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analyzing continuous software data
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Repository
Excavation
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Repoitqry
Excavation
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What would
your software
repositories
say if the

could talk?

\_

How can we
support and
leverage the

pipeline to
improve dev
and delivery?

>
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Release pipelines

+ N
1. Integrate

Patch

2. Build

3. Deploy

4. Monitor
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rebels:

org.apache. logging. Log4j.LogManager;
org.apache. logging. Log4j.Logger;

public class App {
public static void main (String[] args) {
final Logger logger = LogManager.getLogger("HellowWorld");
logger.info("Hello World!");

h
h

<project ..>
<groupIld>rebels</groupld>
<artifactId>=helloworld</artifactId>
<version>1.0-SNAPSHOT</version>
<packaging>jar</packaging>
</project>

Ny @SoftwareREBELS i A rebels.ece.megill.ca



$ mvn compile

INFQ] ————————
INFO] BUILD FAILURE
INFQ] ————————
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$ mvn compile

INFQ] ————————
INFO] BUILD FAILURE
INFQ] ————————

[ERROR] Failed to execute goal org.apache.maven.plugins:maven—-compiler-plugin:3.1:compile
(default-compile) on project helloworld: Compilation failure: Compilation failure:

Ny @SoftwareREBELS 13 A rebels.ece.megill.ca



English m% @#$!
Do you speak it?

Ny @SoftwareREBELS 14 A rebels.ece.megill.co



$ mvn compile

INFQ] ————————
INFO] BUILD FAILURE
INFQ] ————————

[ERROR] Failed to execute goal org.apache.maven.plugins:maven—-compiler-plugin:3.1:compile
(default-compile) on project helloworld: Compilation failure: Compilation failure:

[ERROR] /Users/shanemcintosh/src/foo/helloworld/src/main/java/rebels/App.java:[3,32] package
org.apache. logging. log4j does not exist

[ERROR] /Users/shanemcintosh/src/foo/helloworld/src/main/java/rebels/App.java: [4,32] package
org.apache. logging. log4j does not exist

[ERROR] /Users/shanemcintosh/src/foo/helloworld/src/main/java/rebels/App.java:[9,11] cannot find
symbol

'ERROR] symbol: class Logger
'ERROR] location: class rebels.App

ERROR] /Users/shanemcintosh/src/foo/helloworld/src/main/java/rebels/App.java:[9,27] cannot find
symbo L

'ERROR] symbol: variable LogManager
'ERROR] location: class rebels.App
'ERROR] —> [Help 1]
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$ mvn compile

‘INFQ] ——————— e

INFO] BUILD FAILURE
INFQ] ————————

[ERROR] Failed to execute goal org.apache.maven.plugins:maven—-compiler-plugin:3.1:compile
(default-compile) on project helloworld: Compilation failure: Compilation failure:

[ERROR] /Users/shanemcintosh/src/foo/helloworld/src/main/java/rebels/App.java: [3,32] package
org.apache.logging.log4j does not exist

[ERROR] /Users/shanemcintosh/src/foo/helloworld/src/main/java/rebels/App.java: [4,32] package
org.apache.logging.log4j does not exist

[ERROR] /Users/shanemcintosh/src/foo/helloworld/src/main/java/rebels/App.java:[9,11] cannot find
symbol

'ERROR] symbol: class Logger
'ERROR] location: class rebels.App

ERROR] /Users/shanemcintosh/src/foo/helloworld/src/main/java/rebels/App.java:[9,27] cannot find
symbol

'ERROR] symbol: variable LogManager
'ERROR] location: class rebels.App
'ERROR] —> [Help 1]
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rebels:

org.apache. logging. Log4j.LogManager;
org.apache. logging. log4j.Logger;

public class App
public static void main (String[] args) {

final Logger logger = LogManager.getLogger("HelloWorld");
logger.info("Hello World!");

}
}

<project ..
<groupld>rebels</groupIld>
<artifactId>helloworld</artifactId>
<version>1.0-SNAPSHOT</version>
<packaging>jar</packaging>
</project>
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rebels:

org.apache. logging. Log4j.LogManager;
org.apache. logging. log4j.Logger;

public class App A
public static void main (String[] args) {
final Logger logger = LogManager.getLogger("HelloWorld");
logger.info("Hello World!");

}
}

<project ..>
<groupld>rebels</groupld>
<artifactId>helloworld</artifactId>
<version>1.0-SNAPSHOT</version>
<packaging>jar</packaging>
<dependencies>
<dependency>
<groupld>org.apache. logging. log4j</groupld>
<artifactld>log4j—-api</artifactld>
<version>2.10.0</version=
</dependency>
</dependencies>
</project>

Ny @SoftwareREBELS 18 A rebels.ece.megill.ca



$ mvn compile

[INFO] —————— e o

[INFO] BUILD SUCCESS
[INFO] ———————— e ——

Why can’t
Maven fix this
automatically?
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We leap from the cliff
And we hear the wind sing

A song that’s too perfect for words

“Artist: Charles Paul Landon
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u o
Chris
u I Macho
~ Postdoc.
Medic 2.
#breakage #buildmedic
{ INFO } _____________ DAuton&atical[Ry Fepgiléin. §
INFO] BUILD FAILURE e ependencyRelated Bui
[INFO] ———— e Detect Build Failure Type G Macho, 3, MeNogh, M. Pinzger
l 'SANER 2018]

Apply Repair Strategy

| )
| | N [INFO] BUILD SUCCESS
Evaluate Revision > [INFO] ————
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[INFO] —————————————
[INFO] BUILD FAILURE
[INFO] —————————————

N @SoftwareREBELS

[INFO]
[INFO]
[INFO]

BUILD SUCCESS

22

(3]

Studying how developers repair
build breakage

. N

rebels.ece.megill.ca



Studying how developers repair
build breakage

~ e

BuildDitf
Dependency Version Property
Deleted Update Change
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Repeat and investigate 37 breakage-fix
pairs, 27 of which are fixed by one change

| V4
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2 @ 2 2
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We tormulated repair strategies for the
three most frequent breakage repairs

<dependency>
o <groupId>org.robovm</groupld>
Ve rsion <artifactId>robovm-cocoatouch</artifactId>

+ <version>1.0.0</version>
Chcmge <version>1.0.0-SNAPSHOT</versions

</dependency>

<dependency>
<groupId>org.robovm</groupIld>
<artifactId>robovm-cocoatouch</artifactId>
<version>1.0.0-SNAPSHOT</version>

</dependency>

Dependency
Delete

<repository>
<id>spring</1id>
<name>springRepo</name>
<url>http://repo.spring.1io/libs—-milestone/</url>
</repository>

Add
Repository

+ + + + +
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BuildMedic achieves promising
results on 84 unseen breakage pairs

O O
4% 706%

of repair attempts are of successtul repairs are
eventually successful identified in one iteration
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The 45 BuildMedic repairs are usually
identical or very similar to developer repairs

O O
0% 44%

Another

of successful repairs are of successful repairs edit the
identical to the corresponding same elements as the
developer repairs corresponding developer
repairs

Ny @SoftwareREBELS 27 1 rebels.ece.megill.co



Key Assumption:

Historical build breakages are
meaningful!



Experimenting with new
plattorms... Is it breakage?

lesstif / php-jira-rest-client

passing |
Current Branches Build History Pull Requests rore options
4 mactrol ‘ ~
Commit 968co6i0
Compare 4d4ff42..968¢610
Branch mastel
Zyears ago
\Wwal .lmll." JE0TI autnorea and commitiea
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github.com

- 1.9.2

Can we rely
on build data?

- 1.8.7

- rbx-19mode

- rbx-18mode
- jruby-head
- jruby-19mode

- jruby-18mode

- ree

Chris
Macho

Postdoc.

‘Galiaba

Ph.D.
Student

This project has had
allow failures

enabled for its ~ rvm: rbx-19mode

entire lifetime! -~ rvm: rbx-18mode

- rvm: jruby-head

A #buildeng
#breakage #buildmedic

‘ #builden
#robust #efficient #CI #CB

Noise and Heterogeneity in Historical Build Data:

An Empirical Study of Travis Ci
K. Gallaba, C. Macho, M. Pinzger, S. MclIntosh

[ASE 2018]

- rvm: jruby-19mode

- rvm: jruby-18mode

- rvm: ree
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We study open source projects
that use the Travis Cl service

€D
680,209
projects Travis Cl builds
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We look for passing builds with actively

ignored failures
Select Select builds Is allow_failures
PAsSItG with failing jobs sroperty enabled for

the failing jobs?
680,209 496,204 59, 904
Builds Builds Builds |I

of passing builds have at least
one actively ignored failure

N @SoftwareREBELs ey ' rebels.ece.megill.co




In those passing builds that have actively

ignored failures...

A median of

25%
15000 - o
5 of jobs failed
§ 10000 Up to
87%
| O

o A of jobs are
0 10 20 30 40 OS50 60 /70 80 90 T I . d
Percentage of Ignored Failed Jobs actively ignore
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Passivelr ignored breakages may introduce noise
when all breakages are assumed to be distracting

Filter out, e.g Graph construction Granh
scheduled bmlds using version <P

control data
680,209 610, 550
Builds Builds

analysis

_>.
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In some cases

builds remain broken for 423 days

—— I

m--

median

!

1 Hour

N @SoftwareREBELS

1 Day

1 Week 1 Month
Broken Time (in log scale)

74
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Reasons for ignoring a build breakage:
Staleness

Developers become
desensitized to stale
(a.k.a., repeated)
breakages

J
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Measuring staleness
in Maven build breakages

Maven Log Analyzer

Build fails due to the YES Failure details are
. same reason as a equal to a prior
Build Log orior failure? failure? Breakage
' ) [o

Not Stale

Breakage

Ny @SoftwareREBELS A rebels.ece.megill.ca



Two of every three build breakages are stale

100%
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Noise may influence analyses
based on build outcome data

Passing build outcomes do not
always indicate that the build
was entirely clean

R N S I N R R B T e N S B N N T T O N NS N S N R IR S N Y. '

BU||d breakages per3|st for

up to 485 commits (423 days)

Lt 1 e f bt o e e e i e St i ok Sl T ol B A it B s Sk i S i et b S B el S

67% of build breakalges we

analyze are sta

(3]
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Noise may influence analyses
based on build outcome data

e

Passing build outcomes do not
always indicate that the build
was entirely clean

R S N T N s T N Sy R N T N s Sy N TN N T T W TN TSN D TN TR Y e e Y,

Build breakages persist for

j e T e Ll N e il e, y e TS IV TYE N

67% of build breaka

analyze are sta

?es we
e

Build outcomes are
heterogenous

-

Environment-specific breakage

up to 485 commits (423 days) |

IS common
\—.—__,___,.__...'

~

Breakage due to build tool
execution Is rare

Future automatic breakage
recovery techniques should
tackle issues in Cl scripts




Won’t you look at your wings
They’re coming undone

Splitting at the seams
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Leveraging

Supporting
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Code review: A Best Practice for SQA
Legend @EQ}

Pass Fail

2. Execute sanity
checks

p— =
LJ 3. Notify relevantn
1. Upload patch reviewers |

R : :
5. Integrate into 4. Reviewers assess |
| VCS the patch
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Existence of a code review # code quality
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sslConnection.cC
sslClientServerHandshake(...)

1= 0)
goto fail;
goto fail; /* MISTAKE! */
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The potential
impact of a
change matters

more!

BLIMP Tracer: Integrating Build

Impact Analysis with Code Review
R. Wen, D. Gilbert, M. G. Roche, S. MclIntosh

[ICSME 2018]




Example: how BLIMP Tracer can help

Novice Developer

sslConnection.c
sslClientServerHandshake(...)

(err != 0)
goto fail;
goto fail; /* MISTAKE! */

Priority Queue

Most impactful

Least impactful
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Context of the studied team
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BLIMP Tracer

Step 1: Identify changed files

All files in a sample system:
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<= BLIMP Tracer

Step 2: Construct BU||d Dependency Graph (BDG)

N @SoftwareREBELS

deliverable a deliverable b

-

51
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BLIMP Tracer

Step 3: BDG Traversal and Filtering

.-
52

P~ .
B rebels.ece.megill.ca
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<= BLIMP Tracer

4
Step 4: Present results W|th|n the rewewmg interface

S“f.“mafy- g 12045 i compatiity ot

Review Request: 735, Created Jun 1, 2018
Submitter: Adam Reviewers

Bugs: 12345 Elrelpss (ol [Inx Impact analysis report for RR 735

Description: FERlRIEE (228 Generated at Jun 1, 2018, 10:49:01 EDT
Original Review Request URL.: https://reviews.secure.comp.com/735

12345: Fix compatibility problems
These are the changes for fixing the problems in bug 12345
Summary of changes: [1] linux/app.c impacts on 10 deliverables within 2 components

aD)
[2] linux/foo.c impacts on 2 deliverables within 1 component

Testing Done:

Manual testing and unit testing are done by the QA team. [Component] ProjectX.Foo

Review request created Jun 1,2018 10:42AM ‘ [Deliverable] linux/bar1
i [Deliverable] linux/bar2
BLIMP Tracer Jun 1, 2018 10:49A

BLIMP Tracer: Impact Analysis Summary

Detailed report can be found at: https://secure.comp.com/blimp/735
>> linux/app.c impacts on 10 deliverables
>> linux/foo.c impacts on 2 deliverables

D
N
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Key Assumption:
Each review evolves independently



To what extent do
review links impact

code review analytics?

-
Toshiki </\

Ph.D.
Student

4'*-\.\ ) #MSR
#codereview #linkage




Links between reviews are not rare

30%

25%

20%

15%
10%
J

OpenStack Chromium AOSP Eclipse Libreoffice

56




Manually labelling reviews

Linked reviews Looks like a
from OpenStack duplicated solution

[

Duplicated
Solution
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Group review linkage patterns into categories

B
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The five discovered categories
and their link to review analytics

Nova Neutron Example

0 0 It's used in the dependent patch:
Patch Dependency 55% 56% <review 100383>

Reviewer recommendation

Review outcome prediction
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The five discovered categories
and their link to review analytics

Nova Neutron

Example

Broader Context

20% 19%

Have a look at <review 103174>.

Review outcome prediction

N @SoftwareREBELS
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The five discovered categories
and their link to review analytics

Nova Neutron Example

Alternative Solution 14% 15% It looks same as <review 99522>.

Reviewer recommendation

Review outcome prediction
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The five discovered categories
and their link to review analytics

Nova Neutron

Example

Version Control Issues

6% 6%

Unfortunately this patch is conflict to

<review 94208>

N @SoftwareREBELS
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The five discovered categories
and their link to review analytics

Nova Neutron

Example

Feedback-Related

5% 4%

Reviewer recommendation

| split this ... after comment... on my
proposed fix <review 93903>

N @SoftwareREBELS
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A closer look at the potential impact
on review outcome prediction

The outcome depends One is likely no
on the other review longer necessary
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Patch dependency links tend to have the
same outcome; alternative solutions do not

Identical Outcome Rate (IOR) Nova Neutron
IOR
87% VAN
Patch (Merged)
Dependency IOR
(Abandoned) 867 867
IOR 18% 26%
. . (Merged)
Alternative Solution OR
(Abandoned) 46% 2%
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A closer look at the potential impact
on reviewer recommendation

Overlappin(go RR:\)Iiewer Rate Nova Neutron
Patch o 0
Dependency 207 1%
Alternative Solution 65% 77 %
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O gods!
Why is this happening tome?

All | wanted was a new life
® to grow up free

| &

»
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SUPPOI‘ﬁng Leverdging

ipterconnpc
artifacts of ‘nterest!
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: / :
| will never |, .L again!
| will hang up my /i
O gods!

Artist: Paul Lee

y 7 s 2

i
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It overlapping reviewers are added at

the top of the reviewer candidate list...

Overlapping cHRev Linkage + cHRev

reviewers

1 st
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...Substantiall

ach

better results are

ieved!
Nova Neutron
Prec. Rec. P Prec. Rec. F1.
cHRev 0.30 0.32 0.30 0.28 0.31 0.29
f::ﬁ:‘;: 0.40 043 0.41 | 042 045  0.43
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Signal-to-Noise Ratio (SNR) tor Cl data

Parameter

O
©
C
O
R,
o
T
S
1
©
-
RS2
)

Overall

—— Branches-only

100 200 300 400 500
Build Failure Sequence Length Threshold (t;)
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| will never |, .L again!
A
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| will hang up my /\
O gods!
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