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Mathematical modeling is the link between mathematics and the rest of the world. You ask a question. You think a
bit, and then you refine the question, phrasing it in precise mathematical terms. Once the question becomes a
mathematics question, you use mathematics to find an answer. Then finally (and this is the part that too many
people forget), you have to reverse the process, translating the mathematical solution back into a comprehensible,
no-nonsense answer to the original question. Some people are fluent in English, and some people are fluent in
calculus. We have plenty of each. We need more people who are fluent in both languages and are willing and able
to translate. These are the people who will be influential in solving the problems of the future. This text, which is
intended to serve as a general introduction to the area of mathematical modeling, is aimed at advanced
undergraduate or beginning graduate students in mathematics and closely related fields. Formal prerequisites
consist of the usual freshman-sophomore sequence in mathematics, including one-variable calculus, multivariable
calculus, linear algebra, and differential equations. Prior exposure to computing and probability and statistics is
useful, but is not required.
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Problems in optimization are the most common applications of mathematics. Whatever the activity in which we
are engaged, we want to maximize the good that we do and minimize the unfortunate consequences or costs.
Business managers attempt to control variables in order to maximize profit or to achieve a desired goal for
production and delivery at a minimum cost. Managers of renewable resources such as fisheries and forests try to
control harvest rates in order to maximize long-term yield. Government agencies set standards to minimize the
environmental costs of producing consumer goods. Computer system managers try to maximize throughput and
minimize delays. Farmers space their plantings to maximize yield. Physicians regulate medications to minimize
harmful side effects. What all of these applications and many more have in common is a particular mathematical
structure. One or more variables can be controlled to produce the best outcome in some other variable, subject in
most cases to a variety of practical constraints on the control variables. Optimization models are designed to
determine the values of the control variables which lead to the optimal outcome, given the constraints of the
problem.We begin our discussion of optimization models at a place where most students will already have some
practical experience. One-variable optimization problems, sometimes called maximum-minimum problems, are
typically discussed in first semester calculus. A wide variety of practical applications can be handled using just these
techniques. The purpose of this chapter, aside from a review of these basic techniques, is to introduce the
fundamentals of mathematical modeling in a familiar setting.
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