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MINING AND MODELING THE OPEN SOURCE SOFTWARE
COMMUNITY

Abstract

by
Jin Xu

The success of Open Source Software (OSS) has attracted increased interest
in many research areas. Unlike proprietary closed software, OSS projects are
developed in a distributed and decentralized way. The OSS community is largely
composed of part-time developers. These developers have developed a substantial
number of outstanding technical achievements. A research study on how OSS
developers interact with each other and how projects are developed will help
researchers understand the success and failure of OSS projects. OSS developers
can also bene t from this research, by being able to make more informed decisions
for participating on OSS projects.

In this dissertation, we address the challenge of e ciently mining data from
OSS web repositories and building models to study OSS community features. Data
collection for OSS study is nontrivial since most OSS projects are developed by
distributed developers using web tools. Most previous studies focus on manually
creating a web crawler to collect data from OSS web sites. This method is usually
implemented by creating a web crawler based on speci ¢ research goals. We design
a mining process which combines web mining and database mining together to

identify, extract, Iter and analyze data. We address and analyze the di culty
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of mining OSS data. Our work provides a general solution for researchers to
implement advanced techniques, such as web mining, data mining, statistics, and
algorithms to collect and analyze web repository data.

Based on our mining results, we model the OSS community as a social network,
one which can be further modeled as a project network and a developer network,
and study properties of these networks. Our goal is to nd intrinsic mechanisms
that lie in OSS networks to explain some OSS speci ¢ features such as roles of
developers, communication, and reliability of the OSS community. We construct
four social networks for the OSS development community at SourceForge [59].
Each social network is created by expanding the number of people with di erent
roles in the network, moving from the core project leaders, to the core developers,
to the co-developers, and nally out to active users. Social network properties
such as degree distribution, diameter, cluster size, and clustering coe cient are
calculated and compared for each of the expanding social networks. We elabo-
rate on how the changing topological characteristics of the social networks may
signify important capabilities for the di usion of information, the ability to nd
collaborations, and the overall robustness of the OSS development community. We
further nd that all the social networks have scale-free properties, and the inclu-
sion of the co-developers and active users triggers the emergence of the small-world
phenomenon for the social network. We examine how these topological network
properties may potentially explain the success and e ciency of OSS development
practices.

To study the organization and backbones of the OSS community, we conduct
the identi cation of the community structure on the SourceForge project network.

We nd that groups exist in the SourceForge project network. Furthermore, we
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explore possible reasons for the formation of those groups by examining assor-
tative mixing coe cients for projects categories. Among them, we nd projects
with same programming languages, operating systems and topics are more likely
to be grouped together. Our research provides useful information to study the
interaction between projects and the communication and information ow in OSS
virtual organizations.

We simulate the OSS community based on four social network models: random
graphs, preferential attachment, preferential attachment with constant tness,
and preferential attachment with dynamic tness, using two tools { Repast and
Swarm. Our simulation models are t to data from year two in the history of
SourceForge. To prove the correctness of our simulations, docking experiments are
performed on the Repast simulation and the Java/Swarm simulation. Our models
simulate developers’ actions and the growth of the OSS community. We compare
properties of social networks such as degree distribution, diameter and clustering
coe cient to dock Repast and Swarm simulations of four social network models.
Our practice demonstrates the importance of veri cations in scienti ¢ simulations.
The simulation models we build can be used to forecast future development of OSS

community.
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CHAPTER 1

INTRODUCTION

In recent years, Open Source Software (OSS) has achieved fast growth and
great success [29, 51, 94]. Open Source Software is computer software whose
licenses allow users to run, study, modify and redistribute the original or modi ed
source code. OSS projects are typically developed by a large number of individuals
from di erent organizations around the world, working together for a common
goal. Among them, most are volunteers contributing to OSS development due to
their interests but without direct economic reward. These distributed contributors
collaborate through Internet infrastructures.

Open Source Software projects are developed in a di erent way from propri-
etary closed source software projects. According to Raymond [94], the way pro-
prietary software projects are developed follows a cathedral model. In this model,
the software development process has central management and control. Devel-
opers have their clearly de ned roles in designing, managing, and implementing
software. However, OSS projects are developed under a bazaar model. There
is often no centralized control of OSS development. Many OSS users contribute
to improve software quality by suggesting new features, submitting patches, re-
porting and Xxing bugs. Such users are often considered as developers of OSS

projects. They shorten the time between software aw discovery and the bug x.



The features of the bazaar model often cause OSS projects to have high quality
with lower cost of development and maintenance.

Many OSS projects have gained signi cant market share against closed source
software. For example, Apache is the No.1 web server [102]; Sendmail is the
leading email server [100]; Linux is a popular operating system; Perl and PHP
are widely used scripting languages [93]. Furthermore, OSS has begun to draw
attention from major corporations. Many large proprietary software companies
such as IBM, SUN Microsystems, and HP have invested in OSS development.
These companies pay their employees to participate in OSS projects [97].

The success of Open Source Software has increased the interest in studying
its nature in many research areas i.e., computer software engineering, economics,
psychology, and organization science, etc. Among them, some studies focus on an-
alyzing motives of individuals or organizations to engage in the OSS development.
Hars and Ou [47] study the motivations of individuals who actively participate
in Open Source projects. Bitzer et al [11] build models to explain the intrinsic
motives of Open Source Software developers. Rossi et al [97] provide empirical
evidence of the motivations of the software companies which enter the OSS mar-
ket aiming at making pro t. Feller et al [29] create a framework of organizations’
motivations to engage in OSS. Some researchers conduct studies of OSS on the
software engineering eld. Crowston et al [23, 24] identify the success factors
involved in OSS projects. Scacchi et al [65, 98] study the development process,
work practice, and community dynamics in OSS development. Impact of OSS
phenomenon on other elds is also addressed in some research. Based on the OSS
model, Von Hippel [106] argues that manufacturers should follow user innovations

to redesign their innovation processes. Dalle et al [26] discuss the modes of organi-



zation, governance and performance of OSS to assess the potentialities of utilizing
the OSS model for other knowledge and information-goods production.

A large number of these OSS research projects collect data using surveys.
Researchers design questions according to their research objectives and send out
guestionnaires to a speci ¢ group of samples. Analysis can be conducted based
on the responses from those samples. This method is widely used in the study
of OSS [49, 50, 67, 89, 97]. Data collected in this way is incomplete and biased,
because it may be a ected by researchers’ and samplers’ subjective behaviors.

The internet has become a major communication tool used by OSS developers.
Online public archives contain data and records about the history of OSS projects,
which is more thorough and thus a good resource for OSS study. Most of these
public archives are freely accessible. There is a trend to use these archives in OSS
studies [23, 25, 65, 98]. Although their goals are di erent, these researchers extract
information on projects and developers from public archives on OSS hosting web
sites.

Collecting data either way is a non-trivial task. Due to the di culty of data
collection, most OSS studies are qualitative in nature. Moreover, even for quan-
titative studies, the number of sample projects of current OSS research is in the
hundreds, which is not big enough to re ect the OSS phenomenon. Relationships
between di erent OSS projects and developers have not been fully explored. We
still lack simulation models of OSS development. As a result, the state of the art
needs to be improved to give a more thorough explanation on the motivations and

working processes under OSS development.



1.1 Social Network Study on OSS

Prior research suggests that the OSS network can be considered as a complex
and self-organizing system [16, 17, 38, 39, 72, 73, 75, 76]. The OSS community is
largely composed of part time developers, who have developed a large number of
outstanding technical achievements. A research study on how the OSS developers
interact with each other and how projects are developed will help researchers
understand the success and failure of OSS projects. OSS developers can also
bene te from this research to make more informed decisions for participating on
OSS projects.

In this dissertation, we model the OSS community as a social network, one
which can be further modeled as a project network and a developer network,
and study properties of these networks. Our goal is to nd intrinsic mechanisms
that lie in OSS networks to explain some OSS speci ¢ features such as roles of
developers, communications, and reliability of the OSS community.

As we discussed above, OSS projects are typically developed collaboratively
over the Internet. OSS hosting web sites provide archives to record the history
of OSS projects development. We can mine information about OSS, i.e. projects
statistics, developers data, and their interactions, through these public online
archives. All our research data is from SourceForge.net, the largest OSS hosting
web site, sponsored by VA Software [61]. Our initial data collection is through web
mining on SourceForge web pages. Then, with an agreement with VA Software to
provide a copy of their internal database, we conduct data mining on the extensive
data which contains more complete information about projects and developers.
We sum up our data collection methods into a web and data mining research

framework which implements statistical, mathematical, algorithmic, web mining,



and data mining techniques, etc.

Based on the data collected, we model the OSS community as a social network.
We conduct social network analysis at the community, project, and developer lev-
els. Social network properties are explored to study the OSS project and developer
network structure and evolvement. Our OSS study investigates behaviors, inter-
actions, and mechanisms across multiple projects. We simulate the life cycle of
projects, the behaviors of developers and their relationships using two agent-based
simulation toolkits { Swarm and Repast. A docking process is performed to vali-

date our models.

1.2 Contributions

Our study of Open Source Software has made signi cant contributions to the
understanding of OSS development processes. First of all, this dissertation ad-
dresses the challenge of e ciently mining data from OSS web repositories. Most
previous studies focus on manually creating a web crawler to collect data from
OSS web sites based on speci ¢ research needs. We design a mining process which
combines web mining and database mining together to identify, extract, Iter and
analyze data. Our work provides a general solution for researchers to implement
advanced techniques, such as web mining, data mining, statistics, and algorithms,
to collect and analyze web repository data.

Our research provides a comprehensive social network analysis of the Open
Source Software development community. We make a classi cation of OSS de-
velopment community according to developer roles in OSS projects development.
Statistical and social network properties are explored to nd the e ect of di erent

roles in the OSS development community. We identify that peripheral develop-



ers and users are important in making the OSS network more e cient. Based on
these social network topological properties, we discover that the OSS development
community is a small world and self-organizing network. Our work provides quan-
titative analysis on OSS community structure, formation, and growth information
which is crucial to explain the information ow and robustness of OSS community.
Such features are closely related to the success of OSS projects.

We build agent-based simulations to model the growth of OSS network. Our
simulation models describe developers’ behavior in OSS development and t the
growth of OSS network. Such a model can be used to predict future evolvement
and calculate missing historical data. Our simulation models are validated by
a docking process. We validate simulation results from two agent-based simula-
tions using two toolkits { Swarm and Repast. Our validation demonstrates the
transformation between simulation tools in scienti ¢ modeling processes.

Our work has further impact on understanding virtual communities. The OSS
community is a typical example of virtual communities. The study of the OSS
community can help researchers understand other forms of virtual communities.
The bene ts and lessons we get from OSS can also be applied to other virtual com-
munities. Research in OSS from other areas such as economics, psychology, and

management can also bene t from our models and explanations of OSS network.

1.3 Organization

The remainder of this dissertation is organized as follows. The next chapter
describes how we collect data for our research. Our research data is from the
largest OSS hosting website - SourceForge.net. We discuss advantages and dif-

culties in data collection from OSS web sites. A data collection framework is



given in this section. Examples of web mining and database mining are provided
through the description of several small research investigations on the OSS phe-
nomenon. Chapter 3 presents OSS community analysis based on social network
perspectives. We discuss social network topological properties such as diame-
ter, clustering coe cient, clusters and their sizes, and apply these properties on
the OSS network. Furthermore, we study the e ect of peripheral developers and
users on OSS development. Chapter 4 continues our social network analysis on
OSS network. We compute community structures on the OSS network and give
explanations of the existence of community structures. Chapter 5 describes the
validation of OSS simulations. Two simulation models using Swarm and Repast
are compared on four di erent network models. Chapter 6 summarizes the entire

dissertation and presents future research directions.



CHAPTER 2

OSS DATA COLLECTION METHODOLOGIES

2.1 Introduction

In this chapter, we describe the data collection methodologies we use in this
dissertation. All our research studies are based on the data retrieved by these
methodologies. This chapter gives a general data collection framework on OSS
studies.

Most OSS projects are developed in a distributed and decentralized environ-
ment!. The number of developers of OSS projects ranges from several to thousands
of people, who are usually not physically located in the same place. They rarely
meet face to face. For example, the Linux development team consists of more
than 3; 000 developers from over 90 countries [82]. Although some companies pay
their employees to contribute to OSS projects, few developers belong to the same
organization. Often, many developers work for their individual interests [47].

Such a distributed and decentralized environment poses challenges to the man-
agement, cooperation, and communication of OSS project development. Devel-
opers may work for their own goals, rather than focus on the project goals. Fur-

thermore, if some developers decide to leave a project, it may put the project

1This chapter is based on paper \A Research Support System Framework for Web Data
mining Research™, Workshop on Applications, Products and Services of Web-based Support
Systems at the Joint International Conference on Web Intelligence (2003 IEEE/WIC) and In-
telligent Agent Technology, Halifax, Canada, October 2003, pp. 37-41 [119].



at risk. Due to the geographical separation, synchronization is also a problem
both for software version control and communication. Because developers have
their own preference for platforms and systems, tools must be provided to support
their development needs. Well-written documentation is also necessary to assist
developers to understand the OSS projects they contribute to.

Some public archives are already developed to address the above needs. OSS
project developers use Source Con guration Management (SCM) tools such as
version control systems (CVS), Subversion, and SubMaster to control, coordinate,
and record changes of source code and documentation. With SCM, geographically-
separated developers can work on their own and merge their work later. Also,
project leaders can control the team goal and manage the project development by
controlling commits to SCM. Moreover, many OSS projects maintain trackers to
manage bug reports, patch submissions, support and feature requests, and many
other issues. Trackers keep detail information such as problem description, dates,
submitters, updates, comments, etc. For asynchronous communication, mailing
lists and discussion boards are prevalent tools. Developers can broadcast and
discuss their development issues by posting messages through these tools.

There are many web sites which host OSS projects. We can classify those
web sites into two groups: individual OSS web sites and group OSS web sites.
Individual OSS web sites only host one OSS project or closely related projects.
Some famous OSS projects usually have their own hosting web sites, such as Linux
[55], Perl [57], and Apache [52], etc. On the other hand, group OSS web sites host
multiple unrelated projects together. An OSS project team can register a new
project on or port an existing project to these web sites. Examples of these sites

include SourceForge [59], Savannah [58], and Freshmeat [54], etc. Both individual



OSS web sites and group OSS web sites use all or some of public archives we
discussed in the above paragraph. Those web sites contain abundant information
about projects and their developers.

Although these OSS web sites can be treated as attractive data sources for
researchers, di culties exist in collecting data. They may not have access to the
backend databases, in which case, tools are needed to extract, download, parse,
and port web data. The researchers must eliminate irrelevant or unnecessary
items in the extracted data. Furthermore, overlapping data or incomplete data
also exists. Some users may use multiple IDs or an ID may be used by multiple
users. We also need to deal with missing and dirty data. For example, dumped and
defunct projects must be distinguished from normal projects [63]. It is imperative
for researchers to improve data quality and accuracy.

There are two ways to collect data from OSS web repositories. In most studies,
the collecting process is based on retrieving web pages or les (usually by a web
crawler), parsing the downloaded pages, and analyzing data for di erent research
goals. Robles et al. [96] design a data collecting system, GlueTheos, which in-
cludes modules to download raw data from CVS repositories, analyze the source
code and store data as XML les or in a SQL database. Some researchers focus
on gathering, sharing, and storing OSS development data for academic research
[62, 110]. These systems use a crawler to collect OSS project and developer in-
formation from OSS websites and provide ready-to-use databases for researchers.
Jensen et al. [65] explore mining techniques for discovering OSS development pro-
cesses by analyzing text, links, usage, and update patterns from OSS web repos-
itories. Crob et al. [44] discuss selecting and extracting OSS web server log les

and use data mining techniques to analyze those log les. Collecting data by web
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crawling has several disadvantages. First, a web crawler can hardly be used for
di erent OSS web sites because those sites have di erent web structures or a site
may change its structure. Second, because crawling is always time- and resource-
consuming, downloading data by a web crawler may a ect the performance of the
downloaded site and may result in a denial of service for regular users. Third,
historic data are often unavailable to web crawlers because a web site usually only
contains current information. The other way to collect data is to get a copy of a
back-end database dump directly from the OSS web sites. Although direct access
to the data dump can avoid those disadvantages of web crawling or spidering,
this approach still poses several problems. The lack of documentation about data
dumps may require a huge e ort to understand schemas and tables. Unlike data
listed directly on web pages, names and meaning of table elds may be confusing
and obscured and the interpretation may not be easy. Moreover, data processing
and cleaning are complicated due to the fact that there are noisier and duplicated
data stored in databases.

This chapter addresses the challenge of e ciently mining data from OSS web
repositories. Most previous studies focus on manually creating a web crawler
to collect data from OSS web sites based on speci ¢ research needs. We design
a mining process which combines web mining and database mining to identify,
extract, Iter and analyze data. Furthermore, SourceForge database schemas and
tables are described to help researchers understand data dump structures. Our
work provides a general solution for researchers to implement advanced techniques,
such as web mining, data mining, statistics, and algorithms to collect and analyze
web repository data.

The rest of this chapter is organized as follows: Section 2 describes web data
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sources and data features. Section 3 describes the limitations of our data sources.
Section 4 presents an overview of our mining process. Section 5 gives an example
of using a web crawler to collect data. Section 6 focuses on design and implemen-
tation of data collection from data dumps. Conclusions and future work are given

in Section 7.

2.2 Data Sources

We collect our data from SourceForge { the world’s largest Open Source soft-
ware development and collaboration web site. With over 140;000 projects and
over 1:5 million registered users as of March 2007, SourceForge.net, sponsored by
VA Software, 0 ers a centralized place for OSS developers to control and manage
OSS development by providing project web servers, trackers, mailing lists, discus-
sion boards, and software releases, etc. Users can download and use those projects
for free under an Open Source license. This site provides highly detailed informa-
tion about projects and developers, including project characteristics, developers’
activities, and \top ranked" developers. By studying this web site, we can explore

developers’ behaviors and projects’ growth.

2.2.1 Project Information

SourceForge provides a summary for each project, including its name, reg-
istered data, classi cation, list of developers, and activity data. According to
the features and properties of a project, SourceForge groups each project into
di erent categories, called a software map. Those categories have multi-level sub-
categories. A project can be classi ed into di erent subcategories in the same

top category. The top level category includes database environment, development
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Figure 2.1. SourceForge topics hierarchy. This graph only shows the rst
level of the topics hierarchy tree.
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status (planning, pre-alpha, alpha, beta, production/stable, mature, inactive), in-
tended audience, license, operating system, programming Language, topic, trans-
lations (natural language the project is based on), and user interface. Figure 2.1
shows the rst leve subcategories of SourceForge projects topics.

The tracker system is a tool provided by SourceForge.net that allows developers
to develop, collaborate, and support software. By using trackers, developers and
users can report and manage bug reports, patch submissions, support requests,
feature requests. Each project may have multiple trackers. Each tracker keeps
total and open counts, summary of a request, open date, update date, current
status (open, close), submitter ID, and assignee ID.

Some projects may maintain forums for di erent types of purposes. Forums
provide a convenient communication for developers and users to raise, discuss, and
answer questions. SourceForge records each message, as well as its topic starter,
total replies, and follow-ups.

For each project, you can nd historical data of its activities, such as its rank,
total page views, total downloads, and posts on forums (shown in Figure 2.2).
The history of le releases is also available, which provides information about the

le release time, version, size, and package names.

2.2.2 Member and User Information

A project has a list of administrators and developers. They are registered mem-
bers of SourceForge. Each project has one or multiple project administrators, who
are often the initiators of that project. These project administrators usually con-
trol the source code change and maintain project membership. Besides project

administrators, each project may have developers who work on that project but
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Figure 2.2. Sourcelerge project statistics. Each day, Sourcelorgerecords
rank, total number of a project's web pages,daily number of downloads,
daily number of web hits, and tracker requestsfor ead project.
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