
Exercises V

1. Assuming normal model π(xi | µ, τ) = N(µ, τ), and the measurements
x <-c(-0.03, 2.62, 5.72, 1.55, -1.12, -1.50, -0.70, 1.13, 2.73, 3.66,

0.38, -1.50, 2.36, -0.31, 1.27)

Compute a Monte Carlo sample of µ, τ from the posterior π(µ, τ | x) in R, using the solutions for
π(τ | x) and π(µ | τ, x) and prior π(µ, τ) ∝ τ−1. Plot the scatter plot of the Monte Carlo sample for
µ, σ. (The true parameter values were µ = 1, σ = 1.5).

2. Assume the number of customers in a day is modeled as P (x | λ) = Poisson(λ) = λx

x!
exp(−λ) and

the prior of λ is π(λ | α, β) = βα

Γ(α)
λα−1 exp(−βλ) = Gamma(α, β). Assume we then observe x = 45.

Construct a rejection sampler in R, using ABC-method, (Approximate Bayesian Computation), for
computing posterior distribution of λ. (The sampling is then not 'approximate', because x is discrete
so that simulated values of x can match observed value). Explain why this can be very ine�cient if
the prior is very uninformative with small α, β?

3. Genetic model of the Dalton brothers. Assuming the possible genotypes for an individual are AA,
Aa, aa with prior probabilities P (AA) = P (aa) = 0.25 and P (Aa) = 0.5. The probability for the
genotype of a child depends on the genotype of the parents so that one of the alleles is inherited
randomly from each parent. In Dalton family, the genotypes of their father (F) and mother (M) are
unknown. Assume that we know the genotypes of Joe, William and Jack are all AA. What is the
probability that Averell is also of type AA? What is the probability that Averell's son Kid is also of
type AA, assuming Kid's mother is Belle for which we only have prior probabilities similar to the priors
for F and M. Instead of exact calculation, use doodle-BUGS to simulate posterior distributions. The
BUGS-�les (which you can open within OpenBUGS) are on the course web-page. OpenBUGS can be
downloaded from http://www.openbugs.net/w/Downloads. Notice the combination of model code
with dcat()-distributions for categorical variables, and the use of �xed probability table given in the
data, for evaluating inheritance probabilities depending on the type of parents.

4. Diagnostic testing with unknown prevalence and unknown test sensitivity. A diagnostic testing
for some disease is done for N = 100 patients. The test has sensitivity θ = P (+ | D) that is the
probability for a correct test result, if the patient truly has the disease D. Both the disease prevalence
p and the sensitivity θ are unknown, X = 10 positives were observed. Simulate the posterior in BUGS
(or doodleBUGS) π(p, θ | X) ∝ Bin(X | N, pθ)π(θ)π(p). Assume both priors are U(0, 1). Plot the
scatter plot of the MCMC sample for p, θ. See Menu: Inference: Correlations: Correlation

Tool. What combinations of values are roughly equally probable? Are p and θ well identi�able? Check
how the result changes if you add some data Y from which we can better estimate the sensitivity:
Bin(Y | 100, θ) with Y = 98.
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