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ing both gradient-based and gradient-free algorithms, multidisciplinary

design optimization, and uncertainty, with instruction on how to determine

which algorithm should be used for a given application. It also provides

an overview of models and how to prepare them for use with numeri-

cal optimization, including derivative computation. Over 400 high-quality

visualizations and numerous examples facilitate understanding of the the-

ory, and practical tips address common issues encountered in practical

engineering design optimization and how to address them. Numerous

end-of-chapter homework problems, progressing in difficulty, help put

knowledge into practice.

Accompanied online by a solutions manual for instructors and source
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∗In the words of Donald Knuth: “The ul-

timate test of whether I understand something

is if I can explain it to a computer. I can say

something to you and you’ll nod your head,

but I’m not sure that I explained it well. But

the computer doesn’t nod its head. It repeats

back exactly what I tell it. In most of life, you

can bluff, but not with computers.”

Preface

Despite its usefulness, design optimization remains underused in in-

dustry. One of the reasons for this is the shortage of design optimization

courses in undergraduate and graduate curricula. This is changing;

today, most top aerospace and mechanical engineering departments in-

clude at least one graduate-level course on numerical optimization. We

have also seen design optimization increasingly used in an expanding

number of industries.

The word engineering in the title reflects the types of problems

and algorithms we focus on, even though the methods are applicable

beyond engineering. In contrast to explicit analytic mathematical

functions, most engineering problems are implemented in complex

multidisciplinary codes that involve implicit functions. Such problems

might require hierarchical solvers and coupled derivative computation.

Furthermore, engineering problems often involve many design variables

and constraints, requiring scalable methods.

The target audience for this book is advanced undergraduate and

beginning graduate students in science and engineering. No previous

exposure to optimization is assumed. Knowledge of linear algebra,

multivariable calculus, and numerical methods is helpful. However,

these subjects’ core concepts are reviewed in an appendix and as needed

in the text. The content of the book spans approximately two semester-

length university courses. Our approach is to start from the most

general case problem and then explain special cases. The first half

of the book covers the fundamentals (along with an optional history

chapter). In contrast, the second half, from Chapter 8 onward, covers

more specialized or advanced topics.

Our philosophy in the exposition is to provide a detailed enough

explanation and analysis of optimization algorithms so that readers

can implement a basic working version. Although we do not encourage

readers to use their implementations instead of existing software for

solving optimization problems, implementing a method is crucial in

understanding the method and its behavior.∗ A deeper knowledge of

these methods is useful for developers, researchers, and those who

want to use numerical optimization more effectively. The problems at
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xii Preface

the end of each chapter are designed to provide a gradual progression

in difficulty and eventually require implementing the methods. Some

of the problems are open-ended to encourage students to explore a

given topic on their own. When discussing the various optimization

techniques, we also explain how to avoid the potential pitfalls of using a

particular method and how to employ it more effectively. Practical tips

are included throughout the book to alert the reader to common issues

encountered in engineering design optimization and how to address

them.

We have created a repository with code, data, templates, and

examples as a supplementary resource for this book: https://github.

com/mdobook/resources. Some of the end-of-chapter exercises refer

to code or data from this repository.

Go forth and optimize!
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