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1. (Probability theory; 20 points)

Consider the following scenario. 2% of the people who walk through a specific metal detector
at YEG are carrying a gun. 30% of the people who walk through the same metal detector
are carrying coins. The remaining 68% are carrying nothing made of metal. Everyone carries
either nothing, coins, or a gun through the detector; never both coins and a gun.

If someone carries a gun through this metal detector, it will beep with probability 95%. If
someone carries coins through this same metal detector, it will beep with probability 80%. If
someone carries nothing made of metal through the detector, it will still beep 25% of the time.

(a) [15 points] Suppose that the metal detector beeps when someone walks through it. With
what probability is that person carrying a gun? Show how you calculated your answer.

(b) [5 points] Suppose that the metal detector beeps when someone walks through it. With
what probability is that person carrying coins?
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2. (Belief networks; 25 points)

(a) [5 points] What factorization of the joint distribution P(A, B,C,D,E,F,G) does the
network below represent?
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In this network,

e A has no parents

e B has parent A

e (C has parent A

e D has parent A

e F has parents A,C, D, and F
F' has parent D

G has parents B and F

(b) [5 points] Draw a belief network that is consistent with a joint distribution that factors as
P(A,B,C,D,E) = P(A)P(B|A)P(C)P(D|A,C)P(E|B,C, D), or list each of the nodes
of the network along with its parents.

(c) [5 points] Draw (or list nodes and parents for) another belief network that is different
from the network of question (2b) but also consistent with the factoring P(A, B,C, D, E) =
P(A)P(B|A)P(C)P(D|A,C)P(E|B,C, D). (i.e., a different belief network that is guar-
anteed to be correct for any joint distribution that can be correctly represented by this
factoring).
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(d) [3 points] Suppose that every random variable in the joint distribution of question (2b)
has a domain containing 8 elements. How many rows are needed to list the full joint
distribution in an explicit table?

(e) [7 points] Suppose that every random variable in the joint distribution of question (2b)
has a domain containing 8 elements. How many rows in total are needed to list the
conditional probability tables for your belief network representation?
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3. (Variable Elimination; 75 points) Consider the belief network below.
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In this belief network,

e A has no parents

e B has parent A

e C has parents A and B
e D has parents A and C
e FE has parents A and D
e F has parents A and F
e G has parents B and C

The graph has the following properties:

e dom(V) ={0,1} for each variable V/

e Pr(A=1)=0.75

e For all V # A, the probability that V' =11is 1 — 279, where ¢ = ZWEparents(V) W.
(In other words, the more of V’s parents have value 1, the more likely V = 1).

(a) [5 points] Write a table that fully specifies the conditional probability distribution for
variable D in the above belief network.

(b) [60 points] Implement variable elimination in Python 3 by editing the provided ve.py
as follows:
e Edit the Factor class to implement missing functionality.
e Edit the var_elimination function to implement variable elimination.
e Edit the function example_bn to return a collection of factor objects that represent
the belief network above.
Run the code with the command python3 ve.py to compute the results of the query
Pr(B| G =0,F = 1) using variable order G, E, A, B,C, D, F.
What is the probability Pr(B=1|G=0,E =1)?
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(c) [10 points] Give an example of a variable order that would be more efficient. Explain
why your ordering is more efficient.



