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Why PIT’s Mutants Fall Short
❏ Mutation testing: tweak the code in small ways (mutants) → see how many your tests catch

❏ PIT [Coles, 2024] — common tool for mutation-test Java

But these mutants from PIT are…

❏ Not realistic [Just et al., FSE'14]

❏ Trivial at industry scale [Beller et al., FSE'21]

❏ Misleading metric

❏ Limited Scope

1. Background
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Learn Operators from Real Bug Fixes

❏ Pattern Learning
❏ Learns fix patterns Buggy ↦ Patched from bug-fix commits

❏ Generate Mutation Operator
❏ Flip them — use Patched ↦ Buggy as mutation rules

❏ Take clean code, inject a shape that actually showed up as a bug

❏ Reported to be way more actionable than the textbook ones in industrial evaluation

2. Approach
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                      ’s Pattern Learning Algorithm

❏ Extract edits
❏ Pull out edits from each commit at multiple granularities

❏ Anti-unify & Cluster
❏ Generalize pairs of edits → introduces pattern variable where things differ

❏ Elimination & Rank
❏ Hierarchical agglomerative clustering → patterns generalize bottom-up

→                       = a from-scratch Java implementation of this idea, targeted at mutation 

testing

2. Approach

Inspired by
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Pipeline Overview
❏ Edit Preprocessor

❏ Slice each diff into candidates at every AST level.

❏ Canonicalize early — names, types, magic numbers → pattern variable / sentinel.

❏ Anti-Unification + Hierarchical Clustering
❏ Keep what's identical, replace what differs with shared pattern variable.

❏ Merge bottom-up into more general patterns.

❏ Mutation Operator Selection and Ranking
❏ Drop the unsafe, the trivial, the noisy.

❏ Rank by Score = support × specificity

3. Pipeline
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Generalizing Patterns

Canonicalization: Converts identifier to pattern variable

❏ Pattern matches any receiver/method of this shape, not just obj.getItems()  literally.
❏ Lets API renames like length → size generalize across variable names

3. Pipeline
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Generalizing Patterns

Anti-Unification: Keeps what's shared, pattern variables what differs

❏ Pattern variable allocator shared between Buggy-side and Patched-side
→ same pattern variables on both sides.

3. Pipeline
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Generalizing Patterns

Anti-Unification Example

3. Pipeline
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Mutation Operator Selection and Ranking

Elimination Rule

Ranking

3. Pipeline
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Actual Pattern Learning

❏ Trained on 110,603 real bug-fix pairs — ManySStuBs4J (one-line fixes) + Bugs2Fix (full methods).

❏ Got 436 mutation operators — these include PIT's simple rewrites (swap booleans, flip < to <=, etc..)
❏ and bigger ones PIT just doesn't have (rename APIs, tweak predicates, change block shapes).

4. Learned Patterns
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Coverage between learned operators and PIT
4. Learned Patterns
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Experimental Setup

8 mutation-operator configuration compared on Defects4J.

5. Experiment
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Experimental Setup

Procedure

❏ 1.  Identify methods modified by the developer patch
❏ 2.  Run Defects4J-provided relevant tests on those methods only
❏ 3.                                               (1 if no mutants generated)
❏ 4.  Report arithmetic mean across all evaluated bugs

Research Questions

❏ RQ1: Does                       Generate More Difficult Mutants to Kill?
❏ RQ2: Can                       Learn Mutation Operators Not in PIT?

5. Experiment
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Experiment Results

6. Results
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6 Patterns PIT Can't Produce

❏ These patterns catch the bug shapes PIT's fixed mutators don't cover.

❏ PIT was not designed to reach:
❏ API renames, whole-predicate negation, disjunction broadening, method-body restructuring.
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Answers to Research Questions

❏ RQ1: Does                        Generate More Difficult Mutants to Kill?
❏ Yes. Mutation score −1.94 % vs. best PIT, on the same tests.

❏ And does it with fewer mutants too: 115 vs. PIT's 135.

❏ RQ2: Can                        Learn Mutation Operators Not in PIT?
❏ Yes. Only 71 / 436 (12.6 %) overlap with PIT.

❏ The rest are shapes PIT's fixed catalogue can't express
❏ identifier swaps, predicate templates, block-shape rewrites, etc..
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Contributions of 

❏ End-to-end automation, from scratch in Java
❏ GumTree diffs → Anti-Unification → Clustering → Mutation engine, all wired up in one pipeline

❏ No manual operator design — just point it at a bug-fix corpus

❏ Operators learned from real-world bug-fix datasets
❏ ManySStuBs4J (63,923 single-statement fixes) + Bugs2Fix (46,680 method-level pairs)

❏ → 436 mutation operators drawn from how developers actually fix code

❏ Lower score = harder-to-kill mutants
❏ Mutation score −1.94 % vs. best PIT, on the same tests, using fewer operators.

7. Conclusion
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Summary

❏ Problem
❏ PIT misses entire fault classes

❏ Method
❏ 110,603 Fixes → Anti-Unification → Clustering → Filters → 436 Operators

❏ Finding
❏ Merged Top-100 vs PIT (-1.94% – -6.39%), Lower mutation score

❏ 6 pattern categories outside PIT’s reach
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Any Questions?https://github.com/duncan020313/cs453-team5-learning-mutation-operator 

https://github.com/duncan020313/cs453-team5-learning-mutation-operator

