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ABSTRACT

Axtell, Axelrod, Epstein and Cohen [24] describe a docking or alignment processand ex-
periment for verifying simulations. By comparing simulations built independertly using
di erent simulation tools, the docking or alignment processmay discover bugs, misinter-
pretation of model speci cation, and inherert di erences in toolkit implementations. If the
behavior of the multiple simulations are similar, then veri cation con dence is increased.
North and Macal [22] reported on such experimert using Mathematica, Swarm and RePast
to simulation the Beer Distribution Game (originally simulated using system dynamics
simulation methods).

In this paper, we preseri the results of docking a Repast simulation and a Java/Swarm
simulation of four social network models of the Open Source Software (OSS) community.
Data about the Sourceforge OSS deweloper site has been collected for over 2 years. De-
veloper membership in projects is usedto model the scocial network of developers. Sccial
networks basedon random graphs, preferertial attachmernt, preferenceattachment with con-
stant tness, and preferertial attachment with dynamic tness are modeled and compared
to collected data. We describe how properties of saocial networks sudh as degreedistribu-
tion, diameter and clustering coe cient are usedto dock Repast and Swarm simulations
of four social network models. The simulations grow \arti cial societies" represetting the
Sourceforge developer/pro ject community. As a by-product of the docking experimert, we
provide obsenations on the advantagesand disadvantagesof the two toolkits for modeling
suc systems.
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INTRODUCTION

Agen-basedModeling hasbecomean attractiv e computational methodologyin recen years.
Its popularity resultsfrom the fact that it allowsfor complexsystemsto be simulated in arel-
atively straightforward way. Unlike traditional mathematical simulation tools, ageri-based
modeling simulates arti cial worlds basedon componerts called ageris and de nes rules to
determinethe interactions of agers. Although ager-based modeling is usedcommonly in
simulations, it is not guararteed to provide an accuraterepresetation of a particular em-
pirical application [3]. In this cortext, Axtell et al claimed\lt seemsfundamenal to us to
be able to determine whether two models claiming to deal with the samephenomenoncan,
or cannot, producethe sameresult" [24].

There are three ways to validate an agen-basedsimulation. The rst way is to compare
the simulation output with the real phenomenon.This way is relatively simple and straight-
forward. Howewer, often we cannot get completereal data on all aspect of the phenomenon.
The secondway comparesageri-basedsimulation results with results of mathematical mod-
els. The disadwantage of this way is that we needto construct mathematical models which
may be di cult to formulate for a complexsystem. The third way is by docking with other
simulations of the same phenomenon. Docking is the processof aligning two dissimilar
models to addressthe samequestion or problem, to investigate their similarities and their
di erences, but most importantly, to gain new understanding of the question or issue[4].

Axtell, Axelrod, Epstein and Cohendescrike a docking or alignmert processand exper-
iment for verifying simulations [24]. By comparing simulations built independertily using
di erent simulation tools, the docking or alignmert processmay discover bugs, misinterpre-
tations of model speci cation, and inherert di erences in toolkit implemertations. If the
behaviors of the multiple simulations are similar, then validation con dence is increased.
North and Macal reported on suc an experimert using Mathematica, Swarm and RePast
to simulate the Beer Distribution Game (originally simulated using systemdynamics simu-
lation methods) [22]. In Louie and Ashworth [2], docking is done by comparing results of
the canonical Garbage Can model with those of \NK Model". Xu and Gao used Repast
and Swarm to dock a random network model of the Open SourceSoftware phenomenon17].
Although the above docking experimerts shav the importance and advantages of docking,
there are only a few docking studies and none have used topological properties of sccial
networks as docking parameters.

In this paper, we presen the results of docking a Repastsimulation and a Java/Swarm
simulation of four dynamic scocial network models of the Open SourceSoftware (OSS) com-
munity. The results reported in this paper are part of a study of the Open Source Soft-
ware [8{15,17]. Data about the Sourceorge OSSde\eloper site hasbeencollectedfor over 2
years. Developer menbership in projects is usedto model the sccial network of dewelopers.
Sccial networks basedon random graphs, prefererial attachmert, preferenial attachmen
with constart tness, and preferenial attachmert with dynamic tness are modeled and
comparedto collecteddata. We descrite how properties of sacial networks sud as degree
distribution, diameter and clustering coe cient are usedto dock Repastand Swarm simu-
lations of four sacial networks. The simulations grow \arti cial sccieties” represeting the
Sourceléerge deweloper/pro ject community. As a by-product of the docking experimert, we



provide obsenations on the advantagesand disadvantagesof the two toolkits for modeling
sud systems.

The rest of paper is organizedasfollows. The secondsectionprovides badkground on our
Open SourceSoftware (OSS) study and simulation. The following sectiondiscusseslocking
simulations using Swarm and Repast. Experimertal results and comparisonsare given in
the fourth section. The fth sectionpreseis conclusionsand discussions.

SOCIAL NETW ORK MODEL

Sacial network theory is a conceptualframework through which we view the OSSdeweloper
movemer. The theory, built on mathematicalgraphtheory, depictsinterrelated sacial agens
as nodesor vertices of a graph and their relationshipsas links or edgesdrawn betweenthe
nodes[26]. The number of edges(or links) connectedto a node (or vertex) is called the
index or degreeof the node.

Of specialinterest are the ewlutionary processesnd assaiated topologicalformation in
dynamic growing networks. Early work in this eld by Erdos and Renyi focuseson random
graphs,i.e., those where edgesbetween vertices were attached in a random process(called
ER graphshere) [1]. Howe\er, the distributions of index valuesfor the random graphs do
not agreewith the obsened power law distribution for many social networks, including the
OSSdewloper network at Sourcelorge. Someother ewlutionary medanismsinclude: 1)
the Watts-Strogatz (WS) model [27], 2) the Barabasi-Albert (BA) model with prefererial
attachmert [19,20,23], 3) the modi ed BA model with tness [1,18], and 4) an extensionof
the BA model (with tness) to include dynamic tness basedon project life cycle reported
in [11,13{15]. The WS model capturesthe local clustering property of sacial networks and
wasextendedto include somerandom reattachmernt to capture the small world property, but
failed to display the power-law distribution of index values. The BA model addedprefererial
attachmert, both preservingthe realistic properties of the WS model and alsodisplaying the
power-law distribution. The BA model was extendedwith the addition of random tness to
capture the fact that sometimesnewly addednodesgrow edgesaster than previously added
nodes(the \y oung upstart® phenomenon).

The Open SourceSoftware (OSS) developmern movemert is a classicexampleof a dy-
namic sccial network; it is also a prototype of a complex ewlving network. Prior researt
suggestghat the OSSnetwork canbe considereda complex, self-organizingsystem([1,7,16].
Thesesystemsare typically comprisedof large numbers of locally interacting elemerts.

The Open SourceSoftware commnunity can be described asa dynamic sccial network. In
our model of the OSScollaboration network, there are two ertities { dewloper and project.
The network can be illustrated asa graph. In this network, nodesare dewelopers. An edge
will be addedif two dewelopersare participating in the sameproject. Edgescan be removed
if two dewelopers are no longer participating on the sameproject. The study of the OSS
collaboration network can help us understandthe ewlution of the sacial network's topology;
the dewelopmen patterns of ead individual object and the impact of the interaction among
objects to the ewlution of the overall network system.

We useagen-based modeling to simulate the OSSdewelopmen commnunity. Unlike de-
velopers, projects are passiwe elemetts of the saocial network. Thus, we only de ne dewelopers
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Figure 1. Docking Process

as the agens which encapsulatea real deweloper's possibledaily interactions with the de-
velopmen network. Our simulation is time stepped instead of evert driven, with oneday of
real time asa time step. Each day, a certain number of new dewelopers are created. Newly
createddeelopersusedecisionrulesto createnew projects or join other projects. Also, eat
day existing dewelopers candecideto abandona randomly selectedproject, to cortinue their
currernt projects, or to createa new project. A deweloper's selectionis determinedby a Java
method basedon the relative parameterand the degreeof the deweloper.

DOCKING OSS COLLABORATION NETW ORK
SIMULATION

In this section, we descrike the docking of our OSS collaboration network simulation by
two agert-basedmodeling tools { Java Swarm and Repast. Simulation details are compared
betweenthesetwo models.

The Docking Pro cess

The docking processs an important stageof the OSSproject [8]. The initial simulation was
written using Swarm. There are se\eral reasonswhy docking is necessaryin this project.
First, docking is usedto test the correctnessf the Swarm implemertation. Second,docking
providesthe Repastversionof the OSSsimulation which we would like to usein our future
researb. Repast has seeral advantagesin this project: it is written in pure Java which
makesdebuggingeasier;it providesus a graphical represetation of the network layout; and
most importantly, Repast2.0 provides distributed running environment [5].

As shown in Figure 1, Swarm simulations and Repast simulations are docked for four
models of the OSS network. Our docking processbegan when the author of the swarm
simulation wrote the docking speci cation. Then, the Repast version was written based
on the docking speci cation. Simulations are validated by comparing network attributes
generatedby running thesetwo simulation models.

Swarm

Swarm is a software padkagefor multi-agent simulation of complexsystems,originally dewel-
oped at the Sarta Fe Institute [21]. In the Swarm model, the basicunit is called an agert.



Modelerscan de ne a setof rulesto descrile the interaction of agens. Furthermore, Swarm
also provides display, cortrol and analysistools.

Our swarm simulation has a hierardical structure which consistsof a developr class,a
maodelswarmclass,an observerswarnclassand a main program. The modelswarmhandles
creating dewelopers and cortrols the activities of dewelopers. In modelswarm a scheduleis
generatedto de ne a setof activities of the agens. The observerswarms usedto implemert
data collectionand draw graphs. The main programis a driver to start the whole simulation.

The core of a swarm simulation consistsof a group of agers. Agerts in our simulation
are dewelopers. Each deweloper is an instance of a Java class. A dewloper has an identi -
cation id, a degreewhich is the number of links, and a list of projects participated by this
deweloper. Furthermore, a deweloper classhas methods to descrike possibledaily actions:
create,join, abandona project or cortinue the deweloper's currert collaborations. A separate
Java method models ead of the rst three possibilities. A fourth method encapsulatesa
deweloper's selectionof one of the three alternatives. Here, three model parametersappear.
Ead represets the probability of one of the three deweloper activities. Comparisonof a
randomly generatednumber to these probabilities determine which behavioral method the
agent will enact.

Repast

RePast is a software framework for agen-basedsimulation createdby Sccial ScienceResearbh
Computing at the University of Chicago[25]. Like Swarm, RePast provides an integrated
library of classedor creating, running, displaying, and collecting data from an ager-based
simulation [6]. In addition, RePast is written in pure Java which hasbetter portability and
extensibility than Swarm. Furthermore, RePast provides somedi erent library padkages
which provide featuressud as network display, QuickTime movies and snapshot.

Our RePast simulation of OSSdewloper network consistsof a model class,a develogr
class, an edge classand a project class. The classstructure of the simulation is di erent
from that of the Swarm simulation. This is due in part to the graphical network display
feature of Repast. The model classis responsible for creation and cortrol of the activities
of dewelopers. Furthermore, information collection and display are also encapsulatedin the
madel class. The developr classis similar to that in Swarm simulation. An edgeclassis
usedto de ne an edgein OSSnetwork. We also create a project classwith properties and
methods to simulate a project.

RESULTS AND DISCUSSIONS

This sectiondiscusseslocking of Repastand Swarm simulations on four OSSnetwork models,
and then preselts the results and comparisons.Furthmore, discussionof docking processis
given.

Degreedistribution, diameter and clustering coe cient are frequert attributes usedto
descrike a network [] and have been used ewer since the foundation of random network
theory. In order to study the validity of our simulation, we comparetheseattributes in two
simulations.
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Figure 2: Developer Distribution

As shown in Figure 2. The upper two gures are the deweloper distributions, the middle
two gures arethe project distributions and the lower two aretheir logarithm versions. From
the gure, we can obsene that the data matches for both deweloper distribution and the
project distribution.
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Figure 3 shaws the total number of dewelopers and projects relative to the time period.
The size of dewlopers are almost the samefor Swarm and RePast simulation. Howe\er,
there is a gap betweentwo simulations for projects. The reasonis that a given number
of dewelopers are createdin ead time step in both simulations. Howewer, the number of
projects is determined by the behavior of dewlopers, which is related to di erent random
generatorsassaiated with RePast and Swarm. But we canseethe increasingrate of projects
are almost the same.
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Figure 4: Network Layout

Furthermore, We use network display provided by RePast to draw OSSnetwork. The
network is shavn by both circular and random layout in Figure 4. The node in the graph
represets a deweloper. An edgebetweentwo nodesmeanthesetwo dewelopersparticipate in
the sameproject. We canseethat someprojects have many dewelopers, while someprojects
have just a few or even none dewelopers. This phenomenonalso matchesthe real world.

Conclusion

This paper discussesvalidation of agen-based simulation using the docking process. It
describesfour simulation modelsof OSSdeweloper network using Swarm and RePast. Prop-
erties of sacial networks sud as degreedistribution, diameter and clustering coe cient are
usedto dock Repastand Swarm simulations of four sccial networks. Experimertal results
show that docking two ageri-based simulations can help validate a simulation. This paper
showed that a docking processcan alsobe usedto validate a migration of a simulation from
one software padkageto another. In our case,the docking processhelped with the transfer
to Repastto take advantagesof its features. Repastsimulation runs fasterthan Swarm sim-
ulation becauseRePast is written in pure Java while Swarm is originally written in Object
C which may causesomeoverheadfor Java Swarm. Furthermore, RePast provides more
display library padkagessud as network padkagewhich help usersto do analysis.

This resarch wasfunded in part by the NSF Award-0222829 from the Digital Scaiety &
Technol@iesProgram, CISE/IIS.
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