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The significantly expanded and updated new edition of a widely used text on reinforcement learning, one of the most active
research areas in artificial intelligence. Reinforcement learning, one of the most active research areas in artificial intelligence, is a
computational approach to learning whereby an agent tries to maximize the total amount of reward it receives while interacting
with a complex, uncertain environment. In Reinforcement Learning, Richard Sutton and Andrew Barto provide a clear and simple
account of the field's key ideas and algorithms. This second edition has been significantly expanded and updated, presenting new
topics and updating coverage of other topics. Like the first edition, this second edition focuses on core online learning algorithms,
with the more mathematical material set off in shaded boxes. Part I covers as much of reinforcement learning as possible without
going beyond the tabular case for which exact solutions can be found. Many algorithms presented in this part are new to the
second edition, including UCB, Expected Sarsa, and Double Learning. Part II extends these ideas to function approximation, with
new sections on such topics as artificial neural networks and the Fourier basis, and offers expanded treatment of off-policy
learning and policy-gradient methods. Part III has new chapters on reinforcement learning's relationships to psychology and
neuroscience, as well as an updated case-studies chapter including AlphaGo and AlphaGo Zero, Atari game playing, and IBM
Watson's wagering strategy. The final chapter discusses the future societal impacts of reinforcement learning.
The Proceedings of the Seventh Conference on Probability Theory contains all the invited papers and a selection of those
contributed at the conference, held in Bra?ov, Romania on August 29th to September 2nd, 1982. The scope of this conference
was considerably broaded than those of recent years. In addition to probability theory, the book includes sections on mathematical
statistics, operational research and mathematical programming, and biomathematics. A number of the papers published provide
an overview of recent research results. Others examine the direction research is taking, and discuss contemporary problems in the
science. The book will be of value not only to the individual scientist but also to the department or institute library with collections in
this area.
An authoritative comprehensive work on all aspects of computers; especially geared to the student and other nonspecialists.
This book constitutes the refereed proceedings of the 4th International IFIP-TC6 Networking Conference, NETWORKING 2005,
held in Waterloo, Canada in May 2005. The 105 revised full papers and 36 posters were carefully reviewed and selected from 430
submissions. The papers are organized in topical sections on peer-to-peer networks, Internet protocols, wireless security, network
security, wireless performance, network service support, network modeling and simulation, wireless LAN, optical networks,
Internet performance and Web applications, ad-hoc networks, adaptive networks, radio resource management, Internet routing,
queuing models, monitoring, network management, sensor networks, overlay multicast, QoS, wirless scheduling, multicast traffic
management and engineering, mobility management, bandwith management, DCMA, and wireless resource management.
This dissertation presents methods for the formal modeling and specification of probabilistic systems, and algorithms for the
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automated verification of these systems. Our system models describe the behavior of a system in terms of probability,
nondeterminism, fairness and time.
This book provides a comprehensive and accessible presentation of algorithms for solving continuous optimization problems. It
relies on rigorous mathematical analysis, but also aims at an intuitive exposition that makes use of visualization where possible. It
places particular emphasis on modern developments, and their widespread applications in fields such as large-scale resource
allocation problems, signal processing, and machine learning. The 3rd edition brings the book in closer harmony with the
companion works Convex Optimization Theory (Athena Scientific, 2009), Convex Optimization Algorithms (Athena Scientific,
2015), Convex Analysis and Optimization (Athena Scientific, 2003), and Network Optimization (Athena Scientific, 1998). These
works are complementary in that they deal primarily with convex, possibly nondifferentiable, optimization problems and rely on
convex analysis. By contrast the nonlinear programming book focuses primarily on analytical and computational methods for
possibly nonconvex differentiable problems. It relies primarily on calculus and variational analysis, yet it still contains a detailed
presentation of duality theory and its uses for both convex and nonconvex problems. This on-line edition contains detailed
solutions to all the theoretical book exercises. Among its special features, the book: Provides extensive coverage of iterative
optimization methods within a unifying framework Covers in depth duality theory from both a variational and a geometric point of
view Provides a detailed treatment of interior point methods for linear programming Includes much new material on a number of
topics, such as proximal algorithms, alternating direction methods of multipliers, and conic programming Focuses on large-scale
optimization topics of much current interest, such as first order methods, incremental methods, and distributed asynchronous
computation, and their applications in machine learning, signal processing, neural network training, and big data applications
Includes a large number of examples and exercises Was developed through extensive classroom use in first-year graduate
courses
?????????????????????????????????,?????????????????????
Probability theory has grown from a modest study of simple games of change to a subject with application in almost every branch of
knowledge and science. In this exciting book, a number of distinguished probabilists discuss their current work and applications in an easily
understood manner. Chapters show that new directions in probability have been suggested by the application of probability to other fields and
other disciplines of mathematics. The study of polymer chains in chemistry led to the study of self-avoiding random walks; the study of the
Ising model in physics and models for epidemics in biology led to the study of the probability theory of interacting particle systems. The
stochastic calculus has allowed probabilists to solve problems in classical analysis, in theory of investment, and in engineering. The
mathematical formulation of game theory has led to new insights into decisions under uncertainty. These new developments in probability are
vividly illustrated throughout the book.
?????????????????????????????????????,?????????????????????????????????????????????????????????????
This book considers large and challenging multistage decision problems, which can be solved in principle by dynamic programming (DP), but
their exact solution is computationally intractable. We discuss solution methods that rely on approximations to produce suboptimal policies
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with adequate performance. These methods are collectively known by several essentially equivalent names: reinforcement learning,
approximate dynamic programming, neuro-dynamic programming. They have been at the forefront of research for the last 25 years, and they
underlie, among others, the recent impressive successes of self-learning in the context of games such as chess and Go. Our subject has
benefited greatly from the interplay of ideas from optimal control and from artificial intelligence, as it relates to reinforcement learning and
simulation-based neural network methods. One of the aims of the book is to explore the common boundary between these two fields and to
form a bridge that is accessible by workers with background in either field. Another aim is to organize coherently the broad mosaic of
methods that have proved successful in practice while having a solid theoretical and/or logical foundation. This may help researchers and
practitioners to find their way through the maze of competing ideas that constitute the current state of the art. This book relates to several of
our other books: Neuro-Dynamic Programming (Athena Scientific, 1996), Dynamic Programming and Optimal Control (4th edition, Athena
Scientific, 2017), Abstract Dynamic Programming (2nd edition, Athena Scientific, 2018), and Nonlinear Programming (Athena Scientific,
2016). However, the mathematical style of this book is somewhat different. While we provide a rigorous, albeit short, mathematical account of
the theory of finite and infinite horizon dynamic programming, and some fundamental approximation methods, we rely more on intuitive
explanations and less on proof-based insights. Moreover, our mathematical requirements are quite modest: calculus, a minimal use of matrixvector algebra, and elementary probability (mathematically complicated arguments involving laws of large numbers and stochastic
convergence are bypassed in favor of intuitive explanations). The book illustrates the methodology with many examples and illustrations, and
uses a gradual expository approach, which proceeds along four directions: (a) From exact DP to approximate DP: We first discuss exact DP
algorithms, explain why they may be difficult to implement, and then use them as the basis for approximations. (b) From finite horizon to
infinite horizon problems: We first discuss finite horizon exact and approximate DP methodologies, which are intuitive and mathematically
simple, and then progress to infinite horizon problems. (c) From deterministic to stochastic models: We often discuss separately deterministic
and stochastic problems, since deterministic problems are simpler and offer special advantages for some of our methods. (d) From modelbased to model-free implementations: We first discuss model-based implementations, and then we identify schemes that can be
appropriately modified to work with a simulator. The book is related and supplemented by the companion research monograph Rollout, Policy
Iteration, and Distributed Reinforcement Learning (Athena Scientific, 2020), which focuses more closely on several topics related to rollout,
approximate policy iteration, multiagent problems, discrete and Bayesian optimization, and distributed computation, which are either
discussed in less detail or not covered at all in the present book. The author's website contains class notes, and a series of videolectures and
slides from a 2021 course at ASU, which address a selection of topics from both books.
An insightful, comprehensive, and up-to-date treatment of linear, nonlinear, and discrete/combinatorial network optimization problems, their
applications, and their analytical and algorithmic methodology. It covers extensively theory, algorithms, and applications, and it aims to bridge
the gap between linear and nonlinear network optimization on one hand, and integer/combinatorial network optimization on the other. It
complements several of our books: Convex Optimization Theory (Athena Scientific, 2009), Convex Optimization Algorithms (Athena
Scientific, 2015), Introduction to Linear Optimization (Athena Scientific, 1997), Nonlinear Programming (Athena Scientific, 1999), as well as
our other book on the subject of network optimization Network Flows and Monotropic Optimization (Athena Scientific, 1998).
Most of the 26 papers are research reports on probability, statistics, gambling, game theory, Markov decision processes, set theory, and
logic. But they also include reviews on comparing experiments, games of timing, merging opinions, associated memory models, and SPLIF's;
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historical views of Carnap, von Mises, and the Berkeley Statistics Department; and a brief history, appreciation, and bibliography of Berkeley
professor Blackwell. A sampling of titles turns up The Hamiltonian Cycle Problem and Singularly Perturbed Markov Decision Process, A
Pathwise Approach to Dynkin Games, The Redistribution of Velocity: Collision and Transformations, Casino Winnings at Blackjack, and
Randomness and the Foundations of Probability. No index. Annotation copyrighted by Book News, Inc., Portland, OR
????????????????,???????,???????,????,????,??,??,?????,???,?????,?????,????,???,???,????????,???????????????????.
Covering the design, development, operation and mission profiles of unmanned aircraft systems, this single, comprehensive volume forms a
complete, stand-alone reference on the topic. The volume integrates with the online Wiley Encyclopedia of Aerospace Engineering, providing
many new and updated articles for existing subscribers to that work.

An insightful, concise, and rigorous treatment of the basic theory of convex sets and functions in finite dimensions, and
the analytical/geometrical foundations of convex optimization and duality theory. Convexity theory is first developed in a
simple accessible manner, using easily visualized proofs. Then the focus shifts to a transparent geometrical line of
analysis to develop the fundamental duality between descriptions of convex functions in terms of points, and in terms of
hyperplanes. Finally, convexity theory and abstract duality are applied to problems of constrained optimization, Fenchel
and conic duality, and game theory to develop the sharpest possible duality results within a highly visual geometric
framework. This on-line version of the book, includes an extensive set of theoretical problems with detailed high-quality
solutions, which significantly extend the range and value of the book. The book may be used as a text for a theoretical
convex optimization course; the author has taught several variants of such a course at MIT and elsewhere over the last
ten years. It may also be used as a supplementary source for nonlinear programming classes, and as a theoretical
foundation for classes focused on convex optimization models (rather than theory). It is an excellent supplement to
several of our books: Convex Optimization Algorithms (Athena Scientific, 2015), Nonlinear Programming (Athena
Scientific, 2017), Network Optimization(Athena Scientific, 1998), Introduction to Linear Optimization (Athena Scientific,
1997), and Network Flows and Monotropic Optimization (Athena Scientific, 1998).
This classic textbook aims to provide a fundamental understanding of the principles that underlie the design of data
networks, which form the backbone of the modern internet. It was developed through classroom use at MIT in the 1980s,
and continues to be used as a textbook in MIT classes. The present edition also contains detailed high-quality solutions
to all the end-of-chapter exercises. Among its major features the book: 1) Describes the principles of layered
architectures. 2) Explains the principles of data link control, with many examples and insights into distributed algorithms
and protocols. 3) Provides an intuitive coverage of queueing, and its applications in delay and performance analysis of
networks. 4) Covers the theory of multiaccess communications and local data networks. 5) Discusses in-depth theoretical
and practical aspects of routing and topological design. 6) Covers the theory of flow control, emphasizing issues of
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congestion and delay in integrated high-speed networks.
????????????,???????????????,??????????????,????????????????????
The purpose of this book is to develop in greater depth some of the methods from the author's Reinforcement Learning
and Optimal Control recently published textbook (Athena Scientific, 2019). In particular, we present new research,
relating to systems involving multiple agents, partitioned architectures, and distributed asynchronous computation. We
pay special attention to the contexts of dynamic programming/policy iteration and control theory/model predictive control.
We also discuss in some detail the application of the methodology to challenging discrete/combinatorial optimization
problems, such as routing, scheduling, assignment, and mixed integer programming, including the use of neural network
approximations within these contexts. The book focuses on the fundamental idea of policy iteration, i.e., start from some
policy, and successively generate one or more improved policies. If just one improved policy is generated, this is called
rollout, which, based on broad and consistent computational experience, appears to be one of the most versatile and
reliable of all reinforcement learning methods. In this book, rollout algorithms are developed for both discrete
deterministic and stochastic DP problems, and the development of distributed implementations in both multiagent and
multiprocessor settings, aiming to take advantage of parallelism. Approximate policy iteration is more ambitious than
rollout, but it is a strictly off-line method, and it is generally far more computationally intensive. This motivates the use of
parallel and distributed computation. One of the purposes of the monograph is to discuss distributed (possibly
asynchronous) methods that relate to rollout and policy iteration, both in the context of an exact and an approximate
implementation involving neural networks or other approximation architectures. Much of the new research is inspired by
the remarkable AlphaZero chess program, where policy iteration, value and policy networks, approximate lookahead
minimization, and parallel computation all play an important role.
????: Linear regression analysis
This book constitutes the refereed proceedings of the 4th International Conference on Artificial General Intelligence, AGI
2011, held in Mountain View, CA, USA, in August 2011. The 28 revised full papers and 26 short papers were carefully
reviewed and selected from 103 submissions. The papers are written by leading academic and industry researchers
involved in scientific and engineering work and focus on the creation of AI systems possessing general intelligence at the
human level and beyond.
Traditional Chinese edition of Naked Economics: Undressing the Dismal Science. The book may be a college economics
reference book, but it is not anything like a textbook. The book is written with wit, humor, clear examples, and you don't
have to be a student of economics to enjoy the book - yes, the word is "enjoy." Go ahead, read it. Your understanding of
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economics will improve greatly and effortlessly. In Chinese. Distributed by Tsai Fong Books, Inc.
Planning is the model-based approach to autonomous behavior where the agent behavior is derived automatically from a model of
the actions, sensors, and goals. The main challenges in planning are computational as all models, whether featuring uncertainty
and feedback or not, are intractable in the worst case when represented in compact form. In this book, we look at a variety of
models used in AI planning, and at the methods that have been developed for solving them. The goal is to provide a modern and
coherent view of planning that is precise, concise, and mostly self-contained, without being shallow. For this, we make no attempt
at covering the whole variety of planning approaches, ideas, and applications, and focus on the essentials. The target audience of
the book are students and researchers interested in autonomous behavior and planning from an AI, engineering, or cognitive
science perspective. Table of Contents: Preface / Planning and Autonomous Behavior / Classical Planning: Full Information and
Deterministic Actions / Classical Planning: Variations and Extensions / Beyond Classical Planning: Transformations / Planning with
Sensing: Logical Models / MDP Planning: Stochastic Actions and Full Feedback / POMDP Planning: Stochastic Actions and Partial
Feedback / Discussion / Bibliography / Author's Biography
Engineers have long required a comprehensive yet concise resource to turn to for reliable, up-to-date information on the
continually evolving field of telecommunications. In five easily searched volumes, the Wiley Encyclopedia of Telecommunications
provides a broad, clear overview of both the fundamentals of and recent advances in telecommunications. This essential referencethe only one dedicated to telecommunications for electrical engineers-is available in print and online formats. Topics Include:
Optical communications Modulation and demodulation Coding and decoding Communication networks Antennas John G. Proakis
is the Series Editor for the Wiley Series in Telecommunications and Signal Processing. In preparing this Encyclopedia, Dr. Proakis
been assisted by an editorial board of five leading telecommunications engineers from academia and industry to bring you:
Approximately 300 articles on various topics in telecommunications Articles are written by experts in their fields A broad, clear
overview of both the fundamentals and recent advances in telecommunications Cutting edge topics covering the entire field of
telecommunications and signal processing For more information regarding the online edition of this major reference work, please
visit: www.mrw.interscience.wiley.com/eot
The book covers basic concepts such as random experiments, probability axioms, conditional probability, and counting methods,
single and multiple random variables (discrete, continuous, and mixed), as well as moment-generating functions, characteristic
functions, random vectors, and inequalities; limit theorems and convergence; introduction to Bayesian and classical statistics;
random processes including processing of random signals, Poisson processes, discrete-time and continuous-time Markov chains,
and Brownian motion; simulation using MATLAB and R.
This book provides a comprehensive and accessible presentation of algorithms for solving convex optimization problems. It relies
on rigorous mathematical analysis, but also aims at an intuitive exposition that makes use of visualization where possible. This is
facilitated by the extensive use of analytical and algorithmic concepts of duality, which by nature lend themselves to geometrical
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interpretation. The book places particular emphasis on modern developments, and their widespread applications in fields such as
large-scale resource allocation problems, signal processing, and machine learning. The book is aimed at students, researchers,
and practitioners, roughly at the first year graduate level. It is similar in style to the author's 2009"Convex Optimization Theory"
book, but can be read independently. The latter book focuses on convexity theory and optimization duality, while the present book
focuses on algorithmic issues. The two books share notation, and together cover the entire finite-dimensional convex optimization
methodology. To facilitate readability, the statements of definitions and results of the "theory book" are reproduced without proofs
in Appendix B.
?A research monograph providing a synthesis of old research on the foundations of dynamic programming, with the modern theory
of approximate dynamic programming and new research on semicontractive models. It aims at a unified and economical
development of the core theory and algorithms of total cost sequential decision problems, based on the strong connections of the
subject with fixed point theory. The analysis focuses on the abstract mapping that underlies dynamic programming and defines the
mathematical character of the associated problem. The discussion centers on two fundamental properties that this mapping may
have: monotonicity and (weighted sup-norm) contraction. It turns out that the nature of the analytical and algorithmic DP theory is
determined primarily by the presence or absence of these two properties, and the rest of the problem's structure is largely
inconsequential. New research is focused on two areas: 1) The ramifications of these properties in the context of algorithms for
approximate dynamic programming, and 2) The new class of semicontractive models, exemplified by stochastic shortest path
problems, where some but not all policies are contractive. The 2nd edition aims primarily to amplify the presentation of the
semicontractive models of Chapter 3 and Chapter 4 of the first (2013) edition, and to supplement it with a broad spectrum of
research results that I obtained and published in journals and reports since the first edition was written (see below). As a result, the
size of this material more than doubled, and the size of the book increased by nearly 40%. The book is an excellent supplement to
several of our books: Dynamic Programming and Optimal Control (Athena Scientific, 2017), and Neuro-Dynamic Programming
(Athena Scientific, 1996).
??????????????????????????????????????????????????????????????????????????????????????????????????????
????:???????????????????????????????????????

This book collects a series of research papers in the area of Image Processing and Communications which not only
introduce a summary of current technology but also give an outlook of potential feature problems in this area. The key
objective of the book is to provide a collection of comprehensive references on some recent theoretical development as
well as novel applications in image processing and communications. The book is divided into two parts and presents the
proceedings of the 6th International Image Processing and Communications Conference (IP&C 2014) held in Bydgoszcz,
10-12 September 2014. Part I deals with image processing. A comprehensive survey of different methods of image
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processing, computer vision is also presented. Part II deals with the telecommunications networks and computer
networks. Applications in these areas are considered.
The paradigm of ‘multi-agent’ cooperative control is the challenge frontier for new control system application domains,
and as a research area it has experienced a considerable increase in activity in recent years. This volume, the result of a
UCLA collaborative project with Caltech, Cornell and MIT, presents cutting edge results in terms of the “dimensions” of
cooperative control from leading researchers worldwide. This dimensional decomposition allows the reader to assess the
multi-faceted landscape of cooperative control. Cooperative Control of Distributed Multi-Agent Systems is organized into
four main themes, or dimensions, of cooperative control: distributed control and computation, adversarial interactions,
uncertain evolution and complexity management. The military application of autonomous vehicles systems or multiple
unmanned vehicles is primarily targeted; however much of the material is relevant to a broader range of multi-agent
systems including cooperative robotics, distributed computing, sensor networks and data network congestion control.
Cooperative Control of Distributed Multi-Agent Systems offers the reader an organized presentation of a variety of recent
research advances, supporting software and experimental data on the resolution of the cooperative control problem. It
will appeal to senior academics, researchers and graduate students as well as engineers working in the areas of
cooperative systems, control and optimization.
This is the leading and most up-to-date textbook on the far-ranging algorithmic methodology of Dynamic Programming,
which can be used for optimal control, Markovian decision problems, planning and sequential decision making under
uncertainty, and discrete/combinatorial optimization. The treatment focuses on basic unifying themes, and conceptual
foundations. It illustrates the versatility, power, and generality of the method with many examples and applications from
engineering, operations research, and other fields. It also addresses extensively the practical application of the
methodology, possibly through the use of approximations, and provides an extensive treatment of the far-reaching
methodology of Neuro-Dynamic Programming/Reinforcement Learning. Among its special features, the book 1) provides
a unifying framework for sequential decision making, 2) treats simultaneously deterministic and stochastic control
problems popular in modern control theory and Markovian decision popular in operations research, 3) develops the
theory of deterministic optimal control problems including the Pontryagin Minimum Principle, 4) introduces recent
suboptimal control and simulation-based approximation techniques (neuro-dynamic programming), which allow the
practical application of dynamic programming to complex problems that involve the dual curse of large dimension and
lack of an accurate mathematical model, 5) provides a comprehensive treatment of infinite horizon problems in the
second volume, and an introductory treatment in the first volume.
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