Questions from AIMA, 3E.
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3.14  Which of the following are true and which are false? Explain your answers.
a. Depth-first search always expands at least as many nodes as A* search with an admissi-
ble heuristic.

. h(n) = 0is an admissible heuristic for the 8-puzzle.

A* is of no use in robotics because percepts, states, and actions are continuous.

Breadth-first search is complete even if zero step costs are allowed.
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. Assume that a rook can move on a chessboard any number of squares in a straight line,
vertically or horizontally, but cannot jump over other pieces. Manhattan distance is an
admissible heuristic for the problem of moving the rook from square A to square B in
the smallest number of moves.

3.15 Consider a state space where the start state is number 1 and each state £k has two
successors: numbers 2k and 2k + 1.

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

b. Suppose the goal state is 11. List the order in which nodes will be visited for breadth-
first search, depth-limited search with limit 3, and iterative deepening search.

¢. How well would bidirectional search work on this problem? What is the branching
factor in each direction of the bidirectional search?

d. Does the answer to (c) suggest a reformulation of the problem that would allow you to
solve the problem of getting from state 1 to a given goal state with almost no search?

e. Call the action going from k to 2k Left, and the action going to 2k + 1 Right. Can you
find an algorithm that outputs the solution to this problem without any search at all?

3.21 Prove each of the following statements, or give a counterexample:

a. Breadth-first search is a special case of uniform-cost search.
b. Depth-first search is a special case of best-first tree search.
¢. Uniform-cost search is a special case of A* search.

3.27 n vehicles occupy squares (1, 1) through (n, 1) (i.e., the bottom row) of an n x n grid.
The vehicles must be moved to the top row but in reverse order; so the vehicle i that starts in
(2,1) must end up in (n — i+ 1,7n). On each time step, every one of the n vehicles can move
one square up, down, left, or right, or stay put; but if a vehicle stays put, one other adjacent
vehicle (but not more than one) can hop over it. Two vehicles cannot occupy the same square.

a. Calculate the size of the state space as a function of n.
b. Calculate the branching factor as a function of n.
¢. Suppose that vehicle i is at (z;,;); write a nontrivial admissible heuristic h; for the
number of moves it will require to get to its goal location (2 — i + 1, n), assuming no
other vehicles are on the grid.
d. Which of the following heuristics are admissible for the problem of moving all r2 vehi-
cles to their destinations? Explain.
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(i) max{hy,..., h,}.
(i) min{h1,...,hn}.

3.28 Invent a heuristic function for the 8-puzzle that sometimes overestimates, and show
how it can lead to a suboptimal solution on a particular problem. (You can use a computer to
help if you want.) Prove that if k never overestimates by more than ¢, A* using h returns a
solution whose cost exceeds that of the optimal solution by no more than c.
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