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Q1. (Q3.15b) Suppose, the goal is at node number 11 on the following search tree. Write down the order of nodes explored by the Breadth-first, Depth-first and Iterative Deepening search. [6]









ANS:

Breadth-first: 1 2 3 4 5 6 7 8 9 10 11

Depth-first: 1 2 4 8 9 5 10 11

Iterative deepening: 1; 1 2 3; 1 2 4 5 3 6 7; 1 2 4 8 9 5 10 11

Q2. Modify the following graph with [g(Rimmnicu-Pitesti)=110, and g(Pitesti-Bucharest)=110], (g is actual distance traveled along the road between the pair of nodes). Draw the A* search tree for traveling from Arad to Bucharest (with the heuristic function f=g+los, los is the line of sight distances as on the table on the right hand side).




[5]
[image: image1.emf]
Q3. Adversarial search: Following is a minimax game tree: DFS traverses left to right. [Ref: UCB, F-2014-2c]








[5]
Write the value at each internal node with alpha-beta pruning. Note, some branches may be cut off – show that also.













Write the value at each internal node with alpha-beta pruning. Note, some branches may be cut off – show that also.
ANSWER: 13 can be pruned because at that point, alpha=3, and 2<3. The branch leading to the minimizer with 8 and 6 can be pruned because beta= 3 at that point and 7>3. The 4 can be pruned because alpha=3 (from the root node), and 0<3. Lastly, 15 can be pruned because alpha= 3 at that point, and 1<3.

Q4. Intelligent Search: If f(s), g(s) and h(s) are admissible heuristics, then which of the following are also guaranteed to be admissible heuristics:
[Ref: UCB, F-2014-2a]


[8]
a. f(s) + g(s) + h(s)


F
b. f(s)/6 + g(s)/3 + h(s)/2

T
c. max(f(s), g(s), h(s))


T
d. min(f(s), g(s), h(s))


T
e. f(s)/3 + g(s)/3 + h(s)/3

T
f. f(s)*g(s)*h(s)



F
g. min(f(s), g(s) + h(s))


T
h. max(f(s), g(s) + h(s))


F
ANSWER: In order to guarantee that a function of admissible heuristics is still admissible, the expression must be less than or equal to the max of the heuristics.  Sums and products do not satisfy these, so bubbles 1, 6, and 8 all immediately fail.  Bubbles 3, 4, and 7 all work because the max of admissible heuristics is still admissible, as is the min of an admissible heuristic and anything else.  Bubble 5 is the average of the heuristics, so it must be less than the max, and is thus admissible.  Lastly, bubble 2 is a weighted average, and is thus also less than the max, and is thus admissible.

Q5.  (Q3.14) Answer True/False and explain in one or two sentences.


[6]
a. Depth-first search always expands less or equal number of nodes compared to A* algorithm (latter with admissible heuristics).
b. There is no way to use A* algorithm in robotics as the state space is continuous.
c. Assume a rook can move on a chessboard any number of squares in a straight line, vertically or horizontally, without jumping over other pieces. Manhattan distance is an admissible heuristic for the problem of moving a rook from square A to square B in smallest number of moves.

ANS.

a. False: a lucky DFS might expand exactly d nodes to reach the goal. A∗ largely dominates

any graph-search algorithm that is guaranteed to find optimal solutions.

c. True: A* search is often used in robotics; the space can be discretized or skeletonized.

e. False: a rook can move across the board in move one, although the Manhattan distance

from start to finish is 8.
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