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Abstract. Your text goes here. Separate text sections with the stan-
dard ETEX sectioning commands.

1 Introduction

Open source software(OSS) have been being used in government and educa-
tion institution, since it is free, and high quality and capacity. Generally, par-
ticipants(e.g. developers and users) in the community develop OSS through
communication with each other on the WWW|[?]. There are cases that OSS
development is stopped for some factor and end-users are not given continual
support, such as bug fixes and functional additions. Therefore, system admin-
istrators in a commapy need to decide carefully whether they should introduce
OSS instead of a commercial software system. As OSS becomes widely used in
infrastructure, it needs to know whether OSS comminity continuous activity .

Various studies, which attempt to realize the process of development and
success factor in OSS community, have reported|[?][?]. According to Raymond|[?],
users have a key role in OSS community. Developers realize that they have been
developing the usefurl software from the response of users, that is, users improve
motivation of developers. And, users report bugs or requests of a new features
to developers and also ask questions on usage of the products to other users or
developers. Developers discuss the reported bugs and answer the questions to
users. We think that communication between developers and users is important
factor for success in OSS community.

In this paper, we investigate the informal social structure of OSS commu-
nity by analyzing a communication data between the developers group and the
users group. As an approach to examine the communication data, we use social
network analysis(SNA) that views socail relationships between the individual
actors[?][?]. In particular, we focus on 3 centralities that are measures to know
the state of informal socail structure. By using the centralities, for example,
we can know the community in which each developer has strong connections
with others developer, or several participants connects developers group to users
group, and so on.
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This paper presents a case study to investigate the informal social structure
using a communication data changing over time in Apache project that is a
large OSS community. We selected Apache project from OSS communities since
Apache is the most widely deployed Web server in the Netcraft survey[?] and is
very successful in Mockus et al[?]. In this case study, we calculated 3 centralities
and graphed the socail network from the communication data of developers
group and users group.

In what follows, Section 2 introducts the related work. Section 3 explains

0O O O collaborative development in OSS community, and Section 4 describes
the details of analysis method. Section 5 provides our case study, and Section
6 discuss the result of analysis. Section 7 summarizes the paper and presents
some future topics of research.

2 Related Work

3 0 00 Collaborative Development in OSS Community

Open source software(OSS) is software for which the source code is avaliable
under a license, such as the public domain and GNU GPL. Development in OSS
community has the following feature compared to development in a campany.

3.1 Software Development in OSS Community
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3.2 Hypothesis

Based on the feature of software development in Section 3.1, we frame 3 hy-
pothesis that might be observed from the successful OSS community.

H1 : The communication network increases in density over time

From feature 1, the number of participants increases when the OSS commu-
nity attracts attention. Then, in any OSS communties, the lowly-motivated
participants which join in the OSS community easily quit the community
over time, since the participants can quit freely. The number of partici-
pants decreases even if a new person join in the community (since a new
person is limited). However, in the case of successful OSS community, the
highly-motivated participants only remain in the community, thus, the com-
munication network increases in density.
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H2 : There are frequent communication between developers
From feature 2, frequent communication between developers need to keep
their motivation. Additionaly, from feature 3, software development based
on bazaar style has no the strict chain of command. Therefore, we belive
that each developer develop the OSS through communication with each
other rather than independently without communication.

H3 : There are some coordinators which transfer information be-
tween the developers group and the users group

Therefore, we think that there are some coordinators which transfer infor-

mation between the developers group and the users group D00 0000
goooooooobooooooon

3.3 Role of Coordinator in OSS Community
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Fig. 1. Organizational structure of an OSS community

4 Analysis Method

To evaluate the hypothesises in section 3.1, we use social network analysis and
evaluate with communication data in some real OSS communities.
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Table 1. Characteristics of target communities

Num. of |Density of|Num. of| Date of Num. of |Num. of average

developers|all periods| posts |communities|downloads| downloads

Community started per a day
Community A 138 0.022 174 04-Jun-01 28,265 16.92
Community B 1 0.013 165 07-Oct-04| 7,734,629 17188.06
Community C 11 0.007 766| 05-Dec-99|26,000,000 11878.12
Community D 3 0.500 203| 29-Dec-03 156 0.21

4.1 Definition of networks
4.2 Analysis Procedure

The followings show the procedure of our analysis using social network analysis

(SNA) [2, 7).

Preparation
Calculations of network density by a certain period
Time series analysis

5 Case Study

5.1 Result of analyses

Changes of statistic values(the number of participants and messages) and O —
000003000000000000000each mean of centralities(degree,
betweenness and closeness) for the period of analyses are shown in Figure 2.
The vertical axis shows the time and horizontal axis shows statistic values or
3 centralities. The vertical dashed line shows the released period as a major
version.

We used not a centrality of each participant but mean of the centrality be-
cause the use of a centrality of each participant is difficult for the large OSS
community and irrelevant for comprehending the whole impage of the commu-
nication network. However, many nodes have no edge in Apache community
regardless of time. Under the influence of the nodes, each mean of centralities
is close in value to 0 . To underline the feature of the communication network,
we used mean of the centrality of top 10% centrality participants. We confirm
3 hypothesis in Section 3.2 as follows.

H1 : The communication network increases in density over time

Prediction:
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Over time, the lowly-motivated participants quit the community and the
highly-motivated participants only remain in the community. Therefore, the
number of participants decreases but each centrality increases.
Result:
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H2 : There are frequent communication between developers
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H3 : There are some coordinators which transfer information be-
tween the developers group and the users group

oomoobooboboooooooooooboob-0o0oooooooo
oobooobooO0o0obOo0obOomoobooooboooooboooboooooo
gboboobOobooooobooooboobooooobooooboon
oooOooOoOOoOOO0OO0OO000A-1IODODOOOODOOOOOOOO2004000
oooooooboobobooooboooooboooobooooboooboo
0A300000000000000ODODODO0O00D0DOO0OoDoOoOoODODOO
oboooOobooooboboooooboooobOobooooboon

6 Discussion
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Fig. 2. Changes of average of network centralities of Apache community.
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Table 2. Degree of top 5 coordinators.
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7 Conclusions

gooooooSsooooooooooobooobobo0oooooooDoobooo
gb200000000000000000O00O0C0O0O00OO0O0O0O0O00O00AO0
oo0o0O000ooooOoOsgooooosSsooooooooooooooog
gboooobooooogooboo

- OoSSO00po0oooOoooUoooUoooUoooooopoooOoobooooodg
ooo

- 0Oob0oo0ooboob200000000b0000O00b0Oo0bOoOoOoobooOon
gooooobooog

- gbobooboobooooobooooboobooooobooooboobooonoa

goboboooooboooobooboboooooooo3oobooooooo
gboboooboooboooboooboobooooobooobooooobooboooboooon
gbbooboooboobooboooooobooboobooboooobooon
gboooobooooboboooooobo

References

1. Kajan E (2002) Information technology encyclopedia and acronyms. Springer,
Berlin Heidelberg New York

2. Broy M (2002) Software engineering — From auxiliary to key technologies. In: Broy
M, Denert E (eds) Software Pioneers. Springer, Berlin Heidelberg New York

3. Che M, Grellmann W, Seidler S (1997) Appl Polym Sci 64:1079-1090

4. Ross DW (1977) Lysosomes and storage diseases. MA Thesis, Columbia Univer-
sity, New York



Authors Suppressed Due to Excessive Length

0 [ S0
Apache Ver.2.2.0 ')!)—XFf (2005%118)

FEE

Fig. 3. Communication

network of during one period of time.



Index

paragraph, 1



