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Exercise 4.1
Consider the GLSM of slide 4. Compute the probability that directly after a transition to state z2 a sequence of
exactly three successive z2 steps is done. Give a formula that computes the probability of doing a sequence of
exactly k successive z2-steps.

Exercise 4.2
Specify the SLS method realised by the GLSM depicted below in the form of pseudo-code.

Exercise 4.3
Give a good GLSM representation for the following hybrid SLS algorithm for TSP:

1. Start from a nearest neighbour tour for the given TSP instance.

2. Perform 10 000 iterations of Simulated Annealing, using a 3-exchange neighbourhood and a geometric an-
nealing schedule with a starting temperature of 10 and a temperature reduction by a factor of 0.8 every 500
search steps.

3. Perform 3-opt steps (that is, best improvement steps in the 3-exchange neighbourhood) until a local minimum
is found.

4. If given target solution quality has not been reached, perform a single, random 4-exchange step and go to
Step 3.

It is sufficient to specify the semantics for each state type and transition action in the form of a precise and concise
natural language description.

Exercise 4.4
Show how a memetic algorithm can be modelled as a GLSM.

Exercise 4.5
Prove that Uninformed Random Picking and Uniformed Random Walk are probabilistically approximately com-
plete.
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Exercise 4.6
Explain the difference between a run-time distribution (RTD), a solution quality distribution (SQD) and a search
cost distribution (SCD).

Exercise 4.7
In order to investigate the behavior of an SLS algorithm for a combinatorial optimization problem on a given
problem instance, solution quality traces over m independent runs are recorded. In each of these runs, the known
optimal solution quality for the given instance is reached. Explain how qualified run-time distributions (RTDs)
for various solution quality bounds and solution quality distributions (SQDs) for various run-time bounds can be
obtained from these solution quality traces.

Exercise 4.8
You are comparing the performance of two SLS algorithms A and B for a combinatorial decision problem. Applied
to a well-known benchmark instance, these algorithms were found to exhibit the RTDs shown below.
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What do you learn from these RTDs? Which further experiments do you suggest to decide which algorithm is
superior?

Exercise 4.9
The N -queens puzzle is the problem of putting N chess queens on an N × N chessboard such that none of the
queens attacks any of the other queens. Design SLS algorithms for this problem. To do so, consider the following
questions.

• Develop an appropriate evaluation function for this problem.

• How are initial solutions generated?

• Define appropriate neighborhood structures for perturbative local search algorithms.

• Design metaheuristic algorithms for the N -queens puzzle. Consider the main features that have to be defined
for the various methods we have seen in the lectures and define accordingly these algorithms. In particular,
consider randomized iterative improvement, simulated annealing, tabu search, iterated local search, and
iterated greedy.

Remark: The well–known min-conflicts heuristic was originally tested using the N -queens puzzle as an example
problem. The min-conflicts heuristic is an SLS method for tackling constraint satisfaction problems (CSPs). The
RII extensions of the min-conflicts and tabu search extensions of the min-conflicts heuristics have proven to yield
very good performance on CSPs.
Task: Search information on the internet on the min-conflicts heuristic (e.g. Wikipedia). For a simulator of some
algorithms for this problem see http://yuval.bar-or.org/index.php?item=9


