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Motivation “U
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= You the manager of a software development company

= You are applying best practices, established project management
guidelines and tools

But...

= What is really going on in your software development project?
= Why are deadlines not met? Why are the costs superior to the planned?

= Why is does the your software product require more maintenance than
what you thought?
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About software projects “U
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= Software processes are carried out in a project-oriented fashion

= Goal is a release of a software product

= Artifact-centric processes

= Software development methodology (e.g., Scrum, Waterfall)

= Artifacts are tracked by means of Version Control Systems

= Should follow best practices (e.g. Principles of good modularization)

Q: How can we help the manager to gain transparency on the
software project?
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Project-Oriented Business Processes
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Project-Oriented vs. Classic Business W e
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Processes oo

Project-Oriented

Plan (e.g. Gantt, PERT) Process Model (e.g. Petri Net,
BPMN)

One time (fixed goal and Recursive, Cyclic

resources)

Single instance Many instances

Workpackages, Modules, Units  Activities
Subworkpackages, Submodules Suprocesses
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Project-Oriented vs. Classic Business W e
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Software Projects Data
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= Software projects are supported by
a variety of tools

= Examples

= Project management, Bug-tracking
= Development

= Dependency management

= Testing

= Continuous integration

= Documentation

= Version Control System
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State of the Art: Activity Mining W/
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Kindler et al. 2006
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State of the Art: Dotted Chart
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State of the Art: Evolution Storylines W/
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State of the Art: Visual Software Analytics W/

Wettel and Lanza 2007
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Methodology: DSR W sz
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Identification of the Objectives of the Artifact Development
artifact

problem

Communication

Peffers 2007
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Mining the Real Gantt Chart
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Mining the Gantt Chart of a Project
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Example from the SHAPE project “U
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Project structure

Gantt Chart x
Decemhber '14 lanuarv "15
v 9 lN-:wH's lN-:w??! le.-an lnprn? lnprhi lnpr 21 lnpr 28 llannd |Iar||11
| | | | "
~ Project structure = — ' L: “example” work package —_—
= == om" work package
5 pm
-| proposal_FFG_IKT2013 = - mm. |
1.1_Relevance_Contribution_to_the —] Slnglle even‘S Wlthln f||eS
Associated Activity inferred from single events
information: 1. Threshold based
1. User 2. Activated when a tree node in
2. Type of change the
3. Comment project structure is collapsed
3. Decomposed when node is
expanded
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Indicators W/ﬁ’.h'?liﬁ’s‘.‘}i?

NNNNNNNNNN
uuuuuuuu
ccccccccc
SSSSSSSSSSS

= Data from the VCS
= Authors
= Files
= Type of change, Etc
= Coverage, i.e. work-intensity

the ratio between active working periods (i.e., the time spans of activities)
and the total work package duration

= Expected active time between commits (tc)
average work speed (commit frequency) during active times
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Assumptions W/

= The following assumptions are made:

1. Meaningful file structure

= Project participants organize the files in a representative (e.g., spatially
separating documentation from testing into different folders).

2. Regular commits
= Project participants systematically commit their changes in the VCS
3. Descriptive comments.

= Project participants write descriptive comments that allow others members
to understand the changes made to the software
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Resource Classification from W/&'ﬁiiﬁﬁ?
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Resource Classification from Commit
Messages
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Resource
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£ |develop : review write

] fix bug

= |feature code report
Commit 1: Commit 2: Cornmit 3:

.E Added modulel] Fix bug Wrote report

o Version Control System (VCS)
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Resource Classification from Commit
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Learning Decision Trees from Projects “U
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class = testers non technical class = testers technical
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Artifact Evolution as Time Series

WIRTSCHAFTS
UNIVERSITAT

WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

140

120

100

Change

PAGE 23

Are they similar?

80 100 120 140 160
Time

18000

16000

14000

12000

10000

Change

— TotalLinesAdded

180

Correlation!

120

140

160

— TotalLinesAdded

180




Characterization of Projects wrt

Dependencies
operationcode | | |
mysqlpython [l |
monolingualwordaligner _j:
jgitcookbook [N | | |
grapha I )
gantt [T | |
facebookjavasdk T VA
<]( >
carct | LR
camundaRD NN |
biglist [ | AT
0% 25% 50% 75% 100%

[_]High Dist. High Dep.[_]High Dist. Low Dep. [] Low Dist. High Dep. [JljLow Dist. Low Dep.

IR o psiosiioy
i) < AMBA
S/ W lcleeoncs

PAGE 25



NNNNNNNNNN
uuuuuuuu

Publications W/gm

ccccccccc
SSSSSSSSSSS

= Bala, S., Cabanillas, C., Mendling, J., Rogge-Solti, A., Polleres, A.: Mining
Project-Oriented Business Processes. In: BPM. pp. 425-440 (2015).

= Agrawal, K., Aschauer, M., Thonhofer, T., Tomsich, N., Bala, S., Rogge-
Solti, A.: Resource Classification from Version Control System Logs. In:
EDOC Workshops (2016).

= Bala, S., Havur, G., Sperl, S., Steyskal, S., Haselbock, A., Mendling, J.,
Polleres, A.: SHAPEworks: A BPMS Extension for Complex Process
Management. In: BPM (Demos). pp. 50-55. (2016).

= Bala, S., Revoredo, K., Mendling, J., Santoro, F.: Uncovering the Hidden
Co-Evolution in the Work History of Software Projects. In: BPM. 2017
(conditionally accepted)
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Identification of the Objectives of the .
problem artifact Artifact Development

Communication Evaluation Demonstration

Peffers 2007
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Next steps W/m::z‘;:.:;?
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Questions?
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Data Model for SQL Querying VCS logs
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Mining the Gantt Chart of a Project
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Example from the SHAPE project “U

UNIVERSITY OF
ECONOMICS
AND BUSINESS

Project structure

Gantt Chart x
Decemhber '14 lanuarv "15
v 9 lN-:wH's lN-:w??! le.-an lnprn? lnprhi lnpr 21 lnpr 28 llannd |Iar||11
| | | | "
~ Project structure = — ' L: “example” work package —_—
= == om" work package
5 pm
-| proposal_FFG_IKT2013 = - mm. |
1.1_Relevance_Contribution_to_the —] Slnglle even‘S Wlthln f||eS
Associated Activity inferred from single events
information: 1. Threshold based
1. User 2. Activated when a tree node in
2. Type of change the
3. Comment project structure is collapsed
3. Decomposed when node is
expanded
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Indicators W/ﬁ’.h'?liﬁ’s‘.‘}i?
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= Data from the VCS
= Authors
= Files
= Type of change, Etc
= Coverage, i.e. work-intensity

the ratio between active working periods (i.e., the time spans of activities)
and the total work package duration

= Expected active time between commits (tc)
average work speed (commit frequency) during active times
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Assumptions W/

= The following assumptions are made:

1. Meaningful file structure

= Project participants organize the files in a representative (e.g., spatially
separating documentation from testing into different folders).

2. Regular commits
= Project participants systematically commit their changes in the VCS
3. Descriptive comments.

= Project participants write descriptive comments that allow others members
to understand the changes made to the software
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Some Real World Projects “U
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o | oserptr ] conmis [ v | s Lovaton | e Lo

Opendata bot Open Data AT Assistant: Data 3507 100.00%

Pioneers Create Camp project

MiningVCS Gantt chart visualization of projects 84 1 111 61 1.9 87.00%

MSR paper Writing a conference paper 35 2 78 44 12.8 70.00%

Progit2 Pro Git 2nd Edition 1292 134 955 481 118.6 60.00%

GHDiscovery GitHub Activities Discovery 11 1 97 29 6.6 53.00%
repository.

SHAPE Joint research project on railway 624 13 6470 1127 21.8 38.00%
automation

papers from Repository form Siemens to keep 649 5 1791 1853 26.4 23.00%

siemens track of paper writing processes

Facebook-ads-  Java SDKfor Facebook Ads APls 38 8 428 324 18.2 22.00%

java-sdk

Biglist-of- Strings which have a high probability 202 60 15 530 53.3 10.00%
of causing issues when used as user-

naughty-strings

input data.

We set the aggregation threshold to 7 days (i.e. two events belong to the same activity
only if their temporal distance is one week or less)
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Open-Data Helper Bot W/m':xﬁ:;;?
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. Open Data AT T ——

TWTF TIFIS|SIMTIWTIF[S|S 5
1 [ O {16F l | | |
AS S I Sta n t [ ] D a ta ~ MiningSVN/data/opendatal |:I = | |
. i aes4c

=

ommit ID: 977e5385eddb6eeb0278594:
= » SearchProviders
Author:SV
+ node_modules M
README.md README.md

app.js Timestamp: 2017-02-07T11:39:48.000+01:00

project

- Helps search for an i |
open dataset

. 28 commits, 1 user 0
3507 files, 16 days T

. 0 tc, 100% coverage e oo
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Mining VCS Software W/m::zi:a;?
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= This software project
= 84 commits, 1 user, 111 files, 62 days
= tc 1.9 hours, coverage 87%

Gantkt Chart

February'15 March '15 April"15 1
Jan 25 IFel:l 01 lFEb 08 ‘Feb 15 IFel:l 22 lErl:n lMarOB IMar15 ‘Mar 22 ‘Mar 29 Apr 05 A
. Te2l il
~ MiningSVN/data/MiningSVvN.log q} ‘ | r—‘ | | ‘
» MiningSVN Commit ID: a5d34e4157a47db3c4df63d2647570d0a6e0d 19F
-gitignore Author:s41mir
README.md E B A
.gitignore
Timestamp: 2015-02-11T11:19:23.000+01:00
E {26 1 ‘ = {18] E= coverage 87%
Zoom Level: -|_ | ‘ | | | |
{_ EFMD

pu.
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= Preparation of a conference paper
= 35 commits, 2 users, 78 files, 44 days
= 12.8 tc, 70% coverage

February'17 Marcl

Jan 08 IJan 15 ‘Jan 22 IJan 29 IFel:l 05 IFel:l 12 IFel:l 19 Feb 26 I
£ 144 il
~MiningSVN/data/msr.log B coverage 0% ‘
|
» software %
» template b Commit ID: 12
running Author:bala
M
Jrunning

Timestamp: 2017-02-02716:08:35.000+01:00

‘: i coverage 56%

B coverage 0%
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Book Writing Project
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= Progit book 2nd edition
= 1292 commits, 134 users, 955 files, 481 days
= tc 118.6 hours, coverage 60%

Gantt Chart

20132

014 2015 2016 2017
|Dec JaaneI:Jl MaH‘Anrl MaJ‘JunlJul lAudl Senl Octl No\i Decl JaaneI'.J‘ MaH‘Anrl Ma\iJunlJul lAudl Senl Octl Nmi Decl Janl Febl MarlAnrl Ma\‘lJunlJul 1Aud‘ Senl Octl Nu\f Decl Jaaneb MarIAnr| May Jt
N

: MiningSVN/data/progit2.log

Gantt Chart

2014 2015 2016 2017
lMal‘lAnrl Ma\J‘JunlJul 1Aud‘ Senl Octl No\lIDeclJaaneHI Mal‘iAnrl Ma\JIJunljul 1Aud|5enl Octl NnJ‘ DeclJanl Febl MarlAnrl Ma\.“JunlJul 1Aud‘5enl Octl NnJIDeclJaaneh Mar Apr May Jun Jul

~ MiningSVMN/data/progit2.log

» callouts

» diagram-source

»en B |8 BEB 18258 ¢ B B =93 1188 B B 88 E==3!18 coverage 58%

» images

» theme
.gitignore
.tgitconfig
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Students Project: Disovering Github W e
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=

Gantk Chart

17 Jan 15, "17 Jan 22,'17 Jan 29,17 Feb 05,17 Feb12,'17 Feb19,"17
WTFSSMTWTF Sls MTWTF Sls MTWTF Sls MTWTF Sls MTWTFSSMTWTFS
i, ‘ ‘ |
‘ t ! f ! ‘ coverage 59 |

08,'17 Jan 15,'17 Jan 22,17 Jan 29,17 Feb 05, '17 Feb 12,17 Feb 19,"17 Feb 26, "1
TWTFSSMTWTF S|S MTWTF S‘S MTWTF 5|S MTWTF S|5 MTWTFSSMTWTFSSMTW

L 1l
~ MiningSVN/data/ghdiscovery.log =
+ .ipynb_checkpoints
» Models =
FirstModel.ipynb
Hello
README.md
untitled1.ipynb

exercise_3.ipynb qi‘ Commit ID: e51ae1eb65e58ch72fad8abfocFesfaasef85818
log.txt =

Author:David

A
README.md
Timestamp: 2017-01-16T17:04:41.000+01:00

. Student class project

« 1 user, 72 files, duration
29 days = | = e

. tc 8.8 hours, coverage

i 59%
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SHAPE Project WU -
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. Joint research project on railway
automation

« 6470 files, 13 users, duration 1127
days

. tc 2;;Tf&arh-&uFSyunG@M@d’sﬁg@aq;Mﬁﬁ.ﬂ/@lmo:tlmnecliglﬁrebMaﬂlmMaJlJunlJullAuamlo:tlm«necligll?rfbMamm vt

éﬂ Bl I 518 B IIEIE% 1E3h EDJ—_T% ELH%%EEEEUVE‘]QESE%‘ ‘

2014 2015 2016 2017
Janl FEHl MarIADrl Ma\JlJunlJul lAUH\SEDl O:tl Nm}lDEI:lJaanEH MarIADrl Ma\JlJunlJul |Aud5enl Ol:tl Nn\}lneclJaanebl MarlAnrl Ma\JlJunlJul lAudlsml Ol:tl NudlneclJaaneh Mar Apr Ma

]

| |
| MInINgSVN/data/SHAPE.log é g‘ g E‘\
I we2 I88 18 i1 [N BBl =R =l | I coverage 18%

| »wWP3
* WP4 181 B E B P!l coverage 5%
» WPS
| »wprs
» WPT 18488 | 8
» contracts
» data
» data_provision
» example
» meetings 1]
» misr

2
[

oo
==
|

I coverage9%

1 i B8 5 H Bl B E= i |B |B coverageno%
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Writing Papers Project (from Industry) W/ il

« Repository for papers writing process taken from

SHAPE project
« 649 commits, 5 users, 1791 files, 1853 days duration

. tc 26.4 hoursi coveraﬁe 23%

2011 2012 2013 2014 2015
ls:anl o:tl Nn\iDecl Jaanehl MarlAnrl Mad‘JunlJul ‘Audsanl o:tl Nm}‘Decl Janl FeHl MarlAnrl MaleunlJul lAud‘Senl o:tl Nu\#De:l JaaneH‘ MarlAnrl Ma\JlJunlJul lAud‘Senl o:tl Nn\*Decl Jaaneh Mar Apr May Jy
{1854

- MiningSVN/data/20150302

+ fundings ‘
+ papers i B | [% ! 1 B = S8 HEIBE= B | B2 i i i 81 18 3 1 FH coverage 23%
Project

} presentations

Planned: 11/28/2011-12/23/2011 (26 day(s))
100% complete
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Facebook ads java sdk “U
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« Java development kit for Facebook ads
« 38 commits, 8 users, 428 files, 324 days
. 18.2 tc, 22% coverage

F 3

Gantk Chart

2015 2016
Nov lD IJ |Feb lM lAD lMav 1J 1J [ lA a ls p lo t N
1325/
~MiningSVN/data/facebook.log i 1 1
» com
» examples
» target
README.md coverage 100%
? =] = B =] =] =] B =l = B EH B B covelragew%
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Big List of Naughty Stl’illgS W/m':zzi:::;?

« An evolving list of strings which have a high probability of causing issues when used as
user-input data.

o 202 commits, 15 files, 51 users, 531 days

. , ver 10%
2016 2017
[ Dec |Jan |Feb |Mar |Apr |May [Jun [Jul |Aug Sep loct |Nov  |Dec |Jan Feb  |Mar
| | | | | | I | | | | | | | | |
- - - - 15317 - - - - - -
+ MiningSvN/data/biglist.log g ‘ i ‘ B ‘ B ‘ g ‘ ‘ B ‘ ‘ ‘ ‘ ‘ ‘ ‘ i ‘ B cuverage{o%
2015 201 2017
Aug |Sen |0|:t |Nuv |Dec |Jan |Feb |Mar |Anr |Mav \Jun \Jul |Auu |Sen |0|:t |Nuv |Dec |Jan |
| | | | | | | | I | | | | | | | |
I 1531}
- MiningSVN/data/biglist.log I I
» naughtystrings
» scripks
.gitattributes i
LICENSE i
README.md
blns.base64
blns.baseé4.json
blns.base64.txt ] D

No activities found in the subdirectories, i.e. no continuous work for in the same
subdirectory within the given aggregation threshold
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Uncovering the Hidden Co-

Evolution in the Work
History of Software Projects
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R1 (Extract the work history)

e Discover the process of how artifacts

= How can we use data generated g;gal\s/e in the project as a labeled set of

from the software project to help
gaining transparency on the status R2 (Uncover Work-Related

and work history? Dependencies)
e Identify that parts of the work are

connected to other parts > co-
evolution of two artifacts?

R3 (Measure Dependencies)

eHow strongly depend two artifacts on
one another?

FMD RTIN i ASIOGUTON
(=) < " AMBA
N/ W icleeoncs
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State of the Art “U

ssssssssss
ccccccccc
sssssssssss

e Mostly solving R2 e Mostly addressing e No approach
(Uncover work- R1 (Extract the addressing R1,
related work history) R2, and R3
dependencies and e Kindler et al. simultaneously
R3 (Measure 2006, Goncalves e Voinea and Telea
dependencies) et al. 2011, 2006, Ripley et

e Zaidman et al. Poncin et al. al. 2007, Greene
2008, 2011, Bala et al. and Fischer 2015
Zimmerman et al. 2015
2008, D'Ambros
et al. 2009,

Lindeberg et al.
2016
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Extract artifact evolution processes

.
. -
LY

— Empute dependencies

-

Preprocess VCS
log

the project

Retrieve view on Analyze project
data

Project Analysis data
analysis generated
started

VCS log Analysis

data
1]

\View on data

Event data store
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Challenges “U

= How to capture events?
= How to obtain the work history from the events?

= What are important informations we need to consider in order to identify
dependencies?

= How to analyze the data?
= How to measure work-dependency?
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Assumptions W/

= The following assumptions are made:

1. Meaningful file structure

= Project participants organize the files in a representative (e.g., spatially
separating documentation from testing into different folders).

2. Regular commits
= Project participants systematically commit their changes in the VCS
3. Descriptive comments.

= Project participants write descriptive comments that allow others members
to understand the changes made to the software
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Concepts W/:”x::z‘;:.:;?
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Artifact e Changes made to an artifact during
evolution its lifetime, meaured in Lines of Code
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Metrics
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Degree
of Co-
Evolution

File
Distance
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e Strength of the connection.
A value in the interval [0,1],
where 1 is the highest
degree of co-evolution

e Distance between two files
in the file tree. Equal to the
length of the path traversing
the least common ancestor.




Method
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Computing Dependencies W/

AND BUSINESS

Are they similar?
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Results

e ~
E = - =
g & _ 58 £ 2
Pro ST L (gL Ly (gL HY (qH L H _H ‘ TE < s
roject O = x X (dh,x ) (db x M) @7 xF) (@ X)) 12 s = s B
smsr 21 6 22 6 0 9 6 13271 51.821.43 6
mwaligner 21 9 37 7 6 30 1 7111 2240094 3
Biglist 202 15 22 90 31 18 59 4147 32.761.20 5
camundaRD 11 15 74 26 0 25 26 49 218 42.052.03 7
graphgl 256 30 89 357 121 89 236 0140 23.181.11 4
jgitcookbook 135 89 773 2866 505 289 2361 484 6.93 8 1.33 2.68 14
mysqlpython 749 168 2288 11571 742 591 10829 1697 2.59 7 1.65 2.52 11
gantt 23 228 7006 14343 386 3480 13957 3526 3.30 41.712.16 7
facebookjavasdk 38 293 16478 26092 2017 16311 24075 167 6.21 8 4.78 5.58 13
caret 864 432 15366 60874 09538 14785 51336 581 3.01 43.151.60 7
operationcode 1114 1053 84024 444605 2291 5537 442314 78487 4.27 8 2.01 4.85 15
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Co-Evolution versus Distance
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Characterization of Projects wrt

Dependencies
operationcode | | |
mysqlpython [l |
monolingualwordaligner _j:
jgitcookbook [N | | |
grapha I )
gantt [T | |
facebookjavasdk T VA
<]( >
carct | LR
camundaRD NN |
biglist [ | AT
0% 25% 50% 75% 100%

[_]High Dist. High Dep.[_]High Dist. Low Dep. [] Low Dist. High Dep. [JljLow Dist. Low Dep.

IR o psiosiioy
i) < AMBA
S/ W lcleeoncs

PAGE 62



Zipf law on real projects: 100%

WIRTSCHAFTS
UNIVERSITAT
WIEN VIENNA

UNIVERSITY OF
ECONOMICS
AND BUSINESS

logifile frequency)

& @ app/views/pages/home. html.erb 2 4 @manifest js;ﬁ\._____
O R AR A WS B UL
N . F@j aha,g\egs
= - file
o -
@ —
3 e
< =
E g
g g
o — = =
2 2
7 IR
o 8
o
o @
8
@
L] o @
T T T T T T T T T T T T T T
1] 2 4 [:] 0 1 2 3 4 5 0 1 2 3 5
log(file rank) log(file rank) log(file rank)
,LEFND UEa ASTOSTION
EQuIs p gnivi

PAGE 63

..........




Zipf law on real projects: top 80%
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Zipf law on real projects: top 50%
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Tequirements, bxt for problem file TequIretnents requiterments
I T
O"‘ Modify Fix bug Create model Add solver - Implernent Update
method A ) e methods method B model. java

L 40

Are they similar?
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ConluSion W/ﬁ’.h'?liﬁ’s‘.‘}i?
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= Mining project-oriented business process is difficult
= Provide hints for the project manager

= Work dependencies not easy to be seen without analysing the work
history

= Future work:

= Improve method for comparting time series
= Semantic analysis of process labels
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