
Einführung in Künstliche Intelligenz SS 2017, 2.0 VU, 184.735
Exercise Sheet 1 – Agents and Search

For the discussion part of this exercise, mark your solved exercises in TUWEL until Monday, June
05, 23:55 CET. The registration for a solution discussion ends on Thursday, June 08, 23:55 CET. Be
sure that you tick only those exercises that you can solve and explain!

In the discussion, students will be asked questions about their solutions of examples they checked.
The discussion will be evaluated with 0-15 points, which are weighted with the fraction of checked
examples and rounded to the next integer. There is no minimum number of points needed for a positive
grade (i.e., you do not need to participate for a positive grade, but you can get at most 85% without
doing exercises).
Please ask questions in the TISS Forum or visit our tutors during the tutor hours (see TUWEL).

Exercise 1.1: Consider the following graph (the grey nodes are target nodes):
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Starting at node A, determine for the following search strategies the order in which the nodes are
expanded and the corresponding goal node. In case you can expand several nodes and the search
strategy does not specify the order, choose the nodes in alphabetic sequence. In addition, compute
for each search strategy the set of nodes that is actually kept in memory when the goal node is found
(node A has depth zero).

• Breadth First Search

• Uniform-Cost Search

• Depth First Search

• Depth-Limited Search (use a limit of 2)

• Iterative Deepening Search



Exercise 1.2: Look again at the graph of Exercise 1.1. Assume that A is the start node and I is the
sole goal node. Which problem do you encounter when applying depth first search? Discuss, how the
algorithm can be changed such that the problem is solved, and explain why your modification has no
impact on the properties of the DFS which were discussed in the lecture.

Exercise 1.3: Consider again the 8-Puzzle discussed in the lecture. Consider the discussed heuristics

• h1(n): number of misplaced tiles.

• h2(n): Manhattan distance.

Show whether the two suggested heuristics are admissible and/or consistent (monotonic).

Exercise 1.4:

(a) Let h1, h2 be admissible heuristics. Check whether

h(n) = h1(n) + h2(n) + a · (h1(n) · h2(n))

is also admissible for every constant a. If h(n) is not admissible, give an interval for which
admissibility is given.

(b) Give a counterexample to the following claim: If h1, h2 are monotone (consistent) heuristics, then

h(n) = 2h1(n)− h2(n)

is monotone (consistent).

Exercise 1.5:

(a) Prove that every consistent heuristic (with h(G) = 0 for each goal node) is admissible.

(b) Show that there exists an admissible heuristic which is not consistent.

Exercise 1.6: Let f(n) = c · g(n) + d · h(n) be an evaluation function, where c and d are constants.

1. Define c, d, h(·), g(·) such that A∗ with this evaluation function is breadth first search.

2. Define c, d, h(·), g(·) such that A∗ with this evaluation function is depth first search.

Exercise 1.7:
Perform the A∗ algorithm using the given heuristic function h on the following graph in order to

find a shortest path from s to t. In which order are the nodes expanded? Show the contents of the
priority queue at each iteration.
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h(s) = 20, h(a) = 15, h(b) = 8, h(c) = 5, h(d) = 12, h(t) = 0



Exercise 1.8: Which of the following statements are true and which are false? Explain your answers.

1. Breadth first search always expands at least as many nodes as A∗ search with an admissible heuris-
tic.

2. 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 figures. Chebyshev distance is an admissible heuristic
for the problem of moving the rook from square A to square B via the shortest path, where the
costs are the number of travelled fields.

The Chebyshev distance between two points (x1, y1), (x2, y2) on a plane is given by:

max{|x1 − x2|, |y1 − y2|}


