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FIX SEARCH SPACE TRADE-OFF
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Larger search spaceSmaller search space

• Faster exploration 
• Fewer classes of bugs

• Longer or partial exploration 
• More classes of bugs

Q: Is a larger search space better?



HOW TO INCREASE SEARCH SPACE

• More candidate elements (from Imperfect Fault Localization)


• Finer ingredient granularity (e.g., expressions over 
statements)


• More ingredients (from other scopes, such as other files)


• More fix templates (with more diverse patches)
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Figra: our approach



FIGRA APPROACH
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CARDUMEN APPROACH
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FIGRA EXTENDED TEMPLATES
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• Operator replacement

• Inspired by PAR and jMutRepair

• (e.g., foo < bar => foo == bar, foo <= bar, …)


• +1 and -1

• Off-by-one errors are a common class of bugs (Rice et al, 2017)


• Method invocations

• All methods available in the context can be called in the fix.

• (e.g., isEmpty(), even if not being invoked in the program)


• !e, negation of boolean values

• Inspired by jMutRepair, but applicable outside branching conditions.


• Permutation of arguments

• Another common class of bugs (Rice et al, 2017)

• (e.g., f(x, y) becomes f(y, x))



Evaluation



CAN FIGRA FIND PLAUSIBLE PATCHES?
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Java state-of-the-art APR tools over the QuixBugs benchmark.



How does having a larger ingredient space impact the time to find the 
first plausible patch?
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Time taken to find the first plausible patch on 30 different seeds, for both Cardumen and Figra.



To what extent are the generated patches correct? 
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61%      81%    80%       50%     66%      66%        50%      33%      33%       33%      50%      25%	  	



Can Figra outperform existing approaches?
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Number of bugs patched by at least one test-adequate patch.



CONCLUSIONS

• Figra expands the search space through ingredient 
expansion (in comparison with Cardumen, that has 
a fine granularity)


• Plausible patches are not always found faster nor 
slower than in Cardumen. 

• More research is needed to understand what features impact 

performance.


• Figra can fix more bugs than Cardumen in 
QuixBugs and IntroClassJava, but not Defects4J.

• More research is needed to understand what kind of programs take 

advantage of the larger search space.
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