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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 governments and edu-
cation institutions, since it is free, and high quality and capacity. Generally,
participants(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 have reported in order to attempt to reveal the process of
development and a success factor in OSS community[?][?]. O O O O Howison O
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In this study, we investigate the informal social structure of OSS commu-
nity by analyzing a communication data between the developers group and the
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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 the betweenness centrality that is a mea-
sure to know the state of informal socail structure. By using the betweenness
centrality, 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.

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[?].

Oooooooooom

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

0 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
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Fig. 1. Organizational structure of an OSS community

4 Analysis Method

4.1 Analysis Procedure
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4.2 Betweenness centrality

In this paper, we use betweenness centrality of social network analysis proposed
by Freeman [?]. We now describe the centrality below.

Betweenness centrality Chetweenness(vi) of a node v; shows a ratio what is
including shortest path between v; and vy,. Betweenness centrality is shown as
Formula (1).

22" 2 D (vi)
C (v:) = —Smi—— (1)
betweenness\Vi Zn anjk
j<k
where n shows the number of the network, p;; shows the shortest path from v;
to vk, > > "pjx shows the number of path from v; to vg, and 3" > "pjx(v;)
j <k j <k

shows thje number of path from v; to vy including v;. ’

Chetweenness(vi) takes a value from 0 to 1, and a node which takes higher
value has a high betweenness centrality. A node which takes higher betweenness
centrality plays a role as a coordinator.

In the OSS community, we can assume a node which takes high betweenness
centrality as a participants who connected between other participants. Thus, if
a participants who takes high betweenness centrality decrease suddenly, com-
munications in the OSS community become decrease.
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5 Case Study

In this section, we present our case study that we analyzed OSS community in
perspective of Section 77.

5.1 Apache Community

The Apache HTTP server (the OSS software under consideration in this case
study) is a web server software, and has big market share. According to the
Netcraft survey, over half of the 150 million or so web sites queried in the
Netcraft data collection deployed the OSS software at this writing. In addition,
it is widely recognized as high quality and functionality software because of
frequent development and maintenance. For this reason, Apache HTTP server
is very successful.
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5.2 Apache Data Source

We used the following archival source of data.

Developer mailing list: Anyone with an interest in working on Apache
development can join developer mailing list, which archived monthly. It
contains many different sorts of messages, including technical discussions,
proposed changes, and automatic notification messages about changes in
the code and problem reports since the period starting March, 1995.

User mailing list: Anyone with an interest in Apache software(?7?) can join
this which archived monthly. It contains many different sorts of messages,
including problem reports, *** and *** since the period starting November,
2001.

Developer mailing list 0000000000000 XXX OOO User mail-
inglist 1000000000000 XXXOOOoOooooooooooooo
Version2.200 000000000 300000000000 000ODOOO

5.3 Result of analyses
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000000000000 A communication network for the period released of
Apache Ver 2.2.0 is shown in Figure 3. Developers group is on the left, users
group is on the right and coordinators group is on the center.
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Table 1. Degree of top 5 coordinators.0 0000000

Pldr‘lu P2dr‘|u P3dr‘|u P4dﬁu P‘Sdﬁu
gooog 0.0951/0.0636|0.0439|0.0264|0.0155
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gooo 321 196 261 127 119
0 Median[ 12.0000 Mean[] 52.44440
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6 Discussion
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Nodes and edges of top 5 coordinators of degree are highlighted.
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Changes of statistic values(the number of participants and messages) and
0-000003000000000000000each mean of centralities(degree,
betweenness and closeness) for the period of analyses are shown in Figure 4.
The vertical axis shows the time and horizontal axis shows statistic values or
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3 centralities. The vertical dashed line shows the released period as a major
version.
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7 Conclusions

gooooooSSsooooooooooooooooo0ooooooopooooo
gb200000000000000000O00O0O0O0DO0DOOODODOOODO
o0ooooooooDbO30000ooSSso0ooooooooooooDoon
gbooooboooooogooboo

-0OSSO000ooodooooodooUooooooooooooooooo
ooo

- Oooboo0oobooob200000000bO00booOobooOobooOoooOon
oooooobooooo

- gboboobooboooobooooboboooooboooooboobooonog

gbooboobobobobobobobobobosbobobobon
gooogbooboobobobobobobooboboboboobobob
obbooboooboooboooboobooooboobooboooboooooon
gboooobooooobOobooooooo

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



“BemAR

BrytE—SH%

EEPDE AP R pbE

The silver bullet for OSS communities 11

Apache GIMP Netscape
Ver220 0 Verl3o o Ver6  Ver7 Ver8
8 i i 1
o N ' 1
g i i
8 i 1
i i
i i
g i i
g & ! :
iy ® :
i
N i
M '
o o .
200111 200309 200507 199910 200104 200210 199909 200206 200503
(A-1) (G-1) (N-1)
8 |
8
s
8
h
|
H
o H
200111 200309 200507 199910 200104 200210 199908 200206 200503

(A-2) G-2) (N-2)

200111 200309 200507 199910 200104 200210 199909 200206 200503
(A-3) @-3) (N-3)
o_ o ,
= “Q’ -1 :
'
'
a '
- '
° e ] !
5 '
a
ER 1
a o
. 5]
B S
200111 200309 200507 199910 200104 200210 199909 200206 200503
(A-4) G-4) (N-4)
o_ )
« E :
3 '
'
'
.| '
b '
o
° o~
- s
5 .
!
o ' ol ' '
= 3
200111 200309 200507 199910 200104 200210 199909 200206 200503
(A-5) (G-5) (N-5)

— O—TAFr—5 —— Timeline
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