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1. (10 pts total) Convert FOL sentences to clausal forms. You can add constants or functions if
needed.

(a) (2 pts) Vx Big(x) — Ty Cat(y)
(b) (2 pts) Ix Vy f{y,x) = g(y)
(c) (2 pts) ~(3x fx)rg(x))

(d) (4 pts) ~(Fx Vy f(y,x))

2. (14 pts total) Write the following sentences in first-order logic, using S(x) for slow, S(x,y) to mean
that x is slower than y, H(x) for horse, B(x) for brown, and W(x,r) for horse x winning race r,

(a) (2 pts) All brown horses are slow.

(b) (2 pts) All slow horses are brown,

{(c) (2 pts) All slow things are brown horses.

(d} (2 pts) Some slow horses are brown.

(e) (3 pts) The slowest horse is brown.

() (3 pts) There is a winner in every race.

3. (26 pts total) You’re a taxi driver, Your taxi can hold 4 passengers. Your world is modeled as a
graph of locations with distances between them. Some, but not all, of the locations have passengers
that you can pick up. Give your best answers to the following questions.

(a) (4 pts) Because passengers pay a fixed fee for a ride to the airport, the goal is to pick up 4
passengers and take them to the airport in the smallest number of miles. How do you describe each
state in this problem space?

(b) (4 pts) What is a good cost function for this problem?

(¢) (4 pts) Now, consider a case where passengers have to pay according to how far away they are
from the
airport when they’re picked up (note: they don’t pay according to how long a ride they take in your
taxi, but according to the length of the shortest path from their pickup-point to the airport).
Describe each state in this new problem.

(d) (7 pts) For question (c), if you also wish to save gas, what is a good cost function?

(e) (7 pts) Will uniform-cost search work for question (b)? what about question (d)? Explain briefly.
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1. (15 pts) Let D denote the set of training examples, #; denote the true target value of an example d in
D, where d is represented by feature vector (X1,X2,...,Xn), and o4 be the predicted value (i.e. output).
Define the output function: "
f(X1,%2,...,Xn) = W0+W|X1+W1X12+W2X2+W2X22+. . .+wnxn+wnxn2
Derive a gradient descent training rule for a single learning unit with the output as defined above.

2. (15 pts) Given a binary-class concept learning problem, assuming P positive examples and N
negative examples, briefly describe how chi-square test is applied to perform pre-pruning in
decision tree learning. Note, You must write down the chi-square formula and explain how it
works.

3. (20 pts total)Assume each example d is described by a feature vector (X1,X2,...,Xn), and let ¢; be a
class in C, i.e. ¢;eC. (a) (10 pts)Write down the expression for the predicted class of & based on the
maximum posterior probability. (b) (10 pts) Derive a Naive Classifier from your result of (a). Try to
be clear and precise.
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