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Design and implement two stochastic local search (SLS) algorithms for the set covering problem (SCP), building on
top of the constructive and perturbative local search algorithms implemented in the first implementation exercise.
Apply your SLS algorithms to the same instances as in the first implementation exercise.

The SLS algorithms can be based on either simple, hybrid, or population-based SLS methods from those that have
been presented in the lectures. The two SLS methods chosen must belong to two different classes. For example,
the first one could be a simulated annealing algorithm (a simple SLS method) and the second one could be an
ant colony optimization algorithm (a population-based SLS method). To get inspiration for ways how to generate
solutions, operators etc. you may consider algorithms that have been proposed in the literature. Below is given a
list of articles using various SLS methods for the SCP, which may be used as an inspiration for the design of the
two algorithms to be implemented. The articles are usually accessible when being inside the ULB/VUB network.

The two algorithms implemented should be evaluated on all instances and be compared using statistical testing. In
addition, on few instances run-time distributions should be measured. The implementation can make drioreuse of
the constructive and perturbative local search algorithms from the first implementation exercise.

Exercise 2.1 Implementation, deadline May 16, 2016

1. Run each algorithm once on each instance. Instances are available from http://iridia.ulb.ac.be/

˜stuetzle/Teaching/HO/. As termination criterion, for each instance use the average computation
time it takes to construct a solution and run a first-improvement algorithm on the same instance size and then
multiply this time by 100 to allow for long enough runs of the SLS algorithms.

2. Compute for each of the two SLS algorithms and each instance the relative percentage deviation from the
best known solutions.

3. Produce correlation plots of the relative percentage deviation for the two SLS algorithms (see lectures,
Chapter 4, Empirical Analysis, slide 79 or 81).

4. Determine, using statistical tests (e.g., the Wilcoxon test), whether there is a statistically significant dif-
ference between the relative percentage deviations reached by the two algorithms. Note: For applying
the statistical test, the R statistics software can be used. The software can be download from http:
//www.r-project.org/.

5. Measure, for each of the two implemented SLS algorithms on four instances qualified run-time distributions
to reach sufficiently high quality solutions (e.g. the best-known solutions available or some solution value
close to the best-known one such as 0.5%, 1%, or 2% worse than the best-known solution). Measure the
run-time distributions across 25 repetitions using a cut-off time of 10 times the termination criterion above.
As the instances take the four instances scpa1, scpb1, scpc1, scpd1.

6. Produce a written report on the implementation exercise considering the following points:

• Make sure that each implemented SLS algorithm is appropriately described and that the computational
results are carefully interpreted. Justify also the choice of the parameter settings and the choice of the
constructive and perturbative local search components for SLS algorithms.

• Present the results as in the previous implementation exercise (tables, statistical tests).

• Present graphically the results of the analysis of the run-time distributions and also the correlation plots
of the results of the two algorithms.

• Interpret appropriately the results and make conclusions on the relative performance of the algorithms
across all benchmark instances studied.
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Some relevant literature:
The articles below are some well-known articles describing some heuristic algorithms for Set Cover-
ing. We suggest to continue from these articles the search for specific examples of SLS algorithms
that have been applied to the SCP. Note that the article below and most other journal articles on the
SCP can be downloaded from the respective journals at ULB or through the EZ-proxy.

• J. E. Beasley and P. C. Chu. A Genetic Algorithm for the Set Covering Problem, European
Journal of Operational Research, 94(2):392–404, 1996.

• L. W. Jacobs and M. J. Brusco. A local search heuristic for large set-covering problems. Naval
Research Logistics, 42(7):1129–1140, 1995.

• M. J. Brusco, L. W. Jacobs and G. M. Thompson. A Morphing Procedure to Supplement a Sim-
ulated Annealing Heuristic for Cost- and Coverage-correlated Set Covering Problems, Annals
of Operations Research, 86:611–627, 1999.

• E. Marchiori and A. G. Steenbeek. An Evolutionary Algorithm for Large Scale Set Covering
Problems with Application to Airline Crew Scheduling. In S. Cagnoni et al., editors, EvoWork-
shops 2000, Vol 1803 in LNCS, Spring Verlag, pp. 367–381.

• M. Yagiura, M. Kishida, and T. Ibaraki. A 3-flip neighborhood local search for the set covering
problem. European Journal of Operational Research, 172:472499, 2006.

• Z.-G. Ren et al. New Ideas for Applying Ant Colony Optimization to the Set Covering Problem,
Computers & Industrial Engineering, 58:774-784, 2010.

• L. Lessing, I. Dumitrescu und T. Stützle. A Comparison between ACO Algorithms for the Set
Covering Problem. In M. Dorigo et al, editors, ANTS’2004, Fourth International Workshop
on Ant Algorithms and Swarm Intelligence, Volume 3172 in LNCS, pp. 1–12, Springer Verlag,
Berlin, Germany, 2004.

Other articles you may find by searching “Set Covering Algorithm Name” in usual web search engines.

Additional information on the implementation exercise:

• Recall that the completion of the implementation task is a pre-condition for the examination.

• Every student sends (i) the above mentioned report in pdf format and (ii) the source code of the
implementation to leslie.perez.caceres@ulb.ac.be. Please send one single archive
(zip or tar.gz) with all implementations. A README file should explain how to compile and
run the code. As programming language, you may use C, C++, or Java. Please take care that
the programs are reasonably documented and mention the exact commands for compilation in
GNU/Linux (for example Ubuntu Linux).

• For each of the implemented SLS algorithms, provide a concise description of at least one page
of the main features of the algorithm (e.g. choice of initial solution, iterative improvement algo-
rithm, crossover operator in case of MA, perturbation operators, etc.)

• Please take care that the programs are reasonably documented.

• The articles mentioned above are available from the lecture’s webpage in pdf format.

Deadline for the implementation exercises:

• May 16, 2016


