
CS60045: Artificial Intelligence 

Mid-semester Exam, Autumn 2012 

Time= 2 hrs, Marks= 40, Answer all questions. 

Ql. Suppose there are two friends living in different cities on a map. On every turn, each friend can simultaneously 
move to a neighboring city on the map. Neighboring cities are connected by a road. The amount of time needed to move 
from city ito neighbor j is equal to the road distance d(i, j) between the cities, but on each turn the friend that arrives 
first must wait until the other one arrives at his/her destination (and calls the first on cell phone announcing his/her 
current city) before the next turn can begin. We want the two friends to meet as quickly as possible. Formulate this as a 
search problem. [ 3+3] 

(a) What is the state space? What is the successor function? What is the goal? What is the step cost function? 
(b) Let SLon j) be the straight-line distance between any two cities i and j. Which, if any, of the following heuristic 
functions are admissible, explain? (If none, write NONE.): (i) SLD(i, j) (ii) 25LD(I~ j) (iii) SLD(i, j)/2 

Q2. Imagine that, in question Q1, one of the friends wants to avoid the other. The problem then becomes a two-player 
pursuit-evasion game. We assume now that the players take turns moving. The game ends only when the players are on 
the same node; the terminal payoff to the pursuer is negative of the total tim·e taken. (The evader "wins .. by never 
losing.) Consider the following simple map, where the cost of every arc is 1 and initially the pursuer P is at node b and 
the evader E is at node d. 

Here is a partially constructed game tree for this map. Each node is labeled with the P, E positions. P moves first. The 
values of the leaves marked "?" are currently unknown. Terminal nodes are denoted by boxes. [ Sx2] 
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(a) Mark the values of the terminal nodes with the payoff values of the pursuer. 
(b) Inside each internal node, write the strongest fact you can infer about its value (either a number, one or more 
inequalities such as">= 14", or a "?"). 
(c) Can shortest-path lengths on the map be used to bound the values of the 11?" leaves. How? If not, why not? 
(d) Mark value bounds on all the "?" leaves according to the method in (c). 
(e) Now suppose the tree as given, with the leaf bounds from (d), was evaluated left-to-right. CIRCLE those nodes "?" 
nodes that would not need to be expanded further, given the bounds from part (d), and CROSS OUT those that need not 
be considered at all. Explain your answer. 



Q3. Suppose you are trying to solve the following puzzle: The puzzle involves numbers from 100 to 999. You are given 
two numbers called S and G. You are also given a set of numbers called bad. A move consists of transforming one 
number into another by adding 1 to one of its digits or subtracting 1 from one of its digits, for instance: a move can take 
you from 678 to 679. Moves are subject to the following constraints: 

- You cannot add to the digit 9 or subtract from the digit 0. That is to say no carries are allowed and the digits must 
remain in the range from 0 to 9. 
-You cannot make a move which transforms your current number into one of the numbers in the set bad. 
-You cannot change the same digit twice in two successive moves. 

Since the numbers have only 3 digits there are at most 6 possible moves at the start. And since all moves except the first 
are preceded by another move which uses one of the digits, after the start there are at most 4 possible moves per turn. 
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You solve the puzzle by getting from S toG in the fewest possible moves. Your task is to use A* search to find a solution 
to the puzzle. 

(a) Give a state description, not the node description, in order to apply search to this problem. 

(b) Find a heuristic for use with A* search in this problem which is admissible. Explain why your heuristic is admissible. 

(c) What does/, g, and h values represent in A* search in general? 

(d) Use your heuristic to carry out an A* search to find a solution when S = 567 G = 777 and bad= {666, 667}. Draw the 
search tree as you go, showing for each node both the state it represents (include all information needed to distinguish 
this state from other states) and the nodes f, g, and h values. Also, whenever you expand a node, generate its 
successors, label it with a number indicating the order of expansion (the start node would be labeled 1 the next node to 
be expanded would be 2, etc.) Include in your tree all legal successors of each node you expand. For nodes that tie for 

. __ b~s_t-node-to-expg_nd choo_se th_e node with. higher g value. [ 15] 

Q4. Consider the following constraint graph. Assume that each variable (node) has a domain of {100, 200, 300, 400}. 

(a) Define arc consistency. 
(b) Apply arc consistency to reduce the domains of the variables. Note that, enforcing arc consistency in one edge may 
result in loss of arc consistency of others. You have to maintain arc consistency of the entire network. Show your steps. 

[ 3+6] 

-------- BEST WISHES---------




