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Minghui Zhou and Audris Mockus. Mining Micro-practices from Operational Data.
FSE 2014 Visions and Challenges Track.



y T .
T
& 3
k - = : #

What is Operational Data?

dDigital traces produced in the regular
course of work or play (i.e., data
generated or managed by operational
support tools)
»No carefully designed measurement system
»Different from traditional data science



Do} o Science and Operational Data

dData science: The study of the generalizable
extraction of knowledge from data

Goal: Laws of extracting knowledge from data?

»What properties of data make it Data Science?
e science extracts knowledge from experiment data

dOperational Data (OD): data generated or
managed by operational support tools
»no carefully designed measurement system

Audris Mockus: Engineering “Big Data” Solutions. ICSE’2014



B

Experimental data, L4 ¥

QB <K=

> RATHR T T ), FRAEE Sh R E . AR
BT AT i
o —CTE AT 1. 5K E T A P O
o iEFRICERR CCHEIE)
o —M—RMMAK, 7ilH02. 08. 14, 2004/ ik

> PRI R BT
o PRMERIETE, PRUERSE, [EERIE, ARER A

WL




Operational data (OD), #EXiE

To be more Smart Mobile Phone
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Sof’rWdre Tools that Generate OD

dVersion control systems (VCS)
» SCCS, CVS, ClearCase, SVN, Bazaar, Mercurial, Git

dIssue tracking and customer relationship
management

» Bugzilla, JIRA, ClearQuest, Siebel

dCode editing (Eclipse), communication
(Twitter), documentation (StackOverow), . . .



Example OD: Version Control Data

Developers use VCS to make changes to code (in parallel)

Traces Left by VCS

Code Before Code After
//print n integers iff n> 0
INt I = n; Int I = n;
while (i——) while (——i > 0)
printf (" %d", 1); printf (" %d", i);
one line deleted two lines added two lines unchanged

O date: 2014-10-16 01:25:30,
O developer id: minghui,
d branch: master, Comment: \Fix bug 3987 - infinite loop if n<=0"
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Example OD: issue tracking data

A GNOME issue tracking

Who When What Removed Added
chpe@gnome.org 2009-11-16 12:55:22 UTC | Blocks 138020
mclasen@redhat.com || 2009-11-29 23:11:41 UTC || CC jhs@gnome.org, mclasen@redhat.com
jhs@gnome.org 2009-12-02 09:20:36 UTC|| Status UNCONFIRMED || NEW
Ever confirmed 0 1
jhs@gnome.org 2009-12-02 10:53:07 UTC || Attachment #148892 Attachment is obsolete || 0 1
mclasen@redhat.com || 2010-01-18 06:24:40 UTC || Status NEW RESOLVED
Resolution FIXED
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Issue Data

+ Gnome (517793), mozilla
(620479), jboss (93149),
apache (228870)

Email Archives

¢ Gnome (1343372),
jboss(1052291), apache
(6323416) 3

Version control data

e gnome, mozilla, Jboss,
apache, netbeans,
openjdk, opensolaris,
symbian, andriod,
debian, github,
gitkernel, gitorious,
savannash, repo.or.cz

Forge Type Files | File/Ver. | Unique File/Ver. | From
Large cmpny. | Var 3272K | 12,585K 4293K | 1988
SourceForge CVs 26,095K 81.239K 39,550K 1998
code.google | SVN | 5675K | 14.368K 8.584K | 1996
repo.or.cz Git 2519K | 11.068K 515K | 1986
Savannah cvs 852K | 3.623K 2345K | 1985
gitkemelorg | Git | 12.974K | 97,585K 856K | 1988
OpenSolaris | Hg 77K | 1,108k 91K | 2003
FreeBSD cvs 196K 360K 75K | 1993
Kde SVN [ 2645k | 10162K 527K | 1997
gnome.org SVN [ 1284k [ 3981K 1412K | 1997
Gee SVN [ 3758k | 4.803K 395K | 1989
Eclipse cvs 729K | 2.127K 575K | 2001
OpenIDK Hg 32K 747K 60K | 2008
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1 Retrieve data from Internet
» The various types of repositories
« Cvs/svn/git/hg for VCS; jira/bugzilla for ITS

» the project administrator’s policies
banning the IP addresses that do the data retrieval

> the network bandwidth

» the huge amount of changes, issues in a project
GitHub has more than 12 million repositories

(1 Standardize data

» Itis a lot of work to extract the raw data from the
operational support tools and to standardize into
formats convenient for analysis
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DELL R910(4U), 16-cores X7550,
64GbRAM, 500G*12 SAS

DELL MD3200, 12*2TB SAS
DELL MD3600, 12*4TB SAS

DELL R710 * 4, E5506(2.13G)*2,
64GbRAM, 2T SAS (+8T)

DELL R720XD, 8-cores Xeon E5-
2670(2.6G)*2, 384GbRAM,
2*300G+10*3T



Qo %@ https://bugzilla.mozilla.org/show_bug.cgi?id=521968 LP~-azd

<?xml version="1.0" encoding="UTF-8" standalone="true"?=
<!DOCTYPE bugzilla SYSTEM "https://bugzilla.mozilla.org/page.cgi?id=bugzilla.dtd">
<bugzilla maintainer="bugzilla-admin@mozilla.org" urlbase="https:/ /bugzilla.mozilla.org/" version="4.2.6+">

- <bug>

<bug_id>521968</bug_id>

| | < creation_ts=>2009-10-13 03:34:00 -0700< /creation_ts>
- <short_desc>Crashes when I Click ask admin for permission</short_desc>
<delta_ts>2010-12-02 12:57:07 -0800</delta_ts>

<reporter_accessible>1</reporter_accessible>

< cclist_accessible>1</cclist_accessible>

< classification_id>2</classification_id>

< classification> Client Software </classification>
< product>Firefox</product=
<component>General</component>

<version>unspecified</version>
e V e <rep_platform=x86_64</rep_platform=
<op_sys>Windows Vista</op_sys>
<bug_status>RESOLVED </bug_status>
<resolution>INCOMPLETE</resolution>

- <bug_file_loc/>
[ ] I l 0 rI I I a I Z e a a «<status_whiteboard>[CLOSEME 2010-12-01]</status_whiteboard=
<keywords>crash</keywords>

pae-"s‘rore"bug.--"mozilla.--"lﬂnﬁ«T >head -1 info_levell

1272;Bugi=35;assigned_to-mcafeefmocha. com; a551qned to_name=Chris McAfee;bug_severity-minor;bug_status=VERIFIED; cc-tymerkaev@gmail. com:wlevin
tlon_ld 6; component=XFE; creation_ts=891887828;delta_ts5=1291783737;everconfirmed=1; long: 1: bug_when=1998-84-87 @1:37:83 -8700; long: 1: commentid
ril 6, 1998 6:37:083 PM PDTAdditional Details :PREF_Cleanup is not called when Navigator exits(File-&gt Exit), causing memory leaks.Updated b
B:16 PM PDTUpdaTed by Sarah Wilson (swilson@netscape.com) on Tuesday, April 7, 1998 6:49:27 PM PDT; long:1:who=weitsang@cs.cornell. edu;long:1
1d 2;long: 2:text=1eaks on exit are low priority yes we should fix this.;long:2:who= mcafeeﬁmocha com-lunq-'-who name=Chris McAfee; long:3:bug
in new world.;long:3:who=mcafee@mocha. com; Llong: 3:who_name=Chris McAfee; lonq 4:bug_when=1999 B8; long: 4: commentid=4; long:4:
ape. com. tld; lonq 4:who_name=; long:5:bug_when=2002-86-08 13:22:21 -0780;long:5: commentid=1 H'1::,lonq ctext= NDT at all related to this bug.w
g no 1 ?.Is there a bug earlier than this one ?.Just for Trivia sake;long:5:who=Lee.Ink8gmail. com; long:5:who_name=Lee; long: 6:bug_when=20804-8
to comment #4)&gt Mot at all related to this bug.sgt &gt Which is the first ever bug to be submited at bugzilla ?.&gt Where is bug no 1
sakeIl think that this is the first ever bug here.respect!Dan-Shk; long: 6:who=dan-shk@bezeqint.net; long: 6:who_name=daniel;op_sys=5Solaris;prior
.cornell.edu; reporter_accessible=1; resolution=WONTFIX; short_desc=Navigator does not free preference hash table when exit.;target_milestone=-
pae:/store/bug/mozilla/28118328>

dLevel2-n:
 standardized data

/store/bug/mozilla/2@8118328>
/store/bug/mozilla/28118328 3
afnre bug/mozilla/28118328>head -1 info_level2

s.cornell.edu; 891887820 ; reporter; VERIFIED; WONTFIX
afure buq mozilla/ 281108328
/store/bug/mozilla/201103
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> MBugzilla%idiz >k /% Eissue workflow

WEIVEY &)
» Developer teams are overwhelmed by the
massive inflow of low quality issues

» Many more non-developers than developers

incomplete,

reject duplicate,
Bug etc.

>50K/year
Incoming
Reports

confirm Developer
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 Triageft:55: filter, complete, assign
o VAYRIMILAE BTV
e Data vs interviews

e Official workflow vs observed transitions
e Unusual time trends

o WU RE T
e Pick recent issues, pick issues on specific topic
e Correct OS version, Product, other fields
e Developer opens issue as NEW (not UNCONFIRMED
e Auto-close massive number of issues

e Correctness of a value is confirmed by a subsequeni
activity
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 Measure accuracy of triage tasks

— Non-developers are slightly less accurate at
e Confirming issues
e Assigning products

100.00% /\ /\

80.00%
® Gnome Triager
60.00%
@ Gnome Developer
0 . .
40.00% m Mozilla Triager
20.00% O Mozilla Developer
0.00%

Reject Mm Severity Priority Version OS Praduct

Accuracy of Issues by Triage Task and Role

Understanding the impact of triage in open source software projects.
Impact of Triage: a Study of Mozilla and Gnome - Jialiang Xie, etc al. ESEM’2013
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Product Assignment Recommender

d Model the accuracy of product assignment
A Predict the accuracy of product assignment for the new

issue

A Place the issue into queues according to its accuracy

Past activities
in ITS

New issue

Model

3

Predict

Place into
queues

Recommending issues with high accuracy product assignment to developers.

Product Assignment Recommender - Jialiang Xie, etc al. ICSE'2014

Recommended queue
for fixing

»2® B

Recommended queue
for re-considering
assignment
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J Model the accuracy of product assignment
» Build linear regression model

- | Response Accuracy of product assignment

Product-related factor

Product’s past error rate

K

- | Predictor

Product indicator

Assigner’s past error rate for a product

Assigner-related factor

Assigner’s role

» But, not on GNOME

Maximum experience over all peers

Interaction with peers

Number of peers

Average interaction depth




Data Source: Mozilla Bugzilla

PAR

Product Assignment Recommender

Time Span: 2001-2011

BuglD

—

Recommending Issues

BuglD Product
627020 Calendar

627426 Calendar

Warning Issues

BuglD Product
644300 Mozilla Labs
664115 Websites



Data Source: Mozilla Bugzilla

BuglD: 644440

Product: nss

Actor: alvolkov.bgs@gmail.com

Metrics Calculated

Froduct

Product's Error Rate

Actor
Actor's Error Rate for The Product
Maximum Experience over All Peers
Number of Actor's Peers
Average Social Depth

Actor's Role

Time Span: 2001-2011

Prediction:

0.07

0.00

1

3
452.00

triager
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1042 #Contributors per year
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d 1022 #LTCs per year
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) 7‘:‘32"& EFBugzilla Issue Workflow

Brant@gurganus.
name

2002/04/02

Report
Wolruf@gmail.com

2002/04/02...
Modify OS

bugzilla@iwaruna.co

m

Comment

Mozilla-
0O6@oliverklee.de

Change Status
bugzilla@iwaruna.com

Change Status

myk@mozilla.org
2004/11/22
Modify Product
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73k EF K Bugzlla snapshots

dLearn what was going on
» Read issues of 40 contributors
» Survey 56 (36 non-LTCs and 20 LTGCs)
» Extract practices published on project web sites

> Review research literature

dMeasure discovered factors via activity in
Bugzilla

Fit models of future LTCs

dValidate
» Predict future LTCs
» Conduct Survey on 240 Mozilla/Gnome participants

dInterpret, consider practical implications




Chain of Evidence in Data-Driven Approach
Legend

Discowver and Retrieve TS Data

Apply on a Differant ITS
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ANumbers and types of tasks

» Non-LTC: "I don't have enough time/knowledge to resolve
issues by myself”, provide minimum information necessary
to report, don’t respond to requests for information

» LTC: “Patch to get access attributes for nested
class/struct/union”

» LTCs had higher response rate (Fisher’s-test p-value=0.07)

dWilling to spend more effort on tasks

» “If you have faced a bug, you need to spend effort to
describe it... to check for duplicates... to create report... to
wait until response.”

» “All time you are waiting you must keep an issue in mind.”

> “After [the] initial response there is [a] good possibility that
devs can’t or don’t want to reproduce the issue and you
must know how to [do] diagnostics and how to prove that
issue really exists.”



Enwronmen’r determines people’ s fate

dMacro-climate: same for everybody

»Popularity: "GNOME is something which you can
show to your friends and family members”

dMicro-climate: specific to each individual

» Attention, Number of peers, Performance of
peers

> “"With bugzilla, ... the feedback from the developers
shows that they care, and appreciate the effort I made,
and actively work to solve the bug in a way that I can
see progress.”

» “As I met a lot of nice people at GUADECs who
became friends there was also a personal component
involved in the motivation.”

» "I learned a lot from this leading open source project
while working with other contributors”



o,
Type of First Task

Involvement » Get a Fix
|
Number of Tasks
Involvemeant )
-~

-
Relative Sociality

» Task Density

Number of Users

N 00000000000 OX

~
Metrics from Issue Tracking System Environment Overlap of Peer Network
Legend » Size of Peer Group
» Peer Performance
|
Response Time
-
| Micro Climate )




BEES Measures of Ability/Wilingness and
Environment

dADbility/Willingness can be measured via
»The volume and the type of tasks
» The effort spent on tasks

JdEnvironment can be measured via

»Macro-climate (shared among participants)
« Project’s popularity
« Project’s relative sociality
» Micro-climate (unique for each person)
« Number of peers
« Peers’ productivity
« Peers’ social clustering
« The attention received from peers
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LogiéEic Regression Model for LTCs

ISLTC ~ nUsr + RS + GotFix + BtE
+nCmt + nPeer + pShared
+LckAttn + PeerPerf + prj



Logistic regression model for LTCs

Odds Ratio

Measure Predictor Mozilla | Gnome | Direction

1
number of users 0.85 5 ~U«
Macro env. relative sociality 1.07 0.73 3

Response: {not-LTC, LTC} for Mozilla/Gnome (130,472/125.665 observations)
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Who will become an LTC?

dActions in the first month predict LTCs

»Pro-community attitude has the greatest
positive effect
« The choice to start by a comment for an existing issue
« Effort spent to improve the quality of issue reporting

»Bad environment deters via
« Macro-climate of high project popularity
« Micro-climate of low attention

»Good environment attracts via

« Micro-climate of peer performance and
« Micro-climate of peer social clustering
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Can we predict future LTCs?

dPredict future using a new Moz extract

2008/1 2009/5

L

4+ C(Created prediction using 2011 snapshot:

¢ 25,406 jomners during 2008.01-2009.05

4+ Determine LTCs from a new Mozilla snapshot on 2012.05

4+ Prediction performance

o 24% recall (32 out of 131 LTCs were predicted)
» 37% precision (32 of 86 predictions were LTCs)

¢ T2 times higher than a random choice



Can we reproduce the model?

Comparing Models for Mozilla 2011 and 2013

dReproduce the model using Mozilla dump

(170,237 Observations)

Coeff Est'11 Est'l13  z-val'll  z-val'l4 change
(Intcpt) —7.49 -718 -17.87  -23.031 |
nUsr —0.601 -1.09  —-4.00 —8.238 +
RS 0.701 0.19 2.39 0.684

GotFix 0.74 0.84 8.90 11.138 +
FNotRep 0.507 0.40 6.17 5577 —
nCmt 0.819 0.73  20.02 20.857 +
nPeer 0.142 0.14 6.92 7.970 +
pShared 2.35 255 1740 21.035 +
LckAttn —0.325 -042 -2.62 —4.548 +
PeerPerf 0.0649 0.07 4.95 6.473 +




g Conduct asurvey to validate
analytic constructs

JSampled 240 participants
1 Carefully designed questions
dCustomized emails for every individual

71 could not be delivered, and 29
responses were usable for our analysis

»0One unusable response: “"Given that you call
GNOME an OSS project, i don’t think I want to
participate. GNOME is a free software project.”




2eople behave differently when
joining!

ISLTC ~ nUsr + RS + GotFix + BtE +nCmt + nPeer
+ pShared +LckAttn + PeerPerf + prj

Practice of the 1st month affects chance of becoming LTC >

Increase odds by
Gnome: 95%
Mozilla: 20%

/—] More than double
the odds

Increase odds by
65% in Gnome

112% in Mozilla
Increase odds by
Gnome: 22%
Mozilla: 48%
L Reduce odds by
ow attention . ?
halves the odds Gnome. 49%
Mozilla: 15%

What Make Long Term Contributors: Willingness and Opportunity in OSS Who Will Stay in the FLOSS Community? Modeling Participant’s Initial
Community. M. Zhou and A. Mockus. ICSE '12, Zurich, Switzerland, 2-9 Behavior. M. Zhou and A. Mockus. Transaction of Software

June 2012. pp518-528 Engineering.2014



Sumfﬁdry of Contributions

dMethodology

»Measure individuals’ attitudes and emotional
dispositions from digital traces of their activity

Science

»Models of project success show largest effects
brought by soft qualities, such as willingness

dSoftware practice
» Projects: particular attention for new contributors

»Newcomers: deeds matter, not intentions, limit
expectations

dFuture and Reproducibility

»Implications for OSS and commercial development
practices and non-software domains



Limitations

dSensitivity analysis using various
operationalizations
» Full email was not available for post-2008 Gnome
»Person to ID (email) changes over time
dVariation in operationalizations

»BugBuddy in Ghome vs start from a bug report in
Mozilla

Do measures capture the right concepts e.qg.,
peer clustering

dShould relationships be in the observed
direction: e.g. project popularity is bad?

JAre Gnome and Mozilla representative?
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« Repositories of open source universe
— The commit history of projects from:
e Github, googlecode, sourceforge, ...

« Start from very basic questions
— What folder names are common?
— What folder names mostly co-occur?
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MOST OFTEN USED FOLDERS

Top 20 folders resources

doc controllers
templates

tests com main

wa SSSt@ST
models src config
plugmsl bwews

Pattel‘ns examples

— Related to programming languages and application
domains, e.g., com and css

— Involving standard folders, e.qg., test, doc and
examples

Jiaxin Zhu, et al. 2014. Patterns of folder use and project popularity: a case study of github
repositories. ESEM'2014
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MOST OFTEN REUSED PROJECTS

Co-occur pair Application
area

lib & mm, linux kernel OS
include & mm

config & script, Ruby on Rails web framework
config &public

js & langs, TinyMCE editor
css & langs component
lib & feature Cucumber test framework

lib & spec Rspec test framework
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» Collaborating (BULL, JONnAS)
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newcomers, but, Fig. 2. Survival Curves of New Joiners in JBossAS, Geronimo, JOnAS each

epoch

> Increase their retention
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