optimal control tutorial

optimal control tutorial provides a comprehensive introduction to the fundamental concepts,
mathematical formulations, and practical applications of optimal control theory. This tutorial aims to
equip readers with a thorough understanding of how to design control strategies that optimize system
performance based on predefined criteria. Beginning with an overview of optimal control principles,
the article progresses through essential topics such as the calculus of variations, Pontryagin's
Maximum Principle, dynamic programming, and numerical methods for solving optimal control
problems. Additionally, it covers various applications across engineering, economics, and robotics,
demonstrating the versatility of optimal control in real-world scenarios. The tutorial is designed for
students, engineers, and researchers who seek a structured and in-depth guide to mastering optimal
control techniques. The following table of contents outlines the key sections that will be explored in
detail.
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Fundamentals of Optimal Control

Optimal control is a branch of control theory focused on finding control laws for dynamical systems
that optimize a specific performance criterion. It involves determining the control inputs that minimize
or maximize an objective function while satisfying the system dynamics and constraints. This section
introduces the basic components of an optimal control problem, including the state variables, control
variables, system dynamics, performance index, and boundary conditions.

Definition of Optimal Control Problem

An optimal control problem typically consists of a dynamical system described by differential or
difference equations and an objective function to be optimized. The goal is to find a control input
sequence that steers the system from an initial state to a desired final state while optimizing the
performance index. The mathematical formulation is generally written as:

Minimize (or maximize) ] = o(x(t_f)) + ft_ot-f L(x(t), u(t), t) dt

subject to the system dynamics: x(t) = f(x(t), u(t), t), and initial conditions x(t 0) = x_0.



Components of an Optimal Control Problem

The main components defining an optimal control problem include:

e State Variables (x): Variables describing the system's status at any given time.
e Control Variables (u): Inputs or actions applied to influence the system dynamics.
e System Dynamics (f): Equations describing how the state evolves over time.

e Performance Index (J): A scalar function to be minimized or maximized, representing cost,
energy, time, or other criteria.

¢ Constraints: Limits on states, controls, or terminal conditions.

Mathematical Foundations

The mathematical underpinnings of optimal control are rooted in calculus of variations and differential
equations. This section explores these foundational concepts to establish the framework necessary for
formulating and solving optimal control problems.

Calculus of Variations

Calculus of variations deals with finding functions that optimize functionals, which are mappings from
a space of functions to real numbers. It provides the tools to derive necessary conditions for
optimality, such as the Euler-Lagrange equation, which forms the basis for many optimal control
methods.

Pontryagin’s Maximum Principle

Pontryagin’s Maximum Principle (PMP) is a cornerstone in optimal control theory, providing necessary
conditions for an optimal control. It introduces the Hamiltonian function combining the system
dynamics and the costate variables, leading to a boundary-value problem involving state and costate
equations. The principle states that the optimal control maximizes (or minimizes) the Hamiltonian at
every instant.

Dynamic Programming

Dynamic programming, developed by Richard Bellman, offers a method to solve optimal control
problems by breaking them down into simpler subproblems. It relies on the principle of optimality,
which asserts that an optimal policy has the property that whatever the initial state and decision are,
the remaining decisions must constitute an optimal policy with regard to the state resulting from the
first decision.



Key Optimal Control Methods

This section presents prominent methods used to solve optimal control problems, highlighting their
applicability, strengths, and limitations. Understanding these techniques is essential for selecting the
appropriate approach for a given problem.

Indirect Methods

Indirect methods involve deriving necessary conditions for optimality and then solving the resulting
two-point boundary value problem. These methods require a deep understanding of the system and
often involve complex mathematical manipulations but can provide highly accurate solutions.

Direct Methods

Direct methods transform the optimal control problem into a nonlinear programming problem by
discretizing the controls and states. These methods are more flexible and easier to implement
numerically but may require significant computational resources.

Model Predictive Control

Model Predictive Control (MPC) is a practical control strategy that solves an optimal control problem at
each time step over a finite horizon. MPC is widely used in industry due to its ability to handle
constraints and adapt to changing conditions in real time.

Numerical Techniques for Optimal Control

Solving optimal control problems analytically is often infeasible, making numerical methods
indispensable. This section details common numerical approaches and algorithms employed to
compute optimal controls.

Shooting Methods

Shooting methods solve the boundary value problem resulting from indirect methods by guessing
initial costate values and iteratively refining them to satisfy terminal conditions. While effective for
low-dimensional problems, shooting methods can suffer from instability and convergence issues.

Collocation Methods

Collocation methods approximate the state and control trajectories using polynomial basis functions
and enforce system dynamics at selected collocation points. This technique converts the problem into
a large-scale nonlinear program, suitable for modern optimization solvers.



Gradient-Based Optimization

Gradient-based optimization algorithms utilize derivatives of the performance index with respect to
controls to iteratively improve the solution. Techniques like steepest descent, conjugate gradient, and
quasi-Newton methods are commonly applied in optimal control.

Applications of Optimal Control

Optimal control theory finds extensive applications across various fields due to its ability to optimize
system behavior under constraints. This section highlights several key areas where optimal control
techniques are effectively employed.

Engineering and Robotics

In engineering, optimal control is used for trajectory planning, process control, and energy
management. Robotics employs optimal control for motion planning, manipulator control, and
autonomous navigation, ensuring efficiency and precision in complex tasks.

Economics and Finance

Optimal control models dynamic decision-making processes in economics, such as resource
allocation, investment strategies, and consumption planning. In finance, it aids in portfolio
optimization and risk management under uncertainty.

Biomedical Applications

Biomedical engineering applies optimal control to drug dosage optimization, treatment planning, and
medical device control. These applications enhance patient outcomes by tailoring therapeutic
interventions.

Energy Systems

Optimal control plays a vital role in energy systems for managing power generation, load balancing,
and optimizing renewable energy integration, contributing to sustainable and efficient energy
management.

Advantages of Using Optimal Control

e Improves system performance by minimizing cost functions or maximizing efficiency.

e Enables handling of constraints on states and controls systematically.



e Provides a structured framework for complex decision-making over time.

* Facilitates real-time control adjustment in dynamic environments.

Frequently Asked Questions

What is the best way to start learning optimal control for
beginners?

For beginners, the best way to start learning optimal control is to grasp the fundamentals of control
theory and calculus of variations, then study the Pontryagin's Maximum Principle and Dynamic

Programming. Utilizing online tutorials, textbooks like 'Optimal Control Theory: An Introduction' by
Donald Kirk, and practical examples can help solidify understanding.

Which software tools are recommended for implementing
optimal control problems?

Popular software tools for implementing optimal control problems include MATLAB (with toolboxes like
the Optimal Control Toolbox and Simulink), Python libraries such as CasADi and GEKKO, and
dedicated platforms like GPOPS-Il and ACADO Toolkit. These tools provide numerical solvers and
frameworks tailored for optimal control.

Can you explain the difference between open-loop and closed-
loop optimal control?

Open-loop optimal control computes the control inputs based solely on the initial state and time,
without feedback from the system during execution. Closed-loop (or feedback) optimal control
continuously adjusts inputs in response to the current state, improving robustness to disturbances
and uncertainties.

What are some common applications of optimal control in
real-world systems?

Optimal control is widely applied in aerospace for trajectory optimization, robotics for motion
planning, economics for resource allocation, automotive systems for fuel efficiency and autonomous
driving, and energy systems for optimal power management.

How does the Pontryagin's Maximum Principle help in solving
optimal control problems?

Pontryagin's Maximum Principle provides necessary conditions for optimality by converting the
optimal control problem into a two-point boundary value problem. It introduces the Hamiltonian
function and adjoint variables, offering a systematic way to find candidate optimal controls.



Are there any free online tutorials or courses available for
learning optimal control?

Yes, several free resources are available, including MIT OpenCourseWare's '‘Optimal Control' lectures,
tutorials on YouTube channels like Control Academy, and comprehensive notes and examples on
websites such as MathWorks and Coursera free trials.

What role does Dynamic Programming play in optimal control?

Dynamic Programming solves optimal control problems by breaking them into simpler subproblems
and using the principle of optimality. It is especially useful for discrete-time systems and leads to the
Hamilton-Jacobi-Bellman equation, which characterizes the value function of the control problem.

Additional Resources

1. Optimal Control Theory: An Introduction

This book provides a comprehensive introduction to optimal control theory, covering both the
theoretical foundations and practical applications. It discusses Pontryagin’s Maximum Principle,
dynamic programming, and introduces numerical methods for solving control problems. Suitable for
beginners, it includes numerous examples and exercises to facilitate learning.

2. Applied Optimal Control: Optimization, Estimation and Control

Focusing on applied aspects, this text bridges the gap between theory and real-world problems. It
presents techniques for optimization and estimation alongside control theory, making it ideal for
engineers and practitioners. The book is rich in case studies and computational strategies.

3. Optimal Control and Estimation

This tutorial-style book offers a unified approach to optimal control and estimation problems. It
introduces the reader to linear quadratic regulators, Kalman filters, and stochastic control. The clear
explanations and step-by-step derivations make it a valuable resource for graduate students.

4. Optimal Control Theory: Applications to Management Science and Economics

Tailored for those interested in economics and management, this book demonstrates how optimal
control techniques can be applied to economic models. It covers continuous-time optimization,
decision processes, and dynamic systems in an accessible manner. The text includes numerous
economic examples to illustrate concepts.

5. Numerical Methods for Optimal Control Problems

This book delves into computational methods used to solve optimal control problems, such as direct
and indirect numerical approaches. It explains discretization techniques, shooting methods, and
collocation, providing algorithms and software tools. Ideal for researchers and advanced students
focusing on numerical implementation.

6. Optimal Control: Theory and Practice

Combining theory with practical insights, this book covers foundational topics and advanced methods
in optimal control. It discusses nonlinear systems, constraints, and real-time control applications. The
inclusion of practical examples and problem sets supports hands-on learning.

7. Dynamic Programming and Optimal Control



This two-volume set explores dynamic programming principles in depth, emphasizing their role in
solving optimal control problems. It covers discrete and continuous cases, stochastic control, and
approximation techniques. The tutorial approach is complemented by numerous illustrations and
exercises.

8. Optimal Control of Partial Differential Equations: Theory, Methods, and Applications

Focusing on optimal control problems governed by PDEs, this book presents both theoretical and
computational aspects. It discusses existence and uniqueness, optimality conditions, and numerical
schemes. Suitable for advanced students and researchers working in applied mathematics and
engineering.

9. Introduction to Optimal Control Problems in Life Sciences and Economics

This interdisciplinary book introduces optimal control methods with applications in biology, medicine,
and economics. It presents models of population dynamics, resource management, and epidemiology,
demonstrating how control theory can inform decision-making. The tutorial style and real-world
examples make it accessible to a broad audience.
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optimal control tutorial: Optimal Control Theory Donald E. Kirk, 2012-04-26 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.

optimal control tutorial: A Tutorial on Optimal Control Theory Suresh Sethi, 2014
Management science applications frequently involve problems of controlling continuous time
dynamic systems, that is, systems which evolve over time. Optimal control theory, a relatively new
branch of mathematics, determines the optimal way to control such a dynamic system. The purpose
of this tutorial paper is to provide an elementary introduction to optimal control theory and to
illustrate it by formulating a simple example. A reader who has covered this tutorial should be able
to read most of this special issue of INFOR which contains articles applying optimal control theory to
the solution of management science problems.

optimal control tutorial: A Tutorial Introduction to Discrete Time Optimal Control M.
Tomizuka, Y. Takahashi, D. M. Auslander, 1978

optimal control tutorial: Computational Optimal Control Dr Subchan Subchan, Dr Rafal
Zbikowski, 2009-08-19 Computational Optimal Control: Tools and Practice provides a detailed guide
to informed use of computational optimal control in advanced engineering practice, addressing the
need for a better understanding of the practical application of optimal control using computational
techniques. Throughout the text the authors employ an advanced aeronautical case study to provide
a practical, real-life setting for optimal control theory. This case study focuses on an advanced,
real-world problem known as the “terminal bunt manoeuvre” or special trajectory shaping of a
cruise missile. Representing the many problems involved in flight dynamics, practical control and
flight path constraints, this case study offers an excellent illustration of advanced engineering
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practice using optimal solutions. The book describes in practical detail the real and tested optimal
control software, examining the advantages and limitations of the technology. Featuring tutorial
insights into computational optimal formulations and an advanced case-study approach to the topic,
Computational Optimal Control: Tools and Practice provides an essential handbook for practising
engineers and academics interested in practical optimal solutions in engineering. Focuses on an
advanced, real-world aeronautical case study examining optimisation of the bunt manoeuvre Covers
DIRCOL, NUDOCCCS, PROMIS and SOCS (under the GESOP environment), and BNDSCO Explains
how to configure and optimize software to solve complex real-world computational optimal control
problems Presents a tutorial three-stage hybrid approach to solving optimal control problem
formulations

optimal control tutorial: Optimal Control Michael Athans, Peter L. Falb, 2013-04-26 Geared
toward advanced undergraduate and graduate engineering students, this text introduces the theory
and applications of optimal control. It serves as a bridge to the technical literature, enabling
students to evaluate the implications of theoretical control work, and to judge the merits of papers
on the subject. Rather than presenting an exhaustive treatise, Optimal Control offers a detailed
introduction that fosters careful thinking and disciplined intuition. It develops the basic
mathematical background, with a coherent formulation of the control problem and discussions of the
necessary conditions for optimality based on the maximum principle of Pontryagin. In-depth
examinations cover applications of the theory to minimum time, minimum fuel, and to quadratic
criteria problems. The structure, properties, and engineering realizations of several optimal
feedback control systems also receive attention. Special features include numerous specific
problems, carried through to engineering realization in block diagram form. The text treats almost
all current examples of control problems that permit analytic solutions, and its unified approach
makes frequent use of geometric ideas to encourage students' intuition.

optimal control tutorial: A Primer on Pontryagin's Principle in Optimal Control I. Michael
Ross, 2009 This book introduces a student to Pontryagin's Maximum Principle in a tutorial style.
How to formulate an optimal control problem and how to apply Pontryagin's theory are the main
topics. Numerous examples are used to discuss pitfalls in problem formulation. Figures are used
extensively to complement the ideas. An entire chapter is dedicated to solved example problems:
from the classical Brachistochrone problem to modern space vehicle guidance. These examples are
also used to show how to obtain optimal nonlinear feedback control. Students in engineering and
mathematics will find this book to be a useful complement to their lecture notes. Table of Contents:
1 Problem Formulation 1.1 The Brachistochrone Paradigm 1.1.1 Development of a Problem
Formulation 1.1.2 Scaling Equations 1.1.3 Alternative Problem Formulations 1.1.4 The Target Set
1.2 A Fundamental Control Problem 1.2.1 Problem Statement 1.2.2 Trajectory Optimization and
Feedback Control 2 Pontryagin's Principle 2.1 A Fundamental Control Problem 2.2 Necessary
Conditions 2.3 Minimizing the Hamiltonian 2.3.1 Brief History 2.3.2 KKT Conditions for Problem
HMC 2.3.3 Time-Varying Control Space 3 Example Problems 3.1 The Brachistochrone Problem
Redux 3.2 A Linear-Quadratic Problem 3.3 A Time-Optimal Control Problem 3.4 A Space Guidance
Problem 4 Exercise Problems 4.1 One-Dimensional Problems 4.1.1 Linear-Quadratic Problems 4.1.2
A Control-Constrained Problem 4.2 Double Integrator Problems 4.2.1 L1-Optimal Control 4.2.2
Fuller's Problem 4.3 Orbital Maneuvering Problems 4.3.1 Velocity Steering 4.3.2 Max-Energy Orbit
Transfer 4.3.3 Min-Time Orbit Transfer References Index

optimal control tutorial: Optimal Control with Engineering Applications Hans P. Geering,
2007-03-23 This book introduces a variety of problem statements in classical optimal control, in
optimal estimation and filtering, and in optimal control problems with non-scalar-valued
performance criteria. Many example problems are solved completely in the body of the text. All
chapter-end exercises are sketched in the appendix. The theoretical part of the book is based on the
calculus of variations, so the exposition is very transparent and requires little mathematical rigor.

optimal control tutorial: Optimal Control Theory Suresh P. Sethi, Gerald L. Thompson,
2005-09-06 Optimal control methods are used to determine optimal ways to control a dynamic



system. The theoretical work in this field serves as a foundation for the book, which the authors have
applied to business management problems developed from their research and classroom instruction.
Sethi and Thompson have provided management science and economics communities with a
thoroughly revised edition of their classic text on Optimal Control Theory. The new edition has been
completely refined with careful attention to the text and graphic material presentation. Chapters
cover a range of topics including finance, production and inventory problems, marketing problems,
machine maintenance and replacement, problems of optimal consumption of natural resources, and
applications of control theory to economics. The book contains new results that were not available
when the first edition was published, as well as an expansion of the material on stochastic optimal
control theory.

optimal control tutorial: Polynomial Methods for Control Systems Design Michael J. Grimble,
Vladimir Kucera, 2012-12-06 This monograph was motivated by a very successful workshop held
before the 3rd IEEE Conference on Decision and Control held at the Buena Vista Hotel, lake Buena
Vista, Florida, USA. The workshop was held to provide an overview of polynomial system methods in
LQG (or H ) and Hoo optimal control and 2 estimation. The speakers at the workshop were chosen to
reflect the important contributions polynomial techniques have made to systems theory and also to
show the potential benefits which should arise in real applications. An introduction to H2 control
theory for continuous-time systems is included in chapter 1. Three different approaches are
considered covering state-space model descriptions, Wiener-Hopf transfer function methods and
finally polyno mial equation based transfer function solutions. The differences and similarities
between the techniques are explored and the different assumptions employed in the solutions are
discussed. The standard control system description is intro duced in this chapter and the use of
Hardy spaces for optimization. Both control and estimation problems are considered in the context
of the standard system description. The tutorial chapter concludes with a number of fully worked ex
amples.

optimal control tutorial: Geometric Optimal Control Heinz Schattler, Urszula Ledzewicz,
2012-06-26 This book gives a comprehensive treatment of the fundamental necessary and sufficient
conditions for optimality for finite-dimensional, deterministic, optimal control problems. The
emphasis is on the geometric aspects of the theory and on illustrating how these methods can be
used to solve optimal control problems. It provides tools and techniques that go well beyond
standard procedures and can be used to obtain a full understanding of the global structure of
solutions for the underlying problem. The text includes a large number and variety of fully worked
out examples that range from the classical problem of minimum surfaces of revolution to cancer
treatment for novel therapy approaches. All these examples, in one way or the other, illustrate the
power of geometric techniques and methods. The versatile text contains material on different levels
ranging from the introductory and elementary to the advanced. Parts of the text can be viewed as a
comprehensive textbook for both advanced undergraduate and all level graduate courses on optimal
control in both mathematics and engineering departments. The text moves smoothly from the more
introductory topics to those parts that are in a monograph style were advanced topics are presented.
While the presentation is mathematically rigorous, it is carried out in a tutorial style that makes the
text accessible to a wide audience of researchers and students from various fields, including the
mathematical sciences and engineering. Heinz Schattler is an Associate Professor at Washington
University in St. Louis in the Department of Electrical and Systems Engineering, Urszula Ledzewicz
is a Distinguished Research Professor at Southern Illinois University Edwardsville in the Department
of Mathematics and Statistics.

optimal control tutorial: The Ocean Engineering Handbook Ferial El-Hawary, 2000-12-28
Compiled by an internationally acclaimed panel of experts, this is the most complete reference of its
kind. It provides comprehensive coverage of important areas of the theory and practice of
oceanic/coastal engineering and technology. The well-organized text includes five major sections:
Marine Hydrodynamics and Vehicles Control, Modeling Considerations, Position Control Systems for
Offshore Vessels, Applications of Computational Intelligence in the Ocean's Environment, and Fiber



Optics in Oceanographic Applications. Designed as a traditional handbook, it offers a detailed look
ocean engineering, including thorough coverage of position control theory and implementation.

optimal control tutorial: Passive Network Synthesis: An Approach to Classification
Alessandro Morelli, Malcolm C. Smith, 2019-05-21 A resurgence of interest in network synthesis in
the last decade, motivated in part by the introduction of the inerter, has led to the need for a better
understanding of the most economical way to realize a given passive impedance. This monograph
outlines the main contributions to the field of passive network synthesis and presents new research
into the enumerative approach and the classification of networks of restricted complexity. Passive
Network Synthesis: An Approach to Classification serves as both an ideal introduction to the topic
and a definitive treatment of the Ladenheim catalogue. In particular, the authors provide a new
analysis and classification of the Ladenheim catalogue, building on recent work, to obtain an
improved understanding of the structure and realization power of the class within the biquadratic
positive-real functions. This book is intended for researchers in systems and control, real algebraic
geometry, electrical and mechanical networks, and dynamics and vibration.

optimal control tutorial: Recent Advances in Optimization Alberto Seeger, 2006-01-26 The
contributions appearing in this book give an overview of recent research done in optimization and
related areas, such as optimal control, calculus of variations, and game theory. They do not only
address abstract issues of optimization theory, but are also concerned with the modeling and
computer resolution of specific optimization problems arising in industry and applied sciences.

optimal control tutorial: Deep Reinforcement Learning with Guaranteed Performance
Yinyan Zhang, Shuai Li, Xuefeng Zhou, 2019-11-09 This book discusses methods and algorithms for
the near-optimal adaptive control of nonlinear systems, including the corresponding theoretical
analysis and simulative examples, and presents two innovative methods for the redundancy
resolution of redundant manipulators with consideration of parameter uncertainty and periodic
disturbances. It also reports on a series of systematic investigations on a near-optimal adaptive
control method based on the Taylor expansion, neural networks, estimator design approaches, and
the idea of sliding mode control, focusing on the tracking control problem of nonlinear systems
under different scenarios. The book culminates with a presentation of two new redundancy
resolution methods; one addresses adaptive kinematic control of redundant manipulators, and the
other centers on the effect of periodic input disturbance on redundancy resolution. Each
self-contained chapter is clearly written, making the book accessible to graduate students as well as
academic and industrial researchers in the fields of adaptive and optimal control, robotics, and
dynamic neural networks.

optimal control tutorial: Game Theory with Engineering Applications Dario Bauso,
2016-02-29 Engineering systems are highly distributed collective systems that have humans in the
loop. Engineering systems emphasize the potential of control and games beyond traditional
applications. Game theory can be used to design incentives to obtain socially desirable behaviors on
the part of the players, for example, a change in the consumption patterns on the part of the
?prosumers? (producers-consumers) or better redistribution of traffic. This unique book addresses
the foundations of game theory, with an emphasis on the physical intuition behind the concepts, an
analysis of design techniques, and a discussion of new trends in the study of cooperation and
competition in large complex distributed systems.

optimal control tutorial: Design of Delay-Based Controllers for Linear Time-Invariant Systems
Adridn Ramirez, Rifat Sipahi, Sabine Mondié, Rubén Garrido, 2025-01-01 This book provides the
mathematical foundations needed for designing practical controllers for linear time-invariant
systems. The authors accomplish this by incorporating intentional time delays into measurements
with the goal of achieving anticipation capabilities, reduction in noise sensitivity, and a fast
response. The benefits of these types of delay-based controllers have long been recognized, but
designing them based on an analytical approach became possible only recently. Design of
Delay-Based Controllers for Linear Time-Invariant Systems provides a thorough survey of the field
and the details of the analytical approaches needed to design delay-based controllers. In addition,



readers will find accessible mathematical tools and self-contained proofs for rigorous analysis,
numerous examples and comprehensive computational algorithms to motivate the results, and
experiments on single-input single-output systems and multi-agent systems using real-world control
applications to illustrate the benefits of intentionally inducing delays in control loops. This book is
intended for control engineers in various disciplines, including electrical, mechanical, and
mechatronics engineering. It offers valuable insights for graduate students, researchers, and
professionals working in industry.

optimal control tutorial: Handbook On Computational Intelligence (In 2 Volumes) Plamen
Parvanov Angelov, 2016-03-18 With the Internet, the proliferation of Big Data, and autonomous
systems, mankind has entered into an era of 'digital obesity'. In this century, computational
intelligence, such as thinking machines, have been brought forth to process complex human
problems in a wide scope of areas — from social sciences, economics and biology, medicine and
social networks, to cyber security.The Handbook of Computational Intelligence (in two volumes)
prompts readers to look at these problems from a non-traditional angle. It takes a step by step
approach, supported by case studies, to explore the issues that have arisen in the process. The
Handbook covers many classic paradigms, as well as recent achievements and future promising
developments to solve some of these very complex problems. Volume one explores the subjects of
fuzzy logic and systems, artificial neural networks, and learning systems. Volume two delves into
evolutionary computation, hybrid systems, as well as the applications of computational intelligence
in decision making, the process industry, robotics, and autonomous systems.This work is a
'one-stop-shop' for beginners, as well as an inspirational source for more advanced researchers. It is
a useful resource for lecturers and learners alike.

optimal control tutorial: AIMD Dynamics and Distributed Resource Allocation M. Corless, C.
King, R. Shorten, F. Wirth, 2016-02-09 This is the first comprehensive book on the AIMD algorithm,
the most widely used method for allocating a limited resource among competing agents without
centralized control. The authors offer a new approach that is based on positive switched linear
systems. It is used to develop most of the main results found in the book, and fundamental results on
stochastic switched nonnegative and consensus systems are derived to obtain these results. The
original and best known application of the algorithm is in the context of congestion control and
resource allocation on the Internet, and readers will find details of several variants of the algorithm
in order of increasing complexity, including deterministic, random, linear, and nonlinear versions. In
each case, stability and convergence results are derived based on unifying principles. Basic and
fundamental properties of the algorithm are described, examples are used to illustrate the richness
of the resulting dynamical systems, and applications are provided to show how the algorithm can be
used in the context of smart cities, intelligent transportation systems, and the smart grid.

optimal control tutorial: The Shape of Things Shawn W. Walker, 2015-12-17 Many things
around us have properties that depend on their shape?for example, the drag characteristics of a
rigid body in a flow. This self-contained overview of differential geometry explains how to
differentiate a function (in the calculus sense) with respect to a ?shape variable.? This approach,
which is useful for understanding mathematical models containing geometric partial differential
equations (PDEs), allows readers to obtain formulas for geometric quantities (such as curvature)
that are clearer than those usually offered in differential geometry texts. Readers will learn how to
compute sensitivities with respect to geometry by developing basic calculus tools on surfaces and
combining them with the calculus of variations. Several applications that utilize shape derivatives
and many illustrations that help build intuition are included.

optimal control tutorial: Handbook On Computer Learning And Intelligence (In 2 Volumes)
Plamen Parvanov Angelov, 2022-06-29 The Handbook on Computer Learning and Intelligence is a
second edition which aims to be a one-stop-shop for the various aspects of the broad research area
of computer learning and intelligence. This field of research evolved so much in the last five years
that it necessitates this new edition of the earlier Handbook on Computational Intelligence.This
two-volume handbook is divided into five parts. Volume 1 covers Explainable Al and Supervised



Learning. Volume 2 covers three parts: Deep Learning, Intelligent Control, and Evolutionary
Computation. The chapters detail the theory, methodology and applications of computer learning
and intelligence, and are authored by some of the leading experts in the respective areas. The fifteen
core chapters of the previous edition have been written and significantly refreshed by the same
authors. Parts of the handbook have evolved to keep pace with the latest developments in
computational intelligence in the areas that span across Machine Learning and Artificial
Intelligence. The Handbook remains dedicated to applications and engineering-orientated aspects of
these areas over abstract theories.Related Link(s)
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