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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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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

thread tree informal social structure
A: A
B:
C B C
B:
C: D
D:

Figure 1: Constructing an informal social structure.

a thread tree in online media and the right side is a net-
work structure constructed from the thread tree, regarding
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. DO 000000000 OOO0OODO

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 FOSS community. Pgie, (yellow node) is a partic-
ipant who had sent a message to the developer group (the
left circle in the figure), Pusr (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 P, 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, Py,
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

We can analyze the informal social structure formed by
FOSS, based on the following two perspectives on complex
social networks.

4.1.1 Static Perspective

By statically capturing the informal social structure at



OSS community
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Figure 2: An example of FOSS community.

some point in time, we can examine the state and charac-
teristics of the structure in detail. In this perspective, the
informal social structure can be analyzed by using visual rep-
resentations of the structure and previously proposed met-
rics. In this paper, we analyze characteristics of the informal
social structure itself and the coordination ability of individ-
uals in the structure.

Furthermore, FOSS community such as Figure 2 can be
seen to have three kinds of informal social structure. Ana-
lyzing Pgn. in each network, we can better understand the
role of Pjn, which bridges between developers and users.

e all participants network formed by Piny , Pges and
Pusr (OSS community in Figure 2)

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

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

For static analysis of the informal social structure in FOSS
community, we use the average path length L and the clus-
tering coefficient C' which are widely used for measuring the
feature of complex network structure (L and C are described
in Section 4.2).

We can also use Freeman’s centralities|?] as a metric to
see the ability of coordination. As Hossain et al. [2] reported
the analysis results of the social structure in a large com-
pany based on email data, there is a significant correlation
between coordination ability and Freeman’s centralities (De-
gree, Betweenness, and Closeness). Hossain et al. also found
the highest correlation between coordination ability and Be-
tweenness Centrality, which is one of Freeman’s centralities
and a metric for indicating the degree of intermediation be-
tween people.

However, Howison et al. [?] argued that Betweenness was
not suitable for analyzing the informal social structure con-
structed using mailing lists data or news group data, because
such the data are open to public so that people can share
information (i.e., a person does not need to transfer infor-
mation from one person to another person). For this reason,
Howison et al. used Degree Centrality for their analysis of
FOSS communities. Degree Centrality is a value of nor-
malized degrees (the number of edges) by network size (the
number of nodes). Degree Centrality is essentially same as
degrees when comparing two nodes in a same network or

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

L=184

Figure 3: An example of analysis metrics.

same scale of network. For simplicity, in this paper, we use
degrees as a metric for the coordination ability.

4.1.2 Dynamic Perspective

Anyone can freely participate in FOSS community and
they can freely discuss and exchange ideas on equal foot-
ing. For this reason, the informal social structure formed
by participant in FOSS community constantly changes over
time. In order to analyze this living network, not only the
static analysis described earlier but also the dynamic, time
series analysis is required. In the dynamic perspective on
networks, we analyze changes of the informal social struc-
ture and the coordination ability of Pyn, over time. Since
it was difficult to analyze all Pyn,, in large-scale networks in
all period of time, we selected top 5 Pjn., with the highest
degrees and analyzed them in time series.

4.2 Network Analysis Metrics

This section describes the average path length L and the
clustering coefficient C' which are used in our analysis.

4.2.1 Average Path Length

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

1 n
L:E;Li. (1)

Generally, a network with small L is highly efficient in
distributing information. However, since the informal social
structure targeted in this paper is defined using data from
open media such as mailing list, it differs from general infor-
mation transfer networks. Figure 3 is an example of L and C
of two networks. while there seem to be intensive discussions
among five participants in Figure 3(a), although in Figure
3(b) there seem to be diverse discussions and the value of L
is low. In this paper, we consider L shows not the efficiency
of information transfer but the degree of concentration of
discussions among participants.

4.2.2 Clustering Coefficient

The clustering coefficient C; of node v; is the proportion
of links between two nodes which are linked to v;, this means
C; is the proportion of triangles among any three nodes. The
clustering coefficient C' of the whole network is the average
number of C; defined as follows.



1 n
C:E;Ci. (2)

In Figure 3(a), there are five participants that has only one
edge (they do not have triangles with other participants).
Because C; of participants who linked with them are low, C'
of the network (a) is lower than (B) as the results. Although
the network is separated into two clusters in case of Figure
3(b), the ratio of nodes connected each other is high and
then C' of the network (B) is higher.

In this paper, we consider C' shows how many participants
know each other. Note that, although we calculate C' to
the developer network and the user network, we does not
calculate C to the all participants network. C' is not suitable
for applying to a network that contains Pyny , Piey and Pysr
as shown in Figure 2, because Pj., and P,s. belong to a
different network, that is, an direct edge between Pgi., and
Pysr (a triangle of Pyny and Pge, and Pyusr ) does not exist
in a practical sense.

5. CASE STUDY

In this section, we descrive the case study which used
communication history data of two well-known FOSS com-
munity.

5.1 oooo OSSooooono

In this paper, we compare two informal social structures of
two FOSS communities that are Apache HTTP Server and
Netscape Browser. Two softwares developed by the FOSS
communities are described as follows.

e Apache HTTP Server!:

In February 2008, Apache has a dominant share of
50.6% in the world’s HTTP server market[?]. Apache
community develops three major version in parallel,
and they continue to release many security patches.
The community is widely recognized as high quality
and high reliability software

e Netscape?:

Netscape is a web browser software which dominated
80 % of browser market at peak in 1996. Although
following the research of Raymond[], Netscape com-
munity decided to open its source code in order to op-
pose expansion of Internet Explorer in 1998, the com-
munity could not claw back market share. Software
development and user support of Netscape were ended
on March 1st, 2008.

5.2 Data Source

History of communications were collected by online media
that was used in public discussion of each FOSS community.
Apache used mailing list and Netscape used newsgroup. We
consider that there is little difference between these medias
for analysis of informal social structure as follows. The dif-
ference of mailing list and newsgroup is how to receive mes-
sages. In the case of mailing list, messages are automatically
distributed to mailbox if user registered its mail address be-
forehand. In the case of newsgroup, users need to choose

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

Table 1: Quantity of each perspective.

apache netscape

perspective 1 | time 2005/12 | 2002/08
# participants 683 1,058

# mails 4,068 3,509

perspective 2 | begin 2001/11 | 1999/09
end 2007/09 | 2007/02

# participants 12,710 23,386

# mails 112,143 91,363

Table 2: result all metrics.

Apache (Piny) | Netscape (Panw)

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

03} 1.86 157

L 3.34 4.58

C - -

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)

) 155 1.68

L 3.31 3.11

C 0.08 0.10

and receive a message actively. So, there is little difference
between discussion media because informal social structure
is formed by action of message sending. Moreover, (analy-
sis period of time 0 O O 0 00) coincides with decadent of
newsgroup, however there is no publications that Netscape
community shifted to other media.

Table 1 shows number of unique participants and num-
ber of mails in each period of time of perspective 1 and 2.
The period of time of perspective 1 is time when the major
version was released (Apache: ver.2.2.0, Netscape: ver.7.0).
We use all periods that could collect history data opened
on Web in perspective 2. Since there is many discussions
that are ongoing over months, we consider a informal social
structure of month m is formed by history data of month m
and m £ 1.

5.3 Result

5.3.1 Result of the Perspectivel: static

We describe the result of perspective 1 that performed
static analysis. Pajek® that is a tool for large network anal-
ysis was used for visualizing networks and calculation of
metrics. As a graphing algorithm of a network, we used
Kamada-Kawai algorithm which is spring layout algorithm.
Note that, each drawn network includes no nodes that have
no edge (he/she sent a message but there was no reply) for
improving the visibility because each network is big-scale.

Informal social structures of each FOSS community are
shown in Figure 4. The left side in Figure 4 shows Apache
and the right side shows Netscape. The top shows all par-
ticipants network (Pinu , Piev , and Pysr ), the center shows

3http://vlado.fmf.uni-lj.si/pub/networks/pajek/
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Figure 4: result all network.
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developers network (Pin. and Pgey ), the down side shows
users network (Pgn. and Pusr ). The size of nodes means
number of degrees, the color means participant role same as
Figure 2. The metrics which shows feature of each network
structure are shown in Table 2. The values in parenthesis
show only about Pyn,, . Degrees of each node in coordination
ability (number of degrees) order are shown in Figure 5 for
confirming the specific number of degree, although partici-
pants who has high coordination ability (has many degrees)
of each network are visible in Figure 4. The x-axis shows
the number of degrees, the y-axis shows ranking of degree.
The layout of graphs and the colors of points are same as
Figure 4.

First, we describe the difference of all participants network
between Apache and Netscape (in the top side of Figure
4). The size of network (the number of nodes and edges)
of Netscape is larger than Apache in Table 2. The num-
ber of Py, of Apache is less than Netscape (Apache: 24,
Netscape: 34). However, there is more edges of Pgn, of
Apache (Apache: 720, Netscape: 221) and many messages
were sent from per Pin, in the case of Apache community.
The result is visible in Figure 4.

Next, we describe the difference of developer (Pin. and
Pyey ) network between Apache and Netscape (in the top
side of Figure 4). In Table 2, although the number of devel-
opers of Apache is half of Netscape, Apache has many edges
and average edges (k) is twice as Netscape. Th average path
length L of Apache is the smallest than all other networks,
clustering coefficient C is the largest referable to the large
(k). On the other hand in Netscape, L is the largest and C
is the smallest than all other networks. In apache developer
network, many big nodes which has many edges are high
density and small nodes which has few edges are connected
in the figure outside. The network looks like star network in

broad perspective. Meanwhile, Netscape developer network
structure formed by many little stars which includes about
little 10 nodes and one big node concatenated. In other
words, developer networks have different structure between
Apache and Netscape. The number of Pyn,, in high degree of
top 15 nodes is Apach is six and Netscape is three in Figure
5.

Finally, we focus on users (Piny and Pysr ) network. The
difference of the structure of user network cannot be con-
firmed in Table 2, because there is little difference of (k), L
and C. However, in Figure 4, Apache user network confirms
a structure that has the highest degree Pyn. centered clus-
ter and some high degree Pin. are situated at the cluster.
In contrast, Netscape user network confirmed by big Pysr
centered two large clusters. These results are shown in Fig-
ure 5 too. Moreover, the number of Pyn, are only two in
high degree of top 15 nodes in Netscape user network. In
other words, user networks differ in not structure but role
of center participant.

5.3.2 Result of the Perspective2

The result of perspective 2 that analysis transition of in-
formal social structure. Changing of metrics of all partici-
pants network are shown in Figure 6. The left side shows
Apache and right side shows Netscape, the upper side is the
number of edges and nodes, the down side is the average
number of edges (k) and L. The vertical dashed line means
in the term of perspective 1.

The number of edges, L and C changed little in the all
terms, although the number of nodes of Apache network
reached a peak in about 2002 and gradually decrease after
that. In other words, Apache network structure is equable
in size and structure. In perspective 1, we are considered to
have analyzed the term whose network was equable.

In contrast, the number of nodes and edges of Netscape
network are decreasing in the all terms. Especially, since (k)
is gradually increasing from 2000 to 2004, nodes with many
degrees remained instead of nodes with few edges decreasing.
In perspective 1, we are considered to have analyzed the
term whose network was decreasing.

Next we describe the changing of rank of top five Pyn,, of
many degree. PNgn, means top N of high degree Pyn, in
perspective 1. Figure 7 shows change of rank of PNgn.(N =
{1,2,...,5}).

In Figure 7, Plgn, is always on top in all periods for
about six years in Apache community. The top two and
three are occupied by P24nv, P3dnu, P4dnw and P5gn,, after
2004. As a result, forming the equable network structure
was confirmed in perspective 1, Py, who links two networks
with high communication ability are also little changed in
all terms by perspective 2.

In contrast, Pl4n, of Netscape community keeps high de-
gree rank only around from 2002 to 2003. P24n. frequently
replaces terms to many speak or terms to little speak be-
cause rank of P24n, fluctuates widely. P34nw, P44n. and
P54n, are shown in the graph only five months. These result
means there is no Pyn, who has high communication ability
over time with decreasing the scale of Netscape community.

6. DISCUSSION

6.1 ooooooooo
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The differences between Apache and Netscape by the anal-
yses of perspective 1 and 2 are 1) developer networks differ
in network structure, 2) user networks differ in type of cen-
ter participant, 3) all participants networks differ in Pany
who has high communication ability with long term. This
section discusses the three result.

Apache developer network has high C' and especially den-
sity of about 30 developers is very high. It can be seen that
high motivation developers discuss aggressively each other.
In Netscape developer network structure is more Q&A struc-
ture (this means structure of high degree nodes connected
by low degree node) than discussion structure. The result
would lead to discussion does not concentrate, two commu-
nication collaboration in Netscape developer communication
structure is difficult because there is no Py, who has high
communication ability.

In the Apache user network, the ratio of Pyn, in high
degree participants who answers users question actively are
high, and the network forms a structure which Pjn, absorbs
or transfers the users comments or ideas to developer com-
munity smoothly. The user network of Netscape has little
Pinw and formed by P,sr centered structure. These result
indicates Apache network has an advantage for

The case of all participants network, Py, in Apache net-
work communicate with Pge, and P,s» aggressively than
Pain. of Netscape, they create a better relationship with de-
velopers and users. Additionally there is Pl4n, who has
always the highest degree, he/she seems as powerful reader
who preserves high motivation. The result confirms to How-
ison’s research|?] that analyze developer community.

We conclude a high and long-term motivated participant
as Linus and participant who collaborates closely with two
communities are key factors to success of geographically dis-
tributed software development as a FOSS community.

6.2 Threats of Validity

In this paper, we considered that message transfers/receivers
whose mail address corresponds completely were a same per-
son in communication history data. However, there is some
persons who use some mail addresses or changes one’s mail
address. So, we will need to analyze using a mail process-
ing method that uses before @ characters and consider first
name or last name[].

We considered that an informal social structure is an undi-
rected graph in the analysis, however communication in-
cludes directed relationship as messages sender /receiver. We
are going to perform analysis which considers a direct edges



like research of Bird et al[|.

Note that, we compared that FOSS communities that de-
velops different types of software. Though Apache commu-
nity develops web server software and the users have a cer-
tain level of knowledge, Netscape is Web browser software
and the users are from beginners to experts. The difference
in types of users could affect the analysis of Pyn,, -

7. CONCLUSION AND FUTURE WORK
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