
MATH6112 Computer Analysis of Data and Models,
Assignment 2009
	The assignment must be handed in to the Maths School Office. The deadline for handing in your work will be announced in the lectures. An “Assignment Hand In” Cover must be completed and stapled to the front of your work. An extension, for bona fide reasons, may be allowed by prior agreement, but only well before the deadline. Computer crashes or file losses a day or two before the deadline will not be an acceptable reason.

Components of the project will receive different weightings in producing your final mark.  The weightings are

Main report: Presentational Style 25, Quality of Argument Presented and your Final Recommendation including Clarity and Logical Development 50, Overall Organisation of the Report 25. 

Technical Report: Layout and Style 30, Technical Analysis and Content 45, Description of the Spreadsheet and Initiative Shown 25.

Note: the final mark will be scaled to be out of 100.


1.  Background

Imagine that the Executive Committee of the Continuous Mortality Investigation (CMI) Bureau have retained you to carry out a study to evaluate their techniques for compiling mortality tables.
Mortality tables provide key information to actuaries in their work. There is an established methodology for compiling these tables, using techniques like those discussed in MATH6112. Your objective is to develop a statistical spreadsheet tool for compiling a typical mortality table and to report on how well it does.
The technical details of what you are required to do are given in the next section.
You are asked also to make a brief oral presentation to members of the CMI Committee outlining what you have done and to illustrate your tool by using it to analyse a data set provided by the Committee, commenting on the accuracy achieved. This constitutes the main report.
You are also to provide a written technical report, giving details of your method of analysis of the data. The Committee members, being actuaries, are familiar with basic statistical procedures, so the technical report can be quite statistical. 
2. Technical Details
2.1 Requirement

The data from which mortality tables are calculated take the following form. Data is gathered over a period of time from a number of participating insurance offices. Within a particular class of business, the number of lives in force (i.e. individuals who have a life assurance policy) is counted each year, subdivided by age (in years). The number of deaths amongst these lives in force in the given year, is also recorded, again subdivided by age. The data from all participating offices is pooled to give a single Table comprising



[image: image1.wmf]i

R

= Number of lives in force of age 
[image: image2.wmf]i

 at the start of the (given) year being observed


[image: image3.wmf]i

A

= Number of deaths of age 
[image: image4.wmf]i

 at the end of the (given) year being observed

where [image: image5.wmf]max

min

 

...,

 

,

i

i

i

=

, with 
[image: image6.wmf]min

i

 and 
[image: image7.wmf]max

i

 being the least and greatest ages recorded.
Details of such a data set, which is the data to be analysed, are given in the Excel workbook  MATH6112cwData09.xls.

The mortality table to be produced from the data set is simply
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The table may have to extend outside the observed age range, so that 
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The true value, 
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however this is not satisfactory as 
[image: image16.wmf]i

p

ˆ

 can be regarded as being a binomially distributed random variable whose variance, 
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You are asked to fit a smoothed curve of the form, either






[image: image19.wmf])

,

|

(

G

)

,

|

(

~

α

α

r

x

r

x

p

=









(2a)
or







[image: image20.wmf])]

,

|

(

G

1

/[

)

,

|

(

G

)

,

|

(

~

α

α

α

r

x

r

x

r

x

p

+

=






(2b)

where x is the age (no longer restricted to being integer) and
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is a squared polynomial with 
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 parameters to be determined by the fitting process. (The unusual choice of 
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, which is of course still a polynomial, is made to assist in the fitting process which can otherwise be very unstable for a high order polynomial.)
2.1 Advice
There are two ways of fitting (2) that you may wish to consider.

Maximum likelihood: For any given age x, the death or survival of an individual in the given year can be regarded as an independent Bernoulli trial. Thus 
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To fit the smoothed curve (2a, b) to the observations by maximum likelihood, one therefore takes the likelihood, but with the unknown 
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 replaced by (2a) or (2b), so that the likelihood is now a function of the 
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. These unknown parameters are then found by maximizing the likelihood. (Remember that there is no need to retain any factor that does not depend on the unknown 
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It is best to carry out the maximization by taking different values of 
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 and then using Nelder-Mead optimization to find 
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 as fixed during each Nelder-Mead search.

It is expected that only a small range of values of 
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 needs to be considered.
Obviously the greater the value of 
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 the better the fit, but ideally we want a parsimonious model with only just enough parameters included to give a good fit. This is a problem of model selection. In addition to the methods of model selection discussed in the course, you may wish to consider Akaike’s Information Criterion. This is to choose that value of 
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is minimized, where 
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 is the maximized value of the loglikelihood with respect to 
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Regression Approach: This treats (2a, b) as being a (possibly nonlinear) regression function of x for which (1) are the observations. i.e. the observations are of the form
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 can be assumed to be approximately normal (why?)
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(You will need to decide on what value of 
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The Committee have asked for plots of 
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 against x to be provided in the report. The use of a logged scale is to conform with their usual mode of presentation. You will need to decide how to handle logarithms of zero values appropriately.
2.  What You Must Produce
2.1 The Main Report

For the main report, imagine that you have to make a short (twenty minute) presentation in a meeting with members of the CMI Committee. The presentation will focus on the methodology you have adopted and on its application to the data set provided. (You should comment on how good the fit is.)
You must produce copies on paper of any displays you would use (e.g. overhead-projector or PowerPoint slides) together with notes that you might use yourself in making the presentation. You will NOT actually have to make the presentation.  Any slides do NOT have to be produced on transparencies or film; paper copies are all that are required, though you should make it clear which medium you would be using. There is no need to use colour for any hard-copy, though obviously you may wish to supply them in colour if you are relying heavily on colour for clarity of your slides. [I need to be able to distinguish different lines on a graph for example!]
The presentation material will be judged on its clarity, relevance, choice of presentational techniques, quality of discussion and the overall organisation. 
2.2 Technical Report

You must also produce a separate technical report.  This report should give brief details of the method of analysis and describe why the analysis was performed in the way it was. It should also include a description of how the analysis was implemented on a spreadsheet.
The report must be produced on paper. You do not need to submit the spreadsheet electronically unless you are particularly pleased with it. The CMI Committee will not be especially interested in fiddling about with the spreadsheet itself, unless they are suspicious that it is not working as you claim. However you should give a brief description of how the spreadsheet operates.
Your report will be marked on its layout and style, the quality of technical analysis, the organisation of the spreadsheet itself and any initiative shown. You will be judged on your ability to convey a fairly sophisticated analysis in clear terms. 
If there is any further information you believe to be essential, make a realistic assumption and explain clearly what you have done.

Initiative will be rewarded.

Russell Cheng, February 2009
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