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Lecture Goals
]

Learn about:

¢ Classic and notable research and
researchers in mining SE data

e Data mining and data processing
techniques and how to apply them to SE
data

e Risks in using SE data due to noise and
incompleteness

After the lecture and lab, you should be able to:

e Retrieve software evolution data from Git
and GitHub

e Trace a pull request to its commits and
merge commit

e Mine repository history to understand a
software change

e Use repository evidence to support a
reengineering task



Why mine SE data?

 SE data can be used to:

* Gain empirically-based understanding of
software development

* Predict, plan, and understand various aspects of
a project

e Support future development and project
management activities



How is SE Data generated?

Manager Tester

SW Architect

Programmer

Computer Mediated
Tools

Client

Source

Bug Message

Code Reports Archives

Current and historical artifacts and interactions are registered in software repositories



What is MSR?
I

* Transforming static record
keeping SE into active data

* Making SE data actionable
by uncovering patterns
and trends




MSR researchers analyze and
cross-link repositories

Buggy change &

discussions Fixing change Field

crashes

Bugzilla Mailinglist

i/

New bug report
Estimate fix effort
Suggest experts and fix!



Study Outline

e Part |: What can we learn from SE data?
* A sample of notable findings for different SE
data types

e Partll: How can we mine SE data?
 Understand the structure of SE data
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MSR studies — Bugs — Part |
-]

Using imports to predict Bugs

import
import
import
import

import
import
import

org.
org.
org.
.eclipse.jdt.internal.compiler.util.*;

org

org.
org.
org.

71% of files that import compiler packages,
had to be fixed later on.

/

eclipse.jdt.internal.compiler.lookup.*;
eclipse.jdt.internal.compiler.*;
eclipse.jdt.internal.compiler.ast.*; [Schréter et al. 06]

eclipse:pde.core.*;
eclipse.jface.wizard.*;
eclipse.ui.*;

\ 14% of all files that import ui packages, had

to be fixed later on.
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MSR studies - Bugs

Do not program on Friday ;-)

Maonday
Tuesday
Wedresday
Thursday

Friday

Saturday

Sunday

2.5% 5.0% 7.5% 10.0% 12.5% 15.0%

Percentage of bug-introducing changes for eclipse
[Zimmermann et al. 05]
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MSR studies — Sentiment Analysis

Anger vs. Joy

PHP
[ Ruby
[ Python ]

0.2

How they stack up?
* PHP, Object-C, and C# are
net positive

* Java, Shell, and C are
fairly even while VimL is
just bad news.

[Doll and Grigorik, 2012]
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MSR studies — Sentiment Analysis

Disable 'showmatch' option Matching parens
are highlighted even without this option:

10231 2 3:56 AM 5 i

' what it does is jump the cursor to the
matching paren which is I insane.

L A A styles everywhere, tutorial for first user

login, fixing some css

104231 2 25T AN Bl 2czin

10u2AN 2 230 AM more -

panzzzea  Security [l worked out
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MSR studies — Programming languages

- 1]
Programming language relations

P
rolog b "

Rust

Visual Basic Assembly Lua

Ce J Objective-C Haskell
Perl "
ASP . l:"‘ﬂ"g

‘ ‘ -
ActionScript

Groovy

Scheme

CoffeeSeript

“
y . Clojure

A Ruby programmers is very
likely to know Javascript, while
a Perl programmer is not

Java is a popular programming

language but stands primarily
alone

https://github.com/mjwillson/ProgLangVisualise
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MSR studies — Changes by programmers
T

[Zimmermann et al., 2005]
Mining Version Histories to Guide Software Changes

Programming language relations

lnva

Lclipse Platiorm
Fle Edt Source Aofactr Narsgue Somcth frokct fun Window  Help

After the programmer has

S EHLS | -%- D (2D ¥ KR g8
Aorwrase: ~n - made some changes to the
B > B public lrum{ <-;erles-?re!~xem e‘arc--e vw-xlwlmyl now ~mrl:-'f‘st‘3(!ex:;ae‘~s'1¥5 +'vvexl-~{’;
v ayPn a2 C -
bt §mosomo Al 2ot oveeissrers S source (above), ROSE
%" . Conparstiavigaton. iwis er layProforenceStor 1

= 4] Conparsriderarcadage havi

erlayPreferenceSt

or leyPrefores

.

4 & g p
. Hy B

Over lay¥ay{Over layProfarenc

A) The user inserts a
naw preference into

suggests locations (below)
where, in similar transactions

E_UAT W.E
"FD‘ SAVE_ALL |
¥EV_FREFERENCE) ,

Overlay¥ey | OverleyPreferenceStore, DOOLEAN

the field fKeys|[] nov OverlayPreferenc o STRING, Abstrac:TextEditcr
T TSR mow OverisyPreterenc HLkLM‘ Ievx' Editor
¥ GeEN_STRUCTLRE ¢ e ....r...,p-'.'é.,.,l-.am_ v Layiiey  Ovwr L ayPratarencestor BOOLEAN | in the ast fu rther Cha nees
2F e o om nimw (vmr [y Fred symnoaStore Cumr lacbey | Guoer layPreferepcestors SAN i RES p ) g
4 e -
Y mow_roRe e m d
JFS00_CoN public stastic voidfin Were a e
SLENS TR AR stoxe setDetault] ?
B) ROSE suggests e oy fater):
locations for further eatDatault(INITTALLY R_PANE. falem)
satDetault(S faleo)
Changes.‘ 9 lhﬁ satDafault ITESPAME, tlalse)
function init ults() atore satDafault(FREF_SAVE_ALL EDITORS. falwe)

- f'letwll "{ SINGIE _LINE. true)

"B

» Mrovien/iemet : s
& Conparctrel warcid 4] 06g ACipse CONDASIZIN properties 7 a7 |
§ 90 eBueConpor ) crg s lonm compa e Subcotes. conpars. ol Arates compare ol - 0. [
reteContent ! TeaMerge? pwed Compasie parerk, ink 22 vie, CompareCon hgranon conbigur. TexMugerewsr Jns = 0% [
B oexeGonerdPage(C o) propertyChagn(FToperty Charge vt svend) Toodt Vs oenst Jres [ 0 l
W onePreviews{ Cony J} creataGenaaPage|Conposte parent) ComparePreferencePoge savd = Q6% |
o oeeTestCompa efe o} creatn et Conparelag o(Comgoute pared) Comguar o 1of eren coPage Sav b s L62% [
o deposal) J] hendhOipa sa{Dis prseCvent evert) TetWepeviewsr jrd 4 05 [
< DI Y Vet ;conacke | Rekiked Chenges |
Wrkat Insent 055

» Suggests and predicts likely changes
* Prevents errors due to imcoplete changes
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How can we mine SE Data — Part ||

Repositories of Repositories

S github © Bitbucket

SOCIAL CODING April 2019
Feb 2026: 28 M?Il?non repositories
180M developers 10 Million Users
630M repositories +
4.3M Al projects pri—
) {launch
source |~
— Aprl 2013
January 2020: 28K projects

430K repositories
3.7 Million Users

) GitLab C -Ia
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How can we mine SE Data form GitHub




From a Pull Request to the Merge Commit
I

Given an Apache Kafka pull request, how do we identify the commit to integrate?

Pull Request

Assigned
Apache Kafka

PR

PR metadata Merge commit Commit SHA Integrate into
and history identified recorded LinkedIn Kafka
. Identify the .
Title o state o y _ Use the commit

. merge commit Record the SHA
commits . as the
i that represents and inspect the . .
changed files ¢ . integration
. . the merged commit .
discussion candidate
change

How you obtain the evidence is your choice:
Git e GitHub Ul e REST APl e GraphQL API e Scripts

Goal: systematically recover the repository information needed for integration.



How can we mine SE Data
]

Q} git —everything-is-local

Git is a free and open source distributed version control system
designed to handle everything from small to very large projects

with speed and efficiency. l \

Git is easy to learn and has a tiny footprint with lightning fast < \ 2

performance. It outclasses SCM tools like Subversion, CVS, N m—

Perforce, and ClearCase with features like cheap local branching, & &
convenient staging areas, and multiple workflows. k\\\ ':“'\‘*

Easiest to obtain local copy
(distributed version control!),
and has distinction between Lasts

authors and committers, but ... ——
branches can be pain to
analyse

Download for Mac




How can we mine SE Data
]

O Explore Gist Blog Help * * bramadams +~ Q. & P

“" bramadams ~ A News Feed i1 Pull Requests ® Issues

5

Set up Git Create repositories Fork repositories Work together
A quick guide to help you get Repositories are where you’ll Forking creates a new, unique Send pull requests, follow
started with Git. work and collaborate on projects. project from an existing one. friends.

Star and watch projects.

(te)) Better Word Highlighting in Diffs

Access to millions of Git- A camis, o s, st o
ba Sed prOjeCtS Via b defunkt - View 70 new broadcasts

Repositories you contribute to

G it H u b htion repositories
& inukshuk/jekyll-scholar 152 %

El smcintosh/moosetracks 1%
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How can we mine GitHub Data
]

GitHub Developer Docs~ Blog Forum Versions ~

REST APl v3

Overview

This describes the resources that make up the official GitHub REST API v3. If you have any problems or
requests, please contact GitHub Support or GitHub Premium Support.

i. Current version

il. Schema

iii. Authentication

iv. Parameters

v. Root endpoint

vi. GraphQL global node IDs
vii. Client errors
wviii. HTTP redirects

ix. HTTP verbs

Ll i

How can we

obtain GitHub
data?

¥ Overview

Reference Guides Libraries

Media Types

OAuth Authorizations APl
Other Authentication Methods
Troubleshooting

AP Previews

Versions
F Activity
P Checks
b Gists
F Git Data
P GitHub Actions
P GitHub Apps
GitHub Marketplace

P Interactions

B lociioe
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How can we mine GitHub Data

GitHub De

Docs~ Blog Forum Versions~

REST APl v3

Overview

i. Current version

il. Schema

iii. Authentication

iv. Parameters

v. Root endpoint

vi. GraphQL global node IDs
vii. Client errors
wviii. HTTP redirects

ix. HTTP verbs

Ll i

¥ Owverview
. . - . Media Types
This describes the resources that make up the official GitHub REST API v3. If you have any problems or
requests, please contact GitHub Support or GitHub Premium Support. OAuth Authorizations API

How can we
obtain GitHub
data?

Reference Guides Libraries

Other Authentication Methods
Troubleshooting
AP| Previews

Versions

F Activity
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How can we mine GitHub Data
]

GitHub GraphQL API documentation

To create integrations, retrieve data, and automate your workflows, use the GitHub GraphQL API. The GitHub
GraphQL API offers more precise and flexible queries than the GitHub REST API.

Overview

Start here  view all » Popular

Forming calls with GraphQL Explorer
Learn how to authenticate to the GraphQL API, then learn how to create and run gueries
and mutations.
Public schema
Download the public schema for the GitHub GraphQL API.
Introduction to GraphQL
Learn useful terminology and concepts for using the GitHub GraphQL API.

Using pagination in the GraphQL API
Learn how to traverse data sets using cursor based paginatlon with the GraphQL API.

Using GraphQL Clients
You can run queries on real GitHub data using various GraphQL clients and libraries.

How can we
obtain GitHub
data?




What Can We Mine for the Project?

- 1]
A commit SHA is only the beginning

PR What was the purpose of the change? Example evidence
PR #16221
COMMITS Which commits belong to the PR? i
v merged

Changed files

FILE ich fi ? - :
S Which files, classes, and methods changed: . LeaderElection.java
* KafkaMetrics.Jjava
* LeaderElectionTest.java
TESTS Were tests added or modified?
Commits
* implementation
HISTORY How did the relevant code evolve? e refactor
* merge commit
VARIANTS How has the target diverged from the source?

Use repository history as evidence for understanding the change, not only for locating it.



How the Labs Fit Together
1]

MINE

Repository History

¢ |dentify PR and merge
commit

e Examine commits and
changed files

e Analyze history and
divergence

>

UNDERSTAND ) ADAPT ) INTEGRATE

Design & Evolution Refactorings Apply Change

. e Account for . .
Recover design refactorings e gitcherry-pick

Locate affected e Use RePatch when .

e Resolve conflicts
components needed
Understand source- e Manual adaptation e Adapt change to
target differences when necessary target variant

The labs are parts of one reengineering workflow.

>

VALIDATE
Build & Test

Build successfully

Run tests

Check coverage and
resulting design
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