Chapter 19: Undirected graphical models
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Exercise: d-separation

In each BN, list all variables that are independent of A.
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Exercise 10.1 Marginalizing a node in a DGM

(Source: Koller.)

Consider the DAG G in Figure 10.14(a). Assume it is a minimal I-map for p(A, B,C, D, E, F, X). Now
consider marginalizing out X. Construct a new DAG G’ which is a minimal I-map for p(A, B,C, D, E, F).
Specify (and justify) which extra edges need to be added.



Chapter 20: Exact inference in graphical
models
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Treewidth and the junction tree algorithm




Approximate inference

Method Restriction Section
Forwards-backwards Chains, D or LG Section 17.4.3
Beliet propagation Trees, D or LG Section 20.2

Variable elimination
Junction tree algorithm

Low treewidth, D or LG, single query
Low treewidth, D or LG

Section 20.3
Section 20.4

Mean field

Loopy belief propagation
Importance sampling
Gibbs sampling

Approximate, C-E
Approximate, D or LG
Approximate
Approximate

Section 21.3
Section 22.2
Section 23.4.3
Section 24.2
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The Surprise Candy company makes candy in two flavors: 70% are strawberry flavor
and 30% are anchovy flavor. Each new piece of candy starts out with a round shape;
as it moves down the production line, a machine randomly selects a certain percentage
to be trimmed into a square; then, each piece is wrapped in a wrapper whose color is
chosen randomly to be red or brown. 80% of strawberry candies are round and 80%
have a red wrapper, while 90% of the anchovy candies are square and 90% have a
brown wrapper. All candies are sold individually in sealed, identical black boxes.
Now vou, the customer, have just bought a Surprise candy at the store but have not
yvet opened the box.

Consider these three Bayes nets.
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(1) (i1) (iii)

Which network(s) can correctly represent p(Flavor, Wrapper, Shape)?

Which network is the best representation?

True/False: Network (i) asserts that p(Wrapper | Shape) = p(Wrapper).

What is the probability that your candy has a red wrapper?

In the box is a round candy with a red wrapper. What is the probability that the
flavor is strawberry?

An unwrapped strawberry candy is worth x on the open market and anchovy is
worth a. Write an expression for the value of an unopened candy box.



Exercise 10.5 Bayes nets for a rainy day

(Source: Nando de Freitas.). In this question you must model a problem with 4 binary variables: G ="gray”,
V' ="Vancouver”, R ="rain” and S ="sad”. Consider the directed graphical model describing the relation-

ship between these variables shown in Figure 10.15(a).

Write down an expression for P(S = 1|V = 1) in terms of «, 3,7, 6.
b. Write down an expression for P(S = 1|V = 0). Is this the same or different to P(S = 1|V = 1)?
Explain why.

c. Find maximum likelihood estimates of «, 3, v using the following data set, where each row is a training
case. (You may state your answers without proof.)
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Problem 5 (Textbook exercise 11.3): Bernoulli EM

1. Show that the M step for ML estimation of a mixture of Bernoullis is given by

i = Zz TikTij
ki —
’ D i Tik

2. Show that the M step for MAP estimation of a mixture of Bernoullis with a Beta(a, )
prior is given by
Qi) ta—1
P (i) e+ B2




Exercise 11.3 EM for mixtures of Bernoullis

e Show that the M step for ML estimation of a mixture of Bernoullis is given by

D> _; TikTij

Hkj - E Tik
e Show that the M step for MAP estimation of a mixture of Bernoullis with a 3(«, ) prior is given by

(D, rikxij) +a—1
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