets, large enterprises are
busy adopting new technologies for creating new products, processes, and
business models. But one obstacle on the road to digital transformation is placing
too much emphasis on technology, and not enough on the types of processes
technology enables. What if different lines of business could build their own
services and applications—and decision-making was distributed rather than
centralized? This report explores the concept of a digital business platform as a
way of empowering individual business sectors to act on data in real time. Much
innovation in a digital enterprise will increasingly happen at the edge, whether it
involves business users (from marketers to data scientists) or IoT devices. To
facilitate the process, your core IT team can provide these sectors with the digital
tools they need to innovate quickly. This report explores: Key cultural and
organizational changes for developing business capabilities through crossfunctional product teams A platform for integrating applications, data sources,
business partners, clients, mobile apps, social networks, and IoT devices
Creating internal API programs for building innovative edge services in low-code
or no-code environments Tools including Integration Platform as a Service,
Application Platform as a Service, and Integration Software as a Service The
challenge of integrating microservices and serverless architectures Event-driven
architectures for processing and reacting to events in real time You’ll also learn
about a complete pervasive integration solution as a core component of a digital
business platform to serve every audience in your organization.
This book presents the most important fault-tolerant distributed programming
abstractions and their associated distributed algorithms, in particular in terms of
reliable communication and agreement, which lie at the heart of nearly all
distributed applications. These programming abstractions, distributed objects or
services, allow software designers and programmers to cope with asynchrony
and the most important types of failures such as process crashes, message
losses, and malicious behaviors of computing entities, widely known under the
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term "Byzantine fault-tolerance". The author introduces these notions in an
incremental manner, starting from a clear specification, followed by algorithms
which are first described intuitively and then proved correct. The book also
presents impossibility results in classic distributed computing models, along with
strategies, mainly failure detectors and randomization, that allow us to enrich
these models. In this sense, the book constitutes an introduction to the science of
distributed computing, with applications in all domains of distributed systems,
such as cloud computing and blockchains. Each chapter comes with exercises
and bibliographic notes to help the reader approach, understand, and master the
fascinating field of fault-tolerant distributed computing.
Future requirements for computing speed, system reliability, and costeffectiveness entail the development of alternative computers to replace the
traditional von Neumann organization. As computing networks come into being,
one of the latest dreams is now possible - distributed computing. Distributed
computing brings transparent access to as much computer power and data as
the user needs for accomplishing any given task - simultaneously achieving high
performance and reliability. The subject of distributed computing is diverse, and
many researchers are investigating various issues concerning the structure of
hardware and the design of distributed software. Distributed System Design
defines a distributed system as one that looks to its users like an ordinary
system, but runs on a set of autonomous processing elements (PEs) where each
PE has a separate physical memory space and the message transmission delay
is not negligible. With close cooperation among these PEs, the system supports
an arbitrary number of processes and dynamic extensions. Distributed System
Design outlines the main motivations for building a distributed system, including:
inherently distributed applications performance/cost resource sharing flexibility
and extendibility availability and fault tolerance scalability Presenting basic
concepts, problems, and possible solutions, this reference serves graduate
students in distributed system design as well as computer professionals
analyzing and designing distributed/open/parallel systems. Chapters discuss: the
scope of distributed computing systems general distributed programming
languages and a CSP-like distributed control description language (DCDL)
expressing parallelism, interprocess communication and synchronization, and
fault-tolerant design two approaches describing a distributed system: the timespace view and the interleaving view mutual exclusion and related issues,
including election, bidding, and self-stabilization prevention and detection of
deadlock reliability, safety, and security as well as various methods of handling
node, communication, Byzantine, and software faults efficient interprocessor
communication mechanisms as well as these mechanisms without specific
constraints, such as adaptiveness, deadlock-freedom, and fault-tolerance virtual
channels and virtual networks load distribution problems synchronization of
access to shared data while supporting a high degree of concurrency
Network science is a rapidly emerging field of study that encompasses
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mathematics, computer science, physics, and engineering. A key issue in the
study of complex networks is to understand the collective behavior of the various
elements of these networks. Although the results from graph theory have proven
to be powerful in investigating the structures of complex networks, few books
focus on the algorithmic aspects of complex network analysis. Filling this need,
Complex Networks: An Algorithmic Perspective supplies the basic theoretical
algorithmic and graph theoretic knowledge needed by every researcher and
student of complex networks. This book is about specifying, classifying,
designing, and implementing mostly sequential and also parallel and distributed
algorithms that can be used to analyze the static properties of complex networks.
Providing a focused scope which consists of graph theory and algorithms for
complex networks, the book identifies and describes a repertoire of algorithms
that may be useful for any complex network. Provides the basic background in
terms of graph theory Supplies a survey of the key algorithms for the analysis of
complex networks Presents case studies of complex networks that illustrate the
implementation of algorithms in real-world networks, including protein interaction
networks, social networks, and computer networks Requiring only a basic
discrete mathematics and algorithms background, the book supplies guidance
that is accessible to beginning researchers and students with little background in
complex networks. To help beginners in the field, most of the algorithms are
provided in ready-to-be-executed form. While not a primary textbook, the author
has included pedagogical features such as learning objectives, end-of-chapter
summaries, and review questions
An introduction to fundamental theories of concurrent computation and
associated programming languages for developing distributed and mobile
computing systems. Starting from the premise that understanding the foundations
of concurrent programming is key to developing distributed computing systems,
this book first presents the fundamental theories of concurrent computing and
then introduces the programming languages that help develop distributed
computing systems at a high level of abstraction. The major theories of
concurrent computation—including the ?-calculus, the actor model, the join
calculus, and mobile ambients—are explained with a focus on how they help
design and reason about distributed and mobile computing systems. The book
then presents programming languages that follow the theoretical models already
described, including Pict, SALSA, and JoCaml. The parallel structure of the
chapters in both part one (theory) and part two (practice) enable the reader not
only to compare the different theories but also to see clearly how a programming
language supports a theoretical model. The book is unique in bridging the gap
between the theory and the practice of programming distributed computing
systems. It can be used as a textbook for graduate and advanced undergraduate
students in computer science or as a reference for researchers in the area of
programming technology for distributed computing. By presenting theory first, the
book allows readers to focus on the essential components of concurrency,
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distribution, and mobility without getting bogged down in syntactic details of
specific programming languages. Once the theory is understood, the practical
part of implementing a system in an actual programming language becomes
much easier.
This text is based on a simple and fully reactive computational model that allows for intuitive
comprehension and logical designs. The principles and techniques presented can be applied
to any distributed computing environment (e.g., distributed systems, communication networks,
data networks, grid networks, internet, etc.). The text provides a wealth of unique material for
learning how to design algorithms and protocols perform tasks efficiently in a distributed
computing environment.
Distributed Systems: An Algorithmic Approach, Second Edition provides a balanced and
straightforward treatment of the underlying theory and practical applications of distributed
computing. As in the previous version, the language is kept as unobscured as possible--clarity
is given priority over mathematical formalism. This easily digestible text: Features significant
updates that mirror the phenomenal growth of distributed systems Explores new topics related
to peer-to-peer and social networks Includes fresh exercises, examples, and case studies
Supplying a solid understanding of the key principles of distributed computing and their
relationship to real-world applications, Distributed Systems: An Algorithmic Approach, Second
Edition makes both an ideal textbook and a handy professional reference.
New and classical results in computational complexity, including interactive proofs, PCP,
derandomization, and quantum computation. Ideal for graduate students.
Most applications in distributed computing center around a set of common subproblems.
Distributed Systems: An Algorithmic Approach presents the algorithmic issues and necessary
background theory that are needed to properly understand these challenges. Achieving a
balance between theory and practice, this book bridges the gap betwee
Introduction : distributed systems - The model - Communication protocols - Routing algorithms
- Deadlock-free packet switching - Wave and traversal algorithms - Election algorithms Termination detection - Anonymous networks - Snapshots - Sense of direction and orientation
- Synchrony in networks - Fault tolerance in distributed systems - Fault tolerance in
asynchronous systems - Fault tolerance in synchronous systems - Failure detection Stabilization.
This textbook guides students through algebraic specification and verification of distributed
systems, and some of the most prominent formal verification techniques. The author employs
?CRL as the vehicle, a language developed to combine process algebra and abstract data
types. The book evolved from introductory courses on protocol verification taught to
undergraduate and graduate students of computer science, and the text is supported
throughout with examples and exercises. Full solutions are provided in an appendix, while
exercise sheets, lab exercises, example specifications and lecturer slides are available on the
author's website.
Distributed Systems: An Algorithmic Approach, Second Edition provides a balanced and
straightforward treatment of the underlying theory and practical applications of distributed
computing. As in the previous version, the language is kept as unobscured as possible-clarity
is given priority over mathematical formalism. This easily digestible text:Fea
Distributed systems intertwine with our everyday lives. The benefits and current shortcomings
of the underpinning technologies are experienced by a wide range of people and their smart
devices. With the rise of large-scale IoT and similar distributed systems, cloud bursting
technologies, and partial outsourcing solutions, private entities are encouraged to increase
their efficiency and offer unparalleled availability and reliability to their users. The Research
Anthology on Architectures, Frameworks, and Integration Strategies for Distributed and Cloud
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Computing is a vital reference source that provides valuable insight into current and emergent
research occurring within the field of distributed computing. It also presents architectures and
service frameworks to achieve highly integrated distributed systems and solutions to
integration and efficient management challenges faced by current and future distributed
systems. Highlighting a range of topics such as data sharing, wireless sensor networks, and
scalability, this multi-volume book is ideally designed for system administrators, integrators,
designers, developers, researchers, academicians, and students.
Parallel and distributed computation has been gaining a great lot of attention in the last
decades. During this period, the advances attained in computing and communication
technologies, and the reduction in the costs of those technolo gies, played a central role in the
rapid growth of the interest in the use of parallel and distributed computation in a number of
areas of engineering and sciences. Many actual applications have been successfully
implemented in various plat forms varying from pure shared-memory to totally distributed
models, passing through hybrid approaches such as distributed-shared memory architectures.
Parallel and distributed computation differs from dassical sequential compu tation in some of
the following major aspects: the number of processing units, independent local dock for each
unit, the number of memory units, and the programming model. For representing this diversity,
and depending on what level we are looking at the problem, researchers have proposed some
models to abstract the main characteristics or parameters (physical components or logical
mechanisms) of parallel computers. The problem of establishing a suitable model is to find a
reasonable trade-off among simplicity, power of expression and universality. Then, be able to
study and analyze more precisely the behavior of parallel applications.
A comprehensive guide to distributed algorithms that emphasizes examples and exercises
rather than mathematical argumentation. This book offers students and researchers a guide to
distributed algorithms that emphasizes examples and exercises rather than the intricacies of
mathematical models. It avoids mathematical argumentation, often a stumbling block for
students, teaching algorithmic thought rather than proofs and logic. This approach allows the
student to learn a large number of algorithms within a relatively short span of time. Algorithms
are explained through brief, informal descriptions, illuminating examples, and practical
exercises. The examples and exercises allow readers to understand algorithms intuitively and
from different perspectives. Proof sketches, arguing the correctness of an algorithm or
explaining the idea behind fundamental results, are also included. An appendix offers
pseudocode descriptions of many algorithms. Distributed algorithms are performed by a
collection of computers that send messages to each other or by multiple software threads that
use the same shared memory. The algorithms presented in the book are for the most part
“classics,” selected because they shed light on the algorithmic design of distributed systems
or on key issues in distributed computing and concurrent programming. Distributed Algorithms
can be used in courses for upper-level undergraduates or graduate students in computer
science, or as a reference for researchers in the field.
Surveys the theory and history of the alternating direction method of multipliers, and discusses
its applications to a wide variety of statistical and machine learning problems of recent interest,
including the lasso, sparse logistic regression, basis pursuit, covariance selection, support
vector machines, and many others.
Distributed computing is at the heart of many applications. It arises as soon as one has to
solve a problem in terms of entities -- such as processes, peers, processors, nodes, or agents
-- that individually have only a partial knowledge of the many input parameters associated with
the problem. In particular each entity cooperating towards the common goal cannot have an
instantaneous knowledge of the current state of the other entities. Whereas parallel computing
is mainly concerned with 'efficiency', and real-time computing is mainly concerned with 'on-time
computing', distributed computing is mainly concerned with 'mastering uncertainty' created by
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issues such as the multiplicity of control flows, asynchronous communication, unstable
behaviors, mobility, and dynamicity. While some distributed algorithms consist of a few lines
only, their behavior can be difficult to understand and their properties hard to state and prove.
The aim of this book is to present in a comprehensive way the basic notions, concepts, and
algorithms of distributed computing when the distributed entities cooperate by sending and
receiving messages on top of an asynchronous network. The book is composed of seventeen
chapters structured into six parts: distributed graph algorithms, in particular what makes them
different from sequential or parallel algorithms; logical time and global states, the core of the
book; mutual exclusion and resource allocation; high-level communication abstractions;
distributed detection of properties; and distributed shared memory. The author establishes
clear objectives per chapter and the content is supported throughout with illustrative examples,
summaries, exercises, and annotated bibliographies. This book constitutes an introduction to
distributed computing and is suitable for advanced undergraduate students or graduate
students in computer science and computer engineering, graduate students in mathematics
interested in distributed computing, and practitioners and engineers involved in the design and
implementation of distributed applications. The reader should have a basic knowledge of
algorithms and operating systems.
This highly acclaimed work, first published by Prentice Hall in 1989, is a comprehensive and
theoretically sound treatment of parallel and distributed numerical methods. It focuses on
algorithms that are naturally suited for massive parallelization, and it explores the fundamental
convergence, rate of convergence, communication, and synchronization issues associated
with such algorithms. This is an extensive book, which aside from its focus on parallel and
distributed algorithms, contains a wealth of material on a broad variety of computation and
optimization topics. It is an excellent supplement to several of our other books, including
Convex Optimization Algorithms (Athena Scientific, 2015), Nonlinear Programming (Athena
Scientific, 1999), Dynamic Programming and Optimal Control (Athena Scientific, 2012), NeuroDynamic Programming (Athena Scientific, 1996), and Network Optimization (Athena Scientific,
1998). The on-line edition of the book contains a 95-page solutions manual.
Designing distributed computing systems is a complex process requiring a solid understanding
of the design problems and the theoretical and practical aspects of their solutions. This
comprehensive textbook covers the fundamental principles and models underlying the theory,
algorithms and systems aspects of distributed computing. Broad and detailed coverage of the
theory is balanced with practical systems-related issues such as mutual exclusion, deadlock
detection, authentication, and failure recovery. Algorithms are carefully selected, lucidly
presented, and described without complex proofs. Simple explanations and illustrations are
used to elucidate the algorithms. Important emerging topics such as peer-to-peer networks and
network security are also considered. With vital algorithms, numerous illustrations, examples
and homework problems, this textbook is suitable for advanced undergraduate and graduate
students of electrical and computer engineering and computer science. Practitioners in data
networking and sensor networks will also find this a valuable resource. Additional resources
are available online at www.cambridge.org/9780521876346.
In Distributed Algorithms, Nancy Lynch provides a blueprint for designing, implementing, and
analyzing distributed algorithms. She directs her book at a wide audience, including students,
programmers, system designers, and researchers. Distributed Algorithms contains the most
significant algorithms and impossibility results in the area, all in a simple automata-theoretic
setting. The algorithms are proved correct, and their complexity is analyzed according to
precisely defined complexity measures. The problems covered include resource allocation,
communication, consensus among distributed processes, data consistency, deadlock
detection, leader election, global snapshots, and many others. The material is organized
according to the system model—first by the timing model and then by the interprocess
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communication mechanism. The material on system models is isolated in separate chapters
for easy reference. The presentation is completely rigorous, yet is intuitive enough for
immediate comprehension. This book familiarizes readers with important problems, algorithms,
and impossibility results in the area: readers can then recognize the problems when they arise
in practice, apply the algorithms to solve them, and use the impossibility results to determine
whether problems are unsolvable. The book also provides readers with the basic mathematical
tools for designing new algorithms and proving new impossibility results. In addition, it teaches
readers how to reason carefully about distributed algorithms—to model them formally, devise
precise specifications for their required behavior, prove their correctness, and evaluate their
performance with realistic measures.
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