Guide to Modelling

	
	Sometimes, it seems as if there are as many ways to teach mathematical modeling as there are courses. Some emphasize specific mathematical techniques, but that is not our focus. This course concentrates on the process. The emphasis will be on the choices you must make as you go through the modeling process: how and what, certainly, but also why, you model something in a particular way. We will also work with tools, such as Maple, that can make the process easier. 

Every process has steps. Again, different texts will enumerate somewhat different steps but they are all pretty similar in what they cover. The authors of your text, Mooney & Swift, side-step the issue by talking about aspects of the process, but they never delineate a set of specific steps. Adam is a little more forthcoming. He gives us a simple 3 step process: "formulating a 'real-world' problem in mathematical terms using whatever appropriate simplifying assumptions may be necessary; solving the problem thus posed, or at least extracting sufficient information from it; and finally interpreting the solution in the context of the original problem?" (Adam, page 6).

We will take Adam's three steps and fill them out a bit.  This page will form the basis for everything we do from here on.


Formulate the Problem

This first step involves several stages: 
a. Defining the problem.
First, you need to identify the question to be answered. That may sound awfully obvious but it can be the hardest part of modeling. A model always starts in the real world with a question and ends there, hopefully, with an answer. Remember that the question must relate to something quantitative to be appropriate for mathematical modeling. There are lots of questions and problems that can't be solved with mathematics.
b. Knowing what you know and what you don't know.
What information do you have to help you solve the problem? What additional information might you need?
c. Making assumptions.
Mooney/Swift talk about Occam's Razor which is a philosophical term that just means simplifying a problem/argument by getting rid of all the unnecessary information and issues. For instance, I know that my discretionary spending includes books, meals out, and flowers. If I'm trying to balance the budget, however, a bouquet three times a year is hardly worth worrying about compared to the constant stream of books and meals out. So, I might assume that I should include books and meals out in the budget as specific items but can ignore the flowers or include them in the dreaded "miscellaneous" category. Part of defining your assumptions is asking the question: At what level of resolution do you need to solve the problem?
Create the Model

Adam treats this as part of step 1, but I see it as a separate step. In formulating the problem, you are mostly working out your understanding of the real world situation. In creating the model, you are translating that real world situation into a model world that you can manipulate mathematically. You need to identify parameters, variables, and constants.  Unknowns are variables that you will calculate by using the model.  You may need to do sensitivity analysis to determine what effect various initial conditions will have. You may be able to eliminate factors, variables, or unknowns that have little influence on the outcome. Remember that a mathematical model can take many forms: graphs; equations; simulations; matrices -- just to name a few. 
Apply the Model

This is what Adam calls solving the problem. You apply the model and get an answer in terms of the model world. You still may not have a satisfactory real world answer but you will have solved the problem in the model world, mathematically. 
Analyze the Results

This is where you look at the results of applying your model and ask what it all means in real world terms. Did you answer the question you asked in step 1? Sometimes your results won't answer the question. Occasionally, they answer a different question. You may even realize that you asked the wrong question. However, if you framed the question well, modeled it appropriately, and solved it accurately, you should now have an answer to your question. So, we're done, right? Actually, there are two more steps! 
Communicate the Results

Usually, you will model a question that someone wants answered, and you need to communicate the results in a form that the questioner can understand. Often the person requesting your mathematical help lacks the mathematical skills and understanding to model the real world problem -- that's why you were asked! Communication takes many forms but usually involves some kind of formal report or, if you're really good, maybe an article in a professional journal! 
Refine the Model

Modeling is a recursive process. One question often leads to another. Solving a problem at one level of resolution often leads to an interest in solving it at another level of resolution. For instance, you might start out asking how much the U.S. population would grow in ten years, given the current birthrate. Once you had that answer, it might occur to you that immigration also affects the size of the population. You could go back and refine your model to take immigration into account. 
Summary

This looks very orderly but, in reality, the modeler often goes back and forth between the steps of the process. You may define the problem as best you can but find, in creating the model, that you need to make additional assumptions. When you have created a model, you may choose to test it on data for which you know the result and then refine your model before applying it to the problem. Often you will refine the model and re-apply it before communicating the results to others. On the other hand, you may communicate your results only to have others ask you to address other aspects of the problem, sending you back to the drawing board again. 
In this course, then, we will use a six step modeling process:
1. Formulate a real world problem.
2. Create a mathematical model of the problem
3. Apply the model.
4. Analyze the results.
5. Communicate the results.
6. Refine the model.
As you look at models done by others, see if you can see how they applied the six step modeling process.
Now go to the next document to continue this module.
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