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• Commit Messages contain information about developers’ rationale
behind a certain change

• Rationale == justification == reason == why behind decisions

• Expressed in natural language
remove is_linear_pte() to simplify code

Decision Rationale

Introduction Related Work ConclusionContributions (C1 - C2 - C3 - C4 - C5 - Tools)

Context - Rationale in Commit Messages 



Context - Problem

Introduction Related Work Conclusion
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How to make sure my 
commit does not cause 
conflicts ?

Did someone did this 
already, or something 
similar ? 

Did I explain my 
commit well?

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

When committing a change, 
developers need to:

• Explain well for future reference

• Not repeat past solutions

• Not cause conflicts 



Context – Real-world example
• Dev works on "reclaiming used memory from the OOM victim".
• Find interesting commits from the Git history of OOM-Killer.

mm : introduce
process_mrelease system call

September 2nd, 2021

Oom: give the dying
task a higher priroity

August 9th, 2010

memcg: give current access
to memory reserves if it's

trying to die
March 23rd, 2011

mm, oom: introduce
oom reaper

March 25th, 2016

Oom-kill: 
remove_dying_task_prio()

April 14th, 2011

Introduction Related Work Contributions (C1 - C2 - C3 - C4 - C5 - Tools) Conclusion
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How to make sure 
my commit does not 
cause conflicts ?

Did someone did this 
already, or something 
similar ? 

Did I explain my 
commit well?



Context - Real-world problem
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Introduction Related Work Contributions ConclusionIntroduction

• Code review emails are used to retrieve rationales for past decisions [Sutherland et al., 2009]

• The most frequent hard-to-answer questions dealt with rationale [Latoza et al., 2010]

• Interviews with 27 professional developers and managers :
• developers ignoring the rationale had to guess the intent behind a certain code fragment 
• developers had a hard time trying to locate the relevant information
• knowledge recreation activities required considerable time and effort
[Robillard et al., 2021]

• Practitioners from 17 companies expressed difficulties to find and retrieve  decision knowledge [Kleebaum
et al., 2019]

Publications

Did someone did this 
already, or something 
similar ? 

Did I explain my commit 
well?

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Research Vision: Empower Rationale-aware
Commit-based Development

Assist decision-makers with an automated
rationale extraction and management system

Introduction Related Work Contributions Conclusion
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Introduction

Rationale information is useful:
• understand the system
• reuse solutions
• avoid conflicts
• learn from mistakes
• …..

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Research Impact 
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Solving this problem would have positive impact:

• Project:
• Increase longevity 
• Increase quality 

• Developers:
• Improve productivity
• Save time/effort 

PublicationsContributions (C1 - C2 - C3 - C4 - C5 - Tools)



Historical background
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• Design rationale research is an old research direction that aims at improving the quality of design 
• The seminal work: the IBIS schema [Noble., 1988]

• Since then, a lot of design rationale work has been introduced (e.g., PHI[McCall., 1991], SEURAT[Burge., 2005])
• Researchers also proposed software engineering rationale [Dutoit., 2006] 
• Several work about rationale in software architecture knowledge [Jansen., 2005]

• However, the capture and the cost-benefit problems hindered this line of research.

• With the advances of Natural Language Processing (NLP) and Machine Learning (ML), this line of research has 
been revisited recently, since it became “possible” to capture the information automatically

• Big corpus of work on representing, extracting and managing rationale.

PublicationsContributions (C1 - C2 - C3 - C4 - C5 - Tools)
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Challenge 1: Limited Understanding of 
Rationale Practices

Introduction Related Work Conclusion
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Introduction

Understanding of Rationale Practices 

• Frequency and completeness of rationale in chat messages [Alkadhi., 2017 Alkadhi., 2018]
• Developers' perspective of rationale for code commits [Alsafwan., 2019, Alsafwan., 2022]

The understanding of developers’ rationale practices is limited to:
standalone rationale (Observation 1) 
and to certain sources (Observation 2)

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)
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Challenge 2: Schema-specific Rationale 
Extraction

Introduction Related Work Conclusion
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Introduction

Rationale extraction

• Various rationale extraction approaches [Liang. 2012, Rogers., 2012, Lester., 2020, McCall., 2018, Alkadhi., 
2017, Li., 2020, Zhao., 2024, Sharma., 2021]

The automated extraction techniques are model-based (Observation 3)
and rely on manually annotated datasets (Observation 4) 

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)
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RepresentationRationale Extraction Rationale Management

Ch2. Schema-specific Rationale Extraction

Ch1. Limited Understanding of Rationale Practices
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Challenge 3: Inflexibility of Rationale 
Representations

Introduction Related Work Conclusion
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Introduction

Rationale representation

• Various rationale representations [Mahabaleshwar., 2020, Kleebaum., 2020, Ullah., 2023, Yue., 2023]

Rationale is represented as a model (Observation 5) 
or as a quality attribute (Observation 6)

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)
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Rationale 
RepresentationRationale Extraction Rationale Management

Ch3. Inflexibility of Rationale Representations

Ch2. Schema-specific Rationale Extraction
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Challenge 4: Limited Semantic Inference 
Techniques

Introduction Related Work Conclusion
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Introduction

Rationale management

• Rule-based mechanisms [Burge., 2003]
• Relevancy-based rationale clustering [Mahabaleshwar., 2020]

Research on inferring semantic information from rationale 
is limited to basic techniques (Observation 7)

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)
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Rationale 
RepresentationRationale Extraction Rationale Management

Ch3. Inflexibility of Rationale Representations
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Challenge 5: Limited Quantitative Rationale 
Analyses

Introduction Related Work Conclusion
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Introduction

Rationale management

• Quality checking (completeness, requirements coverage, traceability) [Kleebaum., 2020, Kleebaum., 2021] 
• A good message classification criteria [Tian., 2022] 
• Correlation between quality evolution and defect proneness [Li., 2023]

Research on rationale quality is limited to certain aspects (Observation 8)

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)
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Rationale 
RepresentationRationale Extraction Rationale Management

Ch3. Inflexibility of Rationale Representations

Ch2. Schema-specific Rationale Extraction

Ch5. Limited Quantitative Rationale Analyses

Obs7. Basic 
semantic inference 

techniques

Obs8. Quality 
checking for certain 

rationale aspects

Ch4. Limited Semantic Inference Techniques

Ch1. Limited Understanding of Rationale Practices
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Obs4. Manual 
annotations
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Thesis Statement

Automated evidence-based quantitative and semantic rationale analyses

can provide effective support for

rationale-aware commit-based development.

Introduction Related Work Contributions Conclusion
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Introduction Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Developers needs when committing

Introduction Related Work Conclusion
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Contributions (C1 - C2 - C3 - C4 - C5 - Tools)
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Rationale Understanding

C1. Empirical understanding of rationale practices

Rationale ManagementRationale 
Representation

Rationale 
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Information Inference Component Response Generation Component
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Contributions
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Ch3. Inflexibility of rationale representations

Ch2. Schema-specific rationale extraction

Ch4. Limited semantic inference techniques

Ch5. Limited quantitative rationale analyses

Ch1. Limited understanding of rationale practices

C3. Rationale and decision graph

C2. Kantara pipeline 

C4. Semantic analyses 

C5. Quality analyses 

C1. Empirical understanding of 
rationale practices

(Chapter 4)
(Chapter 7)

(Chapter 3)
(Chapter 4)
(Chapter 6)

(Chapter 2) 
(Chapter 5)

(Chapter 2) 
(Chapter 3)

(Chapter 2) 
(Chapter 3)
(Chapter 5)

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)
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Rationale Understanding

C1. Empirical understanding of rationale practices
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Ch1. Limited Understanding of Rationale Practices



Better understand: 

1. The experience of developers needing and 
finding similar and conflicting rationale 
information in commit messages.

2. The experience of developers needing to 
assess, and refining rationale information in 
commit messages. 

Validate developers needs (C1)

Introduction Related Work Conclusion
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How to make sure my 
commit does not 
cause conflicts ?

Did someone did this 
already, or something 
similar ? 

Did I explain 
my commit 
well?

Chapter 7

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



• Empirical study:

• Survey

• Semi-Structured Interviews

Validate developers needs (C1)

Introduction Related Work Conclusion
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Chapter 7

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

How to make sure my 
commit does not 
cause conflicts ?

Did someone did this 
already, or something 
similar ? 

Did I explain 
my commit 
well?



Survey Design

Introduction Related Work Conclusion
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RQ1: What is the experience of developers needing and finding similar rationale information in 
commit messages?

RQ2: What is the experience of developers needing and finding conflicting rationale information in 
commit messages?

RQ3: What is the experience of developers needing to assess, and refining rationale information in 
commit messages 

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

How to make sure
my commit does not 
cause conflicts ?

Did someone did this 
already, or something 
similar ? 

Did I explain 
my commit 
well?



Demographics: Role vs Activity 

Introduction Related Work Contributions Conclusion
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PublicationsContributions (C1 - C2 - C3 - C4 - C5 - Tools)

• 8 “only review” or “more review”
• 100% both “developer” and "maintainer“ 

• 8 "equal time" :
• 3 only "developer“
• 5 both “developer” and ”maintainer”

• 26 both “maintainer” and “developers”
• 8 only developers 

• 5/8  “only write” or “more write”
• 3/8 “equal time”
 High alignment between writing activity and 

developer role
Maintainers (16) : “only review”, “more review” or “equal 

time”
 Developers (18): “only write”, “more write” 

Developer Role Developer Activity



Survey Results

Introduction Related Work Contributions Conclusion
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Publications

Finding previous commits in the project with similar decisions and/or rationale is important, but could be

difficult to acquire and is time consuming in the current practice, making dedicated tool support useful.

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

RQ1: What is the experience of developers needing and finding similar rationale information in commit messages?

Frequency of need (Q7) Difficulty of finding (Q9) Need for dedicated tool support

Did someone did this 
already, or something 
similar ? 



Survey Results

Introduction Related Work Contributions Conclusion
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Publications

Knowing if the decision and/or rationale of the commit might contradict with the decisions and/or rationale

of earlier commits in the project is important, but is difficult to acquire and could be time consuming in the

current practice, making dedicated tool support useful.

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

RQ2: What is the experience of developers needing and finding conflicting rationale information in commit messages?

Importance of need (Q18,Q22)
Frequency of finding (Q20) Need for dedicated tool support

How to make sure
my commit does not 
cause conflicts ?



Survey Results

Introduction Related Work Contributions Conclusion
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Publications

Having sufficient, compliant and consistent rationale in commit messages is important but difficult to

maintain and is refinement-prone in the current practice, making dedicated tool support useful.

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

RQ3: What is the experience of developers needing to assess, and refining rationale information in commit messages?

Importance of sufficiency (Q27) Difficulty of compliance (Q29)

Need for dedicated tool support

Did I explain 
my commit 
well?



Survey Results (Continued)

Introduction Related Work Contributions Conclusion

32

Publications

Maintainers face a greater and more frequent need to retrieve similar rationale information from past commits. 

Developers show a stronger need to detect contradictory rationale.

Identifying contradictory rationale information is a more urgent and critical need for developers and maintainers 
than retrieving similar rationale.

Dev vs Main. 

RQ1 vs RQ2. 

Maintainers emphasize traceability, consistency, and knowledge preservation, whereas developers emphasize
efficiency, feature progress, and tool-assisted support.

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Survey Results – Rationale Requirements

Introduction Related Work Contributions Conclusion
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Publications

We derive rationale-aware tool requirements from our findings:

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

Understanding the project :
(a) identifying project expectations when it comes to maintaining the quality (consistency, compliance, 

sufficiency) of rationale information

(b) retrieving the accumulated rationale knowledge from the project history

Reviewing work : 
(a) ensuring the work’s conformance with project expectations about rationale quality

(b) contextualizing the work with respect to existing project knowledge 



Follow-up Interviews Design

Introduction Related Work Contributions Conclusion
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Publications

• Interviews: 
• 4 participants 
• 13 questions

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Follow-up Interviews Results

Introduction Related Work Contributions Conclusion
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Publications

The interviews validated several survey findings:

• The importance, the necessity, and the difficulty of finding contextual information for a given commit.

• The importance of rationale compliance, consistency, and sufficiency within commit messages.

• Rationale information often needs to be refined when writing commit messages.

• The insufficiency of current practice and the need for dedicated tool support for finding related commits.

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

More insights:

Rationale embedded in code comments vs external documentation.



Developers needs

Introduction Related Work Contributions Conclusion
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How to make sure my 
commit does not cause 
conflicts ?

Did someone did this 
already, or something 
similar ? 

Did I explain my 
commit well?

PublicationsContributions (C1 - C2 - C3 - C4 - C5 - Tools)



Thesis Statement

Automated evidence-based quantitative and semantic rationale analyses

can provide effective support for

rationale-aware commit-based development.

Introduction Related Work Contributions Conclusion
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Introduction Contributions (C1 - C2 - C3 - C4 - C5 - Tools)
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Rationale Understanding
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Solution-space
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How can we extract, structure and manage rationale 
information from code commits?

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)
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Rationale ManagementRationale 
Representation

Rationale 
Extraction

Information Inference Component Response Generation Component

Commit
messages

Tools C2. Kantara 
pipeline 

C3. Rationale and 
decision graph

C4. Semantic
Analyses

C5. Quality
Analyses

How can we extract, structure and manage rationale information from code commits?

Solution-space

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

Ch3. Inflexibility of rationale representations



Structure: Rationale and Decisions Graph 
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remove is_linear_pte() to simplify code

Decision Rationale
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

ASE NIER’22

• Nodes: Pairs (   decision and  rationale )

• Edges: relationships between decisions

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Rationale and Decision Graph (C3)
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Decision #D1
give the dying task a higher

priority.

Decision #D2
give current access to 

memory reserves if 
it's trying to die.

Decision #D3
I and the original author

Luis agreed to disable this
logic.

Decision #D4
Introduce OOM reaper.

Decision #D5
Introduce process_mrelease

system call that releases 
memory of a dying process 

from the context of the caller.

similar

"Eventually, kernel 
may hang up when

oom kill occur"

"memory is freed in 
a more controllable

way with CPU affinity
and priority of the 

caller"

"reduces the probability
of such a lockup"

rationale

rationale

"so that it can exit() 
soon, freeing

memory"

rationale

rationale "so that it may
quickly exit and 

free its memory"

contradicts

contradicts

IntroductionIntroduction Related Work Contributions ConclusionIntroduction Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

rationale
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Rationale ManagementRationale 
Representation

Rationale 
Extraction

Information Inference Component Response Generation Component

Commit
messages

Tools C2. Kantara 
pipeline 

C3. Rationale and 
decision graph

C4. Semantic
Analyses

C5. Quality
Analyses

How can we extract, structure and manage rationale information from code commits?

Solution-space

1. Ground truth 
2. Kantara Pipeline: 

a) Feasibility
b) Generalization 

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

Ch2. Schema-specific Rationale Extraction



Out-Of-Memory (OOM) Killer Dataset
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IntroductionIntroduction Related Work Contributions ConclusionIntroduction

• Collect commit history of the OOM-Killer
 

• Codebook: 
• 4 labels: “Decision”, “Rationale”, 
“Supporting Facts”, “Inapplicable”.

• Batch annotations of the sentences
• 3 annotators manually label sentences
• Multiple classifications per sentence
• In disagreement, take classification union
• Fleiss kappa: ~ 0.66

Publications

ICPC’24

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)
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Out-Of-Memory (OOM) Killer Dataset 

Example dataset entry showing the structure

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Examples
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Extraction – Kantara pipeline (C2) 

47

IntroductionIntroduction Related Work ConclusionIntroduction Publications

Rationale ManagementRationale 
Representation

Rationale 
Extraction

Information Inference Component Response Generation Component

Commit
messages

Tools C2. Kantara 
pipeline 

C3. Rationale and 
decision graph

C4. Semantic
Analyses

C5. Quality
Analyses

1. Ground truth 
2. Kantara Pipeline: 

a) Feasibility
b) Generalization 

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Kantara pipeline (C2)

Decisions
extraction

Rationale
extraction

Relatedness
relationship

Similar
relationship

Contradicts
relationship

History
relationship

48
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Extracting Decision-Rationale triples Extracting Decision-Decision Relationships

Publications

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! ASE NIER’22

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Kantara pipeline (C2)
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Decisions
extraction

Rationale
extraction

Relatedness
relationship

Similar
relationship

Contradicts
relationship

History
relationship

Extracting Decision-Rationale triples Extracting Decision-Decision Relationships

Publications

Rationale and
Decisions
Graph

Decisions
Extraction 

Rationale
Extraction

Entities Extraction Relationship Extraction

Similarities 
Extraction 

Contradictions 
Extraction 

The OOM Killer
dataset

774 Decision
+ Rationale
Sentences 

PACMSE’25

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

LLMs (ChatGPT) Pre-trained models



Kantara output – OOM-Killer 
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• 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 
of the Linux Kernel.

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Extraction – Kantara pipeline (C2) 
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Rationale ManagementRationale 
Representation

Rationale 
Extraction

Information Inference Component Response Generation Component

Commit
messages

Tools C2. Kantara 
pipeline 

C3. Rationale and 
decision graph

C4. Semantic
Analyses

C5. Quality
Analyses

1. Ground truth 
2. Kantara Pipeline: 

a) Feasibility
b) Generalization

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



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

=> Two binary classification tasks: Decision-containing and Rationale-containing sentence

remove is_linear_pte() to simplify code

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

The OOM Killer
dataset

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}

Several Binary classifiers: 
1. Trained on the OOM-Killer dataset
2. Evaluated with 10-fold cross 
validation on the OOM-Killer dataset 

=> Choose Best Models 



Extractors generalizable?
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The OOM Killer
dataset

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}

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

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



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

Manually 
Validate the 
predictions

4. Investigation of 
generalization

Linux
modules

Open
Source 
projects

Compare the 
predictions with the 
original labeling

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



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

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Kantara can generalize
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Decisions 
and 
Rationale 
Graph

Decisions
Extraction 

Rationale 
Extraction 

Entities Extraction Relationship Extraction

Similarities 
Extraction 

Contradictions 
Extraction 

Some
dataset

XXXXX Decision + Rationale Sentences 

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

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

LLMs Pre-trained models



Application to Other Contexts
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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 

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)
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Rationale ManagementRationale 
Representation

Rationale 
Extraction

Information Inference Component Response Generation Component

Commit
messages

Tools C2. Kantara 
pipeline 

C3. Rationale and 
decision graph

C4. Semantic
Analyses

C5. Quality
Analyses

How can we extract, structure and manage rationale information from code commits?

Solution-space

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

Ch4. Limited semantic inference techniques

Ch5. Limited quantitative rationale analyses



Mangement- Semantic Analyses (C4)
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Rationale ManagementRationale 
Representation

Rationale 
Extraction

Information Inference Component Response Generation Component

Commit
messages

Tools C2. Kantara 
pipeline 

C3. Rationale and 
decision graph

C4. Semantic
Analyses

C5. Quality
Analyses

ASE NIER’22

PACMSE’25

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

Ch4. Limited semantic inference techniques



Semantic Rationale Analyses (C4)
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How to make sure my 
commit does not cause 
conflicts ?

Did someone did this 
already, or something 
similar ? 

Decision-Decision Relationships

Decision #1 Decision #2

Rationale #1

rationale

Rationale #2

rationale
similar

contradicts• Two similar Decisions
• Reuse past solutions

• Two Contradictory Decisions
• Avoid potential conflicts 

and reasoning problems

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Semantic Rationale Analyses (C4)
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• Reuse past solutions
• Two similar Decisions

PublicationsContributions (C1 - C2 - C3 - C4 - C5 - Tools)

Did someone did this 
already, or something 
similar ? 



Semantic Rationale Analyses (C4)
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• Avoid potential conflicts
• Two contradictory Decisions

PublicationsContributions (C1 - C2 - C3 - C4 - C5 - Tools)

How to make sure 
my commit does not 
cause conflicts ?



Semantic Rationale Analyses (C4)
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• Avoid potential conflicts
• Two similar Decisions &
Two contradictory Decisions

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

How to make sure 
my commit does not 
cause conflicts ?



Semantic Rationale Analyses (C4)
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Decision #D1
give the dying task a higher

priority.

Decision #D2
give current access to 

memory reserves if 
it's trying to die.

Decision #D3
I and the original author

Luis agreed to disable this
logic.

Decision #D5
Introduce process_mrelease

system call that releases 
memory of a dying process 

from the context of the caller.

similarcontradicts

contradicts

How to make sure my 
commit does not cause 
conflicts ?

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Semantic Rationale Analyses (C4)
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Feasibility & Generalization

Automatically supporting effective rationale analyses, such as finding potentially similar and contradictory decisions,

is feasible and with reasonable performance.

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

1. Reuse past solutions 

2. Avoid reasoning conflicts 
How to make sure my 
commit does not cause 
conflicts ?

Did someone did this 
already, or something 
similar ? 



Semantic Rationale Analysis Tools 
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Rrationale
Search 
Engine
(Retrospective
Analysis) Rationale 

RAG
(Prospective
Analysis)

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Thesis Statement

Automated evidence-based quantitative and semantic rationale analyses

can provide effective support for

rationale-aware commit-based development.

Introduction Related Work Conclusion
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Introduction PublicationsContributions (C1 - C2 - C3 - C4 - C5 - Tools)



Third need?

Introduction Related Work Conclusion
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How to make sure my 
commit does not cause 
conflicts ?

Did someone did this 
already, or something 
similar ? 

Did I explain my 
commit well?

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Mangement-Quality Analyses (C5)
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Rationale ManagementRationale 
Representation

Rationale 
Extraction

Information Inference Component Response Generation Component

Commit
messages

Tools C2. Kantara 
pipeline 

C3. Rationale and 
decision graph

C4. Semantic
Analyses

C5. Quality
Analyses

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

Ch5. Limited quantitative rationale analyses



Quantitative Analyses for Rationale Quality
(C5) 

70

IntroductionIntroduction Related Work Contributions ConclusionIntroduction Publications

1. How can we understand developers' 
rationale in commit messages?

2.    How can we help developer's write better
commit messages?

Did I explain my 
commit well?

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Quantitative Analyses for Rationale Quality
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Presence of Rationale

• How many commits 
contain rationale?

• How much of the 
commit contains 
rationale?

Factors impacting 
Rationale

• Does the quantity of 
rationale reported 
depend on the 
commit message 
size?

• Does the quantity of 
rationale reported 
depend on the 
developer 
experience?

Evolution of rationale 
over time

• How does rationale 
evolve over time?

• How does rationale 
evolve over time for 
the five
core contributors? 

Structure of commit 
messages

• In what order do the 
categories mostly 
appear?

ICPC’24

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Quality Analyses: Rationale in the OOM-Killer 
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Presence

Commit messages almost
always contain rationale 
information.

On average, around 60%
of the message contains 
rationale information

Impacting factors

The quantity of rationale 
information reported does 
not depend on the 
commit message size or 
developer experience. 

Experienced developers 
have a rationale density 
around 60%.

Evolution over time

Rationale density is 
consistent (~0.6). 
Decision density is always 
high (> 0.5). 
Supporting facts density
is lower (< 0.6). 

More experienced 
developers write short
commit messages (fewer 
than eight sentences).

Structure of commit 
messages

Developers tend to start 
and end their commit 
messages with Decisions.

Rationale and Supporting 
Facts appear in the middle
of the commit, with 
Supporting Facts usually 
preceding Rationale 
sentences

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Quality Rationale Analyses 

73

IntroductionIntroduction Related Work ConclusionIntroduction Publications

1. How can we understand developers' 
rationale in commit messages?

2.    How can we help developer's write better
commit messages?

Quantitative analyses helps 
developers and maintainers to
evaluate and improve their 
documentation practices, 
resulting in a better 
understanding of the system

ICPC’24

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



How to Generalize? 
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Generalizable classifiers
• Two binary classifiers [Decision, Rationale]

o Trained on OOM-Killer dataset 
o Validated on:

 Two other Linux modules
 Five other open-source projects

Quality
Analyses 

OOM Killer
dataset

Decisions Extraction 

Rationale Extraction 

Best 
Decision 
Classifier

Best 
Rationale 
Classifier

Compared different models 
with cross validation 

Compared different models
with cross validation 

Quality
Analyses 

ICPC’24

PACMSE’25

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

MSR Tool’25



Rationale Quality Analysis Tool 
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Module Analyzer 
(Retrospective Analysis)

Commit 
Message
Analyzer 
(Prospective
Analysis)

 
• Presence of raƟonale 

• Factors impacƟng raƟonale 

• Evolution of rationale over Ɵme 

• Structure of commit messages

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



More Quality Analyses  

76

IntroductionIntroduction Related Work ConclusionIntroduction

• Commit-level representation
• Author
• Date
• Next-Sentence 

Publications

MDE-Intelligence’23

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Ontological-based approach
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1. Defined the ontology in the OpenCAESAR framework

2. Populated the tool with our dataset

3. Inferencing using SPARQL queries

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

MDE-Intelligence’23



Rationale analyses and Visualization
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Interactive Visualisation: Visualizing the results of some queries

◦ Identify commits/subsystems/developers with insufficient rationale

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

MDE-Intelligence’23



Thesis Statement

Automated evidence-based quantitative and semantic rationale analyses

can provide effective support for

rationale-aware commit-based development.

Introduction Related Work Conclusion
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Introduction PublicationsContributions (C1 - C2 - C3 - C4 - C5 - Tools)



Different types of Rationale Analyses 
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• Not only semantic analyses

….. But also quantitative analyses..  

1. Reuse past solutions 

2. Avoid reasoning conflicts

3. Evaluate and improve documentation 
practices, resulting in a better 
understanding of the system

Did I explain my 
commit well ?  

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

How to make sure my 
commit does not cause 
conflicts ?

Did someone did this 
already, or something 
similar ? 



Needs Addressed
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Semantic and quantitative
rationale analyses can help 
developers and maintainers

• Better understand the system

• Reuse past solutions

• Avoid reasoning conflicts
How to make sure my 
commit does not cause 
conflicts ?

Did someone did this 
already, or something 
similar ? 

Did I explain my 
commit well?

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Mangement – Tools 
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Rationale ManagementRationale 
Representation

Rationale 
Extraction

Information Inference Component Response Generation Component

Commit
messages

Tools C2. Kantara 
pipeline 

C3. Rationale and 
decision graph

C4. Semantic
Analyses

C5. Quality
Analyses

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Tool ideas for Rationale-aware development

Introduction Related Work Conclusion
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Rationale Search 
Engine 

Rationale RAG Module Analyzer Message Analyzer

Semantic Analyses Quality Analyses

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Survey Results – Rationale Requirements
(reminder)

Introduction Related Work Conclusion

84

Understanding the project :
(a) identifying project expectations when it comes to maintaining rationale quality 

(b) retrieving the accumulated rationale knowledge from the project history

We derive rationale-aware tool requirements from our findings:

Analytics-based design 
approach 

Search-based design 
approach 

Automated conformance –
based design approach 

IR and RAG-based design 
approach 

Chapter 7

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

Reviewing work : 
(a) ensuring the work’s conformance with project expectations about rationale quality

(b) contextualizing the work with respect to existing project knowledge 



Investigation of Design Approaches

Introduction Related Work Conclusion
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Publications

Analytics-based design 
approach 

Search-based design 
approach 

Automated conformance 
–based design approach 

IR and RAG-based 
design approach 

Module Analyzer Message Analyzer

Semantic Analyses Quality Analyses

Rationale Search 
Engine 

Rationale RAG

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



More Interviews

Introduction Related Work Conclusion
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Publications

Tool ideas to support Rationale-aware development

• 4 pre-recorded videos 
• 4  participants (same people from our last interviews)

Q: “What do you think of the design principles  behind the tools ?”

Chapter 7

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Desired functionalities

Introduction Related Work Conclusion
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Rationale Search 
Engine 

Semantic Analyses

Search-based design 
approach 

• Include sematic similarity search in the commit history

• Identify repeated changes

• Uncover different approaches and detect oscillations between different solutions

• Flag potentially problematic or malicious changes and inconsistencies

• Provide a user-friendly interface

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

Understanding the project :
(a) identifying project expectations when it comes to maintaining the quality 
(consistency, compliance, sufficiency) of rationale information

(b) retrieving the accumulated rationale knowledge from the project history



Design 
approach 

Ensuring the work’s conformance 
with project expectations about 

rationale  quality

Identifying project expectations when it 
comes to maintaining the quality of 

rationale information

Contextualizing the work with 
respect to existing project 

knowledge 
Requirement

Prototype

• Complement cosmetic checks
• Produce reliable output
• Be integrated with the 

development workflow

• Help monitor project health.
• Provide clear guidelines about 

current practices for new developers
• Identify major shifts in development

• Automatically surface related 
and potential contradictory 
commits

Desired 
functionalities 

Desired functionalities

Introduction Related Work Conclusion
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Publications

Analytics-based Automated conformance-basedIR and RAG-based

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)

Semantic
Analyses

Quality
Analyses

Quality
Analyses



Thesis Statement

Automated evidence-based quantitative and semantic rationale analyses

can provide effective support for

rationale-aware commit-based development.

Introduction Related Work Conclusion
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Introduction Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Conclusion
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Limitations - Rationale in Commits
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Limitations:

◦ Implicit or unrecorded
◦ Ambiguous language

• Especially past/future tenses
• Non-native writers

◦ Need technical understanding

versus

Fix: Added check to prevent null pointer exception.

Changes

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)



Future work
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• Improve the approach:
- Better rationale extraction (e.g., support rationale spanning multiple sentences) 

• Enrich the graph: 
• More relationships, finer representation  => more analyses 

• Integration with development platforms (git-based)
• Integrate other data sources (discussions, code reviews, etc..)
• Application on more projects => Repository of Rationale Information
• Personalization / user profile
• Code change and rationale alignment

Contributions (C1 - C2 - C3 - C4 - C5 - Tools)
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