
MATH5835M Statistical Computing

Practical
• The MATH5835M module is assessed by an exam and a practical. This is the practical for the module.

The practical is worth 20% of the final module marks (the other 80% coming from the exam).
• You must hand in your solutions by Friday, 19th November 2021, 2pm at the latest. Late work

will be penalised at the rate of five marks per working day.
• Your work should be in the the form of a short report. Reports must be typeset (not hand-written)

and must be clearly marked with your name and your student~ID. You should include your R code
and any explanations necessary to understand your results. I would expect the report to be about 4–6
pages long.

• There are 25 marks per task These marks cover correctness, completeness and presentation of your
results. The total number of marks for this practical is 4× 25 = 100.

• You can get help with the use of R during the drop-in sessions on Monday, 8th November.
• You can discuss the questions and can share ideas with other students, but the work you hand in must

be your own.

The topics of this practical are Monte Carlo estimates, rejection sampling, and the Random Walk Metropolis
algorithm. We consider random variables

X ∼ N (−1, 22) and Y ∼ N (1, 12),

where X and Y are independent. We are interested in the probability P (X > Y ).

Task 1: Monte Carlo Estimation
Explain how Monte Carlo estimation can be used to estimate the probability P (X > Y ). Implement this
estimate in R. Explain how you chose the Monte Carlo sample size N and what the error of your estimate is.

Task 2: Noisy Observation
Assume that we cannot observe X and Y directly, but that we can observe

R =
√
X2 + Y 2 + ε

where ε ∼ N (0, σ2
r) is observational noise with variance σ2

r = 0.12. Show how to generate random samples
from the distribution of R and show a histogram of your samples.

Posterior Distribution
From Bayes’ formula we know that the conditional distribution of (X,Y ) given R = r has density

p(x, y|r) = p(r|x, y)p(x, y)
p(r) ,

where p(r|x, y) is the density of a normal distribution with mean
√
x2 + y2 and variance σ2

r ,

p(x, y) = p(x)p(y)

is the joint density of X and Y , obtained by multiplying the densities of X and Y , and p(r) is the (unknown)
density of R. In the context of Bayesian statistics, p(x, y) is called the prior distribution, and p(x, y|r) is
called the posterior distribution.
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Task 3: Rejection Sampling
Now assume that we have observed R = 3. Explain how envelope rejection sampling can be used to generate
samples from the posterior distribution, taking into account that p(r) is unknown. Use this method to
estimate the posterior probability P (X > Y |R = 3). Illustrate the posterior distribution with the help of a
scatter plot.

Task 4: Random Walk Metropolis Sampling
Explain how the Random Walk Metropolis algorithm can be used to generate samples from the pos-
terior distribution of (X,Y ), and implement the method in R. Still assuming R = 3, generate a path
(X1, Y1), . . . , (XN , YN ) from the Metropolis Hastings Algorithm and use this to to estimate the posterior
probability P (X > Y |R = 3).
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