
MAS364: Project

This project is worth 15% of the final mark for MAS364. It is not part of MAS61006.

• You should write your answers, using code and comments, into the file 364_project_tem-
plate.ipynb as Python or into the file 364_project_template.Rmd as R, into the spaces pro-
vided there. You can choose whether to use R or Python. You can find these templates on
the course website

https://nicfreeman1209.github.io/Website/MASx64/

• You should submit your work as a single file (.ipynb or .Rmd) to Blackboard before 2pm on
Monday 23th December.

• Question 1 is worth 7 marks and Question 2 is worth 8 marks.

• Your submission should be your own work. You may use and modify the example code given
in the exercises within the lecture notes, and used within the computer classes. The example
code given in Exercises 7.4 and 8.1 is directly relevant.

1. An experiment growing a particular plant within a laboratory yields plants with heights
(in centimetres)

x = (89,56, 57,49, 78)

We model this data as Mθ = N(θ , 152)⊗5, with the weak prior θ ∼ N(50,102).

(a) Use conjugacy to compute the posterior parameters for θ |x and fill in the posterior
density function.

(b) Plot a 95% high posterior density interval for θ .

2. In this question we analyse the output of a financial model. Each item of data is the
difference between the true value of an asset price and that predicted by the model. A
sample of fifteen assets yields the data

x = (144.30, 2.24, 174.37, 12.00, 10.74, −18.59, 200.87, −766.27,

− 14.72, −3.12, 18.06, −20.96, 32.67, 287.38, −26.52).

We use a model M⊗15
θ

for this data, where θ ∈ (0,∞) and Mθ ∼ Cauchy(0,θ ), with the
prior θ ∼ Exp(2).

(a) Use the Metropolis-Hastings algorithm, with random walk proposals of the form
N(0,52), 50 steps and initial point 2, to plot a histogram of 200 samples of the
posterior density.

(b) In your code answering part (a), add code to record whether each proposal is ac-
cepted or rejected.
For each of the 200 samples, ignoring the first 25 steps of each sample, compute
the probability of acceptance (the ‘acceptance rate’) over the remaining 25 steps.
Plot the results together as a histogram.
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(c) In your code answering parts (a) and (b), add an argument σ to the mh_step func-
tion to make the proposals of the form N(0,σ2).
For σ = 1 and σ = 20, make histograms of the posterior densities and acceptance
rate, with the same (other) parameters as in parts (a) and (b). Briefly compare the
results to the case σ = 5 in (b), and state which of the three values for σ you think
is best.
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