
Bayesian Modelling B sheet 2

1. Prove properties 2 and 3 on slide 17, in the discrete case.

2. Draw the DAG’s corresponding to the models that featured in Sheet 1, questions 4 (the
Markov chain) and 6 (Poisson i.i.d. sampling of x1, x2, . . . , xn). Do the latter one again, but
this time introduce an additional variable t =

∑n
i=1 xi.

3. Draw the DAG’s for the models encountered in Bayesian Modelling A, on slides 22 (“Gaussian
models: the general case”) and 77 (“A more elaborate example”).

4. Consider the following possible factorisations for the joint distributions of all the variables
mentioned. For each, if possible, draw the corresponding DAG. If not possible, say why.

i. p(a)p(b|a)
ii. p(b)p(a|b)
iii. p(b|a)p(c|b)p(a|c)
iv. p(µ)p(σ)

∏n
i=1 p(yi|µ, σ)

v. p(θ)p(φ)p(y|θ)

5. Consider the following model for the pump failure time data (shown on slide 5). For i =
1, 2, . . . , n, pump i is run for a total time ti, and incurs yi failures. We suppose that yi ∼
Poisson(θiti). We put a prior Γ(α, β) on the θi. Finally, β is modelled as Γ(γ, δ). We treat
α, γ and δ (and the {ti} of course) as known constants.

Write down all necessary (conditional) independence assumptions you would make, not stated
above, and hence write down the joint distribution of all random variables (β, {θi}, {yi}).
Draw the corresponding DAG. Find all the full conditionals.

6. Show that in a DAG, v is in the Markov blanket of v′ if and only if v′ is in the Markov blanket
of v. Can you prove this (that is, that p(xv|x−v) involves v′ if and only if p(xv′ |x−v′) involves
v) without assuming the model is a DAG?

Does “v being in the Markov blanket of v′” define an equivalence relation? Give a proof or a
counter-example.

7. Suppose that conditional on θ, x and y are independent Bernoulli(θ), and that θ is random.
Find P{x = 1}, P{y = 1} and P{x = 1, y = 1} in terms of E(θ) and E(θ2). Hence show
that P{x = 1, y = 1} ≥ P{x = 1} × P{y = 1}. Now consider two 0/1 random variables
(w, z) such that P{w = 0, z = 0} = P{w = 1, z = 1} = 0.1 and P{w = 0, z = 1} = P{w =
1, z = 0} = 0.4 Can w and z be represented as conditionally independent given some other
variable? Contrast this with de Finetti’s theorem: do you see why we have to say infinitely
exchangeable in slide 36?

8. Get some experience using WinBugs. It is available on the PCs in the ground floor terminal
lab (or you can download it to your own PC from the link on the unit webpage). Double-click
on the desktop icon to start it.

To create a graphical model visually using the mouse, follow the menu: Doodle | New, fol-
lowed by OK to the alert box. Instructions are at Help | Doodle help.

You would find it interesting also to browse through the examples (Help | Examples Vol I,
or II), and perhaps the User manual (just press the F1 key) to see the scope of the system.
It’s perhaps premature to try actually fitting a model yet!


