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Explore fundamental optimization concepts and their practical applications specifically within the 
engineering domain. This guide delves into various techniques used to enhance system performance, 
design efficiency, and operational effectiveness across diverse engineering disciplines.
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Optimization Concepts and Applications in Engineering

In this revised and enhanced second edition of Optimization Concepts and Applications in Engineering, 
the already robust pedagogy has been enhanced with more detailed explanations, an increased 
number of solved examples and end-of-chapter problems. The source codes are now available free 
on multiple platforms. It is vitally important to meet or exceed previous quality and reliability standards 
while at the same time reducing resource consumption. This textbook addresses this critical imperative 
integrating theory, modeling, the development of numerical methods, and problem solving, thus 
preparing the student to apply optimization to real-world problems. This text covers a broad variety 
of optimization problems using: unconstrained, constrained, gradient, and non-gradient techniques; 
duality concepts; multiobjective optimization; linear, integer, geometric, and dynamic programming with 
applications; and finite element-based optimization. It is ideal for advanced undergraduate or graduate 
courses and for practising engineers in all engineering disciplines, as well as in applied mathematics.

Optimization Concepts and Applications in Engineering

An Application-Oriented Introduction to Essential Optimization Concepts and Best Practices Optimiza-
tion is an inherent human tendency that gained new life after the advent of calculus; now, as the 
world grows increasingly reliant on complex systems, optimization has become both more important 
and more challenging than ever before. Engineering Optimization provides a practically-focused 
introduction to modern engineering optimization best practices, covering fundamental analytical and 
numerical techniques throughout each stage of the optimization process. Although essential algorithms 
are explained in detail, the focus lies more in the human function: how to create an appropriate objective 
function, choose decision variables, identify and incorporate constraints, define convergence, and 
other critical issues that define the success or failure of an optimization project. Examples, exercises, 
and homework throughout reinforce the author’s “do, not study” approach to learning, underscoring 
the application-oriented discussion that provides a deep, generic understanding of the optimization 
process that can be applied to any field. Providing excellent reference for students or professionals, 
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Engineering Optimization: Describes and develops a variety of algorithms, including gradient based 
(such as Newton’s, and Levenberg-Marquardt), direct search (such as Hooke-Jeeves, Leapfrogging, 
and Particle Swarm), along with surrogate functions for surface characterization Provides guidance on 
optimizer choice by application, and explains how to determine appropriate optimizer parameter values 
Details current best practices for critical stages of specifying an optimization procedure, including 
decision variables, defining constraints, and relationship modeling Provides access to software and 
Visual Basic macros for Excel on the companion website, along with solutions to examples presented 
in the book Clear explanations, explicit equation derivations, and practical examples make this book 
ideal for use as part of a class or self-study, assuming a basic understanding of statistics, calculus, 
computer programming, and engineering models. Anyone seeking best practices for “making the best 
choices” will find value in this introductory resource.

Optimization Concepts and Applications in Engineering

This book provides different approaches used to analyze, draw attention, and provide an understanding 
of the advancements in the optimization field across the globe. It brings all of the latest methodologies, 
tools, and techniques related to optimization and industrial engineering into a single volume to build 
insights towards the latest advancements in various domains. Applications of Advanced Optimization 
Techniques in Industrial Engineering includes the basic concept of optimization, techniques, and 
applications related to industrial engineering. Concepts are introduced in a sequential way along with 
explanations, illustrations, and solved examples. The book goes on to explore applications of operations 
research and covers empirical properties of a variety of engineering disciplines. It presents network 
scheduling, production planning, industrial and manufacturing system issues, and their implications 
in the real world. The book caters to academicians, researchers, professionals in inventory analytics, 
business analytics, investment managers, finance firms, storage-related managers, and engineers 
working in engineering industries and data management fields.

Engineering Optimization

An accessible introduction to metaheuristics and optimization, featuring powerful and modern algo-
rithms for application across engineering and the sciences From engineering and computer science 
to economics and management science, optimization is a core component for problem solving. 
Highlighting the latest developments that have evolved in recent years, Engineering Optimization: 
An Introduction with Metaheuristic Applications outlines popular metaheuristic algorithms and equips 
readers with the skills needed to apply these techniques to their own optimization problems. With 
insightful examples from various fields of study, the author highlights key concepts and techniques for 
the successful application of commonly-used metaheuristc algorithms, including simulated annealing, 
particle swarm optimization, harmony search, and genetic algorithms. The author introduces all major 
metaheuristic algorithms and their applications in optimization through a presentation that is organized 
into three succinct parts: Foundations of Optimization and Algorithms provides a brief introduction to 
the underlying nature of optimization and the common approaches to optimization problems, random 
number generation, the Monte Carlo method, and the Markov chain Monte Carlo method Metaheuristic 
Algorithms presents common metaheuristic algorithms in detail, including genetic algorithms, simu-
lated annealing, ant algorithms, bee algorithms, particle swarm optimization, firefly algorithms, and 
harmony search Applications outlines a wide range of applications that use metaheuristic algorithms 
to solve challenging optimization problems with detailed implementation while also introducing var-
ious modifications used for multi-objective optimization Throughout the book, the author presents 
worked-out examples and real-world applications that illustrate the modern relevance of the topic. A 
detailed appendix features important and popular algorithms using MATLAB® and Octave software 
packages, and a related FTP site houses MATLAB code and programs for easy implementation of 
the discussed techniques. In addition, references to the current literature enable readers to investigate 
individual algorithms and methods in greater detail. Engineering Optimization: An Introduction with 
Metaheuristic Applications is an excellent book for courses on optimization and computer simulation 
at the upper-undergraduate and graduate levels. It is also a valuable reference for researchers and 
practitioners working in the fields of mathematics, engineering, computer science, operations research, 
and management science who use metaheuristic algorithms to solve problems in their everyday work.

Applications of Advanced Optimization Techniques in Industrial Engineering



A Rigorous Mathematical Approach To Identifying A Set Of Design Alternatives And Selecting The Best 
Candidate From Within That Set, Engineering Optimization Was Developed As A Means Of Helping 
Engineers To Design Systems That Are Both More Efficient And Less Expensive And To Develop 
New Ways Of Improving The Performance Of Existing Systems.Thanks To The Breathtaking Growth 
In Computer Technology That Has Occurred Over The Past Decade, Optimization Techniques Can 
Now Be Used To Find Creative Solutions To Larger, More Complex Problems Than Ever Before. As 
A Consequence, Optimization Is Now Viewed As An Indispensable Tool Of The Trade For Engineers 
Working In Many Different Industries, Especially The Aerospace, Automotive, Chemical, Electrical, 
And Manufacturing Industries.In Engineering Optimization, Professor Singiresu S. Rao Provides An 
Application-Oriented Presentation Of The Full Array Of Classical And Newly Developed Optimization 
Techniques Now Being Used By Engineers In A Wide Range Of Industries. Essential Proofs And 
Explanations Of The Various Techniques Are Given In A Straightforward, User-Friendly Manner, And 
Each Method Is Copiously Illustrated With Real-World Examples That Demonstrate How To Maximize 
Desired Benefits While Minimizing Negative Aspects Of Project Design.Comprehensive, Authoritative, 
Up-To-Date, Engineering Optimization Provides In-Depth Coverage Of Linear And Nonlinear Program-
ming, Dynamic Programming, Integer Programming, And Stochastic Programming Techniques As Well 
As Several Breakthrough Methods, Including Genetic Algorithms, Simulated Annealing, And Neural 
Network-Based And Fuzzy Optimization Techniques.Designed To Function Equally Well As Either A 
Professional Reference Or A Graduate-Level Text, Engineering Optimization Features Many Solved 
Problems Taken From Several Engineering Fields, As Well As Review Questions, Important Figures, 
And Helpful References.Engineering Optimization Is A Valuable Working Resource For Engineers 
Employed In Practically All Technological Industries. It Is Also A Superior Didactic Tool For Graduate 
Students Of Mechanical, Civil, Electrical, Chemical And Aerospace Engineering.

Engineering Optimization

We are rarely asked to. make decisions based on only one criterion; most often, decisions are based 
on several usually confticting, criteria. In nature, if the design of a system evolves to some final, optimal 
state, then it must include a balance for the interaction of the system with its surroundings certainly a 
design based on a variety of criteria. Furthermore, the diversity of nature's designs suggests an infinity 
of such optimal states. In another sense, decisions simultaneously optimize a finite number of criteria, 
while there is usually an infinity of optimal solutions. Multicriteria optimization provides the mathematical 
framework to accommodate these demands. Multicriteria optimization has its roots in mathematical 
economics, in particular, in consumer economics as considered by Edgeworth and Pareto. The critical 
question in an exchange economy concerns the "equilibrium point" at which each of N consumers 
has achieved the best possible deal for hirnself or herself. Ultimately, this is a collective decision in 
which any further gain by one consumer can occur only at the expense of at least one other consumer. 
Such an equilibrium concept was first introduced by Edgeworth in 1881 in his book on mathematical 
psychics. Today, such an optimum is variously called "Pareto optimum" (after the Italian-French welfare 
economist who continued and expanded Edgeworth's work), "effi. cient," "nondominated," and so on.

Engineering Optimization

The book presents recently developed efficient metaheuristic optimization algorithms and their appli-
cations for solving various optimization problems in civil engineering. The concepts can also be used 
for optimizing problems in mechanical and electrical engineering.

Multicriteria Optimization in Engineering and in the Sciences

A basic text for engineering students and practicing engineers dealing with design problems in all 
engineering disciplines. Optimization algorithms are developed through illustrative examples. Includes 
numerical results on the efficiencies of various algorithms, comparison of constrained-optimization 
methods, and strategies for optimization studies. Also includes several actual case studies.

Applications of Metaheuristic Optimization Algorithms in Civil Engineering

Contemporary engineering design is heavily based on computer simulations. Accurate, high-fidelity 
simulations are used not only for design verification but, even more importantly, to adjust parameters 
of the system to have it meet given performance requirements. Unfortunately, accurate simulations are 
often computationally very expensive with evaluation times as long as hours or even days per design, 
making design automation using conventional methods impractical. These and other problems can be 



alleviated by the development and employment of so-called surrogates that reliably represent the ex-
pensive, simulation-based model of the system or device of interest but they are much more reasonable 
and analytically tractable. This volume features surrogate-based modeling and optimization techniques, 
and their applications for solving difficult and computationally expensive engineering design problems. 
It begins by presenting the basic concepts and formulations of the surrogate-based modeling and 
optimization paradigm and then discusses relevant modeling techniques, optimization algorithms and 
design procedures, as well as state-of-the-art developments. The chapters are self-contained with basic 
concepts and formulations along with applications and examples. The book will be useful to researchers 
in engineering and mathematics, in particular those who employ computationally heavy simulations in 
their design work.

Engineering Optimization

This textbook is designed for students and industry practitioners for a first course in optimization 
integrating MATLAB® software.

Surrogate-Based Modeling and Optimization

Technology/Engineering/Mechanical Helps you move from theory to optimizing engineering systems 
in almost any industry Now in its Fourth Edition, Professor Singiresu Rao's acclaimed text Engineering 
Optimization enables readers to quickly master and apply all the important optimization methods in 
use today across a broad range of industries. Covering both the latest and classical optimization 
methods, the text starts off with the basics and then progressively builds to advanced principles and 
applications. This comprehensive text covers nonlinear, linear, geometric, dynamic, and stochastic 
programming techniques as well as more specialized methods such as multiobjective, genetic algo-
rithms, simulated annealing, neural networks, particle swarm optimization, ant colony optimization, 
and fuzzy optimization. Each method is presented in clear, straightforward language, making even 
the more sophisticated techniques easy to grasp. Moreover, the author provides: Case examples that 
show how each method is applied to solve real-world problems across a variety of industries Review 
questions and problems at the end of each chapter to engage readers in applying their newfound skills 
and knowledge Examples that demonstrate the use of MATLAB® for the solution of different types of 
practical optimization problems References and bibliography at the end of each chapter for exploring 
topics in greater depth Answers to Review Questions available on the author's Web site to help readers 
to test their understanding of the basic concepts With its emphasis on problem-solving and applications, 
Engineering Optimization is ideal for upper-level undergraduates and graduate students in mechanical, 
civil, electrical, chemical, and aerospace engineering. In addition, the text helps practicing engineers 
in almost any industry design improved, more efficient systems at less cost.

Optimization in Practice with MATLAB

Optimization is used to determine the most appropriate value of variables under given conditions. 
The primary focus of using optimisation techniques is to measure the maximum or minimum value 
of a function depending on the circumstances. This book discusses problem formulation and problem 
solving with the help of algorithms such as secant method, quasi-Newton method, linear programming 
and dynamic programming. It also explains important chemical processes such as fluid flow systems, 
heat exchangers, chemical reactors and distillation systems using solved examples. The book begins by 
explaining the fundamental concepts followed by an elucidation of various modern techniques including 
trust-region methods, Levenberg–Marquardt algorithms, stochastic optimization, simulated annealing 
and statistical optimization. It studies the multi-objective optimization technique and its applications in 
chemical engineering and also discusses the theory and applications of various optimization software 
tools including LINGO, MATLAB, MINITAB and GAMS.

Engineering Optimization

This textbook provides students, researchers, and engineers in the area of electrical engineering with 
advanced mathematical optimization methods. Presented in a readable format, this book highlights 
fundamental concepts of advanced optimization used in electrical engineering. Chapters provide a 
collection that ranges from simple yet important concepts such as unconstrained optimization to 
highly advanced topics such as linear matrix inequalities and artificial intelligence-based optimization 
methodologies. The reader is motivated to engage with the content via numerous application examples 
of optimization in the area of electrical engineering. The book begins with an extended review of 



linear algebra that is a prerequisite to mathematical optimization. It then precedes with unconstrained 
optimization, convex programming, duality, linear matrix inequality, and intelligent optimization meth-
ods. This book can be used as the main text in courses such as Engineering Optimization, Convex 
Engineering Optimization, Advanced Engineering Mathematics and Robust Optimization and will be 
useful for practicing design engineers in electrical engineering fields. Author provided cases studies 
and worked examples are included for student and instructor use.

Optimization in Chemical Engineering

A rigorous yet accessible graduate textbook covering both fundamental and advanced optimization 
theory and algorithms.

Optimization in Electrical Engineering

Optimization is a mathematical tool developed in the early 1960's used to find the most efficient 
and feasible solutions to an engineering problem. It can be used to find ideal shapes and physical 
configurations, ideal structural designs, maximum energy efficiency, and many other desired goals of 
engineering. This book is intended for use in a first course on engineering design and optimization. 
Material for the text has evolved over a period of several years and is based on classroom presentations 
for an undergraduate core course on the principles of design. Virtually any problem for which certain 
parameters need to be determined to satisfy constraints can be formulated as a design optimization 
problem. The concepts and methods described in the text are quite general and applicable to all such 
formulations. Inasmuch, the range of application of the optimum design methodology is almost limitless, 
constrained only by the imagination and ingenuity of the user. The book describes the basic concepts 
and techniques with only a few simple applications. Once they are clearly understood, they can be 
applied to many other advanced applications that are discussed in the text. * Allows engineers involved 
in the design process to adapt optimum design concepts in their work using the material in the text. * 
Basic concepts of optimality conditions and numerical methods are described with simple examples, 
making the material high teachable and learnable. * Classroom-tested for many years to attain optimum 
pedagogical effectiveness.

Engineering Design Optimization

The revised and updated new edition of the popular optimization book for engineers The thoroughly 
revised and updated fifth edition of Engineering Optimization: Theory and Practice offers engineers a 
guide to the important optimization methods that are commonly used in a wide range of industries. 
The author—a noted expert on the topic—presents both the classical and most recent optimizations 
approaches. The book introduces the basic methods and includes information on more advanced 
principles and applications. The fifth edition presents four new chapters: Solution of Optimization 
Problems Using MATLAB; Metaheuristic Optimization Methods; Multi-Objective Optimization Methods; 
and Practical Implementation of Optimization. All of the book's topics are designed to be self-contained 
units with the concepts described in detail with derivations presented. The author puts the emphasis 
on computational aspects of optimization and includes design examples and problems represent-
ing different areas of engineering. Comprehensive in scope, the book contains solved examples, 
review questions and problems. This important book: Offers an updated edition of the classic work 
on optimization Includes approaches that are appropriate for all branches of engineering Contains 
numerous practical design and engineering examples Offers more than 140 illustrative examples, 500 
plus references in the literature of engineering optimization, and more than 500 review questions 
and answers Demonstrates the use of MATLAB for solving different types of optimization problems 
using different techniques Written for students across all engineering disciplines, the revised edition 
of Engineering Optimization: Theory and Practice is the comprehensive book that covers the new and 
recent methods of optimization and reviews the principles and applications.

Introduction to Optimum Design

Introduction to Optimum Design, Third Edition describes an organized approach to engineering design 
optimization in a rigorous yet simplified manner. It illustrates various concepts and procedures with 
simple examples and demonstrates their applicability to engineering design problems. Formulation of 
a design problem as an optimization problem is emphasized and illustrated throughout the text. Excel 
and MATLAB® are featured as learning and teaching aids. Basic concepts of optimality conditions 
and numerical methods are described with simple and practical examples, making the material highly 



teachable and learnable Includes applications of optimization methods for structural, mechanical, 
aerospace, and industrial engineering problems Introduction to MATLAB Optimization Toolbox Practical 
design examples introduce students to the use of optimization methods early in the book New example 
problems throughout the text are enhanced with detailed illustrations Optimum design with Excel Solver 
has been expanded into a full chapter New chapter on several advanced optimum design topics serves 
the needs of instructors who teach more advanced courses

Engineering Optimization

"The authors—a chemical engineer and a civil engineer—have complimented each other in delivering 
an introductory text on optimization for engineers of all disciplines. It covers a host of topics not normally 
addressed by other texts. Although introductory in nature, it is a book that will prove invaluable to me 
and my staff, and belongs on the shelves of practicing environmental and chemical engineers. The 
illustrative examples are outstanding and make this a unique and special book." —John D. McKenna, 
Ph.D., Principal, ETS, Inc., Roanoke, Virginia "The authors have adeptly argued that basic science 
courses—particularly those concerned with mathematics—should be taught to engineers by engineers. 
Also, books adopted for use in such courses should also be written by engineers. The readers of 
this book will acquire an understanding and appreciation of the numerous mathematical methods that 
are routinely employed by practicing engineers. Furthermore, this introductory text on optimization 
attempts to address a void that exists in college engineering curricula. I recommend this book without 
reservation; it is a library ‘must’ for engineers of all disciplines." —Kenneth J. Skipka, RTP Environmental 
Associates, Inc., Westbury, NY, USA Introduction to Optimization for Chemical and Environmental 
Engineers presents the introductory fundamentals of several optimization methods with accompanying 
practical engineering applications. It examines mathematical optimization calculations common to 
both environmental and chemical engineering professionals, with a primary focus on perturbation 
techniques, search methods, graphical analysis, analytical methods, linear programming, and more. 
The book presents numerous illustrative examples laid out in such a way as to develop the reader’s 
technical understanding of optimization, with progressively difficult examples located at the end of each 
chapter. This book serves as a training tool for students and industry professionals alike. FEATURES 
Examines optimization concepts and methods used by environmental and chemical engineering 
practitioners. Presents solutions to real-world scenarios/problems at the end of each chapter. Offers 
a pragmatic approach to the application of mathematical tools to assist the reader in grasping the 
role of optimization in engineering problem-solving situations. Provides numerous illustrative examples. 
Serves as a text for introductory courses, or as a training tool forindustry professionals.

Introduction to Optimum Design

"Optimization for Chemical and Biochemical Engineering - Theory, Algorithms, Modeling and Applica-
tions"--

Introduction to Optimization for Chemical and Environmental Engineers

Design Optimization deals with the application of the ideas of optimization to design, taking as its 
central theme the notion that design can be treated as a goal-seeking, decision-making activity. 
Emphasis is on design optimization rather than on optimization techniques. This book consists of 
nine chapters, each focusing on a particular class of design optimization and demonstrating how 
design optimization problems are formulated and solved. The applications range from architecture and 
structural engineering to mechanical engineering, chemical engineering, building design and layout, 
and siting policy. The first five chapters are all concerned with design problems where it is convenient to 
express the goals in a single objective or criterion to be optimized. In particular, optimal space planning 
and shape optimization of structures are discussed, along with approximation concepts for optimum 
structural design; application of nonlinear programming to design; and generalized Steiner network 
problems in engineering design. The last four chapters focus on multicriteria programming; multicriteria 
optimization for engineering and architectural design; and a system for integrated optimal design. This 
monograph will be of interest to designers and others concerned with the use of optimization concepts 
and tools in design optimization.

Optimization for Chemical and Biochemical Engineering

Optimization is central to any problem involving decision-making in engineering. Optimization theory 
and methods deal with selecting the best option regarding the given objective function or performance 



index. New algorithmic and theoretical techniques have been developed for this purpose, and have 
rapidly diffused into other disciplines. As a result, our knowledge of all aspects of the field has grown 
even more profound. In Optimization for Engineering Problems, eminent researchers in the field present 
the latest knowledge and techniques on the subject of optimization in engineering. Whereas the majority 
of work in this area focuses on other applications, this book applies advanced and algorithm-based 
optimization techniques specifically to problems in engineering.

Optimization for Engineering Systems

A textbook for courses in quality and reliability. Examples and exercises stress practical engineering 
applications implemented in complete, self-contained computer programs.

Design Optimization

OPTIMIZATION TECHNIQUES IN ENGINEERING The book describes the basic components of an 
optimization problem along with the formulation of design problems as mathematical programming 
problems using an objective function that expresses the main aim of the model, and how it is to be 
either minimized or maximized; subsequently, the concept of optimization and its relevance towards 
an optimal solution in engineering applications, is explained. This book aims to present some of the 
recent developments in the area of optimization theory, methods, and applications in engineering. It 
focuses on the metaphor of the inspired system and how to configure and apply the various algorithms. 
The book comprises 30 chapters and is organized into two parts: Part I — Soft Computing and 
Evolutionary-Based Optimization; and Part II — Decision Science and Simulation-Based Optimization, 
which contains application-based chapters. Readers and users will find in the book: An overview and 
brief background of optimization methods which are used very popularly in almost all applications 
of science, engineering, technology, and mathematics; An in-depth treatment of contributions to 
optimal learning and optimizing engineering systems; Maps out the relations between optimization 
and other mathematical topics and disciplines; A problem-solving approach and a large number 
of illustrative examples, leading to a step-by-step formulation and solving of optimization problems. 
Audience Researchers, industry professionals, academicians, and doctoral scholars in major domains 
of engineering, production, thermal, electrical, industrial, materials, design, computer engineering, and 
natural sciences. The book is also suitable for researchers and postgraduate students in mathematics, 
applied mathematics, and industrial mathematics.

Optimization for Engineering Problems

Optimization is of critical importance in engineering. Engineers constantly strive for the best possible 
solutions, the most economical use of limited resources, and the greatest efficiency. As system com-
plexity increases, these goals mandate the use of state-of-the-art optimization techniques. In recent 
years, the theory and methodology of optimization have seen revolutionary improvements. Moreover, 
the exponential growth in computational power, along with the availability of multicore computing 
with virtually unlimited memory and storage capacity, has fundamentally changed what engineers 
can do to optimize their designs. This is a two-way process: engineers benefit from developments 
in optimization methodology, and challenging new classes of optimization problems arise from novel 
engineering applications. Advances and Trends in Optimization with Engineering Applications reviews 
10 major areas of optimization and related engineering applications, providing a broad summary of 
state-of-the-art optimization techniques most important to engineering practice. Each part provides a 
clear overview of a specific area and discusses a range of real-world problems. The book provides 
a solid foundation for engineers and mathematical optimizers alike who want to understand the 
importance of optimization methods to engineering and the capabilities of these methods.

Quality and Reliability in Engineering

This book presents various computationally efficient component- and system-level design optimization 
methods for advanced electrical machines and drive systems. Readers will discover novel design 
optimization concepts developed by the authors and other researchers in the last decade, including 
application-oriented, multi-disciplinary, multi-objective, multi-level, deterministic, and robust design 
optimization methods. A multi-disciplinary analysis includes various aspects of materials, electromag-
netics, thermotics, mechanics, power electronics, applied mathematics, manufacturing technology, and 
quality control and management. This book will benefit both researchers and engineers in the field of 
motor and drive design and manufacturing, thus enabling the effective development of the high-quality 



production of innovative, high-performance drive systems for challenging applications, such as green 
energy systems and electric vehicles.

Optimization Techniques in Engineering

In an expanding world with limited resources, optimization and uncertainty quantification have become 
a necessity when handling complex systems and processes. This book provides the foundational 
material necessary for those who wish to embark on advanced research at the limits of computability, 
collecting together lecture material from leading experts across the topics of optimization, uncertainty 
quantification and aerospace engineering. The aerospace sector in particular has stringent perfor-
mance requirements on highly complex systems, for which solutions are expected to be optimal and 
reliable at the same time. The text covers a wide range of techniques and methods, from polynomial 
chaos expansions for uncertainty quantification to Bayesian and Imprecise Probability theories, and 
from Markov chains to surrogate models based on Gaussian processes. The book will serve as a 
valuable tool for practitioners, researchers and PhD students.

Advances and Trends in Optimization with Engineering Applications

This accessible textbook demonstrates how to recognize, simplify, model and solve optimization 
problems - and apply these principles to new projects.

Multidisciplinary Design Optimization Methods for Electrical Machines and Drive Systems

Achieving a better solution or improving the performance of existing system design is an ongoing 
a process for which scientists, engineers, mathematicians and researchers have been striving for 
many years. Ever increasingly practical and robust methods have been developed, and every new 
generation of computers with their increased power and speed allows for the development and wider 
application of new types of solutions. This book defines the fundamentals, background and theoretical 
concepts of optimization principles in a comprehensive manner along with their potential applications 
and implementation strategies. It encompasses linear programming, multivariable methods for risk 
assessment, nonlinear methods, ant colony optimization, particle swarm optimization, multi-criterion 
and topology optimization, learning classifier, case studies on six sigma, performance measures and 
evaluation, multi-objective optimization problems, machine learning approaches, genetic algorithms 
and quality of service optimizations. The book will be very useful for wide spectrum of target readers 
including students and researchers in academia and industry.

Optimization Under Uncertainty with Applications to Aerospace Engineering

Modern optimization approaches have attracted many research scientists, decision makers and prac-
ticing researchers in recent years as powerful intelligent computational techniques for solving several 
complex real-world problems. The Handbook of Research on Modern Optimization Algorithms and 
Applications in Engineering and Economics highlights the latest research innovations and applications 
of algorithms designed for optimization applications within the fields of engineering, IT, and economics. 
Focusing on a variety of methods and systems as well as practical examples, this book is a significant 
resource for graduate-level students, decision makers, and researchers in both public and private 
sectors who are seeking research-based methods for modeling uncertain real-world problems. .

Optimization Models

Thermal systems play an increasingly symbiotic role alongside mechanical systems in varied appli-
cations spanning materials processing, energy conversion, pollution, aerospace, and automobiles. 
Responding to the need for a flexible, yet systematic approach to designing thermal systems across 
such diverse fields, Design and Optimization of Thermal

Modern Optimization Methods for Science, Engineering and Technology

This textbook is for readers new or returning to the practice of optimization whose interest in the subject 
may relate to a wide range of products and processes. Rooted in the idea of “minimum principles,” the 
book introduces the reader to the analytical tools needed to apply optimization practices to an array 
of single- and multi-variable problems. While comprehensive and rigorous, the treatment requires no 
more than a basic understanding of technical math and how to display mathematical results visually. It 
presents a group of simple, robust methods and illustrates their use in clearly-defined examples. Distinct 



from the majority of optimization books on the market intended for a mathematically sophisticated 
audience who might want to develop their own new methods of optimization or do research in the field, 
this volume fills the void in instructional material for those who need to understand the basic ideas. 
The text emerged from a set of applications-driven lecture notes used in optimization courses the 
author has taught for over 25 years. The book is class-tested and refined based on student feedback, 
devoid of unnecessary abstraction, and ideal for students and practitioners from across the spectrum 
of engineering disciplines. It provides context through practical examples and sections describing 
commercial application of optimization ideas, such as how containerized freight and changing sea 
routes have been used to continually reduce the cost of moving freight across oceans. It also features 
2D and 3D plots and an appendix illustrating the most widely used MATLAB optimization functions.

Handbook of Research on Modern Optimization Algorithms and Applications in Engineering and 
Economics

Machine learning techniques provide cost-effective alternatives to traditional methods for extracting 
underlying relationships between information and data and for predicting future events by processing 
existing information to train models. Efficient Learning Machines explores the major topics of machine 
learning, including knowledge discovery, classifications, genetic algorithms, neural networking, kernel 
methods, and biologically-inspired techniques. Mariette Awad and Rahul Khanna’s synthetic approach 
weaves together the theoretical exposition, design principles, and practical applications of efficient 
machine learning. Their experiential emphasis, expressed in their close analysis of sample algorithms 
throughout the book, aims to equip engineers, students of engineering, and system designers to design 
and create new and more efficient machine learning systems. Readers of Efficient Learning Machines 
will learn how to recognize and analyze the problems that machine learning technology can solve 
for them, how to implement and deploy standard solutions to sample problems, and how to design 
new systems and solutions. Advances in computing performance, storage, memory, unstructured 
information retrieval, and cloud computing have coevolved with a new generation of machine learning 
paradigms and big data analytics, which the authors present in the conceptual context of their traditional 
precursors. Awad and Khanna explore current developments in the deep learning techniques of deep 
neural networks, hierarchical temporal memory, and cortical algorithms. Nature suggests sophisticated 
learning techniques that deploy simple rules to generate highly intelligent and organized behaviors with 
adaptive, evolutionary, and distributed properties. The authors examine the most popular biological-
ly-inspired algorithms, together with a sample application to distributed datacenter management. They 
also discuss machine learning techniques for addressing problems of multi-objective optimization in 
which solutions in real-world systems are constrained and evaluated based on how well they perform 
with respect to multiple objectives in aggregate. Two chapters on support vector machines and their 
extensions focus on recent improvements to the classification and regression techniques at the core 
of machine learning.

Design and Optimization of Thermal Systems

A unique text covering basic and advanced concepts of optimization theory and methods for process 
systems engineers. With examples illustrating key concepts and algorithms, and exercises involving 
theoretical derivations, numerical problems and modeling systems, it is ideal for single-semester, 
graduate courses in process systems engineering.

Fundamentals of Optimization

This book examines optimization problems that in practice involve random model parameters. It 
details the computation of robust optimal solutions, i.e., optimal solutions that are insensitive with 
respect to random parameter variations, where appropriate deterministic substitute problems are 
needed. Based on the probability distribution of the random data and using decision theoretical 
concepts, optimization problems under stochastic uncertainty are converted into appropriate deter-
ministic substitute problems. Due to the probabilities and expectations involved, the book also shows 
how to apply approximative solution techniques. Several deterministic and stochastic approximation 
methods are provided: Taylor expansion methods, regression and response surface methods (RSM), 
probability inequalities, multiple linearization of survival/failure domains, discretization methods, convex 
approximation/deterministic descent directions/efficient points, stochastic approximation and gradient 
procedures and differentiation formulas for probabilities and expectations. In the third edition, this 
book further develops stochastic optimization methods. In particular, it now shows how to apply 



stochastic optimization methods to the approximate solution of important concrete problems arising 
in engineering, economics and operations research.

Efficient Learning Machines

This book develops a coherent and quite general theoretical approach to algorithm design for iterative 
learning control based on the use of operator representations and quadratic optimization concepts 
including the related ideas of inverse model control and gradient-based design. Using detailed exam-
ples taken from linear, discrete and continuous-time systems, the author gives the reader access to 
theories based on either signal or parameter optimization. Although the two approaches are shown to 
be related in a formal mathematical sense, the text presents them separately as their relevant algorithm 
design issues are distinct and give rise to different performance capabilities. Together with algorithm 
design, the text demonstrates the underlying robustness of the paradigm and also includes new control 
laws that are capable of incorporating input and output constraints, enable the algorithm to reconfigure 
systematically in order to meet the requirements of different reference and auxiliary signals and also to 
support new properties such as spectral annihilation. Iterative Learning Control will interest academics 
and graduate students working in control who will find it a useful reference to the current status of 
a powerful and increasingly popular method of control. The depth of background theory and links to 
practical systems will be of use to engineers responsible for precision repetitive processes.

Advanced Optimization for Process Systems Engineering

This book is aimed at undergraduate and graduate students in applied mathematics or computer 
science, as a tool for solving real-world design problems. The present work covers fundamentals in 
multi-objective optimization and applications in mathematical and engineering system design using a 
new optimization strategy, namely the Self-Adaptive Multi-objective Optimization Differential Evolution 
(SA-MODE) algorithm. This strategy is proposed in order to reduce the number of evaluations of the 
objective function through dynamic update of canonical Differential Evolution parameters (population 
size, crossover probability and perturbation rate). The methodology is applied to solve mathematical 
functions considering test cases from the literature and various engineering systems design, such as 
cantilevered beam design, biochemical reactor, crystallization process, machine tool spindle design, 
rotary dryer design, among others.

Stochastic Optimization Methods

This book addresses modern nonlinear programming (NLP) concepts and algorithms, especially as 
they apply to challenging applications in chemical process engineering. The author provides a firm 
grounding in fundamental NLP properties and algorithms, and relates them to real-world problem 
classes in process optimization, thus making the material understandable and useful to chemical 
engineers and experts in mathematical optimization.

Iterative Learning Control

Multi-Objective Optimization Problems
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