
Physics 91SI Practical Computing for Scientists Spring 2011

Discussion Week 4

1 The dataset

1.1 Disclaimer

This dataset is an oversimplified simulation of financial data. I am not a financial expert and
so these data, and the motivaton for this exercise, should only be interpreted in the crudest
explanation of these concepts.

1.2 Collateralized debt obligation (CDO)

Financial markets are often looking for ways to mitigate risk, and one tool is the collater-
alized debt obligation (CDO). CDOs are collections of financial instruments that produce a
flow of income, such as homeowners’ mortgages. They can then be divided up amongst other
investors who pay to own a small part of that flow of income. The CDOs can themselves
be divided up into different layers that contain different levels of risk, but that also have
different levels of payout to the investors, proportional to that risk. In the case of CDOs
which are made up of mortgages, the risk is that some percentage of the pool of mortgages
will default on their loans and stop making their payments.

For many of these CDOs, a particular pool of mortgages would essentially be worthless
if only 7% of the homeowners defaulted.

In the early and mid-2000’s, some companies created financial instruments that essentially
allowed investors to “bet” on whether or not a pool of mortgages would go bankrupt. An
investor would pay money to be on one side of the bet (that the CDO would continue
to produce income) or the other (that enough people would default to render the CDO
worthless).

1.3 The financial crisis of 2008

The causes of the financial crisis of 2008 are many and there is no one obvious cause or
villain. However, there are some facts which have come to light which help us understand
the various contributions to the system.

Many investors bought CDOs based on the ratings assigned by the credit agencies who
were tasked with looking at these bundles of mortgages and deciding how much risk was
associated with each one. Sometimes, they would just look at the average credit rating of
the pool of mortgage borrowers and assume it was a normal (Gaussian) distribution and
assign a rating based on that number.
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However, the distribution of credit ratings could vary wildly over the different CDOs
and was often correlated with states that were experience dramatic housing bubbles (CA,
NV and FL were among the worst). Some investors took the time to go through all the
paperwork of the different CDOs and identify ones that had a high probability of going bust,
and then bet against those CDOs. Many other investors assumed that the housing market
would continue to rise, that all the CDOs were the same, and by buying many of them they
diversified their portfolio. This was not to be the case.1.

1.4 The mock data

You will be given 100 text files that represent 100 CDOs. These files contain a list of integer
values that represent the credit scores of the homeowners that have mortgages within each of
these CDOs. It will be up to you to determine which of them are good long-term investments
and which are not.

2 Skeleton code

You have been provided with some skeleton python code that uses the Matplotlib library
to make some histograms of data read in from 4 text files. A description of the pseudo-code
follows.

1. Loop over the 4 input files.

2. Read in the values and put them into a 2-dimensional list/array.

3. Create a figure on which to draw some graphs.

4. Divide the figure into a 2x2 arrangment of subplots.

5. Create 4 histograms and format them slightly differently.

You can run the code by typing:

python histogram example.py file1.dat file2.dat file3.dat file4.dat

To understand the code better, try to answer these questions by looking at the program.

• How is the figure divided into the subplots?

• How do you determine how many bins are in the histogram?

• What is the difference between setting the range of a histogram and setting the limits
for the x-axis on the subplot for that histogram?

• What is the alpha keyword in the histogram constructor?

1For a much better account of the financial crisis and the players involved, check out the excellent book
by Michael Lewis called “The Big Short: Inside the Doomsday Machine”
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3 Your challenge

The goal of this exercise is to summarize the worth of all the CDOs in some easy-to-interpret
set of visualizations of the data. In any research project you may be involved in, this is often
a big challenge. You may not finish every part of this, but try to get as far as you can.

1. Histogram all of the CDOs

(a) Choose a grid size for the subplots that still allows you to go back and look at
any individual CDO. Should you use a 2x2 grid? 3x3? 10x10?

(b) Choose a common binning and range for the histograms.

(c) On each histogram, overlay a second histogram of a different color that only
contains the lowest 7% of the credit ratings. This will allow for a very quick and
intuitive interpretation of the risk for that CDO.

2. Summarize the CDOs

(a) When you histogram the CDOs, keep track of the mean, standard deviation, and
credit rating for the 7% cutoff for each CDO.

(b) Make 3 scatter plots for these values: mean vs. std. dev, mean vs. cutoff, std.
dev. vs. cutoff.

(c) Is there a way to summarize these three values on one plot using the size or color
of the markers as a third axis?
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