CS 327, Winter 2001: Take Home Exam #1

Due on paper in class on Friday, February 2

For this exam, you may use your textbook, notes you have taken in class, and the PowerPoint notes on the class website. You may not consult with any other people or references, including the World Wide Web. You may not use any previously written code (written by yourself or others), though you may use a computer / calculator if you find it useful. You may communicate with me for clarifications, though I will likely not say much to remain fair to other people taking the exam. For all questions, justify your answers. There are 8 problems, worth 12.5 points each.

1. The "one-row sliding-tile puzzle" consists of three black tiles, three white tiles, and an empty space in the middle as shown below.


The puzzle has two kinds of legal moves with associated costs: A tile may move into an adjacent location. This has a cost of 1. A tile can hop over one or two other tiles into the empty position. This has a cost equal to the number of tiles jumped over.

(a) What is the branching factor for the state space associated with this puzzle?

(b) Propose a heuristic for solving this problem that is admissible. Justify that it is admissible.

2. An ordering of the nodes in a search space is depth-first legal if expanding the nodes in that order corresponds to depth-first search.

(a) How many depth-first legal orderings are there of a search space with uniform branching factor b and depth d?

(b) How many breadth-first legal orderings are there?

3. Using a deck of cards as a training set, use ID3 to construct a decision tree to classify whether or a not a given card is in the class “Odd black cards or hearts.” Features under consideration are color (red or black), suit (clubs, diamonds, hearts, or spades), and parity (odd or even). In a standard deck of cards, consider the following cards odd: A, 3, 5, 7, 9, J, K.

4. Suppose that I have a training set of m data points, with n features.

(a) How much memory is needed to train a k-nearest-neighbor classifier?

(b) How much time is needed to train a k-nearest neighbor classifier?

(c) How much time is needed to determine the class of a test point after training is complete?

(d) How much memory is needed to train a neural network classifier with h hidden nodes, assuming that each feature in the dataset corresponds to an input node?

(e) How much time is needed to train such a neural network classifier?

(f) How much time is needed to determine the class of a test point after training is complete?

5. Algorithm A* does not terminate until a goal node is selected for expansion. However, a path to a goal node might be reached long before that node is selected for expansion. Why not terminate as soon as a goal node had been found? Illustrate your answer with an example.

6. Consider the game tree below. Each node is labeled with a letter, and the utility for each leaf is indicated in parentheses. Assuming that the "max" player goes first, what move should the player choose? What nodes would not need to be examined using the alpha-beta algorithm, assuming that nodes are examined in left-to-right order?










7. Consider the recent assignment on Othello. The black Othello player can be thought of as an agent in an environment. For each of the following questions, justify your answers.

Is the environment:

(a) accessible or inaccessible?

(b) deterministic or nondeterministic?

(c) episodic or nonepisodic?

(d) static or dynamic?

(e) discrete or continuous?

Is the agent...

(f) a simple reflex agent?

(g) an agent that keeps track of the world?

(h) a goal-based agent?

(i) a utility-based agent?

8. The idea behind bidirectional search is to simultaneously search both forward from the initial state and backward from the goal, and stop when the two searches meet in the middle. Can this be done effectively where the search in both directions is depth-first search? Why or why not?

Can a bidirectional search be done if the search in both directions is A* search? More specifically, what information would you need in order to attempt a bidirectional search using A* search? What problems might result?
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