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Abstract

The phenomenal success of Free and Open Source Software GRkéJ

Linux, Apache, BIND and Sendmail has caught the attention o$oft-

ware engineering researchers. These software are deveadompevolun-

teers who are distributed across the globe and working mogtiithout

any nancial incentives. To answer some of the questions ssd due
to the lack of formal methodologies in development of Free drOpen
Source Software is the theme of this work.

The ecology of Free and Open Source Software is dotted by prois
of every kind ranging from small desktop applications to lare mis-
sion critical systems. To enable maximum visibility amongte de-
veloper community, these projects are often hosted in commity

project management portals. The current work studies one sl por-
tal, Sourceforge.net by taking the data of 200,000 projectnd 2 mil-
lion developers for the period Feb 2005 to Aug 2009. The scopk
the present study includes the analysis of developer coritition and

project organisation.

The present study contributes to the growing knowledge abourree
and Open Source Software by studying the nature of volunteeon-
tribution. The discovery of slow growth rate of developer aomunity,
high number of single developer projects, moderate migrati pat-
terns of developers among the projects and low contributiorate of
volunteers are the major contributions of the present work.
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Chapter 1

Introduction

The topic of this research is the study, from a Software Engaering perspective,
of the processes and practices followed in the developmentapplication of Free
and Open Source Software (FOSS). The development practiage$-OSS are giving
rise to a new view of how complex software systems can be cousted, deployed
and evolved. Software informalisms followed in FOSS and tihecorresponding
software applications/tools are neither part of, nor integated with, the traditional
Engineers' tool-set.

From the Software Engineering perspective, FOSS developmenodels have a
set of characteristics that makes them an interesting matteof study: they have
an open development model comprising of occasional contribrs; they o er
external contributors the possibility to get integrated irto the development team;
there are large amounts of contributions made by volunteerthey are developed
in a global, distributed environment; they foster frequentinteractions with end-
users; they make heavy use of computer mediated communicetitools and they
o er exible and dynamic processes and management models.

The present study intends to study the development methodogies followed
in FOSS particularly focussing on the nature of volunteer etdribution. The aim
of this study is to understand the nature of developer partipation, amount of
contribution done by developers, the study of developer migtion among projects
within FOSS ecology. Combined together, these independesitudies can throw
more light into the nature of developer contribution to FOSSorojects.



FOSS ecology is dotted by lakhs of projects. But very few pregts capture
the public imagination and become successful. The measumam of success in
FOSS become di cult because of the absence of the familiar tmes like sales
gures. Therefore another focus of the present study is to @htify the metric for
measuring the success of a FOSS project. The present workoalses to identify
some of the unique practices in these successful FOSS prbjeaunderstand the
best practices followed in FOSS.

The organisation of the thesis work is as follows. Chapter 2duses on the re-
quired background material for the present work. A detailedtudy of the various
software development methodologies developed over yeaessd been analysed.
The concept of Free and Open Source Software and what make®rh di erent
from traditional discourse of software is also done. The regrch undertaken by
scholars in the eld of FOSS is also discussed. The choice d@tasets for the
present work is de ned later. The survey of the scripting, d@abase, data analysis
and data visualisation tools used for the present work aresa brie y discussed.

Chapter 3 deals with the macro studies of FOSS ecology. Thectes of this
chapter is to nd the general trends among the large numbersf @rojects found
in the repository of FOSS projects, namely, Sourceforgetnd he features such as
number of projects, number of developers working in FOSS peats are analysed.
The data from Feb 2005 to Aug 2009 are considered for the studyhis chapter
also covers the issue of single developer projects in FOSS.

The focus of Chapter 4 is the study of successful projects irOSS ecology.
Six projects among the two lakh projects are selected for atdded study. The
number of developers working on these projects, the naturé their contribution
and the movement pattern of developers across multiple pexgts within FOSS
ecology are covered.

The study of tasks involved in the projects is the focus of Clpger 5. The
number of tasks in each project, time taken for completing #htasks, the alloca-
tion of tasks to developers and the amount of tasks they congté are discussed
here. Chapter 6 summarises the discussion and Chapter 7 poses the roadmap
for future work in this domain.



Chapter 2

Background Study

2.1 Software Development Methodologies

The study of software development methodologies started 960's when people
were successful in developing small scale programs, butiddi miserably while
trying to scale up the development e orts. As a result, the penomenon, which
was later named as "Software Crisis' emerged. The characséc features of this
crisis were -projects running over-budget, projects runng over-time, software
was very ine cient, software was of low quality, software dien did not meet
requirements, projects were unmanageable and code di culio maintain and
software was never delivered.

The 1968 NATO Software Engineering Conference was a mileséobecause
it was here that the term "Software Engineering' was rst usg and subsequently
e orts were made to transcend the e orts in the eld from progamming to or-
ganised development methodologies. The thinkers throughea 70's set the prece-
dence by illustrating various approaches to software dewgiment which have been
adapted into speci ¢ methodologies.

The Waterfall model attributed to Dr. Royce (41) has the following basic
principles (12)

Project is divided into sequential phases, with some ovefdand splash back
acceptable between phases.
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Emphasis is on planning, time schedules, target dates, bugtg and imple-
mentation of an entire system at one time.

Tight control is maintained over the life of the project thraugh the use of
extensive written documentation, as well as through formateviews and
approval/sign-o by the user and information technology maagement oc-
curring at the end of most phases before beginning the next gbe.

The Spiral Model by Boehm 8) works on the following principles (2)

Focus is on risk assessment and on minimizing project risk yeaking a
project into smaller segments and providing more ease-dfange during the
development process, as well as providing the opportunity tevaluate risks
and weigh consideration of project continuation throughduthe life cycle.

Each cycle involves a progression through the same sequenteateps, for
each portion of the product and for each of its levels of elakaiion, from an
overall concept-of-operation document down to the coding each individual
program.

Each trip around the spiral traverses four basic quadrants(1l) determine
objectives, alternatives, and constraints of the iteratin; (2) evaluate alter-
natives; identify and resolve risks; (3) develop and verifgleliverables from
the iteration; and (4) plan the next iteration.

Begin each cycle with an identi cation of stakeholders andheir win condi-
tions, and end each cycle with review and commitment.

The Prototyping Development Methodology is based on the basconcept of
engaging the end users in all the phases of development antiviing the product
in parts so that the user can comment on the validity of the proess. The basic
principles of this method are (2)

Not a standalone, complete development methodology, buttrer an ap-
proach to handling selected portions of a larger, more tratbhnal develop-
ment methodology (i.e. Incremental, Spiral, or Rapid Appbtation Devel-
opment (RAD)).
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Attempts to reduce inherent project risk by breaking a projet into smaller
segments and providing more ease-of-change during the depenent pro-
cess.

User is involved throughout the process, which increasesetlikelihood of
user acceptance of the nal implementation.

Small-scale mock-ups of the system are developed followiag iterative
modi cation process until the prototype evolves to meet thausers require-
ments.

While most prototypes are developed with the expectation i they will be
discarded, it is possible in some cases to evolve from prgotoé to working
system.

A basic understanding of the fundamental business problers necessary to
avoid solving the wrong problem.

The Incremental Development Methodology is based on the prgse that the
risk involved in the development is reduced by delivering satl pieces of the
software to the user and thereby improving the software bageon their feedback.
Unlike in Prototyping model, each increment here delivers aomplete, working
system. The basic activities of this model arel@Q)

A series of mini-Waterfalls are performed, where all phase$the Waterfall
development model are completed for a small part of the systs, before
proceeding to the next incremental, or

Overall requirements are de ned before proceeding to evailonary, mini-
Waterfall development of individual increments of the sysm, or

The initial software concept, requirements analysis, andesgign of architec-
ture and system core are de ned using the Waterfall approaciiollowed by
iterative Prototyping, which culminates in installation of the nal prototype
(i.e., working system).
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Rapid Application Development 29) prescribes the heavy use of models and
prototypes to understand and formalise user requirementsUsed over a set of
iterations, models and prototypes generate a valid set of wable functional
requirements of the system and the basic design of the propdssystem. The
method initially proposed by Martin is now used in a more geme development
methodology which favours the use of Fourth Generation Langges and Devel-
opment Tools to quickly build the system.

These general approaches towards development of softwaewédr been further
developed into speci c methodologies which have gained pnanence in recent
years. Here is a partial list of such development methodoli@g in a chronological
order.

Structured programming

Structured Systems Analysis and Design Methodology
Object Oriented Analysis and Design

Scrum Development Methodology

Personal Software Process and Team Software Process
Extreme Programming

Rational Uni ed Process

Agile Methodology

Adaptive Software Development

Crystal Clear Methodologies

Extreme Programming

Feature Driven Development

ICONIX Process
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Among the various software development methodologies thatve emerged
in these years, the notable ones are the Capability Maturitfodel (CMM). The
process was initially de ned by Watts Humphrey @2). Though it was supposed
to cover the software development methods, it has today baoe a general model
for improving the business process of an organisation covey diverse areas of
project management to IT resource acquisition. The success this process can
be attributed to the practice of certifying the maturity of an organisation. A
young eld like IT required such a certi cation mechanism inthe absence of
any other quality assessment methods. Today CMM has furthemproved into
a model known as Capability Maturity Model Integration (CMMI). CMMI is a
trademarked process improvement methodology focussing product and service
development, service establishment, management, and &eliy and product and
service acquisition.

The international standard for describing the method of setting, implement-
ing and monitoring the life cycle for software is ISO 12207. He standard has
the main objective of supplying a common structure so that th all the stake-
holders involved with the software development. The standd is based on two
basic principles, modularity and responsibility. Modulaity ensures dividing the
complex software engineering tasks into small, managealdsks and responsibil-
ity ensures assigning these tasks to individual members ihd team so that they
become legally accountable for the work delivered by them.

Almost all the models discussed in this section focus exdledy on the process.
This complete attention on the process neglects the otheritical component in
the project cycle - people. There is a common complaint amorg section of
practitioners of software development that what was esseaatly an art is now
converted into a full blown business. In the process, the lely superstars who
could build a complete set of system tools in days have movedt®f the system.
In trying to de ne a industrial like process for software deelopment, the human
component has become unfortunate casualty.

The exception to this general trend of neglect towards peaplis the Peo-
ple Capability Maturity Model (P-CMM). P-CMMM keeps people at the central
focus of the software development activities and describ@s evolutionary im-
provement path from ad hoc, inconsistently performed praates, to a mature,
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disciplined, and continuously improving development of th knowledge, skKills,
and motivation of the workforce that enhances strategic busess performance
of an organisation. The PCMM helps organisations charactee the maturity
of their workforce practices, establish a program of contimus workforce devel-
opment, set priorities for improvement actions, integratevorkforce development
with process improvement, and establish a culture of excefice.

There has been criticism on the way formal methods are emptxyin Software
Engineering. At the early stages of the industry, a great resrcher like David
L. Parnas along with Paul C. Clements made some strong remarkProgram-
mers start without a clear statement of desired behavior anémplementation
constraints. They make a long sequence of design decisionthwo clear state-
ment of why they do things the way they do. Their rationale is arely explained.
Many of us are not satis ed with such a design process."3{)

It was not surprising that Brooks argued that \there is no sigle development,
in either technology or management technique, which by itfgoromises even one
order of magnitude [tenfold] improvement within a decade iproductivity, in reli-
ability, in simplicity.” He also stated that \we cannot expect ever to see two-fold
gains every two years" in software development, like thers in hardware develop-
ment. (5) This statement has been evoked every time the promised meithology
or technology does not live up to its promise. And every timehere is a new
process round the corner, people ask whether it is the “siMaullet?’. Alas, we
are still to nd one in software engineering.

Despite developing an array of methodologies, the succesderin software
development is not encouraging. Reports from a survey in 2D@aid that 51%
of the clients viewed their ERP implementation as unsuccdss Another survey
reported in the same year that 40% of the projects failed to heve their business
case within one year of going live. A few years before it waspaated that over
61% of the projects that were analysed were deemed to havdddi(10).

Given the alarming rate of failures it is not surprising thata commentator
says \Like electricity, water, transportation, and other citical parts of our infras-
tructure, IT is fast becoming intrinsic to our daily existerce. In a few decades,
a large-scale IT failure will become more than just an expems inconvenience:
it will put our way of life at risk. In the absence of the kind ofindustry wide



2.2 Free and Open Source Software

changes that will mitigate software failures, how much of aduture are we willing
to gamble on these enormously costly and complex systems®) (
Summarising, there are various approaches towards softwatevelopment like
waterfall and spiral which have been adapted into speci c nteodologies like
SSAD and OOAD to facilitate the development of software in amndustrial en-
vironment. All the models discussed here emphasis the rolé layered project
management, organised development teams with speci c rejevell-de ned set of
activities and structured leadership. But given the fact tlat there are many draw-
backs in extracting success by applying these methods to tsadre development,
there is an urgent need to search for alternate models for swdre development.

2.2 Free and Open Source Software

Though Free and Open Source Software (FOSS) is used togethbroughout

the discussion of this work, it is necessary to understand dh there are certain
di erences between what is called as "Free Software' and whean be called
as Open Source Software'. The dierences, though minor irppearance have
deep philosophical implications on the way software is digssed. Therefore, it is
necessary to understand the essentials of both camps indegently.

Free Software owes its origin to the genius of Richard Stalbmn. Often called
as "last great hacker' he is the product of hacker culture wtti fuelled the growth
of computing in its initial period. The hardware was always @nsidered the main
component of a Computer with software doing the support jobSo, most compa-
nies were giving away software free (no fees) along with havare. When things
began to change in the late 70's Stallman began the GNU projaa 1982. GNU
(recursive acronym for GNU is not Unix) intended to develop a&omplete oper-
ating system based on the idea of freedom' as de ned by Statin. He wrote
some of the important tools for the project namely emacs (edr), GCC (GNU
C Compiler now GNU Complier Collection) and GDB (GNU Debugg®.

The importance of Stallman in the Free Software community isiot reserved
for his technical expertise. He also de ned the concept of 0pyleft' as opposed
to "Copyright'. Copyleft is a general method for making a prgram or other work
free, and requiring all modi ed and extended versions of thgrogram to be free as
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well. Through the organization which he started the "Free $tware Foundation'
he maintains the original de nition of the term "Free Softwae'.

To make a software free, it is important to release it under ggopriate licence.
GNU GPL (GNU General Public Licence) is the most preferreddience for making
a software “free software'. The following section taken Epally from Free Software
Foundation's website explains the philosophy of free softue.

\Free software" is a matter of liberty, not price. To understand the concept,
you should think of “free' as in “free speech,' not as in “freeer.’

Free software is a matter of the users freedom to run, copy,stiibute, study,
change and improve the software. More precisely, it meansahthe program's
users have the four essential freedoms:

The freedom to run the program, for any purpose (freedom 0).

The freedom to study how the program works, and change it to rka it do
what you wish (freedom 1). Access to the source code is a pnedition for
this.

The freedom to redistribute copies so you can help your neigbr (freedom
2).

The freedom to improve the program, and release your impraveents (and
modi ed versions in general) to the public, so that the wholeeommunity
bene ts (freedom 3).Access to the source code is a preconalit for this.

A program is free software if users have all of these freedom3$hus, you
should be free to redistribute copies, either with or withoumodi cations, either
gratis or charging a fee for distribution, to anyone anywher. Being free to do
these things means (among other things) that you do not haveotask or pay
for permission. You should also have the freedom to make ma@itions and use
them privately in your own work or play, without even mentioring that they exist.
If you do publish your changes, you should not be required tootify anyone in
particular, or in any particular way.

The freedom to run the program means the freedom for any kind person or
organization to use it on any kind of computer system, for ankind of overall job

10
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and purpose, without being required to communicate about With the developer
or any other speci c entity. In this freedom, it is the user'spurpose that matters,
not the developer's purpose; you as a user are free to run a gram for your
purposes, and if you distribute it to someone else, she is théree to run it for
her purposes, but you are not entitled to impose your purposeon her.

The freedom to redistribute copies must include binary or e@cutable forms of
the program, as well as source code, for both modi ed and unmiiced versions.
(Distributing programs in runnable form is necessary for cweniently installable
free operating systems.) It is ok if there is no way to produca binary or ex-
ecutable form for a certain program (since some languagesntiosupport that
feature), but you must have the freedom to redistribute suctiorms should you
nd or develop a way to make them.

In order for the freedoms to make changes, and to publish impred ver-
sions, to be meaningful, you must have access to the sourceéeof the program.
Therefore, accessibility of source code is a necessary ¢tonl for free software.

Freedom 1 includes the freedom to use your changed versionpiace of the
original. If the program is delivered in a product designedot run someone else's
modi ed versions but refuse to run yours a practice known agivoization' or
(through blacklisting) as "secure boot' freedom 1 becomestlaoretical ction
rather than a practical freedom. This is not su cient.

One important way to modify a program is by merging in availate free sub-
routines and modules. If the program's license says that yatannot merge in a
suitably-licensed existing module, such as if it requiresoy to be the copyright
holder of any code you add, then the license is too restricévto qualify as free.

In order for these freedoms to be real, they must be permaneantd irrevocable
as long as you do nothing wrong; if the developer of the softreahas the power to
revoke the license, or retroactively change its terms, witlut your doing anything
wrong to give cause, the software is not free.

However, certain kinds of rules about the manner of distriding free software
are acceptable, when they don't con ict with the central fredoms. For example,
copyleft (very simply stated) is the rule that when redistrbuting the program,
you cannot add restrictions to deny other people the centrdfeedoms. This rule
does not con ict with the central freedoms; rather it protet¢s them.

11
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"Free software' does not mean "non-commercial." A free pragn must be
available for commercial use, commercial development, andmmercial distribu-
tion. Commercial development of free software is no longenusual; such free
commercial software is very important. You may have paid may to get copies
of free software, or you may have obtained copies at no chargBut regardless
of how you got your copies, you always have the freedom to coagd change the
software, even to sell copies.

Whether a change constitutes an improvement is a subjectiveatter. If your
modi cations are limited, in substance, to changes that soeone else considers
an improvement, that is not freedom.

In the GNU project, "copyleft' is used to protect these freemns legally for
everyone. But non-copylefted free software also exists. Welieve there are
important reasons why it is better to use copyleft, but if you program is non-
copylefted free software, it is still basically ethical.

Sometimes government export control regulations and tradsanctions can
constrain your freedom to distribute copies of programs ietnationally. Software
developers do not have the power to eliminate or override the restrictions, but
what they can and must do is refuse to impose them as conditi®f use of the
program. In this way, the restrictions will not a ect activities and people outside
the jurisdictions of these governments. Thus, free softwarlicenses must not
require obedience to any export regulations as a conditiori any of the essential
freedoms.

Most free software licenses are based on copyright, and theare limits on
what kinds of requirements can be imposed through copyrightlf a copyright-
based license respects freedom in the ways described abdvs,unlikely to have
some other sort of problem that we never anticipated (thougkhis does happen
occasionally). However, some free software licenses aredshon contracts, and
contracts can impose a much larger range of possible redinas. That means
there are many possible ways such a license could be unacabjy restrictive and
non-free.

When talking about free software, it is best to avoid using tens like "give
away' or “for free," because those terms imply that the issue about price, not

12
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freedom. Some common terms such as “piracy’ embody opinioms hope you
won't endorse.

Finally, note that criteria such as those stated in this freesoftware de nition
require careful thought for their interpretation. To decice whether a specic
software license quali es as a free software license, it isdped based on these
criteria to determine whether it ts their spirit as well as the precise words. If a
license includes unconscionable restrictions, it is refed, even if issues in these
criteria were not anticipated. Sometimes a license requirent raises an issue
that calls for extensive thought, including discussions Wi a lawyer, before it is
decided if the requirement is acceptable. When the conclosiis reached about a
new issue, these criteria are updated to make it easier to sghy certain licenses
do or don't qualify.

The GNU project got a major llip from the Linux kernel, start ed by Linus
Torvalds, when it was released as freely modi able sourcedm in 1991. The
kernel was the last piece required to make the GNU project cqiete. Together,
the GNU Linux has today become one the most important and widie used free
software. The success of various other free software toalel Apache, BIND,
mysql, Mozilla etc. have provided further fuel to the growthof free software
market.

In 1998, a group of individuals advocated that the term freeddtware should be
replaced by open source software (OSS) as an expression Wwisdess ambiguous
and more comfortable for the corporate world. The open sowdabel came out
of a strategy session held in Palo Alto in reaction to Netsca&s January 1998
announcement of a source code release for Navigator (as Maxi The Open
Source Initiative (OSI) was formed in February 1998 by Eric SRaymond and
Bruce Perens.

The de nition of "Open Source Software' as maintained by OS$ as follows.

Open source doesn't just mean access to the source code. Thsdridbution
terms of open-source software must comply with the followgncriteria:

1. Free Redistribution: The license shall not restrict any arty from selling or
giving away the software as a component of an aggregate safte distribu-
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tion containing programs from several di erent sources. Té license shall
not require a royalty or other fee for such sale.

. Source Code : The program must include source code, and malow

distribution in source code as well as compiled form. Wher@me form
of a product is not distributed with source code, there must & a well-
publicized means of obtaining the source code for no more tha reasonable
reproduction cost preferably, downloading via the Internewithout charge.

The source code must be the preferred form in which a progranemwould

modify the program. Deliberately obfuscated source code ot allowed.

Intermediate forms such as the output of a preprocessor oramslator are
not allowed.

. Derived Works : The license must allow modi cations and deaed works,
and must allow them to be distributed under the same terms ae license
of the original software.

. Integrity of The Author's Source Code : The license may regt source-
code from being distributed in modi ed form only if the licerse allows the
distribution of "patch les" with the source code for the purpose of modify-
ing the program at build time. The license must explicitly pemit distribu-
tion of software built from modi ed source code. The licensenay require
derived works to carry a di erent name or version number fronthe original
software.

. No Discrimination Against Persons or Groups : The licensaust not dis-
criminate against any person or group of persons.

. No Discrimination Against Fields of Endeavor : The liceres must not re-
strict anyone from making use of the program in a speci c eldf endeavor.
For example, it may not restrict the program from being used a business,
or from being used for genetic research.

. Distribution of License : The rights attached to the progam must apply to
all to whom the program is redistributed without the need forexecution of
an additional license by those parties.
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8. License Must Not Be Specic to a Product : The rights attackd to the
program must not depend on the program's being part of a padular soft-
ware distribution. If the program is extracted from that digribution and
used or distributed within the terms of the program's licens, all parties to
whom the program is redistributed should have the same rightas those
that are granted in conjunction with the original software dstribution.

9. License Must Not Restrict Other Software : The license musot place
restrictions on other software that is distributed along wth the licensed
software. For example, the license must not insist that alltber programs
distributed on the same medium must be open-source software

10. License Must Be Technology-Neutral : No provision of thikcense may be
predicated on any individual technology or style of interfee.

The essential di erence between free software and open scairsoftware is in
the way they treat the software licences. While most free dofare licences are
viral i.e the derived works also must be released using thensa licence as the
source work, the open source licences do not impose thesdric®ns. Apart
from this, there is a general complaint against open sourcarap that they do
not emphasise on the essential quality of freedom, which ied central theme of
free software. But the open source proponents claim that these of free makes
the whole issue look unattractive for commercial players dnhence they use the
term open software.

The important feature of free and open source software hasdrethe invita-
tion to interested programmers to join the development workIn his "The GNU
Manifesto' Richard Stallman mentioned his intentions cledy when he said \I
am asking individuals for donations of programs and work." itém the begining
volunteers have contributed immensely to the success of shmovement. Con-
tinuing this trend, Linus Trovalds appealed to the computerusers to give him
suggestions regarding his implementation in 1991. He saitlwould like to know
what features most people would want. Any suggestions arela@me, but | won't
promise | will implement them".
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The success of FOSS is often attributed to this phenomenon wofvolving
volunteers in the development process. The virtual absenoé any restriction to
join any project is in direct contrast to the established pratices of development
in the proprietary software. The global nature of developm@ model is helped by
the expanding Internet and the improvements in the communation and project
management technologies. By their open nature of developmd-OSS have left
many open questions some of which this work intends to answer

2.3 Related Research

The body of research regarding developmental methodologim FOSS have tra-
ditionally con ned to two areas. Firstly to investigate why talented programmers
contribute FOSS and secondly to build models which can exptathe develop-
ment process in FOSS. Recent research have said that Free @dden software
development does not adhere to the traditional engineeringtionality found in
the legacy of software engineering life-cycle models or gceptive standards £1).
Others have demonstrated that FOSS development models o®three interre-
lated advantages when compared to conventional models: adible commitment
to prevent underinvestment in complementary assets withithe value chain, prim-
ing the positive-returns network e ects cycle, and various ciency and scale
economiesO).

The factors motivating the atop-notch programmers to conibute to FOSS
is subjected to intense research. Everyone from Economigts Sociologists is
interested in understanding this strange phenomenon. Thendeniable economic
success of free software has prompted some leading-edge@udsts to try to un-
derstand why many thousands of loosely networked free soéive developers can
compete with Microsoft at its own game and produce a massiv@erating sys-
tem GNU Linux (2). It has been argued that collaborative ideals and princigls
applied in FOSS projects could be applied to any collaboratn built around in-
tellectual property (not just software) and could potentidly increase the speed at
which innovations and new discoveries are madé3). Some studies have stated
that the motives stem from a mosaic of economic, social andlfical realms(8).
The ideological tilt of the developers towards FOSS and therge to satisfy their

16



2.3 Related Research

creative instincts are also recognized as prime motivato(47)(47). Few studies
have indicated that altruism is also an important factor tha motivates the de-
velopers to participate in FOSS projects41). For many developers project code
is intellectually stimulating to write. For them, their participation in the FOSS
project was their most creative experience or was equally a®ative as their most
creative experience44). Some indicate that leaders' transformational leaderspi
is positively related to developers' intrinsic motivationand leaders' active man-
agement by exception, a form of transactional leaderships positively related to
developers' extrinsic motivation @7).

The rst theory regarding development of FOSS was proposed/tkric S Ray-
mond (38). In his now famous "Cathedral and the Bazaar' metaphor, herg-
vided the simplistic theory explaining the working of FOSS mjects. There have
been few attempts to develop new models based on this metapl{d4). Lessig
Lawrence observed that open code projects, whether freetgaire or open source

project is intended always to be available to others. Theresino e ort, through
law or technology, for the developer of an open code projed tnake that devel-
opment exclusive. And, more importantly, the capacity to rplicate and redirect
the evolution of a project provided in its most e cient form is also always pre-
served @6). The model of a sustainable community called "Onion Modeis also
proposed (). Models, which resemble the classic waterfall approachave also
been developedi1). The current research in FOSS developmental models have
been limited to studying speci ¢ FOSS products. Most of thesstudies have been
limited to successful FOSS projects such as Apache, Perln8mail, Mozilla (25)
(30).

Not many recognise that the basic principles adopted by the®SS community
were initially proposed by Gerald M. Weinberg 48). In his theory of Egoless
programming, a technical peer group uses frequent and oftgeer reviews to
nd defects in software under development. The objective ifor everyone to
nd defects, including the author, not to prove the work prodict has no defects.
People exchange work products to review, with the expectati that as authors,
they will produce errors, and as reviewers, they will nd emrs. This principle
has been put to telling e ect by FOSS developers.
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There are various studies done on the use of FOSS in criticalienti c and
business applications. It is said that FOSS is not for hobbsis any more. Instead,
it is a business strategy with broad applicability £3). In the domain of launch
range operations for space vehicle launch, Open-sourcetwsafe o ered exciting
possibilities for radically shorter development times atiugstantially lower cost
when compared to traditional methods of custom system dewgment (13). The
domain of ERP Systems, which maintain the data for a company'main busi-
ness process have been greatly changed after the introdoatiof FOSS, based
development techniques45).

Academics have been showing keen interest in using FOSS iadiing various
Computer Science related courseS87) (46) (6). There has even been an attempt
to teach FOSS as a part of graduate coursé4). Few colleges have reported how
they have used FOSS in developing software to meet their agadic requirements
(20) (39).

Several studies have been undertaken to understand the extteof usage and
impact of FOSS in several countries or continents. In the stly, which spanned
entire Europe, it was found that Europe is the leading regiom terms of globally
collaborating FOSS developers, and leads in terms of glolmbject leaders (5).
The interest in the FOSS activities in South-East Finland isalso quanti ed (32).
In an interesting study done on the nature of Open Source adign in ASEAN
member countries 83), it was found that Indonesia has highest rate of FOSS
adoption, though the Government there is neutral about thisssue. This contrasts
the case of Vietham where FOSS adoption is still low despitdvé Government
there making the use of FOSS mandatory. In September 2003 gtisian trio of
China, Japan, and South Korea announced an initiative to prmote open source
software and platforms that favor non-Microsoft products wch as GNU Linux
(7).

Similar to the research regarding the factors motivating té individuals to con-
tribute to FOSS, there has been research into the factors mwating the forms
to contribute to FOSS. The companies that join Open Source taborations are
seeking to use the software in a non-di erentiating, costenter role (36). It is
found that rms emphasize economic and technological reas®for entering and
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contributing to Open Source and do not subscribe to many s@tly-based motiva-
tions that are, by contrast, typical of individual programmers. Some companies
get into FOSS activities because the user community, whicltomprises of a very
large group of beta testers, allows them to perform a bug xm better (4). Some
factors like organizational size, top management supporand availability of re-
sources like limited nancial resources, or a pool of FOS&drate IT personnel
also enhances the chances of an organization to get into FO8%). A large-scale
survey on 146 Italian Open Source rms concluded that intrisic community
based motivations couple with extrinsic, pro t-based incetives (40).

Some organizations have tried to use FOSS as basic buildinigdks for creat-
ing mature technologies like operating systems, middlewgrdatabases, protocol
stacks and development environments4@). Some companies have tried to test,
certify and integrate FOSS components so that they work togieer (18). Few
have tried to combine FOSS components in their own o ering2@). It is argued
that large system integrators, or solution providers, stathto gain the most from
open source software because they increase pro ts througinett cost savings and
the ability to reach more customers through improved pricig exibility. ( 39)

Several industry leaders are active in FOSS ecology. IBM ambvell have an-
nounced or strengthened their open source o erings from thiata server to the
desktop, sometimes o ering and supporting certi ed versios of open source ap-
plications, sometimes using open source code in new seftvased con gurations
that let customers choose speci ¢ functionalities per usdrl9). IBM, Sun and
Apple have experimented with hybrid strategies, which attepted to combine
the advantages of open source software while retaining casitand di erentiation
(49).

There is also some criticism on the commercialization of F@%rojects. There
is an argument that this process of commercialization willnresent some genuine
risks to the movement itself. Critics question how these pjects which rely on
altruism, ego and pride as the central rewarding mechanisneain continue when
these noble e orts are turned into cold, hard cash by enterfging entrepreneur
(3D.
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2.4 Datasets

SourceForge.net is the world's largest Open Source softwadevelopment web
site, with the largest repository of Open Source code and dpgations available
on the Internet. Owned and operated by OSTG, Inc. (OSTG), SageForge.net
provides free services to Open Source developers. The Selocge.net web site is
database driven and the supporting database includes hisio and status statis-

tics on over 200,000 projects and over 2 million registeredsers' activities at
the project management web site. OSTG has shared certain $oeForge.net
data with the University of Notre Dame for the sole purpose afupporting aca-
demic and scholarly research on the Free and Open Source ®afe phenomenon.
OSTG has given Notre Dame permission to in turn share this datwith other

academic researchers studying the Free and Open Source Bafe phenomenon.

To advance the understanding of, and research on, the Freeda®pen Source
Software phenomenon, portions of the data that may supportush research, is
made available to academic or scholarly researchers. Alluessts for data must
be submitted in writing to the Notre Dame PI, Greg Madey. Onlyacademic and
scholarly researchers are eligible to receive the data. Teceive the data, a short
questionnaire and agreement must be completed, signed amdurned. A wiki for
users of the research data is available.

SourceForge.net uses relational databases to store prdje@nagment activity
and statistics. There are over 100 relations (tables) in thdata dumps provided
to Notre Dame. Some of the data have been removed for securand privacy
reasons. SourceForge.net cleanses the data of personabrimftion and strips
out all OSTG speci ¢ and site functionality speci ¢ information. On a monthly
basis, a complete dump of the databases (minus the data dragg for privacy
and security reasons) is shared with Notre Dame. The Notre D# researchers
have built a data warehouse comprised of these monthly dumpasith each stored
in a separate schema. Thus, each monthly dump is a shapshottbé status of
all the SourceForge.net projects at that point in time.As ofAug 2009, the data
warehouse was almost 1500 GBytes in size, and is growing abab25 GBytes
per month. Much of the data is duplicated among the monthly donps, but trends
or changes in project activity and structure can be discoved by comparing data
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from the monthly dumps. Queries across the monthly schema mde used to
discover when changes took place, to estimate trends in pegf activity and
participation, or even that no activity, events or changes &ave taken place.

The data dump of each month is identi ed as sfmmyy. Thereforé¢he dump
of Oct 2009 is referred as sf1009. The tables in each dump aederred by the
dump identi er and table name. So the table "artifact' for the month Oct 2009
should be referred as "sf0909.artifact’. To facilitate thaccess of data, University
of Notre Dame has provided a web access for the researchersun sgl queries
on the data and download the result les in many formats.

For the purpose of present study the data from Feb 2005 to Aud@9 (sf0205
- sf0809) is considered. Therefore total of 54 datasets eambntaining around
100 tables is analysed for the macro studies. In some caség, tdatasets for July
2007 (sf0707) and August 2007 (sf0807)were not considerextduse the data for
these months were not in line with the historical trend. Repasted attempts to
extract data from the data warehouse of University of Notre Bme gave the same
erroneous results. Therefore, it was concluded that thesatd are corrupted and
should not be considered for present research.

2.5 Scripting Tools
Shell Scripting

The shell is a command programming language that provides anterface
to the UNIX like operating system. Its features include combl- ow primitives,
parameter passing, variables and string substitution. Catructs such as while, if
then else, case and for are available. Two-way communicatis possible between
the shell and commands. String-valued parameters, typidgl le names or ags,
may be passed to a command. A return code is set by commands ttinaay be
used to determine control- ow, and the standard output froma command may
be used as shell input.

The shell can modify the environment in which commands run. nput and
output can be redirected to les, and processes that commudate through "pipes’
can be invoked. Commands are found by searching directori@sthe le system
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in a sequence that can be de ned by the user. Commands can beaadeeither
from the terminal or from a le, which allows command procedrtes to be stored
for later use.

Awk

The Awk text-processing language is useful for such tasks -a%allying infor-
mation from text les and creating reports from the results,adding additional
functions to text editors like “vi', translating les from one format to another, cre-
ating small databases and performing mathematical operatis on les of numeric
data.

Awk can be used in two ways. It cab be used as an utility for pefming simple
text-processing tasks, and it is a programming language fperforming complex
text-processing tasks.Awk statements comprise a progranmg language. In fact,
Awk is useful for simple computational programming. Therera, however, things
that Awk is not. Itis not really well suited for extremely large, complicated tasks.
It is also an interpreted language, that is, an Awk program aanot run on its own,
it must be executed by the Awk utility itself. That means that it is relatively
slow, though it is e cient as interpretive languages go, andhat the program can
only be used on systems that have Awk. There are translatorsailable that can
convert Awk programs into C code for compilation as stand-ahe programs, but
such translators have to be purchased separately.

Awk actually stands for the names of its authors: "Aho, Weinérger, and
Kernighan'. Kernighan later noted, \Naming a language afteits authors shows
a certain poverty of imagination.” The name is reminiscent fothat of an oceanic
bird known as an "auk’, and so the picture of an auk often shows on the cover
of books on Awk.

sed

‘sed' stands for Stream EDitor. Sed is a non-interactive @dr, written by the
late Lee E. McMahon in 1973 or 1974.

Instead of altering a le interactively by moving the cursoron the screen (as
with a word processor), the user sends a script of editing ingctions to sed, plus
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the name of the le to edit (or the text to be edited may come as wtput from
a pipe). In this sense, sed works like a lter; deleting, insgéng and changing
characters, words, and lines of text. Its range of activity ges from small, simple
changes to very complex ones.

Sed reads its input from stdin (Unix shorthand for “standardnput,' i.e., the
console) or from les (or both), and sends the results to stda ("standard output,’
normally the console or screen). Sed is used for its substitn features. It is
also used as a nd-and-replace tool. It can also be used to etd words from a
le.

2.6 Database

MySQL's history goes back to 1979 when TcX, the company thatedeloped
MySQL, started working with database programs. This rst va&sion was a screen
builder/reporting tool written in BASIC. At that time, stat e-of-the-art computers
had 4MHz Z80 processors and 16KB of RAM. This tool was moved NIX and
further developed during the following years. In the mid-190s, the problem began
with customers who liked the results the tool produced but waed something
they had heard about before . So e orts began to make an SQL fribend to
existing low-level libraries. It was called mSQL, but it didnot work for the
required purposes. So work started on to write an SQL engineoin scratch.
However, since the mSQL API was useful, it was used it as the dia for the
developer's own API. This made it easy to port some applicaths was needed
that were available for the mSQL API.

Since this tool would be usable by others, it was decided tolease it accord-
ing to the business model pioneered by Peter Deutsch at AladdEnterprises
with Ghostscript. This copyright is much more free than the QL copyright
and allows commercial use as long as you don't distribute thiRlySQL server
commercially.

It is not perfectly clear where the name MySQL came from. Therp x ‘my"'
was used for libraries and path names since the mid-1980s. elimain MySQL de-
veloper's daughter is named My, a fairly common name among &aish-speaking
Finns. So naming the database MySQL was very natural.
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The MySQL Server is installed on a Server and can be accessegatly via
various client interfaces, which send SQL statements to theerver and then dis-
play the results to a user. Some of these are:

Local Client
Scripting Language
Remote Client
Remote Login

Web Browser

MySQL uses Structured Query Langauge (SQL) to maipulate datstored in
it. SQL is cross between a math-like language and an Englike language that
allows us to ask a database questions or tell it do do things.h€&re is a structure
to this language: it uses English phrases to de ne an actiobut uses math-like
symbols to make comparisons.

2.7 Data Analysis and Visualization Tools

gnuR

R is a language and environment for statistical computing ahgraphics. It
is a GNU project which is similar to the S language and environent which was
developed at Bell Laboratories (formerly AT&T, now Lucent Technologies) by
John Chambers and colleagues. R can be considered as a dintimplementation
of S. There are some important di erences, but much code wtén for S runs
unaltered under R.

R provides a wide variety of statistical techniques like liear and nonlinear
modelling, classical statistical tests, time-series analis, classi cation, clustering
and graphical techniques, and is highly extensible. The Snguage is often the
vehicle of choice for research in statistical methodologgnd R provides an Open
Source route to participation in that activity.

One of R's strengths is the ease with which well-designed gdidation-quality
plots can be produced, including mathematical symbols andrimulae where
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needed. Great care has been taken over the defaults for thenmi design choices
in graphics, but the user retains full control.

R is available as Free Software under the terms of the Free Swire Foun-
dation's GNU General Public License in source code form. lompiles and runs
on a wide variety of UNIX platforms and similar systems inclding FreeBSD and
GNU Linux, Windows and MacOS.

R is an integrated suite of software facilities for data mapulation, calculation
and graphical display. It includes

an e ective data handling and storage facility,
a suite of operators for calculations on arrays, in partical matrices,

a large, coherent, integrated collection of intermediateobls for data anal-
ysis,

graphical facilities for data analysis and display eithermescreen or on hard-
copy, and

a well-developed, simple and e ective programming languagvhich includes
conditionals, loops, user-de ned recursive functions anidput and output
facilities.

The term “environment' is intended to characterize it as a fly planned and
coherent system, rather than an incremental accretion of mespeci ¢ and in ex-
ible tools, as is frequently the case with other data analysisoftware.

R, like S, is designed around a true computer language, andatlows users
to add additional functionality by de ning new functions. Much of the system
is itself written in the R dialect of S, which makes it easy fousers to follow
the algorithmic choices made. For computationally-intenige tasks, C, C++ and
Fortran code can be linked and called at run time. Advanced ess can write C
code to manipulate R objects directly.
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gretl

Gnu Regression, Econometrics and Time-series Library (gileis a cross-
platform software package for econometric analysis, wréh in the C programming
language. It is is free, open-source software. The featumasthis package are

Easy intuitive interface (now in French, Italian, Spanish,Polish, German,
Basque, Portuguese, Russian, Turkish and Czech as well asgksh)

A wide variety of estimators: least squares, maximum likéilbod, GMM,;
single-equation and system methods

Time series methods: ARMA, GARCH, VARs and VECMSs, unit-rootand
cointegration tests, etc.

Output models as LaTeX les, in tabular or equation format

Integrated scripting language: enter commands either vighé gui or via
script

Command loop structure for Monte Carlo simulations and iteative estima-
tion procedures

GUI controller for ne-tuning Gnuplot graphs

Link to GNU R for further data analysis

Supported data formats include: own XML data les; Comma Segrated Val-
ues; Excel, Gnumeric and Open Document worksheets; Statdadles; SPSS .sav
les; Eviews work les; JMulTi data les; own format binary d atabases with mixed
data frequencies and series lengths, RATS 4 databases and-8@e databases.
Includes a sample US macro database
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Cytoscape

Cytoscape is an open source bioinformatics software platfio for visualizing
molecular interaction networks and biological pathways ahintegrating these net-
works with annotations, gene expression pro les and othetage data. Although
Cytoscape was originally designed for biological researciow it is a general plat-
form for complex network analysis and visualization. Cytaspe core distribution
provides a basic set of features for data integration and walization. Additional
features are available as plugins. Plugins are availabler foetwork and molecu-
lar pro ling analyses, new layouts, additional le format support, scripting, and
connection with databases. Plugins may be developed by amgousing the Cy-
toscape open API based on Java technology and plugin commiyndevelopment
is encouraged. Most of the plugins are freely available.

Cytoscape supports a lot of standard network and annotationle formats
including: SIF, GML, XGMML, BioPAX, PSI-MI, SBML, OBO, and G ene Asso-
ciation. Delimited text les and MS Excel Workbook are also spported and you
can import data les, such as expression pro les or GO annot@ns, generated
by other applications or spreadsheet programs. Using thisdture, you can load
and save arbitrary attributes on nodes, edges, and networkBor example, input
a set of custom annotation terms for your proteins, create aetof con dence
values for your protein-protein interactions.

Cytoscape layouts networks in two dimensions. A variety oéyout algorithms
are available, including cyclic, tree, force-directed, ge-weight, and yFiles Or-
ganic layouts. You can also use Manual Layout tools similamotother graphics
application user interface. Zoom in/out and pan can be usedif browsing the
network. Use the network manager to easily organize multipinetworks. And this
structure can be saved in a session le. Use the bird's eye wi¢o easily navigate
large networks. Easily navigate large networks having motbéan 100,000 nodes
and edges by e cient rendering engine.
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Chapter 3

Macro Studies of FOSS Ecology

3.1 Introduction

Traditional software development has been characterised bhe strict organisa-
tion of developer teams. Almost all formal methodologies smst on layered struc-
ture of developers with responsibilities clearly delineatl. The decision making
powers are vested with the few who control huge army of devpkrs. There are
established rules on when people can be added or dropped franproject. In-
formal observations like the one done by Fredrick Brooks \ating manpower to
a late software project makes it late” b) have been accepted as law. In other
words, the priestly order followed in software developmennhakes the whole sys-
tem impenetrable by outsiders.

On the contrary, the FOSS development methods seldom follcavclosed door
policy towards developers. The system here thrives on thertabution of vol-
unteers. Unsolicited cooperation between developers deaéd across the globe,
communicating with each other using digital media is the chracteristic feature
of FOSS development.

There are questions on the extent to which people are usingishopportunity
to be a part of software development. Contributing to softwee development
requires certain technical competence. To expect technilyatrained developers
to contribute to projects which are not part of their work andwhich does not
bene t them monetarily is di cult.
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Recent research has shown that people do contribute to FOSS & variety of
reasons. But the exact number of people involved in the deegpiment of FOSS
is not clear. The di culty arises from the fact that though th ere are number of
websites like sourceforge.net which hosts thousands of F®$rojects there are
equal number of projects hosted in their own dedicated site3o collect the data
from all these diverse sources is extremely di cult. Thereadre, the data only from
Sourceforge.net is considered for present studies.

3.2 Procedure

Sourceforge.net maintains the data in a relational databas To extract the de-
veloper count from this dataset the relation USERGROUP is selected. The
structure of the relation is given in Table3.1

The attribute USER_ID is used to count the number of developers for each
month and GROUP.ID is used for counting the projects. The process for count-
ing developers and projects for all months is given below

S f S;;5::850 original datasets
A (X); 8X 2 S  select unique developers
A T A AxAsg
Bi (X);8X 2S select unique projects
B f Bi;B5::Bsyg
Xi ] Cj;8C2A count the developers
yi ] Cj;8C28B count the projects
D f Xi;Xo; il X520 list of developer count
P f yi;y2 0050 list of project count

Using the relation USERGROUP we can also extract the number of develop-
ers subsribing to each project. The procedure for doing th&ctivity is mentioned
below

S f S1;$::S850 original datasets
A (X); X2S select unique developers
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B (X); X2S select unique projects
C f xjx2A;y2B;x! yg

3.3 Results and Discussion

The growth pattern of developers and projects in Sourcefagqet is summarized
in Figure 3.3 The number of developers and projects are signi cant mets since
it can used to gauage the interest among the general public participate in FOSS

development. The number of developers (Developer count)fall 54 datasets is
given in Figure 3.3. The number of projects (Project count) in these timeperiod
is in Figure 3.3

The statistical summary of the Developer count is given in Tale 3.2 The
statistical summary of the Project count is given in Table3.3

Sourceforge.net in its website (as on Sep 2009) claims thathias 2 million
registered users. But the result from this work shows that # maximum number
of developers for any month is 246119. Therefore it clear thanly 10% of the
registered users in sourceforge.net actually subscribesthselves to projects.

The number of developers in a given project is a important indator of the
popularity of a project. This measure can also be used to studhe pattern
of team organization in FOSS projects. By applying the methib de ned in the
previous section, the number of developers subscribing toogect for the dataset
of Aug09 is calculated. The result obtained is given in Tabl8.4. This shows an
important trend that more than 99% of the projects have lesshian 14 developers.

This data is further analyzed to nd the extent of distributi on of developers in
projects. The result is summarized in Table.5 which clearly shows that nearly
70% of the projects have only one developer.

This process is carried out for all 54 datasets. The result @bned is given
in Figure 3.3, This clearly shows that on an average in every month 71% ofeh
projects have only one developer.

The number of projects subscribed by a developer is also ateresting metric.
It shows the involvement of a development in FOSS developmntenf the devel-
oper has subscribed to a single project, it can be assumed thee is completly
committed to that project.
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3.3 Results and Discussion

Table 3.1: Structure of Table USERGROUP

Column Type Modi ers
usergroup.id integer not null

userid integer not null default O
group.id integer not null default O
admin_ ags character(16) | not null default "::bpchar
forum_ags integer not null default O
project_ags integer not null default 2
doc ags integer not null default O
memberrole integer not null default 100
release ags integer not null default O
artifact _ ags integer not null default O
addedby integer not null default 100
grantcvs integer not null default 1
grantshell integer not null default 1
row_modtime integer not null

news ags integer not null default O
screenshatags | integer not null default O
grantsvn integer not null default 1

The process of nding out the number of developers who subgoe to single
project is carried out for all 54 datasets. The result obtaied is given in Figure
3.3 This clearly shows that nearly 76% of developers subscrib@single project.

Table 3.2: Summary Statistics of Developer Count
Mean Median  Minimum  Maximum
194492 200406 831200 246119

Std. Dev. C.V. Skewness Ex. kurtosis
331393 (0170389 0:922382 101698
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3.3 Results and Discussion

Table 3.3: Summary Statistics of Project Count

Mean Median Minimum  Maximum
149647 152972 650820 187512
Std. Dev. C.V. Skewness Ex. kurtosis
262785 (175603 1:.0541 114948

Table 3.4: Frequency Distribution of Developers in Aug09 (nplete)

Interval | Frequency| Relative %
0 14 159043 99.10%
14 - 28 | 1107 0.69%

28 - 42 | 188 0.12%

42 - 56 | 68 0.04%

56 - 70 | 33 0.02%

70 -84 | 18 0.01%

Table 3.5: Frequency Distribution of Developers in Aug09 fto 10 Develop-

ers/project)

Number of Developers Frequency| Relative %
1 111625 69.56%
2 23332 14.54%
3 9650 6.01%
4 5214 3.25%
5 3131 1.95%
6 1954 1.22%
7 1242 0.77%
8 902 0.56%
9 639 0.40%
10 470 0.29%
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3.3 Results and Discussion
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3.3 Results and Discussion
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3.4 Summary
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3.4 Summary

The analysis of the datasets from Feb 2005 to Aug 2009 yielddléwing results

Only 10% of the Registered users in Sourceforge.net sublserthemselves
to a Project

The average number of Developers is 200000
The average number of Projects is 150000
99% of Projects have less than 14 Developers
71% of the Projects have single Developers

76% of the Developers subscribe to only one Project
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Chapter 4

Micro Studies of FOSS Ecology

4.1 Introduction

The macro studies discussed the essential characteristiéthe FOSS ecology. The
size and nature of the projects and developers involved in B3 development in
a large project eco-system like Sourceforge.net were dseed. But the studies
were limited in their scope. The important metrics like numler of developers
working on each projects, their movement in the ecology, nuyer of tasks which
come up in projects and how e ectively they are completed caot be studied
for all 150,000 projects. Therefore it becomes necessarystady the important
features of FOSS development by selecting few projects angbgecting them to
rigorous analysis.

4.2 Selection of Projects for Micro Analysis

To select few projects from a large pool of projects curregtlactive in Source-
forge.net, the following options were available

Randomly choose few sample projects
Select one project from each year

Select projects which meets certain criteria
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4.2 Selection of Projects for Micro Analysis

Table 4.1: Structure of Table STATSGROUP_RANK _BYMONTH

Column | Type Modi ers

group.id | integer not null default O
rankdate | integer not null default O

ranking integer not null default O
percentile | double precision| default 0.0

score bigint not null default (0)::bigint

Table 4.2: Top Ranked Projects in Sourceforge.net
Project-ld | Name

1 SourceForge.net
235 Pidgin

84122 Azureus

162271 Openbravo ERP
176962 ADempiere ERP Business Suite
196195 PostBooks ERP

Random selection was rejected because the intention of therent study is to
rigorously analyse the projects to detect common pattern ammg them. Choosing
a project from every year would be bene cial if the focus of stlies was time-
series analysis of the evolution of FOSS. Therefore, the appriate method is to
select those projects which meets certain identi ed critest.

The requirement for such a study would be to select those prgts who have
been proved successful. In traditional software world, qaéfying success is easy
because there are metrics such as number of sales. But in FO&®9logy such a
metric loses its signi cance. Therefore, it was decided tose a metric identi ed
by the Sourceforge.net as the measure of success.

Sourceforge.net has the practice of ranking all the projecthosted in its site
based on a xed formula. This data is captured in the table STAS_ GROUP_RANK _BYMONTH.
The structure of this table is given in Table4.1

The projects which have remained in top position (Rank 1) fomore than two
consecutive months were selected as candidates for furtteralysis. The list of
selected projects is given in Tabld.2
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4.3 Growth Pattern of Developers

4.3 Growth Pattern of Developers

The surest sign of the success of a FOSS project is the inceeas the number
of developers working on that project. The attractivenessfdOSS projects is
that anyone who is interested can become a stakeholder in tlevelopment of
the software. The projects are open to all and there are no tastions imposed
on a developer once he joins a particular project. Given theepception about the
success of the FOSS projects it is natural to assume that thember of developers
in top projects keep increasing over time.

The procedure followed for nding the number of developer®f a given project
over the time period is given below

Let P be the Project under study
Let (x,y) be an entry in Project_Developli]
if y subscribes to project x for the month i
Let D[i] be the number of Developers subscribed to P in the mon th i

FOR i in (1 to 52)
DO
x:=P
D[i]:=COUNT(PROJECT_DEVELOPIX][y])
DONE

The result obtained by appying the above procedure to nd thenumber of
developers for the top projects from Feb 2005 to Aug 2008 isvgnh in Figure 4.1
and Figure4.2

It can be observed that there is a steady increase in the numbef developers
subscribing to the top projects indicating the growing inteest in those projects.

4.4 Developer Dedication

The previous discussion (Sectiod.3) proved that there is a growing interest
among developers to join top projects demonstrated throughe increasing num-
ber of subscribers. But the question of how serious the dewpkrs are remains
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4.4 Developer Dedication
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4.4 Developer Dedication

unanswered. Therefore, it is necessary to nd the dedicatioof the developers
towards the project they have subscribed.

Dedication for the purpose of this discussion is de ned as ¢hamount of
attention a developer reserves for a project. It is assumedthat if a developer
subscribes to many projects he may distribute his attentiorequally among all
the subscribed projects. Therefore, lesser project subigtion will imply more
dedication. Further, if a developer subscribes to a singlerqject, it is assumed
that he is completely dedicated to that project.

Therefore to understand the dedication of the developers tbe projects they
subscribe to, there is a need to analyse the following issues

How many projects does each developer subscribe to?

Among the developers working on a project how many work onlynathat
project?

The procedure given below nds both the number of projects &ascribed by
the developers and percentage of dedicated developers fagieen project P.

FOR i IN (1 to 54)

DO

Dev_List[i]:= list of unique developers working in P for the month i
Tot_Dev[i]:=Count of unique developers working in P for the month i
DONE

FOR i IN (1 to 54)
DO
FOR j in Dev_List[i]
DO
Proj_Count[j]:=count of projects subscribed by each devel oper
DONE
x:= COUNT(Proj_Count)

FOR k IN (1 to X)
DO
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4.5 Developer Join and Drop Patterns

Table 4.3: Dedicated Developers in Top Projects

Project-ld | Dedicated Developers (percent
1 29
235 51
84122 83
162271 92
176962 76
196195 89
Average | 70

IF (Proj_Countlk] = 1)
Ded_Dvlp_Count[i]++
DONE

Dedicated_Developers:= (Ded_Dvlp_Count[i] / Tot_Dev[i] ) * 100

DONE

The number of projects subscribed by each unique developer every top
project is given in Figure4.3 and Figure 4.4. 1t is clearly seen that majority of
them subscribe to fewer projects. The reason may be that themexists a strict
protocol within each project to admit new developer into thegroup. Though
anyone can theoretically subscribe to any project, the righ to committ and
make important changes is limited to few.

The results of nding dedicated developers in top projectssilisted in Table
4.3. It is observed that on an average 70% of the developers in s®eprojects are
dedicated developers. This means the success of these mtsjenay be attributed
to the dedication of large number of developers.

4.5 Developer Join and Drop Patterns

The previous discussion (Sectiod.3) answered the question of how developers
subscribe to top projects. But the discussion does not codsr the actual move-
ment of developers from and to the project under discussioithe use of summary
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4.5 Developer Join and Drop Patterns
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4.5 Developer Join and Drop Patterns
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4.5 Developer Join and Drop Patterns

data misses the actual data that needs to be studied. The segiv is clearly de-
ned in the following example

let D[i] be the list of unique developers in project P for mont h i
let D[j] be the list of unique developers in project P for mont h i+1
assume,

D[il:= {a, b, c, d, e}
D[j]:i= {a, d, e, f, g, h}

The procedure de ned in Sectiord.3 would have identi ed the di erence in
number of developers as 1. Though this is true, there is a dtmschange in
the composition of the developers in consecutive datasetS§ince the changing
patterns of developer subscription holds important cluesof the behaviour in
FOSS ecology, the study of such movements is undertaken here

Continuing the example mentioned above,

if,

A = DI[i] - D[]
B = D[j] - DIi]
then,

A = {b, c}

B ={f g h}

In the above example, A represents the developers who haveoplped from
the project and B represents the developers who have joineblet project. As
observed from the above example, this data is more meaningtbhan calculating
the summary count of number of developers subscribing to aqject.
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4.6 Migrants and Debutants

The procedure for nding the number of developers who join ahdrop from
a project P is given below

FOR i IN (1 to 54)

DO

Dev_List[i]:= list of unique developers working in P for the month i
DONE

FOR i IN (1 to 53)
DO
A:= Dev_List[i]
B:= Dev_List[i+1]

JOIN[i] = B - A
DROP[] = A - B
DONE

The result obtained by applying the above procedure to the fpprojects in
listed in Figure 4.5 and Figure 4.6. It is clearly observed that the number of de-
velopers who drop from a project are compensated mostly bym&omers thereby
maintaining the balance of the group. Along with the growingubscription count,
this process of replacing the developers who exit may also the reason for the
success of these projects.

4.6 Migrants and Debutants

In Section 4.5, the issue of how many developers join and drop from a given
project was discussed. It was argued that since the developevho exit are
replaced by newcomers, the projects remain at top positionn this section, the
nature of this join and drop process is analysed further to sicover the patterns
of developer movement.
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4.6 Migrants and Debutants
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4.6 Migrants and Debutants
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4.6 Migrants and Debutants

One of the promises of FOSS development model is the open ascéor all
interested people to join as developers. The success of tH@3S projects is often
attributed to such massive participation of people. Eric R@gmond has called
this phenomenon as "Linus Law' which says \Given enough ewdls, all bugs are
shallow". Formally it is written as \Given a large enough be&-tester and co-
developer base, almost every problem will be characterisedickly and the x
will be obvious to someone." §9)

Therefore, it is clear that the celebrated factor of FOSS clure is open in-
vitation to people to participate in projects. The previoussection did try to
answer this question. But the nature of developers who joirhe project remains
unexplored. In this section, we undertake this activity by alculating the number
of developers who migrate to a project from other projects dnwho start their
journey in FOSS through one project.

For the rest of this section, the following de nitions applywhile referring to
a project P in the month i

MIGRANT - a developer who has already subscribed to at-leastne project
other than P in months 1 to i-1

DEBUTANT - a developer who has subscribed to only P in i and hasot
subscribed to any project in months 1 to i-1

The extent of migrants and debutants present in a project wlikclearly demon-
strate the extent of applicability of important statementslike Linus Law in FOSS
ecology.

The procedure for nding the migrants and debutants in projet P is given
below

JOIN[i] is the list of developers who joined P in month i
Dev_List[i] is the list of unique developers of P in month i
FOR i IN (1 to 53)

DO

FOR j IN JOINJi]
DO
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4.6 Migrants and Debutants

Table 4.4: Migrants and Debutants in Top Projects

Project-ld | Total Developers| Migrants | Debutants
1 68 37 31
235 35 17 18
84122 37 18 19
162271 114 32 82
176962 143 68 75
196195 61 29 32
Average | 76 34 42

FOR k in ( 1 to i-1)
DO
IF (j IN Dev_List[k])
DO
Migrant[i]++
NEXT |j
DONE
DONE
Debutant[i]++
DONE
DONE

The result of applying this procedure to top projects is lisd in Table 4.4. It
is clearly seen that there is a equal measure of debutants anmdgrants in these
projects. It clearly demonstrates that FOSS projects live p to their slogan of
openness regarding membership to their projects. The avgmof 42% debutants
proves this beyond doubt.
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4.7 Summary

4.7 Summary

The analysis of Six Top Ranked Projects from Feb 2005 to Aug @9 vyields
following results

The average number of Developers is 76
70% of the Developers are dedicated Developers

34% of the Developers who join Top Projects migrate from othd’rojects
(Migrants)

42% of the Developers who join Top Projects are Newbie's (Dalants)
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Chapter 5

Studies of Project Tasks

5.1 Introduction

Software products are examples of complex systems. The cdextty of software
is due to the large number of requirements such a product sHdwsatisfy. Addi-
tionally, the development of software demands diverse dkdets, technically and
other, which one person cannot possibly posses. Any softearhich is expected
to run in real world is therefore built by a group of developesx. This feature of
software development has forced the practitioners to adogbme design principles
to accommodate multiple developers working on a project.

The earliest attempts to solve this problem was to divide thesoftware de-
velopment process into various related activities. All thgorocess models and
methodologies used in software engineering embodies thdgea. The basic ac-
tivities of analysis, design, code, test and maintenanceeacommon to all devel-
opment methods. This separation of concern gives an opponity to divide the
software development into tasks which can be alloted to eaaidividual developer
or groups of developers.

Another way to solve the problem of synchronising multiple elvelopers is fol-
lowing the design principle of modularity. Modularity hel to isolate functional
elements of the system. One module may be debugged, imprgoved extended
with minimal interaction to system discontinuity. As important as modularity is
speci cation. The key to production success of any modulamastruct is a rigid
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5.2 Number of Project Tasks

Table 5.1: Structure of Table PROJECT.TASK

Column Type Modi ers

project task.id integer not null
group_project.id | integer not null default O
summary text not null default "::text
details text not null default "::text
percentcomplete | integer not null default O
priority integer not null default O
hours double precision| not null default (0)::double precision
start_date integer not null default O

end date integer not null default O
created by integer not null default O
status.id integer not null default O

speci cation of the interfaces. They also help in the maintence task by supply-
ing the documentation necessary to train, understand, andrpvide maintenance.

The principles of separation of concern and modularity arepalied extensively
in development of FOSS. Modularising the software comporteadlows parallelism
and thus speeds up the process of development. Modularisiatgo allows the
developers to select a particular task to complete. In thishapter, the study of
such project tasks are undertaken. The number of tasks in daproject, time
taken for completing the tasks, the allocation of tasks to delopers and the
amount of tasks they complete are studied.

5.2 Number of Project Tasks

The activity in the FOSS project can be measured in di erent \@ys. The most
de nite metric is the number of commits made to the source cad But that does
not capture the various other tasks undertaken by participats in the project.
There are very broad set of activities that occur in a FOSS pyect like requesting
new features, reporting bugs, support requests, documetita, localisation and
internationalisation. To cover all the possible tasks thabccur in a project, the
Table PROJECT_TASK is used. The structure of this table is given in Tables.1
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5.3 Time taken for Task Completion

The procedure for nding the number of tasks in the project P3s as follows

FOR i in (1 to 54)
DO

FOR ALL in Project_Task

DO

IF (Project_Task[i].Project_Group_ID = P)
P_Task[i]++

DONE

DONE

This procedure was applied only for three Top Ranked projextwith the ids 1,
84122 and 176962. The results are given in Figusel. The results for other three
Top Ranked projects were not signi cant. Hence they were natonsidered for
discussion. It is observed that the number of tasks in all théhree projects have
reduced considerably with time. This can be taken as the susggn of maturity of
the project. In the initial stages of the projects, the usersequest many features
and the testers discover many bugs. Therefore in any projedhe activity will
be high at the start. As the time progresses, the product beptes stable and the
number of tasks reduces. This can be clearly seen in the rdsul

5.3 Time taken for Task Completion

The time taken to complete the tasks is also captured in the Tde 5.1 The
number of days taken to complete a task is a sure sign of the sty occuring
in a project. It is expected that in Top Ranked projects, the ime for completing
tasks be less.

The procedure for nding the time taken for task completion ér a project P
is as follows

FOR i in (1 to 54)

DO
FOR ALL in Project_Task
DO
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5.3 Time taken for Task Completion
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5.4 Task Allocation to Developers

IF (Project_Task[i].Project_Group_ID = P)
DO
P_Days[i] = (End_Date - Start_Date)/ 86400
DONE
DONE

This procedure was applied only for three Top Ranked projestwith the ids
1, 84122 and 176962. The results are given in Figuse2

Therefore, it is clear that one of the sure sign of a succedsRDSS project is
the reduced number of tasks over a period of time and reduction the number
of days required to complete the tasks in the project.

5.4 Task Allocation to Developers

The previous sections covered the issues of number of task&l dime taken to
complete the tasks in Top Ranked projects. The number of taskand the time
taken to complete them were found to decrease with time thdrg demonstrating
the maturity of the project. In this section, the issue of tak allocation in the
Top Ranked projects are analysed.

One of the attraction of development process in FOSS projects the ability
of developers to select the task they are interested to coiiute. Unlike in the
traditional development methodologies where task allocain is done in top down
manner, FOSS projects envision developers picking the taskoluntarily.

The analysis of projects shows that there is a method folloaien allocation of
tasks to developers. The core development team distributéise task of develop-
ment among the members of the group. This strict allocationnmnciple become
necessary for a variety of reasons. Firstly, a developer mhg the maintainer of
the module for which changes are required. Secondly, the mtieed person may
be the only person who has access permission to make the reegiichanges to
the source code of the module.

The data regarding the task assignment is captured in Tablb.1 and Table
52

The process of nding the pattern of task allocation for a prgect P in a given
month i is given below
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5.4 Task Allocation to Developers
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Figure 5.2: Time taken to complete the Tasks

57


Chapter4/Chapter4Figs/time-1.eps
Chapter4/Chapter4Figs/time-84122.eps
Chapter4/Chapter4Figs/time-176962.eps

5.4 Task Allocation to Developers

FOR ALL in Project_Task
DO
IF (Project_Task][i].Project_Group_ID = P)
DO
X[i] = Project_Task][i].created_by

FOR ALL in Project_Assigned_To
y[i] = Project_Assigned_Toli].assigned_to id
DONE
DONE

The co-ordinates (x,y) thus obtained are used to plot a grapWith each vertex
representing the developer and an edge denoting a task a#ldtby a developer
to the other. The undirected graphs thus represents the rdlanship between
developers. The results obtained for the month of August 200are shown in
Figure 5.3 Figure 5.4 and Figure 5.5.

The results clearly show a skewed pattern of developer invement in these
projects. Table 4.4 (Chapter 4) lists the total number of desiopers in the Top
Ranked projects. According to the data available in that lis project_id_1 has 68
developers. But Figure5.3 captures the interaction between only 17 developers.
Therefore, only 25% of the total developers in this projectra allocated some
task.

Similarly project_id_84122 has 37 and projedd_ 176962 has 143 developers
according to previous results. But the present analysis sis task allocation to
only 7 and 36 developers respectively. Therefore, the amdwi developers who
are allocated some task in these projects are 19% and 25% exgjvely.
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5.5 Task Completion by Developers

Table 5.2: Structure of Table PROJECTASSIGNED_TO

Column Type | Modiers
project assignedid | integer | not null default nextval
project task.id integer | not null default 0
assignedto _id integer | not null default 0
Project_Id | Total Developers| Developers who are Allotted Tasks
1 68 17
84122 37 7
176962 143 36

Table 5.3: Task Allocation in Projects (Aug 09)

5.5 Task Completion by Developers

The previous section showed that a very small number of deoglers are allotted
tasks in the projects. But the successful implementation dhe allotted task was
not studied. In this section, the extent to which a developecompletes the task
assigned to him is studied. This becomes one of the cruciactars in FOSS
projects because of the volunteer nature of developer cabiution.

In the traditional software development environment, the ssue of tracking
the progress of the allocated tasks is done using variousha@ues such as Gantt
chart. In a real time, deadline oriented development enviroment, a small varia-
tion from the prede ned timeline will a ect the progress of the complete system.
But in a uncontrolled environment of FOSS development, thealelopers are not
bound to complete the tasks that are allotted to them by theirpeers. But given
the sustained success rate of the FOSS projects, it is assuhtieat the developers
will successfully complete the responsibility given to tha by the development
team.

The data regarding the task assignment is captured in TablB.1 and Table
5.2

The procedure for calculating the extent of task completiofor a project P in
a given month i is given below
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5.5 Task Completion by Developers

Figure 5.4: Task Allocation in Project-84122
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5.5 Task Completion by Developers

Figure 5.5: Task Allocation in Project-176962
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5.5 Task Completion by Developers

FOR ALL in Project_Task
DO
IF (Project_Task][i].Project_Group_ID = P)
DO
X[i] = Project_Task]i].project_task_id

IF (Project_Task]i].percent_complete = 100)
DO
y[i] = Project_Task]i].project_task_id

FOR ALL in Project_Assigned_To
d[i] = Project_Assigned_To[i].assigned_to_id
DONE
DONE

Percent_Complete[d] = [COUNT(y) / COUNT(x)] * 100
DONE

The results obtained by applying the above procedure to theata of August
2009 is given in Tables.4, Table 5.5 and Table 5.6.

The result for projectid_1 shows how e ectively the volunteers contribute to
FOSS development. The previous section had identi ed thatui of 68 developers
in this project, only 17 developers are allotted any task. Té present analysis
reveals that only three developers complete more than 10%tbe work allotted
work successfully. Therefore only 4% of total developerstaally complete more
than 10% of alloted work thereby contributing to the develoment of the project
which they subscribe to.

The analysis of projectid_ 84122 and projectid_ 176962 also show similar
trends. In projectid_ 84122 only 2 developers complete more than 10% of al-
lotted work successfully. Since the total number of develeps in this project are
37, only 5% of developers can be called as contributing deyeérs. In projectid_
176962, since the total number of developers is 143 and numloé developers
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5.5 Task Completion by Developers

Table 5.4: Task Completed in Project-1

Developer

Task Completed(Percent)

114

19871

30106

2549

29491

171

2456

3

2

OO WNO OO

100

38750

11970

858

Table 5.5: Task Completed in Project-84122

Developer| Task Completed(Percent)
8021 1

149899 3

100 17

544907 77

who complete more than 10% of allotted work successfully is e amount of

contributing developers is 2%.

If the number of developers to whom tasks are allotted and theumber of
developers who complete their task successfully is takengtther, we nd that
in project.id_ 1, 17% of developers who are allotted task nish it succes#ifu In
project.id 84122 the corresponding gure is 28% and in projeatl 176962 it is

8%.

The results are summarised in Tabl&.7.
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5.5 Task Completion by Developers

Table 5.6: Task Completed in Project-176962

Developer

Task Completed(Percent)

1604408

1179440

1595260

1643006

867558

948611

993007

1715770

1139836

1311487

1319537

1597230

N W W Ww N R R R R R RO

100

579980

©

1180760

195397

332830

Table 5.7: Task Completion in Projects (Aug 09)

Project_Id | Total Developers| Developers who are Developers who complete
allotted tasks more than 10% of allotted taks

1 68 17 3

84122 37 7 2

176962 143 36 3
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5.6 Summary

5.6 Summary

The analysis of Three Top Ranked Projects from Feb 2005 to Aug009 yields
following results

The number of tasks in projects decreases with time

The amount of time taken to complete the task decreases wittnte
23% of developers are allotted tasks in a project

20% of developers complete more than 10% of allotted taskxsessfully

4% of total developers actively contribute to project by comleting the tasks
allotted to them
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Chapter 6

Conclusion

The present work throws some interesting observations regiing the basic premise
of FOSS world. The promise of open invitation to the developg which is touted
as the single most unique feature of FOSS world, it appearsas not yielded
great results. The fact that only 10% of the registered useia Sourceforge.net
get themselves a liated to a project proves that the conver®n from interested
public to dedicated developers is happening at a very slowtea The long term
success of the FOSS movement will depend on how e ectivelyigiconversion rate
is improved.

The ability to attract like minded people and involve them inthe development
is another popular belief in FOSS world. Eric Raymond said #t \Every good
work of software starts by scratching a developer's persdnéich”. Though a
developer starts the project alone, it was assumed that over period of time,
other developers will start contributing to the project. Bu the results from this
work shows that nearly one third of the projects in Sourcefge.net have only one
developer. The failure of projects to attract more developg may prove to be the
single important reason for the death of FOSS projects.

The size of project groups has been an issue in Software Erggrning dis-
cussions. The data from Top Ranked projects from Sourceferget shows that
they have a large number of developers. It also shows that maone third of
the developers in the projects are dedicated to that projectAccordingly, we can
conclude that successful FOSS projects display a singulaature of large number
of dedicated developers.
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One of the important contribution of this work is to analyse he nature of
developer migration patters. It was important to know whetler few developers,
who by the virtue of their presence, make a project successfuThe present
work shows that a successful project contains the right mixf@xperienced and
new developers. Surprisingly, it was found that the numberfaew developers
is slightly higher than experienced developers thereby prog again that FOSS
ecology is still open to all.

The decrease in number of tasks that are alloted to develogen Top Ranked
project is a clear sign of project maturity. This trend is in ine with the popular
notion that the product reaches a state of equilibrium aftefew months of use.
The reduction in the number of days required to close an issuderther testi es
the same fact.

Summarising, with limited scope, the present work contribies to the growing
pool of knowledge regarding the development practices fmNled in FOSS. The re-
sults show that even though the FOSS world appears to be workj in a chaotic
"bazaar model' on the surface, there is a de nite process ltmled by the devel-
oper community. Since the practices followed by FOSS commitnis di erent
from the traditional software development, there may be soendi culty in under-
standing them. The world is relying more on software today t@n anytime before.
In such times, these studies will de nitely help us to improg our knowledge re-
garding developing software and enable us to meet our prasemal obligation of
delivering good quality software in right time and price wHe meeting the user's
requirements.
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Chapter 7

Scope for Future Work

The major limitation of the present work is the data. Since oly the projects
hosted by Sourceforge.net are considered for study, the chrsions drawn cannot
be taken as the nal word on the nature of FOSS. That is becaus# two reasons.
Firstly, though Sourceforge.net hosts considerably largeimber of projects, there
are other sites like tigris and freshmeat which also hostsgyects. Secondly, most
of the successful FOSS projects do not use such facilitieseced by third party
service providers. They will have a self su cient web portathrough which they
conduct their project management activities. Therefore, te de nite route for
future studies in this area is to select the data from variousources other than
Sourceforge.net.

The study of FOSS ecology presents a challenge in terms ofgaramount of
data that needs to be handled. The available research data $already crossed
1000 GB and is growing at a rate of 25GB per month. In coming daythere will
be a need to invent new methods to store and manage such hugeoamt of data.

The nature of developer movement is studied in this work to aectain extent.
But the complete analysis of the subject can be undertaken lgrby looking at this
issue from di erent perspectives. Considering the develeprelations as a social
network and applying the theories of social contract can ggvmore insights to the
issue of developer relations in FOSS. Taken along with theusties done regarding
the motivations for contribution to FOSS projects, these n@ approaches can
nally answer the question of volunteer behaviour which mags FOSS unique
from proprietary software development.
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Appendix A

ER Diagrams of Research Data
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Figure A.1: ER Diagram of Artifact
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Figure A.2: ER Diagram of Task
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Figure A.3: ER Diagram of Job
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Figure A.4: ER Diagram of frs
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Figure A.5: ER Diagram of Forum
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Figure A.6: ER Diagram of Doc
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Figure A.7: Complete ER Diagram - Layout
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Figure A.8: Complete ER Diagram Part - 1
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Figure A.9: Complete ER Diagram Part - 2
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Figure A.10: Complete ER Diagram Part - 3
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Figure A.11: Complete ER Diagram Part - 4
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Figure A.12: Complete ER Diagram Part - 5
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Figure A.13: Complete ER Diagram Part - 6
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Figure A.14: Complete ER Diagram Part - 7
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Figure A.15: Complete ER Diagram Part - 8
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Figure A.16: Complete ER Diagram Part - 9
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Appendix B

Legal Code of License

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS
OF THIS CREATIVE COMMONS PUBLIC LICENSE (\CPL" OR \LICENSE" ).
THE WORK IS PROTECTED BY COPYRIGHT AND/OR OTHER APPLI-
CABLE LAW. ANY USE OF THE WORK OTHER THAN AS AUTHORIZED
UNDER THIS LICENSE AND/OR COPYRIGHT LAW IS PROHIBITED.

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HEREIN,
YOU ACCEPT AND AGREE TO BE BOUND BY THE TERMS OF THIS LI-
CENSE. THE LICENSOR GRANTS YOU THE RIGHTS CONTAINED HERE
IN CONSIDERATION OF YOUR ACCEPTANCE OF SUCH TERMS AND
CONDITIONS.

1. De nitions

(a) \Collective Work" means a work, such as a periodical is&) anthology
or encyclopedia, in which the Work in its entirety in unmodi ed form,
along with a number of other contributions, constituting sparate and
independent works in themselves, are assembled into a coiiee whole.
A work that constitutes a Collective Work will not be consideed an
Adaptation (as de ned below) for the purposes of this Liceres

(b) \Adaptation" means a work based upon the Work or upon the Vaérk
and other preexisting works, such as a translation, musicalrrange-
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ment, dramatization, ctionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, roany other
form in which the Work may be recast, transformed, or adaptedand
includes:

i. in relation to a dramatic Work, the conversion of the work mto a
non-dramatic work;

ii. in relation to a literary Work or an artistic Work, the conver-
sion of the Work into a Work by way of performance in public or
otherwise;

iii. in relation to a literary or dramatic Work, any abridgement of the
Work or any version of the Work in which the story or action is
conveyed wholly or mainly by means of pictures in a form suikde
for reproduction in a book, or in a newspaper, magazine or siar
periodical,

iv. in relation to a musical Work, any arrangement or transaption
of the Work; and

v. in relation to any Work, any use of such work involving its e-
arrangement or alteration.

(c) \Licensor" means the individual/s and/or entities who own/s all rights,
title and interests, including copyright in a Work and o ers the Work
under the terms of this License.

(d) \Author" means:

I. in relation to a literary or dramatic work, the author of the work;

i. in relation to musical work, the composer;

li. in relation to an artistic work other than a photograph, the artist;
iv. in relation to a photograph, the person taking the photogaph;

v. in relation to a cinematograph Im or sound recording, thepro-
ducer; and

vi. in relation to any literary, dramatic, musical or artistic work which

is computer-generated, the person who causes the work to ve-c
ated.
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(e) \Work"™ means any work as de ned under the Copyright Act, 1957,
which is o ered under the terms of this License.

(f) \You" means an individual/s and/or entity exercising ri ghts under
this License who has not previously violated the terms of thiLicense
with respect to the Work, or who has received express permms from
the Licensor to exercise rights under this License despite psevious
violation.

(9) \Licence Elements" means the following high-level licgese attributes
as selected by the Licensor and indicated in the title of thikicense:
Attribution-NonCommercial 2.5

(h) \Phonorecords" means any technology that enables musitworks and
sound recordings to be played, recorded and stored in diditiormat
for use on computers or other devices.

2. Fair Dealing Rights. Nothing in this license is intendedd reduce, limit, or
restrict any rights arising from any fair dealing, statutory right, rst sale
or other limitations on the exclusive rights of the copyrigh owner under
copyright law or other applicable laws.

3. Licence Grant. Subject to the terms and conditions of thidicense, Li-
censor hereby grants You, in consideration of You exercigirthe rights, a
worldwide, royalty-free, non-exclusive, perpetual (forhe duration of the
applicable copyright) license to exercise the rights in th&/ork as stated
below:

(a) to reproduce the Work, to incorporate the Work into one ormore
Collective Works, and to reproduce the Work as incorporateth the
Collective Works;

(b) to create and reproduce Adaptations of the Work;

(c) to distribute copies or, display or perform publicly intuding by means
of a digital audio transmission, the Work, including as incgorated in
Collective Works;
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(d) to distribute copies of, display, communicate to the pulic or perform
publicly, including by means of a digital audio transmissio the Adap-
tations of the Work;

(e) The above rights may be exercised in all media and formatghether
now known or hereafter devised. The above rights include théght
to make such modi cations as are technically necessary toaxise the
rights in other media and formats. All rights not expressly ganted by
Licensor are hereby reserved, including but not limited tolte rights
set forth in Section 4, below.

4. Restrictions. The license granted in Section 3, above, éxpressly made
subject to and limited by the following restrictions:

(&) You may reproduce, distribute, publicly display, publcly perform,
communicate the Work, publicly digitally perform the Work o cre-
ate an adaptation of the Work only under the terms of this Licase
and You must include a copy of this License, or the Uniform Rearce
Identi er for this License with every copy or phonorecord othe Work
You distribute, publicly display, publicly perform, or publicly digitally
perform. You may not o er or impose any terms on the Work that &
ter or restrict the terms of this License or the recipients'xercise of the
rights granted hereunder. You may not sublicense the Work. 0t must
keep intact all notices that refer to this License and to the idclaimer
of warranties. You may not distribute, publicly display, pwlicly per-
form, or publicly digitally perform the Work with any technological
measures that control access or use of the Work in a manner ame
sistent with the terms of this License Agreement. The abovepalies
to the Work as incorporated in a Collective Work, but this dos not
require the Collective Work apart from the Work itself to be nade sub-
ject to the terms of this License. If You create a Collective Wk, upon
notice from the Licensor, You must, to the extent practical#, remove
from the Collective Work any credit as required by Clause 4jcas re-
quested. If You create an Adaptation, upon notice from the lcensor,

90



You must, to the extent practicable, remove from the Adaptabn any
credit as required by Clause 4(c) as requested.

(b) You may not exercise any of the rights granted to You in S¢ion 3

()

above in any manner that is primarily intended for or directd to-
ward commercial advantage or private monetary compensatio The
exchange of the Work for other copyrighted works by means ofgital
le-sharing or otherwise shall not be considered to be inteled for or
directed toward commercial advantage or private monetaryampen-
sation, provided there is no payment of any monetary compeaison
in connection with such an exchange of copyrighted works.

If you distribute, publicly display, publicly perform, or publicly digi-
tally perform the Work or any Adaptation or Collective Works, You
must keep intact all copyright notices for the Work and proule, rea-
sonable to the medium or means You are utilizing, the followg:

i. the name of the Author (or pseudonym, if applicable) if suplied,
and/or;

ii. if the Author and/or Licensor designates another party o parties
(e.g. a sponsor institute, publishing entity or journal) fo attri-
bution in the Licensor's copyright notice, terms of servicer by
other reasonable means, the name of such party or parties;

iii. the title of the Work if supplied;

iv. to the extent reasonably practicable, the Uniform Resage Identi-
er, if any, that Licensor speci es to be associated with theNork,
unless such Uniform Resource ldenti er does not refer to theopy-
right notice or licensing information for the Work;and

v. in the case of an Adaptation, a credit identifying the use fothe
Work in the Adaptation (e.g., \Hindi translation of the Work by
Author," or \Screenplay based on original Work by Author\).
Such credit may be implemented in any reasonable manner. It
is provided, however, that in the case of an Adaptation or Cel
lective Work, at a minimum, such credit must appear where any
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other comparable authorship credit appears and in a mannet a
least as prominent as such other comparable authorship cied

5. Representations, Warranties and Disclaimer.

(&) UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PAR-
TIES IN WRITING, THE LICENSOR OFFERS THE WORK AS-
IS AND MAKES NO REPRESENTATIONS OR WARRANTIES OF
ANY KIND CONCERNING THE WORK, EXPRESS, IMPLIED,
STATUTORY OR OTHERWISE, INCLUDING, WITHOUT LIMI-
TATION, WARRANTIES OF TITLE, MERCHANTIBILITY, FIT-
NESS FOR A PARTICULAR PURPOSE, NONINFRINGEMENT,
OR THE ABSENCE OF LATENT OR OTHER DEFECTS, ACCU-
RACY, OR THE PRESENCE OF ABSENCE OF ERRORS, WHETHER
OR NOT DISCOVERABLE. SOME JURISDICTIONS DO NOT AL-
LOW THE EXCLUSION OF IMPLIED WARRANTIES, SO SUCH
EXCLUSION MAY NOT APPLY TO YOU.

(b) YOU WARRANT THAT YOU ARE THE COPYRIGHT HOLDER
OF THE CONTRIBUTIONS WHEN YOU SUBMIT THEM TO CRE-
ATIVE COMMONS.

6. Limitation on Liability.

EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN
NO EVENT WILL THE LICENSOR BE LIABLE TO YOU ON ANY
LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL, CONSEQUEN-
TIAL, PUNITIVE OR EXEMPLARY DAMAGES ARISING OUT OF
THIS LICENSE OR THE USE OF THE WORK, EVEN IF THE LICEN-
SOR HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAM-
AGES.

7. Termination.

(a) This License and the rights granted hereunder will ternmate automati-
cally upon any breach by You of the terms of this License. Indiduals
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or entities who have received Adaptations or Collective Waes from
You under this License however, will not have their licensetermi-
nated provided such individuals or entities remain in full ompliance
with their licenses. Sections 1, 2, 5, 6, 7, and 8 will survi\any termi-
nation of this License.

(b) Subject to the above terms and conditions, the license gnted here is

perpetual (for the duration of the applicable copyright in he Work).

Notwithstanding the above, the Licensor reserves the righb release
the Work under di erent license terms or to stop distributing the Work
at any time; provided, however that any such release under drent

license terms or cessation of distribution of the Work will at serve to
withdraw this License (or any other license that has been, @ required
to be, granted under the terms of this License), and this Licese will
continue in full force and e ect unless terminated as statedbove.

8. Miscellaneous.

(@)

(b)

(€)

Each time You distribute or publicly digitally perform the Work or a
Collective Work, the Licensor o ers to the recipient a licese to the
Work on the same terms and conditions as the license granted You
under this License.

Each time You distribute or publicly digitally perform a Adaptation,
Licensor o ers to the recipient a license to the original Wd« on the
same terms and conditions as the license granted to You undiis
License.

If any provision of this License is invalid or unenforcdae under ap-
plicable law, it shall not a ect the validity or enforceability of the
remainder of the terms of this License, and without further etion by
the parties to this agreement, such provision shall be refmed to the
minimum extent necessary to make such provision valid and femce-
able.
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(d)

(€)

No term or provision of this License shall be deemed wanveand no
breach consented to unless such waiver or consent shall beniriting
and signed by the party to be charged with such waiver or conge

This Licence constitutes the entire agreement betweehe parties with
respect to the Work licensed here. To the full extent permitd by
applicable law, there are no understandings, agreements r@presen-
tations with respect to the Work not speci ed here. Licensoshall not
be bound by any additional provisions that may appear in anyam-
munication from You. This Licence may not be modi ed withoutthe
mutual written agreement of the Licensor and You.

(f) Words and Phrases not de ned herein shall to be extent psthle have

(9)

the same meaning as given to them in the Copyright Act, 1957.

This agreement shall be deemed to be a contract made in fiadand
shall be construed and applied in all respects in accordaneéh Indian
law and the parties hereto submit and agree to the jurisdiadn of the
Indian courts.

Disclaimer

CREATIVE COMMONS CORPORATION IS NOT A LAW FIRM AND
DOES NOT PROVIDE LEGAL SERVICES. DISTRIBUTION OF THIS LI-
CENSE DOES NOT CREATE A LAWYER-CLIENT RELATIONSHIP. CRE-
ATIVE COMMONS PROVIDES THIS INFORMATION ON AN "AS-IS" BA-
SIS. CREATIVE COMMONS MAKES NO WARRANTIES REGARDING THE
INFORMATION PROVIDED, AND DISCLAIMS LIABILITY FOR DAMAGES
RESULTING FROM ITS USE.

Creative Commons is not a party to this License, and makes noawanty
whatsoever in connection with the Work. Creative Commons Winot be liable to
You or any party on any legal theory for any damages whatsoayencluding with-
out limitation any general, special, incidental or conseantial damages arising
in connection to this license. Notwithstanding the foregog two (2) sentences,
if Creative Commons has expressly identi ed itself as the tensor hereunder, it
shall have all the rights and obligations of a Licensor.
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Except for the limited purpose of indicating to the public that the Work is
licensed under the CCPL, neither party will use the trademdr "Creative Com-
mons" or any related trademark or logo of Creative Commons thiout the prior
written consent of Creative Commons. Any permitted use wilbe in compliance
with Creative Commons' then current trademark usage guideles, as may be
published on its website or otherwise made available upong@est from time to

time.
Creative Commons may be contacted at http://creativecommups.org/.
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