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• Analysis of Activity
• Methods
• Results
• Discussion and Conclusions



HICSS 2007 Analysis of Activity

Introduction
• FLOSS: continuing to grow in popularity and developer

participation
• Few very successful projects, … but many that are not

large and/or not successful
• Voluntary participation (individuals & organizations) and

many forms of participation (coding, documentation,
testing, support, bug reports, feature requests, etc.)

• Multiple large research data archives available that lend
themselves to research based on data mining methods

• Our results
– Analysis of activity: social positions, temporal social positions,

and temporal activity patterns
– New data mining approaches
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FLOSS Research Motivation
• Successful software development requires various

positions to be filled:  developers, testers, administrators,
management, end-users, documentation writers, etc.

• Members of Open Source Software communities self-
select into a social position on a software project.

• We have insight into these formal roles (see next slides).
• But … what are the real positions that emerge by self-

organization within the community ==> social position
(from social network theory)
– Positional analysis seeks to group actors into disjoint

subsets according to their social position in the
network.

– Do people stay in same social position, or does their
position change over time?



J. Xu, et al, A Topological Analysis Of The Open Source Software
Development Community, HICSS38

OSS  COMMUNITY (previous results)

 User Group
– Passive Users: no direct attributable contribution in the data

(downloads, user base, word-of-mouth publicity, etc.)
– Active Users: bug reports, patch submissions, feature requests, help

requests, etc.
 Developer Group

– Peripheral Developer: irregularly contribute
– Central Developer: regularly contribute
– Core Developer: extensively contribute, manage CVS releases and

coordinate peripheral developers and central developers.
– Project Leader: guide the vision and direction of the project.



J. Xu, et al, A Topological Analysis Of The Open Source Software
Development Community, HICSS38

OSS DEVELOPMENT COMMUNITY

Co-developers

Project Leaders

Core 
Developers

Active Users



J. Xu, et al, A Topological Analysis Of The Open Source Software
Development Community, HICSS38

Analysis: SourceForge.net Level
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Data
• Data sources

– SourceForge.net Research Data Archive
• Hosted at University of Notre Dame

– http://zerlot.cse.nd.edu/
• Available for use by all interested scholarly researchers under

sublicense from SourceForge.net
• SQL queries ==> 21 activity types, 2 million records

– SourceForge.net CVS source code repositories
• Client script ==> 8 activity types, 120 million records

– Tech Report on methods available at archive: TR-2005-15
• Other data sources available

– FLOSSmole
– Freshmeat
– CVSAnalY
– Savannah, and many more.
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Artifact Activity Types

Uncategorized artifact is assigned to person.Assign other artifact (12)

Person submits an artifact that is not one of the
predefined categories of bug report, support request,
patch, feature request, or to-do item.

Submit other artifact (11)
To-do item is assigned to person.Assign todo (10)
Person submits a new to-do item.Submit todo (9)
Feature request is assigned to person.Assign feature request (8)
Person submits a new feature request.Submit feature request (7)
Patch is assigned to person.Assign patch (6)
Person submits a new patch.Submit patch (5)
Support request is assigned to person.Assign support request (4)
Person submits a new support request.Submit support request (3)
Bug report is assigned to person.Assign bug (2)
Person submits a new bug report.Submit bug (1)

Activity DescriptionActivity Type
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Communication and Management Activity Types

Person posts a new job; these are similar to help-wanted
ads where a project is looking for somebody with
particular skills.

Create people job (21)
Person creates a new document.Create document (20)
Person modifies an existing project task.Modify project task (19)
A project task is assigned to person.Assigned project task (18)
Person creates a new project task.New project task (17)

Person posts a new file release; this is typically
associated with releasing a new version of the software to
the public.

File release (16)

Person makes an administrative modification to the
project; the modification is uncategorized, but they are
typically tasks like adding/removing members, changing
permissions, updating project settings, etc.

Modify project (15)

Person posts a forum message that is a followup to an
existing forum message.

Followup forum message (14)
Person posts a new forum message.New forum message (13)

Activity DescriptionActivity Type
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CVS Source Code Activity Types

Person updates local checked out source code with any
changes in CVS repository.

Update source code (29)

Person commits a source code modification to the CVS
repository.

Modify source code file (28)

Person removes a source code file from the CVS
repository.

Remove source code file (27)

Person adds a new source code file to the CVS
repository.

Add source code file (26)

Person tags source code in the CVS repository with a
label.

Tag source code (25)

Person releases check out of source code from CVS
repository.

Release source code (24)
Person exports source code from CVS repository.Export source code (23)
Person checks out source code from CVS repository.Checkout source code (22)

Activity DescriptionActivity Type
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Analysis of Activity

• Limited data available on individuals
• Social network analysis can be used to infer

information about those users
– Positional analysis
– Social position: pattern of embeddedness in the social

network
– Structural equivalence

• Temporal Analysis
– Absolute time vs relative time
– Relative time: each person’s first appearance in the

social network is time zero (month 1)
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OSS Activity

• User performs an activity for a project.
• 29 activities; submit bug, submit feature request, assign

bug, post forum message, create file release, create project
task, etc.

• Multi-relational, weighted, bipartite network.
– Activity = relation, weight = activity count

• Activity distribution for user/project pair defines a sample
for our analysis.

• That is, the activity distribution of a user on a project
defines their social position for that project.
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Structural Equivalence

• Actors who are similarly
embedded occupy similar social
position.

• C ~ D have same relationships
with same other actors.

• Exact equivalence is too strict so
use an approximate measure, like
Euclidean distance.

• Weighted relationships

C D

E

A B
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Methods
• Discovery of social positions

– Clustering (metric approaches) => not suitable
– Clustering (activity distribution) => new

algorithm
• Discovery of temporal social positions

– Extension of the above clustering “new
algorithm”

• Discovery of temporal activity patterns
– Method similar to the data mining Apriori

Algorithm
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Clustering
• Standard data mining algorithms

– K-means, Expectation-Minimization (EM)
• What’s wrong with Euclidean distance?

– Data mapped to points in an N-dimensional space.
– Points “close” in space are in same cluster.
– Normalization techniques very important.
– Not comparing the underlying distributions.

• Assume Gaussian (normal) distribution
• What can we use instead of a distance metric?

– Statistical test
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Clustering with a Statistical Test
• Fisher’s contingency-table test (non-parametric)

– Chi-square family of goodness-of-fit tests
• Given two independent samples

– First sample, S1, with n1 random variables
– Second sample, S2, with n2 random variables
– Where n1 not necessarily equal to n2, each r.v. in each samples

placed in one of C categories.
• H0: The distributions of S1 and S2 do not differ.
• HA: The distributions S1 and S2 differ.
• Structural In-equivalence
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Results

• Seven major social positions discovered
– Clusters formed using a statistical test
– Structural equivalence based on similarity of activity

distributions
• Six major temporal social positions discovered

– Relative time based on person’s first appearance in the
social network

• Several high frequency software development
processes identified
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Project Administrator

Primary activity:
Modify project
(15)
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Message Poster

Primary activities:
New forum message (13)
Followup forum message (14)
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Software Developer

Primary activities:
Checkout source code (22)
Add source code file (26)
Remove source code file (27)
Modify source code file (28)
Update source code (29)
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Social Positions at Sourceforge.net

The remaining very small clusters that were not analyzed.

The handyperson has significant activity for many different activity types
including source code modifications, bug reporting, project modifications, file

releases, and project tasks.

Primary activity was submission of feature requests but also has a significant
amount of bug reporting.

Significant bug reporting activity with a slight amount of features requests,
support requests, and patches.

Significant usage of the project task management provided by SourceForge.net.

Primary activities are source code operations like checking out source code,
add/remove source code files, modify source code, and update source code.

The social position contains 39 clusters all with different relative proportions
of the source code operations, and some software developers have significant

levels of project modification and file release activities.

The second largest cluster with the primary activity of making project
modifications; the project administrator also performs file releases, but most

other activities are relatively minor or non-existent.

The largest cluster with the primary activities of posting new forum messages,
followup forum messages, and checkout out source code.

Description

271307Total User/Project Pairs

14818Not Categorized

271Handyperson

370Feature Requester

1138Bug Reporter

2181Task Management

47495Software Developer

93199Project Administrator

111889Software User

SizeSocial Position
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Temporal Social Positions at Sourceforge.net

305993681648426268800Total User/Project Pairs
1611171216383066Not Categorized

10709140501201768Handyperson
0001775Task Management

00722711700Release Management
18239210543212667488Software Developer

00731596052Message Poster
00086951Project Administrator

Month 4Month 3Month 2Month 1Social Position

• Dip in total after first month:  Many people drop out after their first month of
activity.

• Rise of the Handyperson by the third month to take over duties of project
administration, release management, etc.
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Handyperson

The handyperson has
significant activity for
many different activity
types including source

code modifications, bug
reporting, project
modifications, file

releases, and project
tasks.
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Feature Request

Typical process which shows an initial submission of a feature request
followed by a series of checkouts and updates of the source code.
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Feature Request

Possible process for a feature request discussion, submission, and resolution.
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Bug Report -> Feature Request

Possible process for a bug report being turned into a feature request.
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Discussion
• Availability of large electronic data archives and data

mining enables research on FLOSS
– Identified social positions that emerge on projects, both static and

temporal analysis
– Temporal analysis shows that most specialized positions disappear

after a few months leaving only the software developer and
handyperson

– Many 1 month contributors!
• Limitations

– We did not use all available data in the archives
– Large amount of data, but important data not in electronic archives
– Potential automation bias (only looking under the light posts!)
– Did not “talk” to the people!
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Conclusions

• Demonstrated the potential to discover a great deal
about FLOSS … increasing our understanding of
the phenomenon

• Displayed methods for data mining the digital
archives

• There is a value is collecting, integrating,
improving and currating research data archives

• Sourceforge.net Research Data Archive
– http://zerlot.cse.nd.edu/
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Thank You

Questions?

http://zerlot.cse.nd.edu/
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Extra Slides
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Concurrent Versions System (CVS)
• Source code management system.

– Client/server architecture
• Uses the sandbox model, each developer has their

own copy of the source code.  Change conflicts are
handled upon commit.
– Compare to lock model where the developer acquires an

exclusive lock to modify a file.
• Commits are performed wholesale; i.e. commit a

whole set of changes at once versus file by file.
• CVS maintains history records for server operations.

– We parsed these history records to get CVS activity.
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CVS Workflow
• Developer

– cvs checkout (obtain local copy of source code)
– cvs update (pull changes from server committed by other

developers into local copy)
– cvs add/remove (add/remove files from local copy)
– cvs commit (commit changes in local copy to server repository)

• Release Management
– cvs tag (attach a label to the source code, allows retrieval of exact

version).
– cvs checkout (option to create separate development branches; i.e.

support released/development versions at the same time)
– cvs export (local copy of source code minus CVS meta-data,

suitable for public release)
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Algorithm (Intersection)
While (still unclustered samples)
  Put all unclustered samples into one cluster.
  While (some samples not yet pairwise compared)
    A = Pick sample from cluster
    For each other sample, B, in cluster
      Run statistical test on A and B.
      If significant result
        Remove B from cluster.

• Rejection of null hypothesis means A and B must be in different
clusters.

• Confidence level tightens/broadens cluster inclusion.
• Any statistical test for a two-sided test problem.
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Social Positions of OSS

209994
13786
10377
1674

899
1266

6509
2762

50067
122654

Size

Total User/Project Pairs
1546Not Categorized

4Administrators
6Artifact Management

2Job Posting
4Documentation

5Release Management
5Task Management
4Message Posting
1Brief Flame

# of clustersSocial Position



HICSS 2007 Analysis of Activity

Temporal Analysis
• Previous analysis, activity over 10 years, lose knowledge of

evolution of positions.
• How to deal with time (data)?

– Global time; snapshot of the whole network at points in time:
node/edge add/remove, attribute change, tends to get aggregate
measures.

– Local time; user/project’s first activity is time 0, aligns actors in a
time-relative way to the network, egocentric viewpoint.

• Chunk data into monthly activity, run clustering algorithm
for data for each time period.
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Temporal Social Positions of OSS

139143183397Total Clusters

96861237617743206308Total User/Project Pairs
666482807282Handyperson
1105131320024904Not Categorized

0001125Job Posting
0001130Documentation

0001967Artifact Management
4012546253466Task Management

86979610016304Release Management
496905541510356Administrators
151828141849754Message Posting

000127302Brief Flame
Period 4Period 3Period 2Period 1Social Position
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Summary

• Clustering algorithm using a statistical test.
– Don’t have to specify # of clusters a priori.
– No assumption of underlying distribution.
– Must be appropriate statistical test.

• Temporal Analysis
– How you organize/view your data is important.
– Global metrics --> global time
– Egocentric measures --> local time



HICSS 2007 Analysis of Activity

Iterative Classification

• Order of comparison matters.
• Clustering is NP-complete so intractable to

check all combinations to find the optimal.
• Iterative approach

– Perform initial clustering
– Calculate cluster center


