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Problem Set 8, due December 10th at the lecture

From now on, please hand in your solutions at the lecture. Please hand in your solutions in paper if possible.

Please solve the following problems. Make sure to explain your reasoning. You get 5 points for each problem
if the calculation is correct and if the reasoning is well-explained.

(1) You really like to eat oatmeal for breakfast. In fact, you eat so much of it that you open a new box
every three days. You just learned that your favorite brand will start shipping boxes with a dog toy
inside. For every box a toy is randomly chosen out of 4 different ones. You have a very happy dog
Nala, and you want her to be even happier. You can achieve this by getting her a new toy. How long
do you expect Nala to wait to get all 4 different toys? Assume that you will stick to your dietary and
purchasing habits. Use the definition of expectation to derive the answer!

Hint: Break it down to a question about multiple expectations.

(2) A university has two departments, D1 and D2. This year, 100 new students applied, of which 70 were
male and 30 female. 65 male students applied to D1 of which 45 were accepted. 10 female students
applied to D1, of which 9 were accepted. 5 male students applied to D2 of which 2 were accepted. 20
female students applied to D2, of which 9 were accepted.

a) What is the acceptance rate of male and female students in D1 and in D2?

b) What is the acceptance rate of male and female students in the university (i.e. in both depart-
ments, taken together)?

c) Do you find the results surprising? Give an informal explanation.

(3) According to the definition of d–separation the set of nodes Z that block a path can be empty ( i.e.
Z = ∅). Find an example of a graph and a path ρ = [X1, . . . , Xn], n ∈ N, in it that is blocked by Z = ∅
and Z = ∅ d–separates X1 from Xn.

Hint: Neapolitan, chapter 2.1, gives an alternative definition of d–separation that is – in the regard
of this exercise – isomorphic to the one given in the lecture.

(4) For the Bayesian Network below, use the d−separation criterion to find two conditional independencies
that hold and that do not follow directly from PMC (plus decomposition from the semi-graphoid
axioms). Use the notation from the lecture, i.e. · ⊥⊥ · | · .
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(6) a) Let G = 〈V,E〉 be a DAG and X,Y ∈ V . Show that there’s a direct arrow from X to Y or from
Y to X iff X and Y are not d-separated by any subset of V .

b) Let G = 〈V,E〉 be a DAG, in which there is a chain X − Z − Y and there is no arrow directly
connecting X and Y . Show that the following are equivalent:

B1) X − Z − Y is a head-to-head meeting, or equivalently collider structure.

B2) There exists a set not containing Z that d-separates X and Y .

B3) All sets containing Z do not d-separate X and Y .


