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How can we exploit Rationale 
Information to:

• Reuse past solutions

• Avoid reasoning conflicts

Two challenges
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How to make sure my 
change does not cause 
conflicts ?

Did someone do this 
change already, or 
something similar ? 

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Commit Messages as Data Source
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Conclusion

• Commit Messages contain valuable information about developers 
rationale

 

• Rationale is the why behind decisions. 

remove is_linear_pte() to simplify code

Decision Rationale

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Rationale extraction and management system  
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“Rationale extraction and management.” Mouna Dhaouadi. ASE’22 DS. 

• Based on the On-Demand Developer Documentation (OD3) concept [Robillard et al., 2017.]

Kantara Pipeline

Information Inference Component Response Generation Component

Decisions and Rationale 
Graph

Rationale Analyses

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Kantara pipeline 

Decisions
extraction

Rationale 
extraction

Relatedness 
relationship

Similar 
relationship

Contradicts 
relationship

History
relationship
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Extracting Decision-Rationale triples Extracting Decision-Decision Relationships

“End-to-end rationale reconstruction.” Mouna Dhaouadi, Bentley Oakes and Michalis Famelis. ASE’22 NIER. 

remove is_linear_pte()

to simplify code

rationale

remove is_linear_pte() to simplify code

Decision #1 Decision #2

Rationale #1

rationale

Rationale #2

rationale
similar

contradicts

Kantara only works on sentences containing both Decision and Rationale!

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Kantara pipeline
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Triples.csv

Decisions 
and 

Rationale 
Graph

Decisions
Extraction 

Rationale 
Extraction 

Entities Extraction Relationship Extraction

Similarities 
Extraction 

Contradictions 
Extraction 

1. Decision and Rationale Graph construction
The OOM Killer

dataset

774 Decision + Rationale Sentences 

3. Automating the extraction of 
decision and rationale sentences

Decisions Extraction 

Rationale Extraction 

Best 
Decision 
Classifier

Best 
Rationale 
Classifier

Compared different models 
with cross validation 

Compared different models
with cross validation 

2234 Rationale Sentences    
{'yes': 1252, 'no': 982}

2234 Decision Sentences
{'yes': 1343, 'no': 891}

Manually 
Validate the 
predictions

4. Investigation of 
generalization

Linux
modules

Open
Source 
projects

Compare the 
predictions with the 
original labeling

137  Decision + Rationale Sentences from SpringBoot 

252  Decision + Rationale Sentences from Slob   

191  Decision + Rationale Sentences from Button

145  Decision + Rationale Sentences from Junit 

171  Decision + Rationale Sentences from Dubbo   
138  Decision + Rationale Sentences from Retrofit

151  Decision + Rationale Sentences from Okhttp 

Main contributions: Concrete implementation of Kantara  + Investigation of its generalization.  

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Kantara pipeline 
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Decisions
extraction

Rationale 
extraction

Relatedness 
relationship

Similar 
relationship

Contradicts 
relationship

History
relationship

Extracting Decision-Rationale triples Extracting Decision-Decision Relationships

Decisions
Extraction 

Rationale
Extraction

Entities Extraction Relationship Extraction

Similarities 
Extraction 

Contradictions 
Extraction 

Entities Extraction: LLMs (ChatGPT) 
Relationship extraction: Pre-trained models:

For similarity detection, distilbert-base-nli-mean-tokens model from the sentence_transformers library
For the contradiction detection, roberta-large-mnli model from the transformers library

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Kantara pipeline
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https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Kantara pipeline 
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Decisions
extraction

Rationale 
extraction

Relatedness 
relationship

Similar 
relationship

Contradicts 
relationship

History
relationship

Extracting Decision-Rationale triples Extracting Decision-Decision Relationships

Rationale and
Decisions
Graph

Decisions
Extraction 

Rationale
Extraction

Entities Extraction Relationship Extraction

Similarities 
Extraction 

Contradictions 
Extraction 

The OOM Killer
dataset [1]

774 Decision
+ Rationale
Sentences 

[1] “Rationale Dataset and Analysis for the Commit Messages of the Linux Kernel Out-of-Memory Killer.” Mouna Dhaouadi, Bentley Oakes and Michalis Famelis. ICPC’24. 

Kantara only works on sentences containing both Decision and Rationale!

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Kantara output – OOM-Killer 
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Conclusion

• 774 Decision + Rationale Sentences

• 527 extracted decisions:
 138601 pairs of decisions

 Computed these relationships between
each pair of the extracted decisions

with threshold of 0.9

• 29 similarities
• 396 contradictions

• Performance: ~ 3 hours.

Part of the Rationale and Decisions graph for the  OOM-Killer module.

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


How to Generalize?   
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• Kantara only works on sentences containing both Decision and Rationale!

• We need sentences that are both decision and rationale

=> We need classifiers that can generalize in other contexts  

remove is_linear_pte() to simplify code

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Kantara pipeline
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https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Extractors   
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The OOM Killer
dataset

3. Automating the extraction of 
decision and rationale sentences

Decisions Extraction 

Rationale Extraction 

Best 
Decision 
Classifier

Best 
Rationale 
Classifier

Compared different models 
with cross validation 

Compared different models
with cross validation 

Manually 
Validate the 
predictions

2234 Rationale Sentences    
{'yes': 1252, 'no': 982}

2234 Decision Sentences
{'yes': 1343, 'no': 891}

4. Investigation of 
generalization

Linux
modules

Open
Source 
projects

Compare the 
predictions with the 
original labeling

Two binary classification tasks:

• Decision-containing sentence classification 

• Rationale-containing sentence classification

Several Binary classifiers: 

• Trained on the OOM-Killer dataset

• 10-fold cross validation on the OOM-Killer dataset(evaluation)  => Choose Best Models

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Extractors generalizable?  
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Conclusion

The OOM Killer
dataset

3. Automating the extraction of 
decision and rationale sentences

Decisions Extraction 

Rationale Extraction 

Best 
Decision 
Classifier

Best 
Rationale 
Classifier

Compared different models 
with cross validation 

Compared different models
with cross validation 

Manually 
Validate the 
predictions

2234 Rationale Sentences    
{'yes': 1252, 'no': 982}

2234 Decision Sentences
{'yes': 1343, 'no': 891}

4. Investigation of 
generalization

Linux
modules

Open
Source 
projects

Compare the 
predictions with the 
original labeling

• 2 Linux modules: slob.c and button.c

• 5 Github projects: Junit, Retrofit, SpringBoot, Dubbo, Okhttp

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Extractors generalizable? - Validation  
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Linux: slob.c and button.c
• post-label commit-based sampling 
• random  20 commits per file / 91 sentences per file
• individually indicated whether or not we agree with the predictions of the classifiers

The raters had a total agreement for about 60-79% sentences =>  The classifier is about as accurate as a human annotator.

Manually 
Validate the 
predictions

4. Investigation of 
generalization

Linux
modules

Open
Source 
projects

Compare the 
predictions with the 
original labeling

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Extractors generalizable? - Validation  
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Other OS projects:
• Dataset of [Tian et al. What Makes a Good Commit Message? , ICSE’22]
• 1649 commit messages from five OSS projects.
• Labels: Why_and_What, No_What, No_Why, and Neither.
• Align labels to compare [Why = Rationale and What = Decision].

Manually 
Validate the 
predictions

4. Investigation of 
generalization

Linux
modules

Open
Source 
projects

Compare the 
predictions with the 
original labeling

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Kantara can generalize 
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LLMs and pre-trained models + Reusable classifiers = Kantara can generalize

Decisions 
and 

Rationale 
Graph

Decisions
Extraction 

Rationale 
Extraction 

Entities Extraction Relationship Extraction

Similarities 
Extraction 

Contradictions 
Extraction 

Some
dataset

Decision + Rationale Sentences 

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Application to Other Contexts  
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https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Semantic Rationale Analyses
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Decision-Decision Relationships. 

• Two similar Decisions
• Reuse past solutions

• Two contradictory Decisions
• Avoid potential conflicts and 

reasoning problems

How to make sure my 
change does not cause 
conflicts ?

Did someone do this 
change already, or 
something similar ? 

Decision #1 Decision #2

Rationale #1

rationale

Rationale #2

rationale
similar

contradicts

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Semantic Rationale Analyses
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• Reuse past solutions
• Two similar Decisions

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Semantic Rationale Analyses
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• Avoid potential conflicts
• Two contradictory Decisions

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Semantic Rationale Analyses
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Inconsistency Detection Mechanisms.

• Two similar Decisions & contradictory Rationales

• Two contradictory Decisions & similar Rationales

• Validate the integrity of the graph and clean up nonsensical relations

• Reveal miscommunications and inaccurate documentation 
• Insufficient understanding of the impact of the proposed decision

• Wrong description of a patch in a commit message

• Malicious attempts to hide suspicious code contributions

Decision #1 Decision #2

Rationale #1

rationale

Rationale #2

rationale
similar

contradicts

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Semantic Rationale Analyses
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Two contradictory Decisions & similar Rationales

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?


Future Work
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• Integration with development platforms

• Improve the approach (more advanced LLMs, include rationale spanning multiple sentences )

• Enrich the graph (more relationships ) => more semantics

• Integrate other data sources (discussions, code reviews, etc..)

• Application on more projects => Repository of Rationale Information. 

https://conf.researchr.org/track/ase-2022/ase-2022-nier-track?
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https://arxiv.org/abs/2506.11005
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