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1 Fedora CommonsVision andMotivation

The purpose of thiproposalis torequest four years of funding fdhe startup ofFedora Commons
non-profit organization that will be the home of the existifgdora Proje¢t Themissionof Fedora
Commons is to providéne technical expertise and community framewdokdevelopsustainableopen
source softwardo supportinnovativecollaborationand knowledge sharing amosgientists, scholars,

and educatorswhile ensuringhe integrity and longevity ahe results oftheir work. As described
throughout this proposal, the carefully coordinated community of technical and domain experts that we
propose in Fedora Commons is integral to the goal of creating ssaftveare framework.

TheWorld Wide Welhasunleashedunprecedented sharing amtisseminatiorof information. The

NBOSy il LIS Webr®r2]thakefhE neat stepby turning the Vb into a distributed

platform for collaboration and participationWeb applications have evolved to enable the formation of

large nteractive communities that share both ideas and objects. Anyone can easily participate in these
communities, for example by collaboratively authoring articles in Wikipedia, sharing photos on Flickr,

writing reviews of products on Amazon, and posting gi&len YouTubd& he essencef this

phenomenon was articulated & ¢ ReWly, W@ observed K i a0 KS OSYy G NIt LINAYyOAL
success of the giants born in the Web 1.0 era who have survived to lead the Web 2.0 era appears to be

this, that they have e NI OSR G KS LR oSN 2F (KS 6S5d221i2 KINySaa C

Scientists and scholars are ndveginning torealiz that suchsocial networking and information sharing
technologieshave the potential to makeevolutionary changem the process, pace, arglality of
intellectual discourse and scientifiesults. Consider thepotential ofapplicationdike the new PLoS
ONE system one of our partnershipshat give scientistopen access tecientific literatureand
providesmechanisms that allowxpertsto discuss, review, and refine these results oali

Similarly, ucatorsand museum curatorare realizing that thesocial welthat fills much of the leisure
time of students is a paradigm for improvitiee process and qualitgf education Collaborative media
sharingapplications such agouTube ad Flickiprovide a model for new educational applications that
can, for example, enable treharing of the latest images from Hubble dadilitate theuse ofweb-
based tools for experimentation based on these imag€sr partnersn the National SciencBigital
Library are developing such tools in collaboration witte Exploratoriummuseum

But, what happens if these new collaborative environments result in information becoming locked up in
a new wave of clever, yet idiosyncratic, systems that atebnilt to facilitate sharing across their

individual boundaries, and are not attentive to the lalggm sustainability of social and intellectual
knowledge accumulated within them? This is where Fedora Commons can play a criticiVeole.
arguethat this new wave oépplications should be constructed withteroperabilityin mind. For

example, a teacher using a curriculum authoring application should be able to combine Hubble tools

! http:/Mvww.fedora.info
% http://www.plosone.org/home.action
3 http://nsdl.org



from the Exploratorium, raw datasets from the National Virt@dmlservatorf/, and visualization tools
created by the Cornell Theory CentefFurthermore, this teacher and her students should be able to, as
part of theuse of this curriculumengage in collaborative discussions with scientigteaddition these
applications should be constructed wifireservationn mind. The information created within these
applications; papers, data, annotations and commentagis part of the scholarly and cultural record

and should bevell-managedso that they persist over tim

Fedora Commonwill embrace thedual focusof enabling the creation dhnovative,collaborative
information spacesndattending to the longevity and integrity of information that results from
collaboration. In doing so, it will work to ensure thataolge is both revolutionary and sustainable.
Fedora Commons builds on the foundation of the highly succemstLinternationally recognized

Fedora Projeét The unique contribution of Fedora was citedRgagan Moore, Director of Data and
Knowledge Systns at the San Diego SupercompuBamterand an internationally recognized expert in
digital preservation and-science At an Oxford Institute conference on digital preservation and super
computing Dr. Moore identified Fedora as an example of a systeahbringstogether the strands of
ontology driven semantimteroperability across heterogeneous collections, dynamic linking, and digital
preservationin institutional repositorie$31].

The existing-edorasoftwarehas been adopted blyundreds of institutions formarray of innovative

applications in education, opeaccess publishing, scholarly communication, aisgience. Amonis

notable installationsarethe TopazPLoS ON&pen accesfurnal system, the National Science Digital

Library (NSDL), the Max Plafcig2 O A Ssthdl@ship §sted G KS / KAOF 32 1 Aad2NROI €
multimedia encyclopedf G KS ! yAGBSNEAGE& 2 7 the AustBlfayratiota RA IA G €
institutional repository initiative (ARROW®S h EFT2 NR ! y A OS Nhathe®adsous RAIA G £ 1
humanities computing projetf and numerous applications in national libraries, companies,

universities, and cultural institutionsThis deployment of Fedora to this array of institutions has created

I £ F NBS & CSR2 NéncehysK Moiay/Usér EanfErenSe® ave the past two yearthe

U.S., Europe, and Australia.

Our plan over the next four years is to build on the triageg established by the Fedoradfect and
build a selisustaining Fedora Commoaogganization We plan to do thisvith athree-pronged effort
that is described in detail in the body of this proposal

4 http://www.us-vo.org/
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1. Technology DevelopmeqWWe have defined a number of areas where the current software
base will be enhanced and functionality expanded including improved facilities for integration of
collaborative technologiegjreater leveraging of semantic web technologies, integrations of
enterprise capabilities such as workflow, agtiention to the vital preservation wahiness of
the architecture.

2. CommunityDevelopment, As wedescribelater, one key to an effective open source project is
an active, large, and enthusiastic community of users and technologists. These have been
OKIF NI OGSNRT SR St a8 ¢ Ry NSigrifisant fpdrilofaodr &frytheiefSre with S NE& ¢
be dedicated toward community buildirsgp that at the end of funding there will be a sufficient
community network effect to carry Fedora Commons forward

3. Leadershig As Steven Wer notes [35] an open source profg candescendnto chaos
without coordination from theop. The leadership team of Fedoran@monswill combinethe
vision andexperienceof the existing Fedora Projeca perspective oboth industryand web
trends, and expertise in outreach/communicatis, all essential tthe successf Fedora
Commons

In closing, we view Fedora Commons agxcellentcomplementto the majority ofthe Moore

C 2 dzy R I findirg)y Willchfocuses orEnvironmental Conservation and Scieaoel fundsresearchers
collecting data in many remote areas of the world. The Fedora Comopamssource software
platform will enablethesecommunitiesof scientistsresearchers, and educatoxs more easily
integrate theirdigital resourcescapture relationship among thes entities, reuse parts of theiin new
contexts, and atiw easy integration of digital information across community and institutional
boundariesLike other open source projectise impact can extend to both the dewgledand the
developing woid [15].

2 The Power of Open Source Software

Fedora Commonwill beanopen communityo support the development and deployment gpen
sourcesoftware, which facilitat¢sopen collaboratiormand openaccesgo scholarly, scientific, cultural,

and educational materials. Thagen world®is a phenomenon of the networked information

environment that has been embraced by scholars, entrepreneurs, and politicians due toritamgc,
technical, political, and cultural benefits. Chris Kelty in his forthcoming BawokBits: The Cultural
Significance of Free Softwfté] argues that FOSS (Free d@plen Source Software) is an example of a
broad shift in the structure of power, technology, markets, and corporations. In the remainder of this
section we summarize the importance of openness and its relevance to the organization and mission of
Fedora Comons.

3 This term, which covers notions of open collaboration, open community, open access, and open source was
coinad by Shay David, a Ph.D. candidate at Corh@]l [
4



C20KIEA . Sy1fSNI SELX 2NBa (KS SO2y2YAd0a 2F Th&S aySi
Wealth of Networkg[3]. He argues that this new eaomy is based on the mass distribution and rapidly

dropping cost and proliferation of information producing and sharing technologies, enabling a model of
peerproduction. Benkler notes the efficiency and sustainability of the open world due to its lbasis i
GO02YYRY&ASR LISSNI LINPRAZOGA2YyEéX || LKSy2YSy2y 6S &asSs »
proposed Fedora Commons effort. In this model the incremental effort of many individuals results in
products that are recognized as superior to their comomd counterparts, as demonstrated by thigh

quality of open source software and its widesprda& Lt 2 @ YSy G Ay aYAaaizy ONRGA
efficiency of this open source strategy has been recognized by a number of technology companies such

as BM[4], Sun27], and Red Hg®8]. Our own work has beifited from collaborations in both the

non-profit and commercial sectors. A specific goal of Fedora Commons is to develop many new

partnerships. For example, we are currently investigaéiegllaboration with Sun Microsystemeslated

to archival storageolutions.

Steven Weber in his bodikhe Success of Open SoUBtg describes that the factor that prevents open

source code from becoming a mess is a sophisticatedrgance structure and editing function so that

the code, over time, works together and is maintainable. Thus, a key part of this proposal is funding for

the organization and management of the Fedora Commons community, which as described later will

need2 ol fFyO0OS (KS aO2yiNRffSR |yl NOKeég 2F (GKS 0O2YY:
required to produce usable products.

Another economic point that Benkl¢8] makes is the inconsistency and inefficiency of matieted
proprietaryinformation strategies when applied imon-proprietarysectors, such as the education and
scholarship domains that are particular focus areas of the Fedora Comriendescribeshat

proprietary software imposes an unfair burden upon these sectors that base their financial strategies
largely on norproprietary government and foundation funding.

A number of observers of the open world phenomenon point to the beneficial culturgbalitetal
benefits of open source and open access. These include Gabriella C¢#nvhn describes it as an
extension of free speech and expression, and Lawrence LUdssig9]who sees it as critical for
freedomof exchange of ideas that is critical to democracy. The UN recognizes these factors, as stated
in the UNESCE€ponsored publicatioBreaking Barriers. Using free and open source software for
developmen{15]Y hébgnefits offered by FOSS have been particularly useful for poor developing
countries aroundi KS ¢ 2 NI Rinfotmadiori larid doyh@ications technologCT) more
affordable to themX [thus] bridging thedigital divide¢ Similarly, Charles Vest, President Emeritus of
MIT, writes about the importance of open source and open content foeta-university,a global
learning environment that will allow students in developing countries to access and usm¢eana
research materials unavailable in their locg38].

From the perspective of higher educatidrad Wheeler CIO of Indiana Univerggg]a G | G S&he G K ( &
Community Source Model for developing and sustaining software is a remarkable fit to the culture and
values of higher educatiehé { T dzt A 28]6bs@VEs thatSHepen solirce model has its



origins in the traditions of learning institutions around the world. It idttaround the premise that
technology is transparent, allowing the best ideas to win in an open, collaborative environment, as well
as the idea that open source development should contribute to a body of knowledge that others can
learn from and build on.

Fedora Commons fitsthisd 2 LISy 62 NI Ré¢ O2y GdSEG GKIG | O0O2NRAy3 |
and policy maker is increasingly critical to our futuviith the support of the Moore Foundation we will

be able to build on our success thus far andkm&edora Commons a model of all that is best about

openness.

3 Leveraging the Success of the Existing Fedora Project

Fedora was founded as the Flexible Extensible Digital Object Repdsichitectureand is the result of

DARPA and NS&nded research l& by Sandy Payette and Carl Lagoze at Cornell University in the late
19909[23]. The primary matation of this research was to devise new information architectures to

facilitate interoperable access and management of the increasingly complex and heterogeneous digital
collections These collectionsere rapidly emerging as the result of (1) massiwanning efforts to put

GKS ¢2NIRQa 1y2¢6fSR3IS 2yt AyS Ay SlFad aRAIAGIHE A0
0KS AO0ASYGATAO IYyR a0K2ftFNIfe& LINRPOSaa NBadzZ GAy3a Ay
foundation of thenew scholarly record. With each new project devising its own idiosyncratic solution

for dealing with digital material, thpossiblefuture was an unmanageable set of stove pipe systems that

would inhibit interconnection of information and endanger tloadrterm welfare of digital resources.

Thus, a primary goal of the initial architecture waslesignt dzy A F2 NY GRAIAGFE 2025040
represent thefull variety of digital content and a generalized repository model for consistent access and
management to content.

This notion caught the attention of researchers at the University of Virgibrary[26] who were
evaluating solutions famanaginganincreasingly diversdigital collection and digitdilumanities
corpus®. After a period of successful experimentation with prototyghs,University of Virginiand
CornellUniversity jointlyapplied for funding from thé\ndrew W. Mellon Foundation to build a
production-quality,opensource system based on the origift@daa architectural principles. Mellon
has funded the Fedorarojectsince 200Jand atthis point version 2.2 of the open source software is
available. The enduring first principle of a common object model over diverse content remains, but has
been enhancedby rich new features including integration with web services, semantic web
relationships, finegrained access control, and version managemehhese featureare implemented
as aserviceorientedarchitecture that is highly scalable and rohushd thatintegrates with other
applications and services.

The three most important themes of the Melldanded era of the Fedora Project are described below.

1 http://www.iath.virginia.edu/



3.1 FlexibleBuilding Blocks to Creatthe New Digital Landscape

Theflexible andextensibledigital objectmodelat the core of Fedoraanbe characterized gsroviding
G SfaR] Sé 6 dstd sRpoytdhifodmt mardgemenandaccess tdeterogeneousontert
including books, images, articles, datasets, mukidia, and more The model also supports the
aggregation otontent from distributed network sources into nes@mplexdigital objects,and the
construction ofinformation networks by interelatingmultiple digital objects

The flexibility of the object model makes it possible to compose completent in a variety of
configurations. One example is depicted Kigurel, with three Fedora digital objestfrom the special
collectionslibrary at the Universityof Virginia. The figure showdiree independent digital objects, one
with the encodedtext of a historical documentanother with thepage scan athe document, and
another with a relevanart image Each object has its own metadatAlthough each object ian
independententity with its own persistentdentifier, the objectscan berelated to form acompound
digital object
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Figurel - Historical journal text and related art image

In addition to providing th building blocks for content compositioRedoraalsoincludesa generic
repositoryservicethat defines and implementthe core set of functions and interfaces necessary to
manage and disseminate complex and heterogeneous digital objects in a geneitesopgerable
manner. Therepository servicallowsthe binding of services to objects to create dyma views of
digital content. Aimportant aspect of Fedora is thas digital objects are selfiescribing, which
means that theyencapsulateall essential characteristics of the object. Hilisws a complete rebuild
of the repository from the information in the core objects, whitds significant benefits for
preservation and archiving of digital obje. This i® subject described isection 6.4.



3.2 Catching theNext Big Wave SemanticTechnologies

Semantidechnologies ar&iewed by many to béhe next major wave of technology in the information
economy. These technologies have a central role in systems that support knowleaidie This
impacts not only new systems but alegristing systemthat must be poised to adapt and evolve to
integrate semantic technologies as they mature.

In 2005, the=edora Projecsuccessfullyntegrateda first stageof semantic web technologiésto its
repository servicdy introducing support for RDF descriptidag] of digital objecs, RDF relationships
andgraphbased indexig of Fedora repositories. This provided a more powerful and generalizable
mechanism foexpressing the relationships among digital obje@¥h this implementationthe objects
in the repository could now be treated as nodes on a graph and that graph could be quEhnied.
impact of this adaptation has been significant sinqegitionsFedora as a unique open source system
that simultaneouslycombines richsemantict A Y F 2 NX Iy &Xi 6 2 N a ¢ ithsuggodr G I £ O2y
persistence and management of digital content in a robust repository systatiincludesfeatures such
as authentication, policy enforcement, versioning, replication, integrity checking, dynamwis of

digital objects, and moreFigure2 shows a simple example of the use of semantic relationships,
demonstrating both the connection of a digital object to® Dublin Core metadata properties and to its
component parts, an abstract and the ftdixt of the article.

Figure2 - Article and abstract as graph

1o http://www.fedora.info/download/2.2/userdocs/server/resourcelndex/index.html



