Dear Mathrats,



So, Jim Morrow has somehow convinced you to do the MCM this year?  Shame on him!  I hope he didn’t pull any tricks like he did in 2003 when we told him that we wanted to retire but he then registered us anyway.  Well, there’s no changing you mind now so plan to have some fun.  In the end you’ll probably be glad that you did the contest (after you catch up on your sleep). (

Ernie Esser, Ryan Card, and myself (Jeff Giansiracusa) did the MCM in 2001 and 2002.  After that Ryan graduated but Jim pulled his trick and we went in a third time with Simon Pai in 2003.  We seem to have had some degree of success/luck with the contest so Jim suggested that I write down some advice for future mathrats.



The best advice I can give you is to read through as many of the previous winning papers as you can.  The winning papers each year are published in the UMAP Journal.  Older issues are in the math library (Jim can show you where) and the newer issues are available online (Jim will show you how to access them).  These are a fantastic resource for preparing.  Read at least a few of the previous winners carefully, and skim through lots more.  Here are some points to keep in mind while reading:

· Look carefully at the writing style.  

· Notice the structure of the papers—typically several model components are pieced together rather than using one big unwieldy uber-model.

· The winning papers all make definite conclusions

· There’s no “right” answer.  Sometimes you’ll see two winning papers on the same problem that make the completely opposite conclusions.  The contest is about justifying your recommendation logically and empirically.  The problems are sufficiently open-ended that entirely opposite claims can often each be supported through different reasoning.


Also, the UMAP journals often include a commentary from the judges where they discuss what they looked for in the papers.  These are especially helpful!  Much of what I have to say below comes from the judges’ commentaries, but definitely go read it in their words too. 

So here is my advice for the MCM.  Things to pay attention to are:

Writing style

Everything should be explained as absolutely clearly as possible.  In reading the old winning papers, you should notice that important items are in bold or italics.  Sentence structure is simple.  Also, there are plenty of bullet points.  Bulleted lists help the judges pick out the important information.  They have to read the papers very quickly, so information must jump out at them.  Don't embed important ideas in the middle of large blocks of text.  Instead, state the idea (and emphasize it with appropriate typeface) and then use a block of text to explain and/or justify it.

Making assumptions and approximations.

When you formulate a model, think about what facts you must assume for the model to be meaningful and valid.  For instance, if an object is moving, which forces are negligible and which ones are not?  Also think about what you have to assume to make the model computationally tractable.  If you can’t code, debug, and run a numerical model within the timeframe of the contest then it is mostly useless to you.

Now, all of these assumptions need to be stated explicitly in your report.  Don’t assume the reader can guess anything. It is far better to state the obvious than it is to risk losing your reader by not stating something.  Also, often it is useful to explain why you are making these assumptions.  If possible, you should justify why they are reasonable.  For example:

· In our model the Earth is a perfect sphere.  We make this simplifying approximation because the effects caused by deviation from a perfect sphere are negligible.

 Here is an important point that might affect your overall strategy.  Justifying the reasonableness of assumptions is a great place to incorporate some mini-models.  If you claim that something is negligible then try to go on and at least give an order-of-magnitude estimate of its effects.  This can be done with a bit of reasoning, with a couple of hand-calculations using simple equations, or perhaps with a quick computer simulation.  The judges love to see this type of thoroughness!

Stability

The judges also love to see that you've analyzed the stability of your model.  This can be a sophisticated analysis, or it can be something as simple as varying your parameters slightly and measuring how much the predictions change.  If you find that your model is unstable, then be honest about it.  Dealing with a problem like that can make you paper much more interesting.  For instance, if something depends sensitively on some parameters then you now have the opportunity to examine how accurately those parameters are known.  What are the uncertainties in those parameters?  This is another great place for some mini-models.  

If, at the end, you find that your model is just to sensitive to be trusted, then draw whatever conclusions you can from it and then explain why you don’t trust these conclusions and go on to write about ways that one might get around the problem, such as comparing against a different model or removing some approximations.  If you have time, perhaps you can explore these options a little.  If you don’t have time then it is good enough to throw the ideas out there in your paper so the judges can see that you are thinking about the problems you’ve come across.

Conclusions

The judges have mentioned several times in their commentaries that this contest is about using mathematics to make concrete recommendations, not formulating fancy models.  This means that the most important thing for you to do is draw conclusions from your model.  When they ask a question like: "How should the boxes be stacked?" your paper should present a definitive answer.  This answer may depend on several factors (e.g. "do it this way in one situation, that way in another..."), but the whole point is that your model should support the answer(s).  As I mentioned above, if there is doubt about how well the model can be trusted then be honest about this.  And of course, if you think that there is very little uncertainty and your model is sound and stable, and you would even trust your life to it, then you should certainly brag about this in your paper!

Abstract

The judging goes through several rounds.  In each successive round the papers are read more carefully.  In the first round (the "triage" round) the judges often don't read any further than the abstract. This means that your abstract must describe clearly and concisely the contents of your entire paper.  The abstract should be no more than a third to half a page.  It is very important to state the conclusions that you come to.  Papers that fail to draw any conclusions typically don’t make it to the higher rounds of judging.  In the triage round, because they read only the abstract, papers that don’t mention their conclusions in the abstract are indistinguishable from papers that don’t have any conclusions.

Simplicity vs. using fancy mathematical methods
This is a more delicate question...The one thing that the judges do not like to see is a team that writes down complicated equations but doesn't seem to be able to explain what the equations mean or isn't able to interpret the results.  In my team's 2002 paper (the water fountain problem) we used mainly simple ODEs and numerical integration.  However, we did apply a conformal mapping technique from complex analysis to model the wind flow. If done well, little fancy things like that do make your paper look better.  But remember, the judges want to see that you understand and can explain how/why your model works and what its results mean.  So a simple model that you understand well is far better than a fancy model that is less well understood or doesn't admit as many or as meaningful results.

Strategy and team organization

As a general strategy, I recommend breaking the problem up into small pieces.  Use plenty of mini-models to examine all the various aspects of the problem individually, and then tie these results together somehow.  For instance, one mini-model might be used to determine the value of an input parameter for another mini-model, or one might explore the validity of an approximation, etc.  This was the strategy that my team used.  It works well because your three team-members can each work on different mini-models at the same time so you’ll have better parallelism.  Also, if one model doesn’t work out (and almost certainly this will happen to you at least once!) then you won’t have lost a lot of ground because you weren’t so heavily invested in it.

A variation on the above is to build two or more different models for the same thing and then compare the results to one another.  In particular, if they ask you to devise an algorithm for doing something (this has come up several times in recent years) then devise several algorithms and then analyze the merits of each.  This too has the advantage of parallelism, plus it will hopefully give you a way to evaluate your models and your conclusions. 

Model as many different aspects of the problem as you can.  Try to hit all of the points they ask for in the problem statement.  The winning papers almost always hit nearly all of the posed questions.   But then go on and look for other aspects of the problem that you can model.  This is your chance to make you paper stand out.  Our motto was “Whatever the problem is, we’re going to model the heck out of it!”  Sometimes a couple of sentences are all that is needed to deal with a certain point.  Anything at all that might be relevant, if you can somehow account for it, is worth writing about.

Using resources

Something important that the judges have commented on is the use of results from books and papers and other resources.  In fact, one of the major components of this contest is doing library and web research.  One of the judges wrote in a commentary that in his mind there is no difference between citing a reference and giving a derivation.  If you find the derivation that you need then go ahead quote the result and just cite the reference for the derivation.  It is probably a bad idea to copy a long derivation out of a book (unless you specifically need to modify it or comment on a part of it) because this clutters up your paper with things that aren’t as important as getting results.  Let me reiterate:

· The MCM is about getting results from a model, and NOT about formulating cool models.

Now some general advice on this point is:  Try not to become overly distracted with searching for the right references.  Also, don’t let yourself be seduced by some fancy model that you come across in the literature.  The judges have said that they look very harshly upon teams that try to adapt overly complicated models from papers without fully understanding what they are doing.   If you couldn’t have come up with the model yourself then you probably shouldn’t be trying to use it.

My own preference is to try to find key bits of data, like values of physical parameters, and plug those into our own model.  Also, a great idea is to look for confirmation of the validity of your approach, your approximations and assumptions, or your results in papers.  For example, if you want to claim that a particular force is negligible, then quoting a paper that also ignores that force is good, and quoting a paper that demonstrates the negligibility of it is even better.

A few final suggestions are:

1. Keep things simple.  You can explain them more easily and they are more likely to work well and require less debugging.

2. Don't invest too much time in writing complicated computer programs. Always remember that the judges will only see your report.  They won't look at computer code at all and they won’t see your programs running, so it won't impress them.  

3. Let me emphasize this again--they only see the report you submit. So the contest is more about writing a good paper than about making a good model.  Your model can be very naive or unreliable or inaccurate, but as long as you explain it well and help your reader understand it, and make it clear that you understand the weaknesses and shortcomings then it is ok.

4. Finally, it is probably not a good idea to work round the clock without sleep.  Make sure you get enough sleep early on so that you can think clearly.  Then, if you need to, work all night on the last day. When I did the contest we slept about 6 hours per night at the beginning, and about 3 or 4 on the final night.

As for practicalities, my teammates and I wrote our paper using LaTex. For the figures we used whatever we needed to--some were done with a Unix program called Xfig, some with MS-Paint, and most of the data figures and graphs were done either with Matlab or Mathematica. We coded most of our programs in Matlab because it is quick and easy to debug and because it is easy to produce nice looking graphs.

Splitting up the work and doing things in parallel with your teammates is important.  Each team works a little differently, but I can at least describe how the teams I was on have worked.  We spent roughly 6 hours deciding which problem to do.  We thought about which one would be the most fun and which one we would know how to approach.  During this decision time we took turns doing preliminary searches of the net for resources that might be relevant to each problem.  It helps to have an idea of what data we can simply look up and what we will have to produce from a model.

Once we had decided which problem to do, we had to decide what we were going to do with it.  I think we spent at least half a day throwing ideas around.  Having created a rough plan of attack we split the tasks up as much as possible.  One person went to the library and checked out every book that might be helpful.  One person started writing a Matlab code to do the simulations, and one person scoured the Internet for the data that we needed.  After the initial data gathering had been finished we spent several hours trying to decide how we would use it.  Of course, most of the books and sources from the net turn out to be completely useless. Now we were ready to do the actually work.  I think this was about a day and a half into the contest.  We definitely divided the tasks up.  If you look at our paper you'll notice that rather than make one big model, we made many small bits of analysis and strung them together in the paper by relating the conclusions of each to the rest.  Doing many small pieces of analysis helps because you can do things in parallel better that way.  For the cardboard problem, we had one person writing the Matlab code to do the simulation, one person doing the analysis of bailing out mid-flight, and one person doing the model for the energy absorbed by crushing a box. Over the last couple days of the contest we each wrote rough drafts of the sections of the paper that we had personally done, and then one of us rewrote everything and wove it together while the other two guys made the figures and illustrations.

Good luck and have fun!

Jeff Giansiracusa

(January 7, 2004)

