CS 480 Artificial Intelligence                             Fall 2009

Mid-semester Test Solutions
1) Suppose the search tree for a problem is as shown below. The cost of each edge is 1. The goal nodes are 5 and 12. A heuristic function h for this problem is shown in the table:                                                                                                       
                       1   2   3   4   5   6   7   8   9 10  11  12  13

                 h    2   0   1   1   0   5   1   0   0   0   0    0    0

(a) List the order in which A* will expand the nodes of this tree.
        1, 2, 5 

(b) Is h admissible? Explain your answer.
                Yes. This can be checked for the nodes 1, 3, 4, 6 and 7. (The actual distances to goal are 2, 2, infinity, infinity and 1 respectively.
(c) Is h monotonic? Explain your answer.
                   No. h(1) = 2 > 1 = h(2) + w(1,2)
      (d) Suggest an admissible heuristic h’ that dominates h. 
One such function is h’ where h’(x) = h(x) for all x except at 8, and h’(8) = 3.
2) Consider the following two-player game between A and B. The game starts with a list of numbers, (How the list is chosen is not relevant, it is enough to note that neither player has influence over how the list is chosen.)  Players take turns making a move, with A making the first move. At his/her turn, either player can choose either the first or the last number in the list. The selected number is given to that player and it is deleted from the list. After all the numbers are removed, each player calculates the total numbers collected by him/her. The goal of either player is to maximize the total points won by him/her.
(a) Assuming that the input list is [ 12, 38, -23, 17, 14, -10], expand the game tree fully, and apply the min-max algorithm to determine the maximum score that player A can get.
               max. score = 45 The tree is in an attached figure.
(b) For every odd number N, exhibit an input of length N on which player B can get a higher profit than player A, even if A plays optimally.
           Let L be the list of length N given by L = [1, N+1, 1, …, 1]. It is easy to see that the second player can get 3N/2 – 1  points on this list by always selecting the last element of the list. 

(c) Consider the following static evaluation function h associated with a list as simply half of its sum. Consider the input list L = [ ] and suppose it’s A’s turn. Expand the game tree to 4 plies and apply the min-max algorithm to determine the optimal move suggested by the function h.
Tree is attached at the end.
(d) Apply the  algorithm to the same game tree as in (c) and identify the pruned nodes.

                         Tree is attached at the end

3) Consider a 1-dimensional sliding block puzzle with the following initial configuration:

           |B|B|B|W|W|W|E|

      There are three black tiles (B), three white tiles (W) and an empty cell (E). The puzzle has the following moves:

· A tile may move to an adjacent empty cell with unit cost.

· A tile may hop over at most two other tiles into an empty cell with a cost equal to the number of tiles hopped over.

The goal of the puzzle is to have all of the white tiles to the left of all the black tiles (without regard to the position of the blank cell).                                     
(a) Is the (state space) search graph a tree? (Does it have cycles of length 3 or more)? If so, give an example.
No. Here is a cycle of length 3. BBBWWWE --> BBBWWEW --> BBBWEWW --> BBBWWWE.

(b) Exhibit the first 4 nodes that will be expanded by DFS and BFS. (Assume arbitrary order of children for each node.)
BFS will expand the nodes BBBWWWE, BBBWWEW, BBBWEWW, BBBEWWW
DFS will expand the nodes BBBWWWE, BBBWWEW, BBBWEWW, BBBEWWW under one order of children. (Note that the list for BFS is unique since the root has 3 children, but for DFS the list is not unique).
(c) For each black tile (B), assign a value 1 if there is at least 1 white tile (W) to its right, 0 otherwise. For each white tile (W), assign a value 1 if there is at least 1 black tile (B) to its left, 0 otherwise. Define a function h(n) as the sum over the assigned values for all tiles.  What is the value of h(root)? What is the value of h(goal) for all the goal nodes? Is h admissible? Is h monotonic? 
h(root) = 6 since 6 tiles are out of place. h(goal) = 0.

h is not admissible, and is not monotonic. For example, f(WWBWEBB), the actual distance to goal is 1, but h(WWBWBEB) = 2. From this, it follows that is is also not monotonic.
(d) The  number of configurations = 7 x C(6,3) = 7 x 20 = 140.
4. Consider the following deduction problem. Given a sequence premises of the form A & B & C & … => X (where all the literals are positive) or X (an atomic proposition). Thus the input is a collection of Horn clauses. The conclusion we want to draw is an atomic formula. An example of such a problem is presented below. You are to implement backward chaining algorithm to solve this deductive problem. The input contained in a file of the form: The propositional variables will be represented by positive integers and each line represents a Horn clause. The last variable in each line is the consequent (RHS of the Horn clause), the rest of premises (LHS). The conclusion to be derived is in the last line. Your output should display the proof found by the backward reasoning algorithm.
Example:  Goal is to show Q. The premises are listed below.
[image: image1.png]P=Q

LAM = P
BAL = M
AANP = L
AAB = L



    
Encoding: Suppose the variables A, B, L, M, P and Q are encoded as integers 1, 2, 3, 4, 5 and 6 respectively. The above input will be encoded as:

6

5 6

3 4 5

2 3 4

1 5 3

1 2 3

1
2

6
 In the above, the first line indicates the number of variables. 
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