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Continuation of “Future Work” from:

* Yongqgin Gao, Greg Madey, Vince Freenh,
"Modeling and Simulation of the Open Source
Software Community", Agent-Directed
Simulation Conference, San Diego, CA, April
2005

— Chapter from Masters Thesis (Gao, 2003)

* This presentation/paper describes a continuation
of the research
— Chapter in PhD Dissertation (Gao, 2007)
— http://www.nd.edu/~oss/Papers/papers.html



Background (OSS)

* Whatis OSS?

— Free to use, modify and distribute
— Source code available and modifiable

« Potential advantages over commercial software
— High quality
— Fast development
— Low cost

* Why study OSS?
— Software engineering — new development and coordination
methods
— Open content — model for other forms of open, shared collaboration
— Complexity — successful example of self-organization/emergence

— Economic motivations, virtual teams, organizational behavior, patent
and intellectual property, etc.

Evidence of adoption and popularity is Apache-->



Number of Active Apache Hosts
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http:/lwww.freebsd.org
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Research Data

Zenoss Core

SourceForge is Hiring /5
SourceForge.net _
| Create, Participate, Evaluate Project of the Month

Registered Projects: 144,548 Registered Users: 1,545,019

http://sourceforge.net/

« SourceForge.net community March 27, 2007
— The largest OSS development community
— Over 144,000 registered projects
— Over 1,545,000 registered users

« SourceForge.net Research Archive
— http://zerlot.cse.nd.edu/
— http://www.nd.edu/~oss/Data/

— 500 GB of data
— Open to scholarly researchers shet




Collaboration Networks

 What is a collaboration network?
— A social network representing the collaborating relationships

— Movie actor network
 Kevin Bacon number

— Research paper authorship network
* Erdos number in mathematics

— Open source software developers/projects
 Differences in the SourceForge collaboration network
— Link detachment
— Virtual collaboration
— Open source software

 Bipartite/unipartite properties of collaboration networks



Collaboration Networks
Bipartite and Unipartite

Project Network

Developer Network

Adapted from Newman, Strogatz and Watts, 2001



SourceForge Developer

Collaboration Network (a cluster)
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Research Data Description

e QOur Data Set
— 27 monthly dumps between Jan 2003 and Mar 2007
— Every dump has about 100 tables
— Largest table has up to 30 million records

« Experimental Environment

— Dual Xeon 3.06GHz, 4G memory, 2T storage
— Linux 2.4.21-40.ELsmp with PostgreSQL 8.1
— Swarm and R



The Computer Experiment

The New Nork Times Editorials/Op.d March 4, 2003
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Scientific Methodology

lterative simulation
method

— Empirical dataset
— Model

— Simulation

Verification and
validation

— More measures
— More methods

Analogous to the
development of
engineering simulations

Hypothesis
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Model of SourceForge.net

« ABM based on unipartite graph

« Grow Artificial SourceForge.net’s to evaluate
hypotheses about evolution of real-world
SourceForge.net

* Model description

— Agents: developers with randomized
characteristics

— Behaviors: create, join, abandon and idle

— Projects: have attractiveness / characteristics

— Developers: have preferences / characteristics
* Previous: Four models / hypotheses

— ER, BA, BA with constant fitness and BA with
dynamic fithess

* New: Three models / hypotheses

« Comparison of observed and simulated social
networks

— Social network properties
— Measures of graph (network) characteristics




Summary: Previous Study

(Gao, Freeh & Madey, ADS 2005)

| Nodel Parameter expected pattern observed pattern
ER Developer distribution Power law Normal
Project distribution Power law Normal
Cluster distribution Power law Power law
Average degree Increasing Decreasing
Clustering coefficient Decreasing (large value) | Decreasing (small value)
Diameter Decreasing Increasing
BA Developer distribution Power law Power law
Project distribution Power law Power law (heavy tail)
Cluster distribution Power law Power law
Average degree Increasing Increasing
Clustering coefficient Decreasing (large value) Decreasing (large value)
Diameter Decreasing Decreasing
“Young upcomer’” Existing Not existing
BA with | Developer distribution Power law Power law
constant
fitness
Project distribution Power law Power law (heavy tail)
Cluster distribution Power law Power law
Average degree Increasing Increasing
Clustering coeflicient Decreasing (large value) Decreasing (large value)
Diameter Decreasing Decreasing
“Young upcomer’ Existing Existing
BA with | Developer distribution Power law Power law
dynamic
fitness
Project distribution Power law Power law (small tail)
Cluster distribution Power law Power law
Average degree Increasing Increasing
Clustering coefficient Decreasing (large value) Decreasing (large value)

Diameter

Decreasing

Decreasing

“Young upcomer’

Existing

Existing




Model |

Description

— Realistic stochastic procedures.

 New developer every time step based on Poisson
distribution

* |nitial fitness based on log-normal distribution

— Updated procedure for the weighted project
pool (for preferential selection of projects).




Results: Model |

* Average degrees
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Results: Model |

 Diameter and CC
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Results: Model |

« Betweenness and Closeness
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* Degree Distributions

Developers

Developers(LOG10)
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Results: Model |
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Results: Model |

* Problems

Dev-Dist in C-NET
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Model Il

* Description
— New addition: user energy.

— User energy
* The “fitness” parameter for the user

« Every time a new user is created, a energy level is
randomly generated for the user

* Energy level will be used to decide whether a user
will take a action or not during every time step.



Results: Model ||

* Degree distributions
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Results: Model ||

» Better, but still has problems
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Model I

* Description
— New addition: dynamic user energy.

— Dynamic user energy
» Decaying with respect to time

 Self-adjustable according to the roles the user is
taking in various projects.



* Degree distributions

Developers

Developers(LOG10)

Results: Model Il
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Summary

Models

Measures

Patterns in Data

Simulated Patterns

Model 1

(more realistic
distributions)

Developer Distribution

Power Law (large tail)

Power Law (small tail)

Project Distribution

Power Law (small tail)

Power Law (large tail)

Average Degrees Increasing Increasing
Clustering Coefficient Decreasing Decreasing
Diameter Decreasing Decreasing
Average Betweenness Decreasing Decreasing
Average Closeness Decreasing Decreasing

Model 11
(constant user energy)

Developer Distribution

Power Law (large tail)

Power Law (large tail)

Project Distribution

Power Law (small tail)

Power Law (reasonable

tail)

Average Degrees Increasing Increasing
Clustering Coefficient Decreasing Decreasing
Diameter Decreasing Decreasing
Average Betweenness Decreasing Decreasing
Average Closeness Decreasing Decreasing

Model 111
(dynamic user energy)

Developer Distribution

Power Law (large tail)

Power Law (large tail)

Project Distribution

Power Law (small tail)

Power Law (small tail)

Average Degrees Increasing Increasing
Clustering Coefficient Decreasing Decreasing
Diameter Decreasing Decreasing
Average Betweenness Decreasing Decreasing
Average Closeness Decreasing Decreasing




Discussion

Results/Discussion

Expanding the network models for modeling evolving complex
networks (more hypotheses and computer experiments)

Provided a validated model to simulate the collaboration network
at SourceForge.net

Demonstration of the use of “computer experiments” for scientific
research using agent-based modeling --> analogous to the
development of engineering simulations

Research approach that can be used to study other OSS
communities or similar collaboration networks

Demonstrated the use of various network metrics for V&V of
agent simulations
Resources/references:
» http://www.nd.edu/~oss/Papers/papers.html|
 http://zerlot.cse.nd.edu/mywiki/




Thank you!
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Continuation of the Computer
Experimental Cycle

* Previous iterated models (ADS 05):
— Adapted ER Model

— BA Mode
— BA Model wit
— BA Model wit

e |terated mode

n fithess
N dynamic fitness

s in this study (ADS 07)

— Improved Model Four (Model |)
— Constant user energy (Model Il)
— Dynamic user energy (Model lII)



