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Exercise 3.1 (2+2+2 marks)

Consider a search problem on a square grid of size 2n+ 1 (for n ∈ N). An agent is initially located
in state s0 in the grid cell with coordinates (n+1, n+1) and has the goal to reach state s? where it
is located in the grid cell with coordinates (n+1, 1). The agent has the possibilities to move north,
east, south, and west in the grid if there is a grid cell in the corresponding direction (otherwise,
the corresponding action is not applicable). We assume that the agent uses breadth first search
to compute a plan.
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(a) How many search nodes are at least inserted into the open list until the agent finds a plan if
duplicate detection is not used? Give an answer as a function of n and justify your answer.

(b) How does that answer differ if duplicate detection is used?

(c) Compare the number of search nodes that is inserted into the open list in the last search
layer that is created completely for grids of size n = 10 and n = 20 and discuss the results.

Exercise 3.2 (5+1 marks)

The task in this exercise is to write a software program. We expect you to implement your code
on your own, without using existing code you find online. If you encounter technical problems or
have difficulties understanding the task, please let us – Patrick Buder or Thomas Keller – know
sufficiently ahead of the due date.
The objective of last week’s Exercise 2.3 was to implement a blocks world variant with a fixed
number of towers of a given maximal capacity. We have made some additional changes, resulting in
a closely related problem: the Solitaire variant Freecell (https://en.wikipedia.org/wiki/FreeCell)
where

• towers are called piles

• blocks are replaced by cards with differing suits, ranks and colors,

• moving the top card of a pile onto another is only allowed if the destination pile is empty or
if the topcard of that pile has a different color,



• an additional discard action allows the removal of a card from the game (which is our way
to model that a card is put on a foundation pile) if it has the lowest rank among all cards
that share the same suit, and

• as opposed to the usual game rules, action costs are such that moving a card incurs a cost
that is equal to the rank of the card.

You can find the code for the Freecell state space on the website of the course1.

(a) Implement uniform cost search to solve Freecell problems. A possible implementation of the
open list (yet certainly not the only one) is to use a java.util.PriorityQueue and one
possibility for the closed list is to use a java.util.HashSet. Depending on your implemen-
tation, it is furthermore possible that you have to implement comparison and/or hashing
methods for all classes that are used to describe a state.

(b) Test you implementation on the example problem instances you can find on the website. Set
a time limit of 10 minutes and a memory limit of 2 GB for each run. On Linux, you can set a
time limit of 10 minutes with the command ulimit -t 600. Running your implementation
(in a file called UniformCostSearch.java) on the first example instance with

java -Xmx2048M UniformCostSearch freecell freecell inst 1

sets the memory limit to 2 GB. If the RAM of your computer is 2GB or less, set the memory
limit to the amount of available RAM minus 256 MB instead and describe in your solution
how much RAM was used.

Report runtime and number of node expansions for all instances that can be solved within
the given time and memory limits. For all other instances, report if the time or the memory
limit was violated.

The exercise sheets can be submitted in groups of two students. Please provide both student names
on the submission.

1As the Freecell state space is built on the solution for last week’s exercise, the code will not be available until
Saturday, March 12


