CS 327, Winter 2003: Take Home Exam #1

Due on paper in class on Friday, February 7

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.

1. The old Milton Bradley puzzle game "Drive Ya Nuts" consisted of seven plastic nuts with numbers on them, where the goal was to find a way to pick them up and arrange them such that the numbers on adjoining nut faces matched (see picture below). The nuts themselves are not locked in place: in addition to rotating the nuts, you can pick up two of them and swap them.
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The puzzle thus has two kinds of legal moves: two nuts may be swapped while keeping the orientations of each the same, or a single nut may be rotated 60o in either direction. Assume that both a single nut rotation and a two-nut swap each have a cost of 1.

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

(b) Propose a heuristic for this problem that you might use in a best-first search. Show that it is admissible, or provide a counter-example to show that it is not.

2. Consider the following hypothetical data concerning student characteristics and whether or not each student should be hired as a grader:

	Name
	Attendance
	GPA
	Effort
	Hirable

	Sarah
	good
	poor
	lots
	Yes

	Dana
	good
	average
	some
	No

	Alex
	fair
	average
	some
	No

	Annie
	good
	average
	lots
	Yes

	Emily
	excellent
	excellent
	lots
	Yes

	Pete
	fair
	excellent
	lots
	No

	John
	fair
	excellent
	lots
	No

	Katie
	good
	poor
	some
	No


Use the ID3 algorithm to construct a decision tree based on this data to determine whether or not a student should be hired.

3. 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 "min" player goes first (i.e., A is a "min" node), what move should the min 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?










4. 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 with a single sentence only.
Is the environment:

(a) fully or partially observable?

(b) deterministic, stochastic, or strategic?

(c) episodic or sequential?

(d) static or dynamic?

(e) discrete or continuous?

(f) single agent or multiagent?

Is the agent...

(f) a simple reflex agent?

(g) a model-based reflex agent?

(h) a goal-based agent?

(i) a utility-based agent?

5. Consider a state space where the start state is number 1 and the successor states for state n are two states, numbered 2n and 2n+1.

(a) Draw the portion of the state space for states 1 to 15.

(b) For an arbitrary goal state, would bidirectional search be appropriate for this problem? If so, describe how it would work. Specifically, make sure to include how you determine predecessor nodes in working backwards.

(c) What is the branching factor in each direction of the bidirectional search?

6 (a)
Consider the following map (not drawn to scale).


Using the A* algorithm work out a route from town A to town M. Use the following cost functions.

· G(n) = The cost of each move as the distance between each town (shown on map).

· H(n) = The Straight Line Distance between any town and town M. These distances are given in the table below. 

Straight Line Distance to M

	A
	44.72
	
	E
	31.62
	
	I
	11.18
	
	M
	0.00

	B
	20.00
	
	F
	22.36
	
	J
	5.00
	
	
	

	C
	33.54
	
	G
	14.14
	
	K
	40.00
	
	
	

	D
	25.00
	
	H
	10.00
	
	L
	20.00
	
	
	


Provide the search tree for your solution, showing the order in which the nodes were expanded and the cost at each node.

State the route you would take and the cost of that route.

(b) Assume the Straight Line Distance Table was replaced by the following table

Straight Line Distance to M

	A
	90.00
	
	E
	6.00
	
	I
	23.00
	
	M
	0.00

	B
	10.00
	
	F
	54.00
	
	J
	34.00
	
	
	

	C
	40.00
	
	G
	19.00
	
	K
	27.00
	
	
	

	D
	18.00
	
	H
	16.00
	
	L
	108.00
	
	
	


What route would now be returned by the A* algorithm and what would the cost of that route be?

(c) How do you account for the different routes returned by the two A* algorithms?
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