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SE is a Search Problem

• Software engineering

• many constraints

• interrelated

• clear "#?"$ vague


• Changing one aspect has large impact

• How about not seeking the solution?

• seek an acceptable solusion
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Clarke et al, Reformulating Software Engineering as a Search Problem, IEE Software 150(3), 2003
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Search-Based Software Engineering

• Represent the problem


• find an encoding


• Fitness function


• quantitative evaluation of quality


• Operators 


• to produce new solutions
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Evolving Software Systems, Chapter 4
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Genetic Terminology

• Chromosome 


• problem representation


• Genotype 


• decision


• Phenotype 


• objective
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Evolving Software Systems, Chapter 4
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The Inter-Connectivity between two clusters i and j is given by Equation 4.3,
where ei, j is the the number of edges between i and j, while Ni and Nj are the
number of nodes in i and j respectively.

ei, j

2 ·Ni ·Nj
(4.3)

Figure 4.2 shows an example of MDG and of its representation. For the MDG
in Figure 4.2-a, the MQ is equal to 1/2 · (2/32 +1/22)° (1/((2 ·1)/2)) · (2/(2 ·3 ·
2)) = 0.07. Moving Component C2 to Module 2 (Figure 4.2-b), the MQ becomes
1/2 · (1/22 + 3/32)° (1/((2 · 1)/2)) · 1/(2 · 3 · 2) = 0.2. Hence, as expected, the
modularization quality increases.

Fig. 4.2: Module Dependency Graph (MDG) used by Bunch [610], its chromosome
representation, and resulting MQ value.

Supported search-based techniques and change operators. Bunch allows to
solve the software modularization problem using different search-based optimiza-
tion heuristics, namely HC, SA, and GAs. In principle Bunch also allows to solve the
problem exhaustively, however—as reported by Mitchell and Mancoridis [610]—
the number of possible partitions exponentially increases with the number of nodes.

The HC approach works as follows. It starts with a randomly generated modu-
larization i.e., a chromosome filled with random numbers varying between 1 and
n. Then, neighbor solutions are created by moving one artifact from a cluster to
another, i.e., by randomly changing the value in a gene. After that, the fitness
function—i.e., the MQ—of the new produced solution is evaluated, and if its fit-
ness is better than the previous one, then the solution is accepted and the evolution
continues.

The above approach has two weaknesses. The first one is that HC algorithms can
converge to local optima; the second one is that the algorithm may tend to create iso-
lated clusters, i.e., clusters composed of one artifact only. The local optima problem
is mitigated through multiple restarts of the HC, using initial solutions belonging to
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Example: Modularisation

• Objective

• high cohesion / low coupling


• Encoding

• class diagram? SDG?


• Fitness

• metrics


• Operators

• refactorings
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Search-Based Algorithms

• Hill Climbing

• start at a random point, consider neighbours


• Simulated Annealing

• explores less fit options, cools down with time


• Particle Swarm Optimisation

• shared-memory solution population


• Genetic Algorithms

• survival of the fittest
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Other SBSE-Solvable Problems

• Complexity reduction

• graphs + metrics + refactoring


• Automatic program repair

• patch + test suite + code mutations


• Program optimisation

• runtime

• performance/testability/security/…

• program transformations

7

Evolving Software Systems, Chapter 4
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Conclusion

• Software evolution can be seen as a search problem


• What’s a chromosome? genotype? phenotype?


• Can automate routine/numerous maintenance tasks


• tackles the quality challenge


• Q&A Sessions @ Canvas


• "% v.zaytsev@utwente.nl 


• "% https:"&discord.gg/n7VQAPNBPD 
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