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This is the leading and most up-to-date textbook on
the far-ranging algorithmic methododogy 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 simulationbased approximation techniques (neuro-dynamic
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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 The electronic version
of the book includes 29 theoretical problems, with
high-quality solutions, which enhance the range of
coverage of the book.
This book presents a class of novel, self-learning,
optimal control schemes based on adaptive dynamic
programming techniques, which quantitatively obtain
the optimal control schemes of the systems. It
analyzes the properties identified by the
programming methods, including the convergence of
the iterative value functions and the stability of the
system under iterative control laws, helping to
guarantee the effectiveness of the methods
developed. When the system model is known, selflearning optimal control is designed on the basis of
the system model; when the system model is not
known, adaptive dynamic programming is
implemented according to the system data,
effectively making the performance of the system
converge to the optimum. With various real-world
examples to complement and substantiate the
mathematical analysis, the book is a valuable guide
for engineers, researchers, and students in control
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science and engineering.
A NEW EDITION OF THE CLASSIC TEXT ON
OPTIMAL CONTROL THEORY As a superb
introductory text and an indispensable reference, this
new edition of Optimal Control will serve the needs
of both the professional engineer and the advanced
student in mechanical, electrical, and aerospace
engineering. Its coverage encompasses all the
fundamental topics as well as the major changes
that have occurred in recent years. An abundance of
computer simulations using MATLAB and relevant
Toolboxes is included to give the reader the actual
experience of applying the theory to real-world
situations. Major topics covered include: Static
Optimization Optimal Control of Discrete-Time
Systems Optimal Control of Continuous-Time
Systems The Tracking Problem and Other LQR
Extensions Final-Time-Free and Constrained Input
Control Dynamic Programming Optimal Control for
Polynomial Systems Output Feedback and
Structured Control Robustness and Multivariable
Frequency-Domain Techniques Differential Games
Reinforcement Learning and Optimal Adaptive
Control
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
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to produce suboptimal policies 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 simulationbased 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,
Page 4/19

Access Free Dynamic Programming And Optimal
Control Solution Manual File Type
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
model-based to model-free implementations: We first
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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.
In this book, we study theoretical and practical
aspects of computing methods for mathematical
modelling of nonlinear systems. A number of
computing techniques are considered, such as
methods of operator approximation with any given
accuracy; operator interpolation techniques including
a non-Lagrange interpolation; methods of system
representation subject to constraints associated with
concepts of causality, memory and stationarity;
methods of system representation with an accuracy
that is the best within a given class of models;
methods of covariance matrix estimation; methods
for low-rank matrix approximations; hybrid methods
based on a combination of iterative procedures and
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best operator approximation; and methods for
information compression and filtering under condition
that a filter model should satisfy restrictions
associated with causality and different types of
memory. As a result, the book represents a blend of
new methods in general computational analysis, and
specific, but also generic, techniques for study of
systems theory ant its particular branches, such as
optimal filtering and information compression. - Best
operator approximation, - Non-Lagrange
interpolation, - Generic Karhunen-Loeve transform Generalised low-rank matrix approximation - Optimal
data compression - Optimal nonlinear filtering
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)
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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 simulationbased 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.
This new, updated edition of Optimal Control reflects
major changes that have occurred in the field in
recent years and presents, in a clear and direct way,
the fundamentals of optimal control theory. It covers
the major topics involving measurement, principles
of optimality, dynamic programming, variational
methods, Kalman filtering, and other solution
techniques. To give the reader a sense of the
problems that can arise in a hands-on project, the
authors have included new material on optimal
output feedback control, a technique used in the
aerospace industry. Also included are two new
chapters on robust control to provide background in
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this rapidly growing area of interest. Relations to
classical control theory are emphasized throughout
the text, and a root-locus approach to steady-state
controller design is included. A chapter on optimal
control of polynomial systems is designed to give the
reader sufficient background for further study in the
field of adaptive control. The authors demonstrate
through numerous examples that computer
simulations of optimal controllers are easy to
implement and help give the reader an intuitive feel
for the equations. To help build the reader's
confidence in understanding the theory and its
practical applications, the authors have provided
many opportunities throughout the book for writing
simple programs. Optimal Control will also serve as
an invaluable reference for control engineers in the
industry. It offers numerous tables that make it easy
to find the equations needed to implement optimal
controllers for practical applications. All simulations
have been performed using MATLAB and relevant
Toolboxes. Optimal Control assumes a background
in the state-variable representation of systems;
because matrix manipulations are the basic
mathematical vehicle of the book, a short review is
included in the appendix. A lucid introductory text
and an invaluable reference, Optimal Control will
serve as a complete tool for the professional
engineer and advanced student alike. As a superb
introductory text and an indispensable reference, this
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new edition of Optimal Control will serve the needs
of both the professional engineer and the advanced
student in mechanical, electrical, and aerospace
engineering. Its coverage encompasses all the
fundamental topics as well as the major changes of
recent years, including output-feedback design and
robust design. An abundance of computer
simulations using MATLAB and relevant Toolboxes
is included to give the reader the actual experience
of applying the theory to real-world situations. Major
topics covered include: Static Optimization Optimal
Control of Discrete-Time Systems Optimal Control of
Continuous-Time Systems The Tracking Problem
and Other LQR Extensions Final-Time-Free and
Constrained Input Control Dynamic Programming
Optimal Control for Polynomial Systems Output
Feedback and Structured Control Robustness and
Multivariable Frequency-Domain Techniques
This book assembles new methods showing the
automotive engineer for the first time how hybrid
vehicle configurations can be modeled as systems
with discrete and continuous controls. These hybrid
systems describe naturally and compactly the
networks of embedded systems which use elements
such as integrators, hysteresis, state-machines and
logical rules to describe the evolution of continuous
and discrete dynamics and arise inevitably when
modeling hybrid electric vehicles. They can throw
light on systems which may otherwise be too
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complex or recondite. Hybrid Systems, Optimal
Control and Hybrid Vehicles shows the reader how
to formulate and solve control problems which satisfy
multiple objectives which may be arbitrary and
complex with contradictory influences on fuel
consumption, emissions and drivability. The text
introduces industrial engineers, postgraduates and
researchers to the theory of hybrid optimal control
problems. A series of novel algorithmic
developments provides tools for solving engineering
problems of growing complexity in the field of hybrid
vehicles. Important topics of real relevance rarely
found in text books and research
publications—switching costs, sensitivity of discrete
decisions and there impact on fuel savings, etc.—are
discussed and supported with practical applications.
These demonstrate the contribution of optimal hybrid
control in predictive energy management, advanced
powertrain calibration, and the optimization of
vehicle configuration with respect to fuel economy,
lowest emissions and smoothest drivability.
Numerical issues such as computing resources,
simplifications and stability are treated to enable
readers to assess such complex systems. To help
industrial engineers and managers with project
decision-making, solutions for many important
problems in hybrid vehicle control are provided in
terms of requirements, benefits and risks.
There are many methods of stable controller design
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for nonlinear systems. In seeking to go beyond the
minimum requirement of stability, Adaptive Dynamic
Programming in Discrete Time approaches the
challenging topic of optimal control for nonlinear
systems using the tools of adaptive dynamic
programming (ADP). The range of systems treated is
extensive; affine, switched, singularly perturbed and
time-delay nonlinear systems are discussed as are
the uses of neural networks and techniques of value
and policy iteration. The text features three main
aspects of ADP in which the methods proposed for
stabilization and for tracking and games benefit from
the incorporation of optimal control methods: •
infinite-horizon control for which the difficulty of
solving partial differential Hamilton–Jacobi–Bellman
equations directly is overcome, and proof provided
that the iterative value function updating sequence
converges to the infimum of all the value functions
obtained by admissible control law sequences; •
finite-horizon control, implemented in discrete-time
nonlinear systems showing the reader how to obtain
suboptimal control solutions within a fixed number of
control steps and with results more easily applied in
real systems than those usually gained from infinitehorizon control; • nonlinear games for which a pair of
mixed optimal policies are derived for solving games
both when the saddle point does not exist, and,
when it does, avoiding the existence conditions of
the saddle point. Non-zero-sum games are studied
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in the context of a single network scheme in which
policies are obtained guaranteeing system stability
and minimizing the individual performance function
yielding a Nash equilibrium. In order to make the
coverage suitable for the student as well as for the
expert reader, Adaptive Dynamic Programming in
Discrete Time: • establishes the fundamental theory
involved clearly with each chapter devoted to a
clearly identifiable control paradigm; • demonstrates
convergence proofs of the ADP algorithms to
deepen understanding of the derivation of stability
and convergence with the iterative computational
methods used; and • shows how ADP methods can
be put to use both in simulation and in real
applications. This text will be of considerable interest
to researchers interested in optimal control and its
applications in operations research, applied
mathematics computational intelligence and
engineering. Graduate students working in control
and operations research will also find the ideas
presented here to be a source of powerful methods
for furthering their study.
"Combines the hydraulic simulation of physical
processes with mathematical programming and
differential dynamic programming techniques to
ensure the optimization of hydrosystems. Presents
the principles and methodologies for systems and
optimal control concepts; features differential
dynamic programming in developing models and
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solution algorithms for groundwater, real-time flood
and sediment control of river-reservoir systems, and
water distribution systems operations, as well as bay
and estuary freshwater inflow reservoir oprations;
and more."
Dynamic Programming and Stochastic Control
This book focuses on how to implement optimal
control problems via the variational method. It
studies how to implement the extrema of functional
by applying the variational method and covers the
extrema of functional with different boundary
conditions, involving multiple functions and with
certain constraints etc. It gives the necessary and
sufficient condition for the (continuous-time) optimal
control solution via the variational method, solves the
optimal control problems with different boundary
conditions, analyzes the linear quadratic regulator &
tracking problems respectively in detail, and provides
the solution of optimal control problems with state
constraints by applying the Pontryagin’s minimum
principle which is developed based upon the
calculus of variations. And the developed results are
applied to implement several classes of popular
optimal control problems and say minimum-time,
minimum-fuel and minimum-energy problems and so
on. As another key branch of optimal control
methods, it also presents how to solve the optimal
control problems via dynamic programming and
discusses the relationship between the variational
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method and dynamic programming for comparison.
Concerning the system involving individual agents, it
is also worth to study how to implement the
decentralized solution for the underlying optimal
control problems in the framework of differential
games. The equilibrium is implemented by applying
both Pontryagin’s minimum principle and dynamic
programming. The book also analyzes the discretetime version for all the above materials as well since
the discrete-time optimal control problems are very
popular in many fields.
Upper-level undergraduate text introduces aspects of
optimal control theory: dynamic programming,
Pontryagin's minimum principle, and numerical
techniques for trajectory optimization. Numerous figures,
tables. Solution guide available upon request. 1970
edition.
Providing an introduction to stochastic optimal control in
infinite dimension, this book gives a complete account of
the theory of second-order HJB equations in infinitedimensional Hilbert spaces, focusing on its applicability
to associated stochastic optimal control problems. It
features a general introduction to optimal stochastic
control, including basic results (e.g. the dynamic
programming principle) with proofs, and provides
examples of applications. A complete and up-to-date
exposition of the existing theory of viscosity solutions
and regular solutions of second-order HJB equations in
Hilbert spaces is given, together with an extensive
survey of other methods, with a full bibliography. In
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particular, Chapter 6, written by M. Fuhrman and G.
Tessitore, surveys the theory of regular solutions of HJB
equations arising in infinite-dimensional stochastic
control, via BSDEs. The book is of interest to both pure
and applied researchers working in the control theory of
stochastic PDEs, and in PDEs in infinite dimension.
Readers from other fields who want to learn the basic
theory will also find it useful. The prerequisites are:
standard functional analysis, the theory of semigroups of
operators and its use in the study of PDEs, some
knowledge of the dynamic programming approach to
stochastic optimal control problems in finite dimension,
and the basics of stochastic analysis and stochastic
equations in infinite-dimensional spaces.
This book presents the latest findings on stochastic
dynamic programming models and on solving optimal
control problems in networks. It includes the authors’
new findings on determining the optimal solution of
discrete optimal control problems in networks and on
solving game variants of Markov decision problems in
the context of computational networks. First, the book
studies the finite state space of Markov processes and
reviews the existing methods and algorithms for
determining the main characteristics in Markov chains,
before proposing new approaches based on dynamic
programming and combinatorial methods. Chapter two is
dedicated to infinite horizon stochastic discrete optimal
control models and Markov decision problems with
average and expected total discounted optimization
criteria, while Chapter three develops a special gametheoretical approach to Markov decision processes and
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stochastic discrete optimal control problems. In closing,
the book’s final chapter is devoted to finite horizon
stochastic control problems and Markov decision
processes. The algorithms developed represent a
valuable contribution to the important field of
computational network theory.
This book covers the most recent developments in
adaptive dynamic programming (ADP). The text begins
with a thorough background review of ADP making sure
that readers are sufficiently familiar with the
fundamentals. In the core of the book, the authors
address first discrete- and then continuous-time systems.
Coverage of discrete-time systems starts with a more
general form of value iteration to demonstrate its
convergence, optimality, and stability with complete and
thorough theoretical analysis. A more realistic form of
value iteration is studied where value function
approximations are assumed to have finite errors.
Adaptive Dynamic Programming also details another
avenue of the ADP approach: policy iteration. Both basic
and generalized forms of policy-iteration-based ADP are
studied with complete and thorough theoretical analysis
in terms of convergence, optimality, stability, and error
bounds. Among continuous-time systems, the control of
affine and nonaffine nonlinear systems is studied using
the ADP approach which is then extended to other
branches of control theory including decentralized
control, robust and guaranteed cost control, and game
theory. In the last part of the book the real-world
significance of ADP theory is presented, focusing on
three application examples developed from the authors’
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work: • renewable energy scheduling for smart power
grids;• coal gasification processes; and• water–gas shift
reactions. Researchers studying intelligent control
methods and practitioners looking to apply them in the
chemical-process and power-supply industries will find
much to interest them in this thorough treatment of an
advanced approach to control.
This softcover book is a self-contained account of the theory
of viscosity solutions for first-order partial differential
equations of Hamilton–Jacobi type and its interplay with
Bellman’s dynamic programming approach to optimal control
and differential games. It will be of interest to scientists
involved in the theory of optimal control of deterministic linear
and nonlinear systems. The work may be used by graduate
students and researchers in control theory both as an
introductory textbook and as an up-to-date reference book.
From household appliances to applications in robotics,
engineered systems involving complex dynamics can only be
as effective as the algorithms that control them. While
Dynamic Programming (DP) has provided researchers with a
way to optimally solve decision and control problems
involving complex dynamic systems, its practical value was
limited by algorithms that lacked the capacity to scale up to
realistic problems. However, in recent years, dramatic
developments in Reinforcement Learning (RL), the modelfree counterpart of DP, changed our understanding of what is
possible. Those developments led to the creation of reliable
methods that can be applied even when a mathematical
model of the system is unavailable, allowing researchers to
solve challenging control problems in engineering, as well as
in a variety of other disciplines, including economics,
medicine, and artificial intelligence. Reinforcement Learning
and Dynamic Programming Using Function Approximators
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provides a comprehensive and unparalleled exploration of the
field of RL and DP. With a focus on continuous-variable
problems, this seminal text details essential developments
that have substantially altered the field over the past decade.
In its pages, pioneering experts provide a concise
introduction to classical RL and DP, followed by an extensive
presentation of the state-of-the-art and novel methods in RL
and DP with approximation. Combining algorithm
development with theoretical guarantees, they elaborate on
their work with illustrative examples and insightful
comparisons. Three individual chapters are dedicated to
representative algorithms from each of the major classes of
techniques: value iteration, policy iteration, and policy search.
The features and performance of these algorithms are
highlighted in extensive experimental studies on a range of
control applications. The recent development of applications
involving complex systems has led to a surge of interest in RL
and DP methods and the subsequent need for a quality
resource on the subject. For graduate students and others
new to the field, this book offers a thorough introduction to
both the basics and emerging methods. And for those
researchers and practitioners working in the fields of optimal
and adaptive control, machine learning, artificial intelligence,
and operations research, this resource offers a combination
of practical algorithms, theoretical analysis, and
comprehensive examples that they will be able to adapt and
apply to their own work. Access the authors' website at
www.dcsc.tudelft.nl/rlbook/ for additional material, including
computer code used in the studies and information
concerning new developments.
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