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1. INTRODUCTION
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the correlation between centralities and Apache developer
contributions from developer mailing lists and the changed
history of source code[1]. The analysis results indicated that
developers communicating with many other developers con-
tributed more to source code changes.
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This paper is organized as follows, ...

2. RELATED WORK
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3. INFORMAL SOCIAL STRUCTURE IN OSS

COMMUNITY

Since, in general, participants in FOSS communities are
geographically-distributed, they rely heavily on online me-
dia as a way to communicate each other. So the history of
communications among participants on online media such as
mailing lists news groups and bulletin board systems helps
us extract the informal social structure of participants in
FOSS communities. In this paper, we define the informal
social structure by sender-receiver relationships on online
media. Figure 1 is an example of the informal social struc-
ture in FOSS community. The left side in Figure 1 shows
a thread tree in online media and the right side is a net-
work structure constructed from the thread tree, regarding

thread tree informal social structure
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C: D
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Figure 1: Constructing an informal social structure

nodes and edges as message senders and replies respectively.
For example, if a participant B and C replies to a message
sent by participant A, edges are linked from node B and C
to node A. In this way, we can represent and analyze the
informal social structure in FOSS communities as network
structures. 00 000000000000 0O0O0O

In FOSS community, there are some roles of participants
(e.g. developer, tester and users), and subgroups accord-
ing to the roles of participants. Through using online me-
dia, technical matters (for instance, topics related to new
features and/or defects of FOSS products) are discussed in
a developer group, Q&As about usage of software are dis-
cussed in user group, and so forth. Figure 2 illustrates an
example of the informal social structure formed by two sub-
groups in OSS community. P, (yellow node) is a partic-
ipant who had sent a message to the developer group (the
left circle in the figure), Pu.sr (blue) is a participant who
had sent a message to the user group (the right circle in
the figure), and Pan. is a participant who had sent to both
the developer group and user group. By discussing top-
ics corresponding to the role of each subgroup, participants
of subgroups can efficiently obtain relevant information for
themselves. However, for instance, even if Py, in the user
group discussed useful ideas which might improve the qual-
ity of software products, Pge, in the developer group could
not notice the ideas. As the result, the ideas would be buried
in communication logs of the user group. Therefore, Pin.,
who participates in the both groups has an important role
of transferring feedbacks from users such as feature requests
and/or defect reports to developers. In parallel, Pin. also
have a role of user support because have s/he are knowledge-
able about developed software as a developer. We consider
that Pin. who transfers information discussed in one group
to other group largely involves in facilitating communication
and collaboration among participants in FOSS community,
that is, Pgn. have strong influence on the informal social
structure. In this paper, we focus on the role and network
structure of Pin, based on the reasons described above.

4. ANALYSIS METHODOLOGY
4.1 Perspective of Analysis

For analyzing the informal social structure formed by oss
participants, we describes two analysis perspectives.

4.1.1 static

In this perspective, we perform static analysis about an in-
formal social structure in one period of time based on visu-
alizing and using previously proposed metrics. Specifically,
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Figure 2: An example of FOSS community

we analyze whole network structure and individual coordi-
nation ability. The informal social structure is assumed to
be constructed by 3 networks.

e developers network formed by Pany and Pge, . (devel-
oper group in Figure 2.)

e users network formed by Pyn, and P.sr . (user group
in Figure 2).

e all participants network formed by Piny , Pgeo and
Pysr . (OSS community in Figure 2.)

Understanding the role of Pjn. which bridges between de-
velopers and users in details becomes possible by analyzing
structure of each network with focus on Pjn. .

We use average path length L and clustering coefficient C
which are generally used in complex networks for showing
the feature of network structure, L and C are described in
Section 4.2. It is possible that Freeman’s centrality|?] can
show metric of individual coordination ability from result
from “there is significant correlation between coordination
and Freeman’s centrality” by Hossain et al [2]. Since, Hos-
sain et al conclude betweenness has the highest correlation
with coordination ability, Howison et al conclude between-
ness is ... 7?7 Also, when comparing two nodes in same
network (this means same scale of network), degree cne-
trality is essentially same as degree (the number of edges),
because degree centrality is a value of degree normalized by
a size of network (the number of nodes), In this paper, we
use degree that is intuitive understanding as metric of the
coordination ability for analyze 3 networks..

4.1.2 dynamic

In FOSS community, anyone can freely participate and they
can freely discuss ideas and exchange information on equal
footing. For this reason, nformal social structure formed
by participant in FOSS community can be said to be living
network that grows/decays with time. In order to analyze
this living network, only static analysis in the perspective 1
is inadequate and analysis in time series is required. There-
fore as an perspective 2, we perform dynamic analysis about
an informal social structure on progress of time. In the per-
spective 2, we analyze change of whole network structure

C=0.34 L=218 C=0.66
(a) (b)

L=184

Figure 3: An example of analysis metrics.

and each Pyn, coordination ability as perspective 1. How-
ever, it is difficult to analyze all Pyn, in all period of time
because of network scale, We select top 5 Pyn., of the degree
in perspective 1, and analyze the transition of them.

4.2 Network Analysis Metrics

In this section, we describe average path length L and clus-
tering coefficient C' which are used in analysis

4.2.1 Average Path Length

Average path length L is defined as the average number of
steps along the shortest paths for all reachable pairs. When
average path length of node v; is L; and number of nodes is
n, L is defined as follows.

1 n
L:E;Li. (1)

Generally an information transfer network with smaller L
has near distance of each nodes, and the network has high
information transmission efficiency. However, since an in-
formal social structure considered in this paper consists of
on open media such as mailing list, it differs from the infor-
mation transfer network. Figure 3 is an example of L and
C' about two networks. In the Figure 3(a) there is a inten-
sive discussion between five participants although in Figure
3(b) there is two discussion and value of L is low. In this
paper, we consider L shows not transmission efficienty but
how aggregate discussion are held.

4.2.2 Clustering Coefficient

Clustering coefficient C; of node v; is proportion of links
between two nodes which are linked to v;, this means C;
is proportion of triangle between three nodes. Clustering
coefficient C' of whole network is an average number of C;,
it defined as follows.

cszci‘ (2)

In the Figure 3(a) there is five participants that has only one
edge (they cannot make triangle with other participants),
C; of participants who linked with them are low. Althoug



a network is separated into two clusters in the case of Fig-
ure 3(b), the ratio of connected nodes have connected each
other is high. In this paper, we consider C' shows how many
participants are acquaintance with each other. Note that,
although we calculate C' to developer network and user net-
work, we does not calculate C' to all participants network.
Because C' is not suitable for applying to a network that
contains Pjny , Piev and Pyusr as shown in Figure 2, due to
P and Py, essentially belongs to other network. Since
an edge between Py, and P, does not appear, a triangle
of Pyn. and Pge, and P,s» does not apper in any case.

5. CASE STUDY

In this section,

51 oooo OSSoooooo

000000000 OSSOO000O0OoOoOdoOn Apache
HTTP Server U Netscape Browser O 200 OSSOUOO0O
000 informal social structure 00000000 OO0O0O
O oSsO000ooooooooooooboooooooong
oooooo

e Apache HTTP Server': 20080 20000000000
0000 HTTP Sercver U0 O0O00OOO0O0OO03000
gboboooocooooboooooboooobooboooo
goooooooooooobobooooobooboobooon
gobooooooobooooooooon

e Netscape Browser’: Web 0O OO DODODOOO000O00OO
1996 0 0000000000000 00O08OOOODO
0001998 000 Internet Explorer 0O OOO00OO0O
00000 Raymond DO 0O [4000000OOODO
0000000O00Oo0oooooooooooooog
ooo0ooooOoOoooooOoOogzoeesn 200000
0000o0o0oooooooooooooooooon

52 ooooooo

000000000 DO00o00ooDOoooOooDooon ossoog
goo0o0oooooooooooooooooooooon
00000000 Apache 0 Mailing Listd Netscape O 0 00O
0000000000000 D00D0DO00o00ooooDoOoon
informal social structure D0 00000000 O0OOCDOOO
0Do00oo0ooDoooDooooMLOODODOOOOOO
0d0oo0ooo0ooooooooMLOOOOOODOOOOOOO
000000o0o0D00o000oOooDooooooooOooDooon
go0ooooooooooooooooooooooooon
0000000000000 0o0ooo0ooooOooooog
00000000 D0 informal social structure 00 OO0 OO0
000000000o0o0o0oooooooooooooog
0000000 00000oD0o0ooooooooooooog
go0oooooooooboooooooooooooooon
000000000000 000ONetscape 0O0OOOO0O
00o00doD0oDo00ooOo0oooooooooooooooog
ooooog

ooi1000200000000000000DOO00O0O00ODO
000000 Table10OODOODO participant O 0 mail O
gooboooooobobooooooboooob1000oooo
00000000000 000000000 Apache: Ver.2.2.0,

"http://httpd.apache.org/
*http://browser.netscape.com/

Table 1: quantity perspective

apache netscape
perspective 1 | time 2005/12 | 2002/08
# participants 683 1,058
# mails 4,068 3,509
perspective 2 | start 2001/11 | 1999/09
end 2007/09 | 2007/02
# participants 12,710 23,386
# mails 112,143 91,363
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5.3 Result

5.3.1 Result of the Perspectivel: static
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Table 2: result all metrics

Apache (Pin.) | Netscape (Panu)

all # nodes 661 (24) 1,022 (38)
# edges 1230 (720) 1,600 (221)

) 1.86 157

L 3.34 4.58

C 0.10 0.08

dev | # nodes 131 (24) 319 (38)
# edges 431 (302) 375 (121)

) 3.29 118

L 2.76 6.64

C 0.21 0.04

user | # nodes 554 (24) 741 (38)
# edges 861 (540) 1246 (154)

3] 1.55 1.68

L 3.31 3.11

C 0.08 0.10
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5.3.2 Result of the Perspective2
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6. DISCUSSION
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