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What is
Mining Software Repository ?

(MSR)




Mining Software Repository

Definitions - 2

* Today's collaborative development relies on Git Social Platforms (GSP) [Dabbish et al. 2012]

e they are server implementations of Git with builtin social features

* They contain valuable historical information over a software development

® knowbased reviewed 3 weeks ago View reviewed changes

src/GitlabAPI-MergeRequests/GitlabMergeRequests.class.st

o @@ -90,3 +90,15 @@ GitlabMergeRequests >> getByPage: page perPage: perPage inProject: projectl
920 920 Commits over time

91 91 ~ self getByPage: page perPage: perPage from: endpoint withParams: Dictionary new . Weekly from 8 déc. 2024 to 22 juin 2025
92 92 1
93 +

94 + { #category : 'searching' }
95 + GitlabMergeRequests >> search: aString [

knowbased 3 weeks ago Member = °°*

5
SUoIINQLIIU0D

issue: This use case can already be handled by calling: 5
getAllOfProject: projectld withParams: { #search -> 'searchText'. #scope -> 'all' } asDictionary .. l [

I 0
I'm not sure we should add a new method to solve this specific problem directly in Gitlab-Pharo-Api. It might be Jan '25 Feb '25 Mar '25 Apr '25 May '25 Jun '25

better to implement this at the project level where you're using the API, if you need it.

What do you think? f— Mar 125 Yo

®

Fig - Discussing Pull Request in GitHub Fig - Commits distribution over time (GitHub)
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Mining Software Repository

Definitions - 2

e Mining Software Repository (MSR) provides methods and tools to extract data
from these platforms [Hassan 2008].

e Among other, it allows us to:
e Studying the impact of code smells [Steffen et al. 2010, Palomba et al. 2014]
e Exploring developers code review [Bacchelli et al. 2013]
e Predicting classes prone to change and defect [Bacchelii et al. 2010]

e Retro-analysing a entire development process [Mockus et al. 2000]

What is Mining Software Repository ? 5



Mining Software Repository

Existing tools

General Mining data
e PyDriller — python tool for mining commit
e Git-Miner — Pharo tool, based on CLI-GitMiner
e Specific Mining Data
e Javapers — java lib mostly for Java file analysis in git repository (leveraging SPOON)
e ModelMine — retrieve UML model from project's artefacts
e Data Storage
e Pandora —focus on long terme storage of Git social platform data
e Software Heritage — Archive of Git repository from GSP
e Computing Metrics

e LinearB — Productions and deployment metrics, data positioning with other
companies

What is Mining Software Repository ? 6



What are the specificities of
Berger-Levrault regarding MSR




Industrial context

A quick word on Berger-levrault

e Berger-Levrault is

e a group of international software editors

e with divers sectors of activity (eduction, health, public administration, etc)
e The group acquired divers software editors over the past 30 years.

 From different countries (France, Spain, Canada, Maroco, etc);

e working with different technology (Java, C#, Typescript, Dart, etc);

e and different Git Social Platform (Gitlab, Bitbucket, Azure Devops, etc).

What are the specificities of Berger-Levrault regarding MSR ?



Industrial context

A quick word on Berger-levrault - 2

e \We use the project management system Altelissan's Jira to manage:
e tickets (Bug, features, Hotfix, etc)

e SPRINT (Agile development)

e releases (delivering dates, testing software, etc).

Projets / Lab GL
Dev Augmenté & -

<5
@ Résumé 2 Chronologie ([D Tableau Kanban | Rapports B3 Liste Tous les tickets  [5] Pages
Q Recherche dans ... ] NH @ﬁe @. +7 Epic v Type v Etiquette v Filtres rapides v Regrouper: Re... P FE ..
AFAIRE 24 EN COURS 22 TERMINE 2
v Accélérer (35 tickets)
Récupération des personnes par Equipe automatiquement a2 L I E R R e Add rule ensure unsubscribe
Input les trucs modifié - output les tests associés (ou O si pas de
[] LABGL-156 eeee 2 9 test associé) 9 13 juin 2025
N0 janv. 2025 [ LABGL-223 ece ? @
%, LABGL-96 seee ? @

Fig - Kanban view of a SPRINT in Jira

What are the specificities of Berger-Levrault regarding MSR ?



Industrial context

A quick word on Berger-levrault - 3

e Qur Jira and Git Social Platform environment are connected

X¥ AV1-5886

Engagement : Probleme nodale d'ajout d'activité

\Q::“*/ Mergg branch 'bugfixfAV1-5886'jinto 'release/1.9.0" ..
| | G, L b NS authored Jun 20, 2025

== [[AV1-5886]fix: Engagement : Probléme modale d'ajout d'activité
- authored Jun 20, 2025

Fig - Linking Jira Tickets to Commit and Merge activity in GitLab

What are the specificities of Berger-Levrault regarding MSR ?



Industrial context

The specificities of Berger-Levrault

Git Social Platform project management systems
& GitLab

o Bitbucket

J Azure DevOps

How to mine from different Git Social Platforms (GSP) ?
How to implement MSR metrics efficiently ?
How to connect GSP data to Jira efficiently ?

We use Model Driven Engineering with Pharo-Moose

What are the specificities of Berger-Levrault regarding MSR ?



How we develop our solution
with MDE

The conception of Git Project Health




Our MSR solution

GitProjectHealth

GitProjectHealth (GPH) is framework to extract and analyse data from Git Social
platforms using Model-Driven Engineering (MDE).

tool for General Mining data & Metrics computing

* GQGitProjectHealth contributions are :
* A unify model for all Git Social Platform
* A framework to build custom metric from the model
* A use of metamodel connector to extend any analysis to other platforms (e.g., Jira)

github.com/moosetechnology/GitProjectHealth

GitProjectHealth - MSR with MDE in Pharo



Main feature

GitProjectHealth

28 | "INKSCAPE"

29| ink_commits := gitlabImporter importCommitsOfProject: inkscape
30 since: ('30 June 2025' asDate)

31 until: ('2 July 2025' asDate).

32| 1ink_commits do: [ :c | |user|

Key Features: ;’»2 ;commitCreator: (gitlabImporter dimportUserByUsername: c author_name).

35| gitlabImporter chainsCommitsFrom: ink_commits.

« Data Extraction & importation:
Extracts data from major social platforms.
Imports a model of specific Git entities. moosetechnology

* Visualization and Metrics:
Visualizes data and computes metrics.

 Model Connection:

Connects models (e.g., Gitlab and Jira). Number of commits by date

40

[a GLHGroup #moosetechnologyJ

— 30_

N
o
1

Project name Project ID closed merge request duration (second) - 22 June 2025 churn % in project (W=3) - 22 June 2025

o
1

Number of commits
=
o

Client 36189 19.49511162994309

inkscape 3472737 2505 1.5639652524938998 @‘9'

GitProjectHealth - MSR with MDE in Pharo



GitProjectHealth

Git Model

" ©Job @MergeRequest
jobs
Number id Number id

Jobs*
user\ users*
subGroups*

@ Group @ User

String descript. String name
Number id p Number id

[...]
group contribs*
prits¥_  prits*| prijt

© Change

Number index
String sourceCode

[...]

changes*

© Branch

String name

branches*

i mits diffs
gmits®*
(©) Project ML (©) Commit (©) DiffRange
Number id Number id String newRange
. Object topics String message String originalRange
P it [...] String lineOfCode

cmit cmit ranges*

Pipeln diff|, diffs*
ipelines*
@ Pipeline re epoJ> epo © —
Object runDate Repository ) .
String status © String diffCode
Number id

[...]

Fig - Simplify Metamodel of a Git Social Platform in GitProjectHealth

GitProjectHealth - MSR with MDE in Pharo




GitProjectHealth

Git Model

1. Naming decisions

Merge Request vs Pull Request
© Job @MergeRequest

Number id Number id

[...] jobs? [...]
]ODS*l) contribg M~

user\ users*

@ User

subGroups*
p

@ Grou © Change

© Branch

String descript. String name Number index
Number id p Number id _creator String name String sourceCode
(-] (-] branches* (-]
group contribs* changes*
prits¥_ prjts*| prjt cmits¥  cmi mits diffs
. ch&s*\ v parents*
© Project @ Commit © DiffRange
Number id Number id String newRange
A Object topics String message String originalRange
P [...] it String lineOfCode
cmit cmit ranges*
ppeln - : diff|  diffs*
elines*
ineli reparepo epo
@ Pipeline P J} P © Diff
String status. ©repository tring difCode

Number id

Fig - Simplify Metamodel of a Git Social Platform in GitProjectHealth

GitProjectHealth - MSR with MDE in Pharo



GitProjectHealth

Git Model

2. New relations
Commits link to a User, not author
© Job @MergeRequest

Number id Number id

String descript.
Number id p Number id
[...]

[...]

© Change

Number index
String sourceCode

[...]

changes*

String N

branches*

group co

prits¥ diffs

© DiffRange

Number id
Object topics

prj
[...] rit
pipelin pipeline
ipelines*
@ Pipeline

Number id

String newRange
String message

String originalRange
String lineOfCode

ranges*

re epoJ>

Object runDate Repository : .
String status © [Str]mg diffCode
Number id

Fig - Simplify Metamodel of a Git Social Platform in GitProjectHealth

GitProjectHealth - MSR with MDE in Pharo




GitProjectHealth

Git Model

3. Concepts at fine granularity

Modeling down to the changed line of code
: © Job @MergeRequest
jobs*

Number id Number id

[...]

Jobs*®
usel)users*
@ GrouSUbGroupS @ User © Change
String descript. Q String name
Number id

Number index
p Number id String name String sourceCode
[...]

branches* [-..]
group contribs* changes*
prits¢  prits*| prjt i diffs
© Project i © DiffRange
Number id Number id String newRange
; Object topics String message . _4 String originalRange
it [...] String lineOfCode
cmit cmit
pipelin pipeline N . .
. ipelines*
@ Pipeline re epoJ> =po © Diff
Object runDate Repository : .
String status © [Str]mg diffCode
Number id
Fig - Simplify Metamodel of a Git Social Platform in GitProjectHealth
GitProjectHealth -

MSR with MDE in Pharo




GitProjectHealth

APl and Importer

: Model-Import
Our API are independent e <<Moose Model  >>
: : + repoApi : API GitModel
open source prolects IN Model
PharO. + importProject : GitProject

+ importCommit : GitCommit
+ importUser: GitUser

Anyone can access them

. . A
via github/Evref-BL
GitLab-Importer GitHub-Importer Bitbucket-Importer
repoAPI repoAPI repoAPI
GitLab-API GitHub-API Bitbucket-API

Fig — APIs and GSP importers related to our Git model

GitProjectHealth - MSR with MDE in Pharo



GitProjectHealth
Metamodel connection: Jira - Git Model

Moose Model

A
Git model Jira model
sub-model ™., < sub-model

agfrlnklE The connector accesses all the

entities and relations of its two
submodes (Git and Jira model)

Petit titre



GitProjectHealth
Metamodel connection: Jira - Git Model

[£] GitProject-JiraConnector A @GitProjectJiraConnectorGenerator | > instance sic ~ defineClasses
I GitProject-JiraConnector-Generator definition =~ defineRelations
Filter... + Filter... overrides

@ All Packages O Scoped View O Projects | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Classrefs. @ Implementors @

(©) GitProjectJiraC x I Comment X I *connectComr x ﬁdefineclasses X -+ Inst. side meth x < Ifﬂ @ Ec? «-
1| defineClasses
2
3 super defineClasses.
4 glhMergeRequest := self
5 remoteEntity: #MergeRequest
6 withPrefix: #GPH.
7 glhCommit := self remoteEntity: #Commit withPrefix: #GPH.
8 jiralssue := self remoteEntity: #Issue withPrefix: #3JP
[E] GitProject-JiraConnector ~  (c)GitProjectJiraConnectorGenerator ! »  instancesic ~ defineClasses
I=1 GitProject-JiraConnector-Generator definition =« defineRelations
Filter... v Filter... overrides

@ All Packages O Scoped View O Projects | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Classrefs. @ Implementors ©

%7 Dependencies x (©) GitProjectJiraC x I Comment X I *connectComr x ﬁdefineRelation X > Ijj @ E(? «-
1| defineRelations
2
3 super defineRelations.
4 ((glhMergeRequest property: #jiralssue) comment:
5 'the jira issue associated to this merge request')
6 -<> ((jiralssue property: #mergeRequest) comment: s all the
7 '"A merge request in Git associated to this issue'). .
8 ((glhCommit property: #jiralssue) comment: Its two
9 'The jira issue associated with this commit') mode|)
10 x-<> ((jiraIssue property: #commits) comment:
11 '"The commits associated with this jira issue')

Petit titre




GitProjectHealth
Metamodel connection: Jira - Git Model

connectCommit: commit

(jiraModel allwithType: JPIssue)
detect: [ :issue | commit message includesSubstring: qissue key ]
ifFound: [ :issue | commit jiraIssue: issue ]

g W N =

commits

GPH-Jira
model connector

aGPHCommit | adiralssue
id: "1234567" timespent: "12 days"
message: "[AV1-5886] fix" key: "AV1-5886"
4 Connection by attribute value 4

Petit titre



Quick demo




Our usage of
GitProjectHealth

Deploying GPH at Berger-Levrault




Using GPH at Berger-Levrault

Computing MSR Metrics

. . Cir . Metric
* We build a metric framework within GPH p—
perio
* They are either Projet or User centric A dellmporter
. #jiral rt
e For each Metric, raimporter
* it loads entities from a time period + calculate
(i.e., two dates) + desaription
e |t calculates the metric over a time windows 1
(i.e. a Day, a Week, a Month, or a Year).
. ) ProjectMetric UserMetric
* 47 metrics are implemented so far.
#project #user
#projectCommits #userCommits
#projectMergeRequest #userMergeRequests

x = [] Moose Playground v
» = E = e O e S ?
Doit Publish  Bindings Versions Pages Follow Freeze  Bus:Default Inspect  Propagate  Help

1| "create a new metric exporter"

2 gme := GitMetricExporter new glhImporter: gitlabImporter.

3| gme setupAnalysisForUsersWithNames: {'Nicolas Hlad'}.

4| gme addAPeriodFrom: (Date today - 1 week) to: (Date today).
5/ gme generateAnalysesOver: Week. "or Day, Month, Year "

6| gme exportInCSV.

Fig - Running all metrics in GitProjectHealth from a playground (simplified)

Petit titre

+ loadCommits
+ loadMergeRequest

+ loadCommits
+ loadMergeRequest

i

AverageCreatedNotelnMR

Fig - UML representation of the Metrics in GitProjectHealth

A

CodeAdditionMetric

CodeChurnMetric




Using GPH at Berger-Levrault
Metrics computed every weeks (from 2024)

Tendency

N° commits

N° commits

Jalv. 2024 juil. 2024

Année

janv. 2025

N° of commits should indicate whenever a developer is enough satisfy
with a feature development progress

More commits can reflect more activity. However, developers can
commits as much as they want, so this metric can not be considered
alone.

N° of Contributors

N° of Contributors

janv. 2024

janv. 2025

juil. 2024
Année

The number of contributor during the week. It represents the number of
unique contributor to the project for the selected period.

Merge Request metrics

Code Churn

Average Code Churn % (on 3 com...

janv. 2024 juil. 2024 janv. 2025

Année

Code Churn represent stability of introduced change
Less is better

Expected less than 7% for old project

Less than 14% for new project

Merge Request created / merged and close

@® Merged MR © Closed MR @ Created MR

N° Merge Request

janv. 2024 juil. 2024

Année

janv. 2025

Close Merge Requests represent defective work. Lower the best.
Closed MR merged MR, represent ended work. Created MR represent
started work.

When they are close one to the other, it represents that we do not keep
lot of unfinished work.

Merge Request Frequency

MergeFrequency

3anv. 2024

janv. 2025

juil. 2024
Année

Merge merged by dev - LinearB 2025 - Merge by dev by week
More is better

Average Merge Request Comments/Note

Moyenne de Created Note In Merged Or ...

févr. 2025 mars 2025  avr.2025 mai 2025  juin 2025
Année

Average number of comments/notes by MR
A high number means a lot of discussion for many which is unexpected
0/1 means no comments are made, interrogation for code review practice



Conclusion & Perspectives

and end.




Conclusion

Recap

Industrial context

Our MSR solution
The specificities of Berger-Levrault GitProjectHealth .
A pharo user
Git Social Platform project management systems ‘ YYY
[ - A [ —— | K . p|a;::;:nd Distant Git
ey Features: oo Repository
. « Data Extraction: e, 4
- GitLab o B|t bu Ck et Extracts data from major social platforms. N e

w; T Jira * Model Import:

v A |
[
Imports a model of specific Git entities. \

Git Model Importer

Data visualization [Component: Phara)
(e TEITEE | | Import data from the Git

« Model Connection: Visualize data from the model Computes repos“oryi:l;‘(da::lld oyt
metrics with
CJ Azure DevopS Connects models (e.g., Gitlab and Jira).

- . . . Displays data 4 -~
« Visualization and Metrics: from !
Visualizes data and computes metrics.

What tool to mine 3 different Git Social Platforms (GSP) ?

Metric system

Git Platform Model S C“?;;’;‘ES Component.Pharo)
[Component: A Moose Model] Computes metrics on the data
How can we implement GSP metrics efficiently ? peeTsesteRen -
] *®
- - = N
How can you connect GSP data to Jira efficiently ? e

We use Model Driven Engineering with Pharo-Moose

Moose Model  yuliiitils

[Container: Moose & Famix]

Jira Platform Model

[Container: A Moose Model]

metamodel of the Jira
platform

What are the specificities of Berger-Levrault regarding MSR ?

GitProjectHealth - MSR with MDE in Pharo

Our MSR Solution Using GPH at Berger-Levrault

Metamodel connection: Jira - Git Model Computing MSR Metrics

1| connectCommit: commit PP
. . . . etric
2 . . ¢ We build a metric framework within GPH
3 (jiraModel allWithType: JPIssue) #period
4 detect: [ :issue | commit message includesSubstring: issue key ] . They are either Pro!et or USer Centric #over
5 ifFound: [ :issue | commit jiraIssue: issue ] z_(_iilllvlodellmporler
* For each Metric, firalmportar
* it loads entities from a time period + calutate
H + description
( 6 (i.e., two dates) + lons
[ 1 * it calculates the metric over a time windows £
(i.e. a Day, a Week, a Month, or a Year).
i . . j i [ ic
R dssue . * 47 metrics are implemented so far.
) #project #user
[ EmEEL] #projectCommits #userCommits
commits #proj tequest lequests
‘." GPH-Jira x =0 Moose Playground - + loadCommits + loadCommits
B + quest + quest
aGPHCommit model connector adiralssue > [ B = e O o .

A,i d‘i Doit  publish Bindings Versions Pages  Folow  Freeze Bus:Default Inspect  Propagate  Help

i "1234567" s vy days” "create a new metric exporter"
title: "[AV1-5886] fix" : "AV1-5886"
f Connection by attribute value

gme := GitMetricExporter new glhImporter: gitlabImporter. Ci iti i
gme setupAnalysisForUsersWithNames: {'Nicolas Hlad'}.
gme addAPeriodFrom: (Date today - 1 week) to: (Date today).

gme generateAnalysesOver: Week. "or Day, Month, Year " CodeChurnMetric
gme exportInCsv. —

Fig - UML representation of the Metrics in GitProjectHealth

o oA w e

Fig - Running all metrics in GitProjectHealth from a playground (simplified)

Petit titre Petit titre
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Perspectives

Future Works

e Addressing limitations

e The difficulty of maintaining a global metamodel by investigating the generation of
GSP submetamodels from their OpenAPI

e Discuss the purpose of the measures and consider which measures correlate with
a healthy project.

e Evaluating GPH against existing tools (PyDriller, Git-Miner, etc)
e Evolution
e From GPH model to source code model navigating from repository to Famix model

e Build usable knowledge maps by detecting parts of the repository that have
become unknown to developers.

Petit titre




Ressources

Links

GitProjectHealth https://github.com/moosetechnology/GitProjectHealth

Pharo Gitlab API https://github.com/Evref-BL/Gitlab-Pharo-API

Pharo BitBucket API https://github.com/Evref-BL/Bitbucket-Pharo-API

Pharo Jira API https://github.com/Evref-BL/Jira-Pharo-API

Example using GitProjectHealth:

Heatmaps https://qgithub.com/Marpioux/Gitlab-HeatMap

Petit titre
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Titre de section

Texte du titre
12+ B Moose
@ ClassNameAnalyser
. . é oose
Open-Source Analysis (github) N e e
« Analyzed 30 days of activities from Eclipse, |2 'E::;XB .
Microsoft, and MooseTechnology. *%4 I M Famix-Cpp
- 7 .github
o Analyzed ~4457 entities over 30 days I -
« Visualizations: daily commit distributions, user I I N I
iyt o1 NN
aClivl LRI 0 I L I A 0 0 A
Y L0800 e

A user’s commit activity by day, during the
month of September 2024, on moosetechnology

Industrial Case at Berger-Levrault (gitlab)
Connected Jira model with Git model to analyze

merge request distributions across different issue Type | Occurrences | Occurrences %
Anomaly 19 27%
types. Task 21 30%
« 27% of Merge Requests linked to bug-related P 2 S
Jira issues. Total 70 100%

Issues occurrences in September 2024 for
WeHR

Petit titre



Commit activity on vscode - around September 2024
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Projects
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Annexe

Sunburst: last activity on the code base

i_test - 0O

1 RSCanvas VY & ) s E ox

Canvas Shapes  Announcer Raw  Breakpoints = Meta

Fig — Sunburst representation of a developer activity in a project

Example



