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Abstract

The scale-free network shown in the small world 
phenomenon indicates that our human society consists 
of a small number of people who play the role of hubs 
linked with many nodes (persons) and a large number 
of people as nodes linked with few nodes. From our 
analysis of a large-scale online community—
SourceForge.net which has a large number of 
developers and projects, we have found that 
SourceForge also exists as a scale-free network. That 
is, only a minority of developers join many projects 
and have rich links with other developers, while the 
majority join few projects and have very limited social 
relations with others. The goal of our study is to build 
a system that supports knowledge collaboration in a 
large-scale online community of software development 
projects. In this paper, we discuss the challenges of 
supporting knowledge collaboration in such a large 
online community that is a scale-free network and then 
introduce the prototype system called D¬SNS 
(Dynamic Social Networking System). 

1. Introduction 

In general, technologies used in software 
development have been evolving from day to day. 
Although software developers continuously require a 
considerable amount of new and diverse knowledge 
about relevant technologies, it is not realistic to try to 
support developers so that they become knowledgeable 
about all the relevant technologies. It would be 
important to provide a mechanism that enables de-
velopers to mutually share and create useful 
knowledge for software development, available where 
and when needed.

Successful open source software (OSS) 
communities are a good example of knowledge 
collaboration. Developers in an OSS community 

discuss technological problems and reported bugs; 
share useful information and new ideas; and create 
OSS products. In a large-scale online community of 
software development projects such as 
SourceForge.net and Java.net, however, a number of 
developers are confronted with the difficulty of asking 
for help from others [8].  

For instance, SourceForge has a large number of 
developers and projects but the majority of the projects 
only have few developers (less than 3 developers). Due 
to the lack of supporting cross-project knowledge 
collaboration, the small projects with few developers 
often cannot gather sufficient contributors such as bug 
reporters and new developers, and then remain 
sleeping or dead in some cases. As contrasted with the 
small projects, the large projects with many 
contributors are easier to gather further contributors 
(known as the “rich-get-richer” effect) [6].  

The recent studies on social networks revealed that 
our human society consists of a small number of 
people who play the role of hubs linked with many 
nodes (persons) and a large number of people as nodes 
linked with few nodes—the scale-free network[2, 12]. 
The results of the analysis of SourceForge [6, 8] 
indicate that SourceForge also exists as a scale-free 
network. The issue mentioned above can be regarded 
as one of characteristics of the scale-free network.

The goal of our study is to build a system that 
supports knowledge collaboration in a large-scale 
online community of software development projects. 
There are two issues that must be resolved in designing 
a support system: the lack of mechanisms for 
supporting cross-project knowledge collaboration and 
the negative effects in a community with a scale-free 
network. In the next section, we discuss the challenges 
of supporting knowledge collaboration in such the 
community with a scale-free network structure. Section 
3 describes our approach to deal with the issues and 
then introduce the prototype system called D-SNS 
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(Dynamic Social Networking System) in Section 4. 
Section 5 discusses the advantage and the disadvantage 
of our approach, comparing to an existing study of 
knowledge collaboration. 

2.  Challenges of supporting knowledge 
collaboration

In this section, we discuss the challenges of 
supporting knowledge collaboration in a large-scale 
community of software development projects, 
especially from the perspectives of the organizational 
structure and the network structure of social 
relationships in the community. 

2.1. Organizational structure 

Large-scale online communities such as 
SourceForge.net and Java.net provide OSS projects 
with free hosting and a variety of development support 
tools (e.g., repositories for source code, bug tracking 
system, tools for open discussions, etc.), which can be 
seen as knowledge repositories for software 
development.  

Figure 1 shows the typical organizational structure 
in a large-scale online OSS community. Each project 
can accumulate, share, and exploit own past 
knowledge for creating own software products, using 
tools provided by the community. However, because 
the community dose not provide each project with 
tools or mechanisms for sharing the aggregate 
knowledge in the community, it is difficult for de-
velopers and other contributors to find and use it, even 
if a good deal of useful knowledge exists in the 
community. For the same reason, developers (DA) are 
confronted with the difficulty of asking for help from 
developers of other projects (DB) and contributors (C),
even if DB and C may possess knowledge which DA

would like to know but none of DA have.
These issues caused by the typical organizational 

structure in a large-scale online OSS community could 
be critical, because a considerable proportion of 
projects in the community (e.g., over 80% of all 
projects in SourceForge) often consist of less than 3 
software developers [8]. Support mechanisms for cross 
project knowledge sharing and knowledge 
collaboration should be provided especially to a 
number of small projects with few developers which 
tend to be the lack of knowledge resources for creating 
software products.  

2.2. Network structure of social relationships 

Using social relationships among developers in an 
OSS community would be a possible solution to the 
issues described in Section 2.1. For instance, the 
blacked-out developer in Figure 2 is participating in 
the three projects (X, Y, and Z). All the developers of 
the three projects can be seen to be socially connected 
via her/him within 2 degrees of separation as Figure 2. 
Because the blacked-out developer who connects all 
the developers as one cluster is likely expected to 
“know what kind of knowledge exists in which 
project” and “who is knowledgeable about what,” the 
other developers are able to effectively acquire 
knowledge necessary for creating software products by 
inquiring of the blacked-out developer. 

However, if only few developers in a community 
are participating in multiple projects as illustrated in 
Figure 1, they would bear a heavy burden of many 
inquiries from other developers. The recent studies on 
OSS communities reported that OSS development 
largely depends on contributions not by burden-
sharing among developers but by a small portion of 
developers. For instance, only 4% of developers in the 
Apache community created 88% of new code and 
fixed 66% of defects [7]. From a total of 196 
developers in the Ximian project, 5 developers account 
for 47% of the modification requests (MRs) [4]. 4% 
of members account for 50 %s of answers on a user-to-
user help site [5]. 

Knowledge Repository
(source code, bug reports, 

discussions, etc.)

project Z

Knowledge Repository
(source code, bug reports, 

discussions, etc.)

project Y

Knowledge Repository
(source code, bug reports, 

discussions, etc.)

project X

OSS community

Figure 1. Typical organizational structure 
of a large-scale online OSS community 

project X

project Zproject Y

Figure 2. Network structure of social 
relationships in a community 
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From our analysis 1  of social networks in 
SourceForge, we have found that SourceForge exists 
as a scale-free network [2]. In a scale-free network, 
what makes the world so small is the existence of hubs 
[12]. Social relationships in a scale-free network can 
be graphed as power low relationships as Figure 3. The 
left graph in Figure 3 shows how many developers (Y 
axis) participated in how many projects (X axis). The 
right shows how many projects (Y axis) have how 
many developers in their projects (X axis).  

Roughly speaking, these results also imply that only 
a minority of developers as hubs connects developers 
with developers in SourceForge and have the 
possibility of tying developers and projects together as 
the aggregate knowledge repository. Although we 
described the need of supporting cross project 
knowledge collaboration for a number of small 
projects with few developers in Section 2.1, the issues 
caused by the network structure of social relationships 
in a large-scale community also indicate that the 
support mechanism that prevents a pile of inquiries 
rushing to the “hub” developers is needed. 

3. Approach 

This section describes our approach to construct 
mechanisms which support cross project knowledge 
collaboration for a number of projects with few 
developers and protect a small number of “hub” 
developers against a large amount of requests from 
other developers in a large-scale online community. 

3.1.  Constructing social networks  

As we mentioned in Section 2.2, exploiting social 
networks among developers is a possible solution for 

                                                          
1 The analysis of SourceForge.net was conducted in Feb. 2005. We 
analyzed the data of over 90,000 projects and 130,000 developers 
participating in more than one project.

supporting cross-project knowledge collaboration in a 
community with a lot of independent projects.  

Constructing social networks: Using the method 
of social network analysis [10, 11], we can define 
social relationships among developers in a large-scale 
online community. The relationships as illustrated in 
the social network in Figure 2—“who belongs to 
which projects” can be represented as affiliation 
networks [11]. 25% of all the developers in 
SourceForge, for instance, can be connected as one 
cluster (knowledge network) by defining social 
relationships among developers as affiliation networks. 
Using the notion of affiliation networks, we can 
construct multiple clusters that can be seen as multiple 
knowledge networks in a community.  

Unifying clusters and independent nodes:
Furthermore, we can construct the unified knowledge 
network consisting of multiple clusters and 
independent nodes (projects with one developer) in a 
community. If a developer belonged to a cluster (CA)
or an independent node (N) has used a repository of 
another cluster (CB), we can also define that CA , CB , 
and N are connected. By doing so, most of developers 
belonged to any projects can be unified into one large 
cluster. Active users who do not belong to any projects 
but have input their knowledge into a project repos-
itory (e.g., bug reports) are also able to include in the 
cluster.

3.2. Protecting “hub” developers 

The key of constructing the large knowledge 
network (cluster) heavily depends on the existence of a 
minority of “hub” developers in a large community. It 
is natural that the majority of developers with few 
links is attracted to “hub” developers who are likely 
knowledgeable about a variety of technologies and 
other developers. However, “hub” developers would 
bear a heavy burden of many inquiries from “node” 
developers, if there are some means of protecting 
“hubs.” If not so, “hubs” may leave the community [3]. 
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Figure 3. Power low relationships of the scale-free network in SourceForge.net (Feb. 2005)
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