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What is optimization?

Definition

Optimization is the process of finding the best element of a set.

Some examples:

Finding the fastest route to come to campus.

Determining which courses to take to maximize chances of
reaching professional goals.

Choosing teachers in multi-section courses to minimize effort.

Arranging items in our shopping bags in order to minimize the
number of bags.

Arranging location of items in a grocery store in order to
maximize sales.

HW #1 Problem 1: Provide 10 examples of your everyday life.
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Optimization and Mathematics

We may use functions to help us distiguish between the elements
of the set of available alternatives.

f is usually called objective function; however, other names, such
as cost function, loss function, fitness function, etc. may be used.
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Optimization and Mathematics

Example:

f (x1) = 5.1 f (x2) = 6 f (x3) = 8.2
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Basic types of optimization problems

There are many different types of optimization problems depending
on the features of the objective function f and/or the set of
available alternatives.

The basic types of optimization problems are:

If the set of available alternatives is finite, then the problem of
finding the best element of that set is a discrete
optimization problem.

Example

The problem of finding the best route from an origin to a
destination is a discrete optimization problem.

12 / 18



Basic types of optimization problems

If x is drawn from an uncountably infinite set (e.g., R), then
the problem is a continuous optimization problem.

Example

The problem of finding the price of a product that maximizes profit
is a continuous optimization problem.

13 / 18



Basic types of optimization problems

If the set of values that x can take are restricted, then the
problem is a constrained optimization problem.

Example

When trying to find the best allocation of investments in different
assets (portfolio optimization), we need to ensure that the sum of
these investments is equal to the total available capital.

Note that constrained optimization problems may be
continuous or discrete.
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Basic types of optimization problems

If measurements of f (x) are affected by noise, then the
problem is a stochastic optimization problem.

Example

In the portfolio optimization problem, the return rate associated
with each asset is a random variable, so the same allocation would
give different returns at different times. These kinds of problems
are stochastic optimization problems.

Note that stochastic optimization problems may be
constrained and continuous, or discrete.
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Mathematical Treatment

Basics
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Problem Statement

An optimization problem can be stated as follows: Given are a
certain set X and a function f which assigns to every element of X
a real number. The optimization problem consists in finding an
element x? ∈ X such that

f (x?) ≤ f (x) for all x ∈ X .

The set X is referred to as the feasible set, and the function f is
called the objective function.

Typically, X will be a subset of the space Rn and f will be
relatively regular (e.g., differentiable). The definition of X will be
based on systems of equations and inequalities called constraints.
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Example

Let’s play a game!
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http://www.math.udel.edu/~mmontes/teaching/UD/S13-MATH529-10/Game/game.html

