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ABSTRACT 
We hypothesize that open source software development can be 
modeled as self-organizing, collaboration, social networks. We 
analyze structural data on over 39,000 open source projects 
hosted at SourceForge.net. We define two software developers to 
be connected — part of a collaboration social network — if they 
are members of the same project, or are connected by a chain of 
connected developers. Project sizes, developer project 
participation, and clusters of connected developers are analyzed. 
We find evidence to support our hypothesis, primarily in the 
presence of power-law relationships on project sizes (number of 
developers per project), project membership (number of projects 
joined by a developer), and cluster sizes. 

Categories and Subject Descriptors 
D.2.2 [Software Engineering]: General. 

General Terms 
Management, Measurement 
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1. INTRODUCTION 
Several research streams converge to provide us with a number of 
tools and models for analyzing the open source software 
movement: social network theory, small world phenomenon, 
power-laws, self-organization, and graph theory. Social network 
theory models persons as nodes of a graph and their relationships 
as edges of the graph [1-4]. Thus two persons are directly 
connected if they have a relationship (e.g., friendship) with each 
other; they then are one link away from one another.  More distant 
relationships are modeled as paths through the graph; a “friend of 
a friend” is two links away. Several studies reveal an interesting 
phenomenon present in many of these social networks; most 
persons are very few links from any other person – the Small 
World Phenomenon [3, 4].  This idea was popularized in the play 
(and movie) Six Degrees of Separation [5] which claims that all 
persons in the world are at most six friendship links away. 

2. SOCIAL NETWORK THEORY 
Collaborative networks are variations of social networks, where 
the relationships are collaborations, e.g., actors in movies [3, 6], 
or co-authors on research papers [7, 8]. Often entire populations 
are connected into one large cluster with characteristic cluster 

coefficients, maximum degrees of separation (diameter) [3]. 
Highly prolific actors or authors are linchpins in collaborative 
networks. Linchpin actors or researchers play key roles in 
bridging disparate groups into one large cluster. 
Social networks, collaborative networks, and other self-organizing 
systems  (e.g., the Internet, WWW pages, U.S. firm sizes, cities, 
economic systems, word usage in languages, ecosystems) often 
have another interesting property; they have highly skewed 
distributions, which under a log-log transformation results in a 
linear relationship. This is called a power-law relationship.  
Power-law relationships have been reported for the Internet [9-
13], sizes of U.S. firms [14], city size distributions [15], 
ecosystems [16], word rank in languages and writing [17] and 
many others.  
Why such systems have power-law relationships is an open 
research question. Some speculate that self-organizing processes, 
when modeled as growing networks, display non-random 
attachment of nodes (sometimes called preferential attachment) 
[8, 12, 18]. 
We analyze the open source movement by modeling it as a 
collaborative social network.  The developers are nodes of a graph 
and joint membership on an open source project is a collaborative 
link between the developers. The open source software 
development movement is highly decentralized and is a volunteer 
effort where developers freely join projects that they find 
appealing – all attributes of typical self-organizing systems. We 
hypothesize that the open source movement displays power-law 
relationships in its structure.  Our empirical analysis of structural 
data collected from SourceForge suggests that this is the case. If 
this is supported by more detailed investigations, and as 
additional general theories are developed about social and 
collaborative networks (e.g., distributions in networks with non-
random growth), that theory may then be applied to the open 
source software development process.   

3. DATA COLLECTION 
We gathered data monthly over the 14 month period from January 
2001 through March 2002 at SourceForge, a web-based project 
support site sponsored by VA Software. SourceForge provides 
project management tools, bug tracking, mail list services, 
discussion forums, version control software for over 33,000 open 
source developers, participating on over 39,000 projects, as of 
February 2002 [19, 20].  We note that not all open source projects 
are registered with SourceForge; many high profile projects 
maintain their own developer sites, e.g., Apache, Perl, sendmail, 
Linux. But some large projects have moved to SourceForge (e.g., 



Samba) and we speculate that there are many smaller projects that 
have not joined SourceForge.  Our assumption is that the projects 
at SourceForge are representative of the overall open source 
movement, in part because of its popularity and the large number 
of projects and developers registered there. 
The primary data required for this research is a table consisting of 
records with two fields: project number and developer ID. 
Because projects can have many developers and developers can be 
on many projects, neither field is unique primary key. Thus the 
composite key composed of both attributes serves as a primary 
key.  Each project in SourceForge has a unique project number. 
Additionally, each developer is assigned a unique ID when 
registering with SourceForge. 
A web crawler traversed the SourceForge web server to collect the 
necessary data. All project home pages in SourceForge have a 
similar top-level design. 

4. RESULTS 
We model the OSS developers and projects as a network in two 
complementary ways.  First, each developer is a node in the 
network; an edge exists between nodes if both developers are on 
the same project. This representation is analogous to movie actors 
as nodes and movies as links, or research paper authors as nodes 
and joint authorship as a link in the collaboration networks 
discussed above.  The second way uses projects as nodes.  Our 
initial analysis of the structural data shows that the developer 
collaboration network at SourceForge fits a power-law model, as 
determined by ordinary least squares (OLS) regression in log-log 
coordinates.  As shown in Figure 1, both the project-size (number 
of developers on the project) and the number of projects per 
developer (total number of projects-joined by a developer) have 
power-law distributions.  The solid line is the OLS regression line 
though the data, with an adjusted R2

� .93 for the project-size 
data, and an adjusted R2

� .97 for the projects-joined data. This 
power-law distribution is often a property of such self-organizing 
systems. 
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