CSC731—Spring 2003

MIDTERM EXAMINATION

There are 5 questions on the exam.  You may choose any FOUR of the question at 25 POINTS EACH, for a total of 100 points.  Please specify on the cover sheet of your exam which of the questions you are OMMITTING. There is no extra credit on the exam, however, if you wish to do all the questions they will be worth 20 points each.  

1. SEARCH ALGORITHMS:  

a. Assume the following space.  Show that nodes that are expanded using DFS, BFS and Iterative Deepening Search.  Assume that nodes that are colored are goal nodes.
                                           
[image: image1]
b.   If the topology of the space above was described to you before you chose a search algorithm, which search algorithm would you use, and why?

c.   Let us compare and contrast some of the search algorithms that we learned in class. Assume that the following search algorithms are implemented such that there is a mechanism for checking for loops or repeated states. Also assume that all operators have the same cost. Which of the algorithms below are complete (will return a solution if there is one) and which are optimal (will return the best solution)? In one-two sentences explain each of your answers based upon the definition of the algorithm.

1. breadth-first search

2. depth-first search

3. depth-limited search, with limit L

4. iterative-deepening search

2.  DEFNITIONS AND EXAMPLE: 

a. Now that you have learned a bit about AI, give a definition of Artificial Intelligence (you can give AIMA’s definition if you like).  Keep your definition 1-2 sentences long.
b.  What are the problems with using a hill-climbing approach to search a state space for solutions?  How does simulated annealing attempt to solve some of these problems?
c. Describe two operators that are used in genetic algorithms to create a new generation of individuals.

d. Give a PEAS description of an agent that does disease diagnosis.

e. Describe the Turing Test.
3. The towers of Hanoi Problem is defined as follows:                                                    We are given 3 pegs, A, B, and C.  We are given 4 disks D1, D2, D3, and D4. D1 is smaller than D2,  D2 is smaller than D3, and  D3 is smaller than D4.  (In the picture below D1 is the smallest disk on top, then D2, then D3, and D4 is the largest disk.) All four disks are on peg A, with the smallest on top and the largest on bottom.  The other two pegs are empty.  THE MAIN RULE IS THAT  A DISK CAN ONLY RESIDE ON TOP OF A DISK THAT IS LARGER THAN IT.  IN OTHER WORDS, A LARGER DISK CANNOT BE PLACED ON A SMALLER DISK. Here is a picture of the three pegs and four different size disks residing on the first peg.  The problem can be specified as follows:  Can we move all three disks to the last peg? We are only allowed to move one disk at a time, and disks can be placed on any of the three pegs as long as they are not out of order.                                                                                                                                         Create a state description of the Tower of Hanoi problem: 
a. What are the states?  Describe the initial state.

b. What are the legal moves?  Show an example of a move that can be made from the initial state that results in a second legal state. 
c. Suppose that you wanted to do an A* search -- Can you think of a heuristic function for states that will be admissible?
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4.   Suppose the A* algorithm is used to compute the shortest path from S (start state) to G (the goal).  Actual arc lengths are specified along the path. 

        a.  Is the heuristic function specified by the following table admissible?  Show why or why not?  Why is it important for a heuristic to be admissible?
	NODE
	HEURISTIC

	A
	4

	B
	5

	C
	2

	D
	1

	E
	2

	F
	3

	G1
	0

	G2
	0

	I
	1

	
	


        b. What does f(n) compute to be at each node? 

        c. Which nodes are expanded and which path is found as the final result?
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5.  

   a.  Make the following graph arc consistent.  Lower case letters, r, g, and b represent the colors that are legal at any given node.


[image: image3]
b. Instead of insuring arc consistency, I wish to take the graph above and force node 1 to be colored red.  What happens to the other nodes when forward checking is used?

c. A problem that fits into the constraint propagation framework very well is the crossword puzzle creation problem (Note that we are not trying to solve the puzzle, we are just creating the puzzle.  FYI, Dr. Michael Littman uses Latent Semantic Indexing to solve crossword puzzles at a human level).  Assume that I have a list of words that can be used as answers to the crossword puzzle and a grid with positions marked off.  I wish to choose the words to fit into the crossword puzzle.
Here is a list of words:

AFT
 
LEE
ALE

LINE

EEL

SAILS 
HEEL

SHEET

HIKE

STEER

HOSES
TIE

KEEL

KNOT

LASER

The numbers 1,2,3,4,5,6,7,8 correspond to the positions of a start of a word.  As discussed in class:  What are the variables?  What are the values that the variables can take?  What are the constraints?  Give the beginning of the search process for this specific problem showing the possible values for some of the variables?  
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