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tolerated. The core-periphery structure is susthiaieove all

Abstract— Typically, virtual communities exhibit the well- by the core group responsible of the majority aftdbutions

known phenomenon of participation inequality, whicteans that
only a small percentage of users is responsiblehefmajority of
contributions. However, the sustainability of ttmmenunity requires
that the group of active users must be continuoostyured with new

users that gain expertise through a participatimtgss. This paper

analyzes the time evolution of Open Source SoftwlDSS)
communities, considering users that join/abandom ¢bmmunity
over time and several topological properties of teéwork when

[6]. Their role has been highlighted in previouadées, not
only as a driving force for OSS projects succe$sHut also
by their role as knowledge brokers [8]. The coraghery
structure of OSS communities has been mainly stuttiem
the perspective of social network analysis, by nlindethe
community as social networks, where nodes are wsatsrcs
represent the interactions among them [9]-[10]. Ewsy,

modeled as a social network. More specifically, tiaper analyzes most of these studies are only focused on thecaiatiension

the role of those users rejoining the community #air influence in
the global characteristics of the network.

Keywords—Open Source Communities, Social

Analysis, Time series, Virtual communities.

I. INTRODUCTION

HE success of OSS projects crucially depends on the

contributions of a community of users. Their depeh@nt
is based on the support of virtual communitiesnofividuals
spread over the world, which use the software artigipate
in their development [1]. These advantages restdmf
keeping the source code open to the whole commusotyhe
advances or solutions achieved by a particular Idpee can
be viewed and revised by the rest of the communigynbers
[2]-[3]. By employing the collective knowledge amiiverse
experiences of many contributors, the communityssgrs can
report software defects, request and inspire neatufes,
reproduce bugs or comment on issues reported lBr ogers
[4].

OSS projects do not have a formal hierarchicalcstine
typical of proprietary software. However, theirugtiure is not
flat. As is the case in other virtual communitiethe
phenomenon of participation inequality can alsoobserved
in the OSS case, and different categories of usars be
distinguished. In general, OSS communities follovcae-
periphery pattern, with a small group of active tcdutors
and a huge group of users with rare or even noriborions
[5]. Most peripheral users are also known as fiders, and
they are characterized because they take advamtfgee
community without any contributions. Despite thiey are
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network

of networks. Social networks are only considered aas
snapshot of the network at a given time, sinceai wreated or
during a period of time. Several social networktees, such
as degree, centrality, cohesion, modularity, ete.calculated
and then used either to characterize the corelpanppattern
[11] or to identify certain profile of users. Farstance, the
identification of the core group of developers imajor issue
for the survival of the community, as they have ieecd
incidence in its successful development [7]. Thare only
few studies considering the dynamics of OSS comtiasni
However, this is also an important issue for thevisal of

OSS communities. The core group of developers i no

permanent and must be nurtured and reinforced by ne
members that gain expertise through their intevastiwith
expert members. The dynamic of this process needset
characterized in order to understand the evolutioin
communities. Previous studies about the dynamicO&S
projects were focused on the size in lines of coden bug
reports. In [12], the evolutionary behavior of SmForge
projects is analyzed, and the size in lines of ala function
of the time in days is modeled using a quadratidehdn [4],
the evolution of structural features of networksdeling user
collaborations is analyzed using a bug-tracker 4fniajor
OSS projects.

This paper is focused on the mailing list of a vkelbwn
Debian Linux port, that it is used as a case stddhe time
evolution of contributors is disaggregated considgmew,
drop-out and rejoined users, and their changetharerelated
to several topological properties of the networkeTrest of
the paper is structured as follows. Next sectioscdbes the
legitimate peripheral participation as the main hagism by
which newcomers can become experts and reinfoeedhe
group of developers. Section Il introduces theecstsidy and
the methodology, which is based on the analystswd series
and social networks. Section IV shows the resulitsioed,
highlighting how the community is reinforced by aigjed



users. Finally, section V concludes the paper.

Il. LEGITIMATE PERIPHERAL PARTICIPATION

I1l. CASE STUDY AND METHODOLOGY

This study is focused on the Debian Project, whickan
association of individuals who have made commorseao

The community-based development of OSS has beereate a free operating system called Debian GNiubLior

frequently related to the social learning theonirWenger,
which postulates that learning is a social procedacing
learning in the context of the social experienceéndividuals
[13]. The social learning that takes place whenppebave a
common interest in some subject or problem, orabolfate
over an extended period to share ideas, solutiamg, build
innovations leads to the notion of communities cdctice,
developed in [15]. This
communities, where people can freely post theirstjoes
related to the underlying software and receive seoietions
or alternatives from someone else of the commumh#y.

The process underlying the construction of comnmesibf
practice is called Legitimate Peripheral Partidgat LPP
[15]. This is the process by which newcomers becdafie
members by learning from more competent practiterand
by being allowed to participate in certain taskistesl to the
practice of the community [16].
communities, the newcomer's participation at fird
legitimately peripheral. They do not post contribos but
guestions, and they rarely participate more thaseo8ome of
them are “lurkers” or free riders, that is, obsesweho exhibit
no visible level of activity [17]. However, a pertage of
those users start to rejoin the community postingrem

simply Debian for short [21]. More specifically, ethstudy
analyzes Debian port to ARM mailing lists, whichnche
publicly accessible at https://lists.debian.orgidetarm/. This
website include people interactions since 1999, theyg are
organized as threads of discussion. Mailing lises wseful to
put in contact information seekers and informafiwaviders,
and they are a very useful resource for those wded o

is the case of open souradapt Debian to a specific processor. Authors posti

messages are identified by an email or an aliaschwis
unique within the community. Using this informatjanailing
lists are analyzed month by month in order to ettra
information about new users joining the communigers that
abandon the community and users that rejoin thenoamity,
which refers to those users who posted messagte ipast
but not in the previous month.

Mailing lists are also modeled as a social network,
In the case of OSS$onsidering their evolution month by month. Whereesling

lists are usually organized by threads of discusdlreads are
used as the basic unit of analysis when decidingiathe arcs
connecting the nodes. More specifically, an auffasting to a
thread was tied to all the authors who have presljoposted
to the same thread when constructing the sociaork&t The
main assumption to do this is that it is cognityehore

questions or even some contributions. They browse tcomplex to answer a thread of discussion than swan a

community archives, contribute by sporadically ming
bugs, sending patches or ad hoc solutions to prablés
long as they interact with more expert users, theguire a
contextualized learning. Some of these rejoinedrsusan
maintain a permanent participation and even be ghthe
core group of developers.

LPP explains how participation, situated learniramd
identity construction interrelate and coevolve asralividual
engages in a community of practice [18]. Here pgudition
means to be active in the practices of social conities and
constructing identities in relation to these comities.
Situated learning is related to the theoreticalgnerative
interconnections between persons, actions, knowang, the
surrounding social world [15]. Finally,
participation in a community involves the constiogtof his
or her identity and to what extent he or she igtilagged and
valued by the other members [18].

Previous studies related to LPP have consideredralev

categories of developers in the OSS community a@cgrto

the length of their past sustained participatiorg ¢hen each
group were separately studied [19]. In general, bBE been
studied from a social network perspective. Societwork

analysis reveals not only local topological projesriof nodes
but also global features of the network [20]. listhaper, a
hybrid approach is followed: three groups of useesy, drop-
out and rejoined are distinguished and their evaiut jointly

analyzed with several global topological featurefs tioe

network, from the perspective of time series analys

single message. Answering a thread of discussiarallys
requires reading all the previous content in tiredt to write
a coherent answer [22].

Several global topological characteristics of sloe&works
can be extracted once they are modeled as a grabihe 1
describes the considered global features and rtiesning.

TABLE |. GLOBAL TOPOLOGICAL CHARACTERISTICS OF THE NETWORK

a member's Clustering

Measure Description
Density Number of arcs of the network, as a
proportion of the maximum number of
possible arcs.
ASP Average shortest path.

coefficient neighbor interactions of a node. It is defined

as twice the ratio between the number of

edges which connect the neighbours of a
given node and the total number of possible
edges among them.

Measure of centrality given by the
intermediary role developed by nodes of the
network.

Betweenness
centrality

IV. RESULTS

The Debian port to ARM mailing lists were extractaud
modeled as a graph using a specific crawler deedap R.
Each month of the subsequent 13 years after ittiorewas
considered as a separate network, leading to & abta56
separate networks.

Measure of local cohesiveness through the
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The evolution of the Debian-ARM community was mdwth
analyzed during the years 1999 to 2013. Higshows this
evolution in terms of size, new users joining tlenounity,
users that abandon the community and how manyeofhiéw
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Fig. 1. Evolution of the Debian-ARM community dugithe period 1999-2013.
users are actually past users that join again tdmenwnity

(therefore, new users include this group). TheZuotal axe is
the sequence of 155 months corresponding to th@édoer

analyzed.
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Fig. 2. Boxplot graphs of the four distinguishedes.



Basically, four stages can be distinguished in Eidhere is a
first period in which the size of the community gsowing,
followed by three stabilization periods in whicletsize of the
community remains almost constant.

The first period goes from month 1 to month 24. Ghewth
during this first stage is mainly explained by gh@r number
of new users joining the community. The first sliabtion
period goes from month 25 to month 63. During fesiod,
the size of the community is quite stable, andrtbeber of
new users is almost the same than the number o$ tisat
abandon the community. Around month 63 there ihars
increment of the number of new users, which in &xplains
the sharp change in the size of the community |eads to the
third period of Fig.l. During this period, the community has
grown above all due to those new users that hacenbe
engaged in the community. Finally, around month, 188re

is a new although smaller change in the size of the

community. But in this case, the increment is exgd by
those old users that have rejoined the community.
Fig. 2 illustrates the boxplot graphs for the 4 zonessitared
in the evolution graph. Except for zone 1, in alley cases the
number of new and drop-out users is almost the san
Therefore, the community is sustained by thosevaadtisers
that are permanently engaged in the community. Hreythe
core group of the community, responsible for thgoniiy of
contributions and for promoting other users to ass@a more
active participation. The role of rejoined usersdifferent
across the four zones. Intially, rejoined usersaaly a small
percentage of new users (zone 1). As long as themcmity
evolves, rejoined users acquire more importancethab in
zone 4 they can explain the growth of the communiityey
are actually those users that become experts thdhbgh
legitimate peripheral participation process desatibn the
literature. Part of rejoined users will become pHrthe core
group with a permanent participation within the coomity.
The evolution of the community was also studiedeinms
of features of the social network representingdbmmunity.
Fig. 3 shows 5 of these features. In each graph, the ko is
the evolution of the corresponding feature while ttashed
line is its Holt-Winters exponential smoothing. F&(a) and
(b) illustrates the evolution of the density and thSP of the
network, respectively. Initially, the network isvery dense
network in the zone 1. However, this is becausentieiork is
small and still growing. As soon as the networkches a
stable size, density decays to a low value, as luBua
communities reaching a certain size. This is bezagsles are
connected to only a small part of the overall nekwo
Mathematically, the number of possible edges graitis the
number of nodes asn(n-1)/2. Consequently, the number of
edges cannot grow so quickly and, as a result,ityethscays.
However, it can be appreciated that density starigrow by
the end of zone 3 and zone 4. This behavior isaéxgdl by
the increasing number of rejoined users, more ad¢hian new
users as they have gained experience through dtitena
during previous months. Fi@. (b) illustrates the behavior of
ASP. The ASP tends to slightly grow with the sidettre
community. Again, initially the ASP starts with aw value
because the community is small and still growing.léng as

the community evolves, the ASP tends to grow bexaesple
tend to interact through certain threads of disoasswhich
facilitates the emergence of subcommunities.
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Fig. 3. Social network features evolution.
Fig. 3 (b) shows high temporal fluctuations of the sdile,
which seems logical if it is considered that theicture of the
network is continuously changing with a lot of ws@ining



and abandoning the network. The dashed line reptiagea
smoothed version of the ASP illustrates better geaeral
tendency.

The clustering coefficient of Fig3 (c) follows a similar
pattern to that of the density, with an invertedh&ped curve.
The clustering coefficient measures the ratio betwéehe
interactions of nodes located in 1-hop neighborhaioa given
node and its degree. Initially, it exhibits a higddue because
the network is small and the average degree is stsall.

Consequently, the denominator of the formula foe th

clustering coefficient is low. As the network evedy its size
increases and it becomes less dense. As in theh grap
density, there is a turning point when rejoinedrsiscquire

more importance, around the central part of zonRejoined

users are more active, increase the density ofi¢heork and

tend to interact with other active users.

Finally,
evolution. The betweenness centrality exhibit arslehange
at the beginning of zone 4, coinciding with thergase of the
density. That means that in zone 4 the network sheowigher
level of cohesion, given by the incorporation ofrmactive
users.

In summary, the four graphs of Fi@ highlights the
importance of past users rejoining the communitgvesal
community features get improved at the moment rbjained
users gain importance. Initially, there is onlynaadl group of
core users sustaining the community while the sétem are
just participating occasionally. Zone 1 is the timbere the
community is forming, increasing its size month fopnth.
During zones 2 and 3 the community reaches twdeskibes,
being still most of the users peripheral users aittending
occasionally to the community. By the middle périzone 3,
the number of rejoined users starts to increase,naany of
them become active users with regular contributioFisis
effect can be appreciated in the increment of teevork’s
density and clustering coefficient. Zone 4 is thst temporal
stage, with also a stable size but with better ngtvieatures.

Many previous studies highlight the role of theectgam.
Project success demands the sustained participatiarsmall
number of core developers who possess strong tkxyno
skills and proven records to play a vital role ire tproject
[19]. But over time, the core group needs to befeeced and
in some cases replaced by new developers. Thhatiseason
why the periphery group is also important, as thegyresent
potential candidates that can reach the core ofdh@munity.

V.CONCLUSION

This paper analyzes the temporal activity of opearse
mailing lists considering three types of users soche global
topological features of the derived social networkse main
result is that the reincorporation of past users affect some
features related to the structure of the whole ngiwMore
specifically, a higher rate of rejoined users cauprove the
size, density and cohesion of the network.

Fig. 3 (d) shows the betweenness -centrality
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