Question 1 - 15 points

1a (5 points).  Function P1 is a function defined on a set of samples S = {A, B, C, D}. P1 is defined as shown below. Is there a value for y that makes P1 a valid probability function? If yes, what is that value? Justify your answer.

P1(A) = 10*y

P1(B) = 20*y

P1(C) = 30*y

P1(D) = 20*y

1b (5 points). Function P2 is a function defined on the set of real numbers. P2 is defined as shown below. Is there a value for y that makes P2 a valid probability density function? If yes, what is that value? Justify your answer.

P2(x) = 0         if x < 100

P2(x) = 6*y     if 100 <= x <= 110

P2(x) = 4*y     if 110 <= x <= 130

P2(x) = 0         if x > 130.
1c (5 points). Function P3 is a function defined on the set of real numbers. P3 is defined as shown below. Is there a value for y that makes P3 a valid probability density function? If yes, what is that value? Justify your answer.

P3(x) = 0           if x < 0

P3(x) = 7*y       if 0 <= x <= 10

P​3(x) = 3*y       if x > 10

Question 2 – 10 points
	Age of owner
	Car
	Minivan
	SUV

	under 30
	0.15
	0.05
	0.1

	between 30 and 50
	0.1
	0.15
	0.1

	over 50
	0.15
	0.15
	0.05


The above joint distribution table shows the probability of combinations of vehicle types and vehicle owners. For example, the probability that a vehicle is an SUV and is owned by a person over 50 years old is 0.05. Using that table:
2a. (5 points) Determine the probability that a vehicle owner is under 30 years old.

2b. (5 points) Determine P(vehicle type = Minivan | age of owner is under 30)

Question 3 - 10 points


3a. (5 points) Given the above Bayesian network, compute P( (B=true) AND (C=false) ). You do not have to carry out numerical calculations, but you have to write an expression that fully specifies the answer numerically.

3b. (5 points) In the above Bayesian network, compute P(B). You do not have to carry out numerical calculations, but you have to write an expression that fully specifies the answer numerically.
Question 4 = 15 points
4a (5 points). You have a Bayesian network of N nodes. Each node corresponds to a Boolean random variable. Each node has a maximum of 3 parents. How many numbers would you need to specify at most, in order to fully specify the probability distribution modeled by this Bayesian network? In other words, what is the maximum number of values you need to store (for the entire network) in order to full specify the probability table for each node? Justify your answer.

4b (5 points). What is the time complexity of doing inference in the Bayesian network of question 4a?
4c (5 points). Suppose that you want to model the same probability distribution as in question 4a, but using a joint distribution table. How many values do you need to specify in that case?

Question 5 – 10 points
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5a (5 points). In the above Bayesian network, is the battery-flat event conditionally independent of the fanbelt-broken event given a value for the no-charging event? Justify your answer.

5b (5 points). In the above Bayesian network, is the battery-flat event conditionally independent of the no-oil event given a value for the oil-light event? Justify your answer.
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