Conceptualizing Models

1. Who is the agent? The agent is the entity whose behavior you are modeling. The agent is the one who chooses the values for the choice variables and who is seeking to optimize something. Some topics will require multiple agents. For example, a model of the market for gasoline may include a consumer side (in which gasoline consumers are agents seeking to maximize their utilities) and a producer side (in which gasoline producers are agents seeking to maximize their profits) and a public sector side (in which the government is the agent seeking to minimize oil imports).

2. What is the agent’s objective? The objective function is the thing the agent seeks to optimize. Some topics will require you to create separate models in which different objective functions apply to the same agent. For example, when the government is the agent, the objective might be to maximize social welfare or it might be to maximize tax revenue or it might be to maximize votes.

3. What is/are the agent’s choice variable(s)? The choice variables are the things the agent has the power to control. For example, if the agent is a consumer, the choice variables are (typically) the quantities of product the consumer desires to buy.

4. What are the positive and negative effects on attaining the objective of altering the value(s) of the choice variable(s)? Alterations in the value of the choice variable must have both positive and negative effects on the value of the objective function. If increasing (or decreasing) the value of the choice variable has only a positive effect on the objective function, then you will get the trivial solution that the agent should set the choice variable to infinity (or zero). To obtain a non-trivial solution, alterations in the choice variable should have both positive and negative effects on the objective function. For example, suppose that the choice variable is “hours of studying” and the objective function is “happiness” where happiness is the product of “partying” and “good grades.” Increasing hours of studying has a positive effect on happiness because grades improve, but it also has a negative effect on happiness because partying declines.

5. Model continuous, not discrete, choices. A discrete choice model has the agent selecting one out of a finite set of options (e.g., select either A, B, or C). A continuous choice model has the agent selecting one out of an infinite set of options (e.g., select a value for Q such that Q ≥ 0). Modeling discrete choices often requires the use of tools than are beyond the scope of this class (these tools are covered in Game Theory). Most discrete choices can be described as continuous choices. For example, rather than having the government choose between a flat tax, a regressive tax, a proportional tax, and a progressive tax (a discrete choice model), have the government choose β where a person is taxed kIβ on income I. In this continuous choice model, the tax is flat when β = 0, regressive when 0 < β < 1, proportional when β = 1, and progressive when β > 1. Allowing the government to select any value for β makes the choice continuous.

6. Do not incorporate anticipated solutions into the model. The purpose of the model is to describe an objective function (how the agent’s choices impact the agent’s objective) and a constraint (restrictions on the agent’s choices). Solutions will fall out of the model when you solve it.

Representing Models
1. To convert a variable, y, that exists over some range to a variable, π, that exists over the range [0,1], use the following (this is not an exhaustive list).
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2. Don’t combine variables whose units are incompatible.

Suppose you want to model the probability, π, of the police pulling over speeding drivers as a function of how fast the drivers drive, S, and the money the police spend on monitoring, M. Using the logit function to convert non-negative numbers into probabilities, you might model the relationship as:
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This function is not defensible because the variables are combined in a way that is incompatible. S is measured as distance per time, while M is measured as dollars. Hence, while one can mathematically add S and M, the sum has no valid interpretation. An alternative way to model the relationship is to break down π into two parts: (1) the probability of being pulled over given that the police are adequately monitoring, Pr(O|A), and (2) the probability that the police are adequately monitoring, Pr(A), (where “adequate” is a relative, not absolute, qualifier). The probability of being pulled over is then
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This gives us a defensible representation of the probability of being pulled over:
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