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Bugs in programs can have a significant impact in prominent areas of society given the pervasive nature of software
systems. The cost of debugging software globally has risen to $312 billion annually, and developers spend, on
average, half of their time finding and repairing bugs. Errors as such can compromise systems' security and privacy
(e.g., Heartbleed), and even cause death (e.g., Therac-25 medical radiation device). Repairing bugs like these is one of
the most resource-intensive tasks in software development, requiring substantial manual effort. Therefore, significant
attempts have been dedicated in the last several years to create automatic program repair (APR) approaches, which
are able to repair errors with minimum human interaction. One well-known family of approaches known as Generate-
and-Validate. This proposal will focus on this group of APR techniques.

The possible creation of low-quality plausible patches is a fundamental problem automatic program repair approaches
face. This phenomenon occurs when the approach finds a variant that satisfies the partial specification provided by the
guiding test suite, but it fails to generalize to an independent evaluation (e.g., a knowledgeable developer or a held-out
test suite). Guiding test suites are intrinsically incomplete, since they describe discrete samples in the behavior space,
such that plausible patches can satisfy all provided tests but fail to satisfy an independent evaluation. Our proposed
work aims to improve the generated patches' quality, making these approaches a more powerful tool usable in real-
world systems. Concretely, the generate-and-validate process is a versatile set of steps that several approaches have
instantiated, and some of its components can be enhanced to increase the probability of the plausible patches
generated by these tools to be correct patches.

My research seeks to improve patch quality in automatic program repair by improving key components of the
generate-and-validate process. I have identified three segments in the APR methodology that can benefit from
specialized improvements leading to higher quality patches. Previous studies show the potential of these components
to maximize impact in the quality of the generated plausible patches. Our work analyzes fundamental test suite
characteristics such as test suite coverage, provenance, and number of triggering test cases to determine which of
these have a higher impact in the quality of the resulting plausible patches. We, also, propose an approach to guide
the mutation operator selection mechanism in automatic program repair by analyzing and mimicking human developer
behavior thus improving the quality of generated patches. Finally, I propose a repair approach that uses multi-objective
search to optimize for diversity and correctness to increase the diversity of patches found and patch consolidation as a
mechanism to merge diverse plausible patches leading to an increase in the quality of the generated plausible patches.
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