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1 Fedora Commons: Vision and Motivation

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/

° http://www.tc.cornell.edu/

6 http://fedora.info

! http://www.escidoc-project.de/homepage.html
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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

Descriptive

Metadata

) Preservation R A
part Metadata Sy
nes | Do, e
Descriptive — s st
Metadata | Image e

Preservation =N A
Metadata

Full Text

Descriptive
Metadata

| \
Preservation
Metadata

=~ a

Image

Figure 1 - 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 knowlealdee 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 simultaneouslcombines richsemantict A y T 2 NXY Iy &Ai 6 2 NJ & €

ith suRgorddr (i |

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.

> Spatial Clustering of Galaxiesin Large Datasets

e

- Alexander 5. Szalay
de:title -
; dc:author

. PID-1
ore:hasPartAbstract

~ PID-1/Abstract

ore:hasPartArticle

\\\x
T Pl D']-/Artlde

Figure 2 - Article and abstract as graph

1o http://www.fedora.info/download/2.2/userdocs/server/resourcelndex/index.html
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Figure3 then expands this simple example to connect the digital object to other digital objects, one of
which is a review of the article and the other a data set associated with the article. Because these are all
nodes in a graph, these companteadigital objects can be readily reused in other contektsaddition

the richness of theelationships in this graph can be queriaad digital object content can be accessed

and modified via weltlefined Fedora AR,

__ PID-3 - PID-3/Review

nsdl:isReviewOf 6;:_,_

ore:hasPartData

. PD1 ,

PID-2 — = PID-2/Data-raw

PID-1/Abstract —

. pipa /Article N

Figure 3 ¢ Adding data and reviews to the graph

3.3 Existing Fedora: AAgile System with Enduring First Principles

As shown irFigure 4the exsting Fedora system is logically divided into four major functional areas that
reflect its first principles: repositoryesvices, preservation services, semantic services, and enterprise
services. We argue that these areritical services that should be offered byplatformwhose purpose

is toenablecollaborative applications while attending to the challenges of inforamamanagement

and preservation.

The Fedora open source system is designed to permit alternate configurations. Also it is designed with
the assumption that technology will change and the system will have to adapt and evolve. Overall,
Fedora is an agileystem that can be used in many ways, and can adapt to new requirements as they
emerge.



* Information Networks * Digital Objects

* Contextualization Repository * Manage
* Relationships g .
p Semantic Access
*Inference S 2 1 * Versioning
Enterprise Preservation
* Workflow * Integrity Checks
* Messaging * Monitoring
* Transactions * plerting
* Replication * Migration

Figure 4 - Fedora: integration of key services

4 Investing in the Future: Fedora Commons Community and Technology

Fedora Commongill leveragethe success of the existing Fedora Propeud create theorganizational
andtechnicalframeworks necessaryo supportrevolutionarychange in hovecientists, scholars, and
educators produce and share tinéntellectual outputs and ensure the imtgrity andlongevityof
information. Thereare two main thrusts to its missioaommunityandtechnology

Section 5 describes the first thrust whictioscreateand nurture a committed and thriving community

that collaborates irevolving maintainingand using the softwareA core Fedoracommunity already

exists on an international scale as evidenced byrthmber Fedora user group meetings worldwide, and
in Fedora being featured in prominent conferences such as World Wide Web 2007, Open Repositories
2007, and the European Semantic Web Conference 208&.Fedor&ommonswill engage this existing
community and begin a substantial outreach effort to build resnmunity.

Section 6&describeghe secondthrust whichis to createatechnicalframeworkthat enables innovation
developmentmanagement and deployment of higjuality opensource software. Fedora Commons
will provide leadership teaoordinatedistributed community-basedsoftwaredevelopmentandto
integrate newinnovationsinto the opensource platform ina manner that is consistent with the overall
Fedora Commons vision and withw directionsn the Web andenterprise systems.

5 Community Strategy: Development of High-Impact Community Partnerships

Fedora Commons willevote significaneffort to the development of highmpact partnerships and
community outreach irfour keycommunitysectors: (1) scholarly communicatigrincluding open

10



accespublishing, 2) e-science(3) education and(4) librariesmuseums cultural institutions As
depicted inFigureb, while each community iglistinct inits own right,thesecommunities alsdnteract
with each other in many waysiterestingFedorabasedsystems are already being built that integrate
digital informationacrosshesedifferent community sectors

Figure 5 - Four target community sectors for Fedora Commons

As part of the Fedora Commons stagp phasethe Fedora Comons leadershipvill focus onstrategic

partnerships withaninitial group othighly committed organizatiorsnd projects Each organization

holds a highly-visible leadership positioim its respective community sectpandeach is alreadbuilding

innovaive systems based on the Fedanpen sourcesoftware. These institutions recognize that Fedora
Commons will provide the essential organizational context to foster innovation, to integrate new

technologies into the Fedora Commons software framework, angige a focal point for collaboration

among informatiorbuilding communities that are in pursuit of a common visiomhe exact definition

2F GLI NIYSNBKALXE ¢gAff 0S RSOSE2LISR 22Ayidfe gAGK
Commons articlesfancorporation and bylaws). Initially, the partnerships will manifest atrong

alliancesn whichorganizations work in close strategic alliance with Fedora Comieadsrship

An anticipated outcomeof these partnershipss thata F £ | 3yst&misidilliemergethat will serve as
referencemodekto the broader communities We anticipateéhat these systems can either be directly
redeployed as open source, or be eas#created by othersising the Fedora Commons open source
technologies.Also, parhers will play a significant role in defining new system requirements for Fedora
Commons to guide the evolution of the open source software. Finally, partners will help the Fedora
Commons leadership formulate its outreach strategy and provide key coritdotthe target

community sectors.

11



It is recognized that the work of the partner organizations often crosses the boundanssreftthan
one target communitygector. The Fedora Commoisadershipwill facilitateinteractions across the
sectorsand willensure flexibility of information flow and collaborative possibilitid$e table below
lists initial strategic partners and their associatathet sectors The sections that follow describe the
significance of each partnership.

Scholarl N
. y. Libraries,
" . Communication . )
Initial Strategic Partners and Open Access E-Science Education Museums,
- Cultural
Publishing
PLoS ONE and Topaz i i
eSciDo¢Max Planck Society ¥ A
and Fiz Karlsruhe
JohnsHopkinsUniversityand i i
National Virtual Observatory
Australan ARROW and DART ¥ | ¥
National Science Digital Libra| ¥ | ¥ |
OhioLINK Digital Commons ¥ | ¥ |
Tufts University and Perseus ¥ ¥
University of Virginia
¥ ¥
CornellUniversity* ¥ ¥

* Fedorafoundinginstitutions (will provideboth aresearch and development focus
5.1 Scholarly Communicatioand Open Access Publishifgctor

In the openaccess publishing sector, \@ee forming strategipartnerships with Topaz andhe Public

Library of Science (particularly tRe.0oS ONiaitiative). PL0oS ONE brings a new dimension to open

access publishingy deploying novelVeb 2.0applications that promoteiser participationSpecifically,

PLoS ONE campower scientific communities to engage in dialogpapers and articles a way that

hasnot been possible beforthrough the use ofhreaded discussions, annotations, pgmtblication

ratings/reviews, wikis, tags, user customizations and computing usage statistics. Taking advantage of
12



the full potential of the Web, PLoS ONEpositioned tdundamentallychange how scholarly journals
will be used, and it can enable a powerful antkractiveprocess ohetwork-basedscientific and
scholarlycollaboration

Fedora Commons will work with PLoS ONé&etiine new systems requirements for evolginhe Fedora
Commons open source softwat@ best enablehesenew modes ofdissemination and sharing of
scientificinformation. Also, Fedora Commons will consult with PLoS ONE in devising a community
outreach plan to propagate the open access philosaplgeneral and the Fedora Commons
technologies that support in particular

Topazs developing the underlying application framework for PLoS ONE. The Topaz framework is built
upon Fedora and Mulgaf&(an open source triple store technology)Topaz is developing and-to-

end electronic publishing system that wittdbme a powerful driver of the operceess movement. The
Topazapplication frameworks introducinga set ofinnovative tools and resources to enable access, use
and analysis dcientific literature and data.While,PLoS ONE will be the fitsder of the Topaz

application framework, the Topaz outputs wile made availablén open ®urce to facilitate the shift of

the broaderscientific and medical communities from subscoptbased journals to open access
publications.

Through its partnershgwith Topazand PLoS ONEe Fedora Commontechnical leadership will
strategize on how to movthe Fedora Commons software in a direction that best promotes innovation
in the scholaly communication an@pen access publishing sector. We propose that Fedora Commons
become thefuture home for open source componendeveloped by TopaZedora Commonwill work
closely withTopaz to devisa systemintegration planthat enables thelopazopen source components

to become part of the Fedora Commons open source software offerigignificant aspect of this

aéaldsSYy AyaSaNrdazy gatft o6S G2 RSO SNWithyvsb2osd o6Sad

semantictechnologies. TheTopaz team is already investigating a compelling architectural pattern that
could offer the option of a repository that is more natively graptented. Thistechnicalintegrationis
discussed further isectiont.

Another strategic partner in this sector is eSciDoe joint project of the MaPlanck SocielfandF1Z
Karlsruhé’in Germany.eScilc is an ambitious project to support collaborative work among scholars
distributed across Max Planck laboratories throughout Germany, provide new models of information
access for these scholars, ensure permanent access to the research results and nesgarichs of the
Max-Planck Society, and integrate these materials int@mrerging, global, electronic knowledge space.
In January 2006 the management of eSciDoc made the descision to use Fedora as the technical
framework of the proje®. This decisiowas made after careful analysis of a number of commecial and

'8 http:/www.mulgara.org/
" http:/www.escidoc-project.de/homepage.html
'8 http://www.mpg.de/english/
' http://www.fiz -k.com/
20 http://www.escidocproject.de/news.html
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open source alternatives. Since that decision, we have worked closely with the eSciDac team
understand how to bestvolve Fedora and timtegrateeSciDoc contributionisito the Fedorasystem

In addition, the eSciDoc team has been an active participant to the Fedora Community, speaking at
workshops and participating in architectural planning.

The eSciDopartnership is particularly valuable since the project is comee with issues that areritial

to the evolution of Fedora to an enterpridevel application. These include versioning, scalability, and
systemavailability. Our work thus far with eSciDoc has been of tremendous benefit in understanding
the issues in these areas and we lookifard to the fruits of this partnership under the Fedora
Commons umbrellaA letter of support from eSciDoc management is attached to this proposal.

Another key partnership in the scholarly communication sector is ARROW (Australian Research
Repositorie©nline to the World}. ARROW has been funded by the Australian government since 1993
and represents a commitment in Australia to make scholarly results available online at a largé\scale.
this point sixteen of the forty universities in Australia hadopted ARROW making it one of the

premier institutional repository projects in the world@he software platform for ARROW is FedorFais
choice was made based on the flexibility of Fedora, its rich feature set, and the international community
of userswho participate in the development. ARROW has agreed to be an enthusiastic partner in the
Fedora CommonsBased on their active participation in the Fedora Community over the past several
years this promises to be a valuable partnerstimdrew Trelog Chief Architect both the ARROW and
DART projects is also a current member of the Fedora Project advisory Bopidt letter of support

from Dr. Treloar and the University Librarian at Monash Univessittached to this proposal.

5.2 EScience Sector

In the eScience sector we are forming a partnership with two significant players in this area: Johns
Hopkins University (JHU) and the Dataset Acquisition Accessibility & Annotaiteaach Technologies
(DART) Projett

Our partnership with JHi$ in the context of itxclose affiliation with the NSkinded National Virtual
ObservatoryNVO¥$2. NVGs frequently cited as a model for what is referred to in the U.S. as

G Oe 6 SNA y T [Rl] and &Hedde iz YK and Ewpe. Stated very briefly, both terms refer to

data and computationalintensive science that exploit open standards, networks, and distributed high

speed computing. The NVO has been funded since 2001 by the NSF and over the years its work has
exemplifiS R ¢AGKAY GKS FaldNRBy2Ye O2YYdzyAlGeéex GKS y20A2)
dflexible technical architecturasing standard, open protocols and interfacdbkat the NSF describes in

its cyberinfrastructure vision repof21, 37]

A key challenge in dafatensivescienceand scholarship idata curation Again, quoting the NSF report
21: 6 ¢ KS T YGAOALI GSR AINRPGGK Ay 020K (GKS LINRPRdAZOUGAZ2Y

 http://arrow.edu.au/
% http://dart.edu.au/
2 http://www.us-vo.org/. The Principal Investigator and Project Manager of NVO are located at JHU.
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issues not only of scale and heterogeneity, but also afatdship, curation and long SNY | 00S & a o¢
is especially critical in a new vision of publication that has become increasingly widespread whereby
scholarly documents directly incorporate datasets and simulations based on those d§faet32, 34,

37]. This vision depends on the longevity of the datasets incorporated into publications.

The leadership of the Digital &wledge Center (DK&)which is part of theheridan Libraries  at JHU,
has been working closely with NWY®@model distributed data curation technologi§&2]. This work is
supported by JISC, IMLS, Microsoft, SPARC, and iBerB&sed ora Mellon-funded study comparing
features of performance of various repository implementatipnls the DKC selected Fedora as the
foundation technology foits prototype data curation system. Thedecision was made based on a
number of characteristics of Fedora:

f As established by JHU testif§, CS R2 NI} Q& LIS NF 2 NYiswglbrfatcHedtoRhe N2 0 dza Gy
demanding taskrequired to support thecuration of large dat sets over long periods.

1 Fedora is open source software which is essential because the JHU team must have the freedom
to modify and redistribute the Fedora software as part of its data curation system.

1 Fedora enables the associationbgfhaviors, ondisseminations; with digital objectsvhich
enable dynamitransformation and adaptation afigital contentso that it can be used in
multiple application contexts.

We expect that this valuable partnersHipk the Fedora Commons effort to the largeseience

community. It will also ensuréhat Fedora Commons technology evolve consistent with this
O2YYdzyAlieQa ySSRao ¢ K S NBhe JHUBartnedship yh dhe dodtextfad y A T A OF v
major new propaal being formulated for the upcoming N&Berinfrastructurecall. A letter of support

from Sayeed Choudhurg, A NEOUG2NJ 2 F WI | Q& ,i§attahed tb this propssa.t SRIS / Sy

The DART proje¢80] is a major collaborative project funded by the Australian government to

investigate infrastructure for-&cience. This project builds on the work of an earlier project ARROW

[29], which developed institutional repository infrastructure based on Fedora. Based on the experiences
with their deployment of Fedora in that earlier project, and on the unique feature set of Fedora, DART
has chosen to use Fedora as a central part of the DédRhology. As noted by Andrew Treloar, project

I NOKA (S Ofihe gigital Gbjeatstthat DART stores need to be managed, preserved, persistently
identified, aggregated and disseminated in flexible viays| Fedoradas been found by a range of
projects to bethebes Y I G OK FT2NJ 0KH3®AS NBIljdZANBYSyidasé

5.3 Education Sector

In the education sectoiredora Commons has developed a strategic partnership withigimnal
ScienceDigital LibrarfNSDLyvhich is focusd on enablingradical changes imath and sience
education by creatingaewd 256 H ®n ¢ ¢ 2 NdbdRedditidal yepoSitSrie2aNd services.

* http://dkc.jhu.edu/
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The NSDL smajor initiative funded by the National Science Foundation (NS&)with the goalof
improvingeducation through innovative us®f new technologies. 12000, NSDtreatedof an online
digitallibrary to direct users to exemplary resources for science, technology, engineering, and
mathematics (STEM) education and researdiis digital library has evolved into a collaborative,
semantic digital libraryhat providesservices and tools that enhandeet use ofSTEMesourcesn a
variety of contexts.NSDL is designed primarily fed & educators, but anyone can access and search
the librany.

With over 2.5 million resources managed and dgphbthrough itd~edorabasedrepository- andwith a
socialnetwork of educational organizations, universities, publishers, learned societies, and collaborators
¢ the NSDL serves as a new kind of informatiommons where bridges are being biiétween:

9 private sector and public interests by providing accesgsources such as publishers' journal
articles, teachecreated lesson plans and retthe data sets from scientists

9 scientificand educational communities by applying advanced technologies to stimulate new
ways for educators and learners to access andsggntific information

1 teachers andtudentsat all levels, in all locations by supplying content and tools in @ueess,
non-proprietary formats in an easily accessible online environment.

The NSDL will play a significaolie as astrategic partneship of Fedora CommonsThe NSDL can be
GASHGSR a | aKdz ¢ KL idto tiiedyadsd ediicatiorCcSrtumity.  Thraughvitey a
NSHundedPathways prograffi, the NSDL has ten partners whin turn, collaborate directly with 85
projects, organizabns and societies ithe disciplines o€Chemistry, Biology, Computational Science,
Engineering, Materials Science, Physics and Astronomy, Middle School Education, Community and
Technical College Education, and Multimedia Educatfamther NSDL is recoynil SR Ay b { CQ4&
cyberinfrastructure plans for its potential to spread datéensive scholarship to the education sector

[21]. We can leverage the important connections the NSDL has already made as part of the Fedora
Commons otreach effort. A letter of support from Kaye Howe, tBaecutive Directasf NSDL Core

Integration is attached to this proposal.
5.4 Library, Museum, and Cultural Sector

With roots in the early digital library work of the 1990s, the Fedora Prdégested many longstanding
relationships that will be the basis of important strategic partnerships for Fedora Commons.

Fedora Commons witlenefit greatly from itstrategicpartnership withUniversity of VirginigUVa)
which is one of the founding institutiortd the Fedora ProjectAs previously mentioned, UVa-co
developed the Fedora opesource software with Cornell and has provided the development team with
a deep understanding of the challenges of managing and disseminations complex digital collections.

% http://nsdl.org
* http://nsdl.org/about/?pager=pathways
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The UValibrary has a traditionf early innovation and adoptioaf technologies to provide rich digital

collections to scholars, and innovative tools for using those collectidtiéa has played a unique role in

Fedora as being both one of its developars! one of its majoruseist @SNE yAOS SEIl YLX S
2ySQa 26y OKFYLI I3ySoé

Interestingly, the legacy of Thomas Jefferson has served as an inspirdticninQ a y ®érea®e¥ T 2 NI
an integration academic knowledge environment.

aThe field ofknowledge is the common property of all mankird
Thomas Jeffersorl,807, Correspondence with HenBearborn, U.S. Secretary of War

LY MymgpZ gKSYy ¢K2Yla WSTFFSNB2Y F2dzy RSR (GKS | yABSN.
+AffF3ASTé mehSaianddiharzad@nfuinity Bembers could pursue knowledge together.

At the beginning of the Zicentury, the University finds itself poised to become a new embodiment of

that integrated academic environmertharacterized by technologgnabled mode®f information

creation and consumptionMore and more universities and libraries are supporting faculty and

students as they create elaborate research and teaching materials that involve all manner of digital

resources, and use these materials to collate with colleagues locally and around the worl¥hatis

missingat this point is an integrated information architecture that consoliddtesworkspace, content,

and tools that are increasingly included as a routine part of the educational and sgholasion of the

University.

Fedora Commons will collaborate with UVa on its hew project to address this profleen

development of the Fedorbased Aademic Information Spad@lS)will make it possible for scholars to
easily create and rpurpose dgital resources, rapidly moving them into classroom and research
projects, while ensuring that users maintain control over their data for as long as they desire. Digital
objects created in the Slwill be ready to move into a digitddrary if appropriag, without interruption
FNRY GKS O2YYdzy A (i Al bedhiniégrated Joftwairk Bagnework batk&dy
Fedora Commons open source softwarl.letterof supportfrom Karin Witterborg, UniversityLibrarian

of University of Virginigs attachedto this proposal.

Fedora Commonwill alsoform a strategic partnership witliufts Universityhich issignificant both

from the perspective of digital libraries and from the standpoint of being on the cutting edge of

humanities computing. Fedaa isan enabling technology for the Perseus Proféa densely

hyperlinked digital library afhaterials onGreek, Roman, andenaissanceulture, andone of the

premier humanities computingrojects Dr.Greg Crangounder and editor in chief of Persgus

interested in the extent to which the World Wide Web not only enhathe work ofresearchers and

students,but creates new audiencesor cultural materialoutside academia Dr.Crane is exploring

how computational humanitiesan help to democrate information without compromising intellectual

rigor FyR adGFdSa GKIFIG a2dzNJ 321t Aa y208 2yfte (G2 KSf LI
effectively but, more importantly, to help humanists use the technology to redefine the relationship

o http://www.perseus.tufts.edu/
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bet6 SSY GKSANI 62N] FyR (KS [ONE Crind Was anmybrigde eafli€sti dzl
adopters of Fedora and understands how Fedora Commons technologies can enable fundamental
change in scholarship by facilitating new ways to relate and analyze informatfitewill work withDr.
Crane to evolvéhe Fedora Commons software tmntinue tosupport innovation in the humanitiesnd
cultural sectors A letterof supportfrom Dr. Crane is attached to thjgroposal

In terms of new opportunities, Fedora Commons will leverageatmershipwith NSDIto form new
strategic partnerships with museumslo chte, the Fedora Project has not hditect relationships with
major museurs, yet Fedora is being usadccessfullypy manyspecial ollections librarieshistorical
societiesand culturalinstitutionsto integrate museurdike objects intdnnovativedigital libraries and
learning environments. HEre isgreatpotential for synergy between museums and thther
communiies already working with FedaraVith a focused outreach effort lsedora Commons, we
believenew andinterestingmuseumpartnerships can be formedOur first outreach efforts will be with
the Exploratoriumandthe American Museum of Natural Histgripoth NSDL collaboratarfkeflecting
back on Bction2 and the discussion of the power of open source software, it is interesting to note that
many museums have built their own systearshave invested in commercial technologies to manage
and present their digital collections. There is great opportunity for Fedora Commons to prodde
contex for museums to become part of theewd 2 LISy phénhdliieda

6 Technical Strategy: Foster Innovation to Enable Revolutionary Change

Fedora Commons is iquely positioned to integrate key information management paradigrtie

Web, content management, and digital preservatipthat are core components @ new information
environment. The Fedora Commons will develop and deplgy® & y (répdsifdecbasedsystems

that will combine the richness of the Semantic Web, the interactivity of Web 2.0, and the reliability and
guality-of-service of enterprisgrade system for managing ttell lifecycle ofdigitalinformation. As

noted in the strategic techrlogy forecast by Mills Davis (unveiled at the 2006 Semantic Technology
Conferenc#), there is a challengim building robust, selprotecting systems that simultaneously fulfill

the integration and interoperability requirementsf collaborative, knowledgdéased communities:

This visionofneO Sy Gt NA O O2YLJziAy 3 A& 27F0 Softh68 ELINS A &SR
industry to develop systems and processes that aredeadfaring selfintegrating, sel

optimizing, sekprotecting and sk-healingand that can scale from poitib-point

semantic web services to pervas&eS NI A O $arge Ndnd® deXd® exist at the

"hinges of the businesg" integration andinteroperabilityneeds that go across

systems, across businesses, aedoss comunities of interest[11]

Fedora is already well positioned in that it integrates key technologidsatosupport thisvisiong
repository, semantic, enterpse, and preservation technologies. Howewarevolutionary system (vs.
a static systeminust beflexible and adaptable to ensure that the system remaeisvant to users as
technologies and behaviors change over tin@ur vision is that Fedora Commanil provide an

2 http://www.semantic-conference.com/
18

o2y



incubationand experimentatiorenvironment for new opessource components and services that fit the

Fedora Commons vision, and will develop an appropriate technical framework that allows for multiple

flavors of Fedora. Fedora Commons pitivide leadership to ensure that these technical innovations

integrate into the core software offering and reflect the quality that has always been part of the Fedora
software distribution. A key task to rationalize the architecture in a manner tharmits flexibility.

This could bechieved byevolving Fedord y (i gluginé afchitecture (similar to the Eclipse

framework). Alternatively, the Fedoommons platform casupportmore configuration options.

Another approach is to distribute diff€S y i a &2 f dzi A 2 y opdokdgdd Sanfiguradidghd dD K | NB
Fedora tailored to particular use cases.

There are fouparticularareas of innovation that we will nurture in Fedora Commons. These are
described in the next sections.

6.1 FullLeveragingof Semantic Technologiger building information networks

There is significant potential for semantéchnologiego breakthrough the barriers tanteroperability

for both content and services. To build truly distributed information networks that cassnunity

and organizational boundaries, we need to move beyond cuisgstems paradigmihat often depend

on strictschema and the exchange of prdefinedd (G NHzO (G dzZNB R Y S (Alsdtarititss F2 NI (G &4 @
enabled application infrastructure supports diversmtent integration in an application setting by

promoting storage of and operation on the meaning and relationships of data, rather than just its

structure£ [1]

In Fedora Commons, we recognize the potential of emerging semantic technologies for enabling content
discoveryand for accessing and understanding the meaning of information across organizational and
system boundaries. Also, semantic technologies are emerging that can facilitate the discovery,
composition, and orchestration of services that enhance and augmenéb(e.g., OWIS[20] and

related work).

As described in sectid® 2, the current Fedora software enables semantic assertions within digital
objects (as RDF), which are then indexed in a tefdee to provide a view of an end repository as a
ASYIFYGdAO AN LK dGKIFIG OFy 0SS 1ljdzSNASRO® CKAA 62N] ¢
digital repository systems needed to be adapted to expose information as a semantic graph. Recent
work by the Topaz project, haskin this notion one step further by demonstrating how a repository

can be more natively grapbriented @s opposed to reflecting a graph view of the repositoryRy
collaborating both with the Fedora Project and the Mulgara Préjetbpaz is developina variation of

the existing Fedora architecture where digital objects are modeled as patterns in a gxepdrdingly,
digital objectsare createdand updated directly as transactions upon a grapld persistedn a Mulgara
triple store. Simultaneously, idital objectcontentbyte streans are stored ina Fedora repository.

Topaz Fedoraand Mulgaraare investigating what it means twild a repository architecturghat more

fully utilizesa graph store at its core.

2 http://www.mulgara.org/
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Another challenge i federate semantic knowledge across multiple repositories. This is illustrated in
Figure6, which depicts a notional view ofgraph integratbn and interoperability layeover distributed
repositories The Mulgara Project hadready made progress in the area of distributed graph query that
we will evaluate Thereare other approaches that we wélsoconsider. One method that is being
investigated by our colleagues at Cornell and Los Alamos in the Open Archives Initiative Object Reuse
and Exchange projetiis a protocol and moddbased approached for the exchange of named-sub
graphs. Another method being investigated in the peepeer conmunity is the use of Distributed

Hash TablefL4]to process complex RDF queries over distributed systems.

Scientific Publication Repository Museum Repository ‘ ‘ Institutional Repository

=

Figure 6 - Integrating semantic information from multiple repositories

Any solution we develop for integrating rich semantic networks into Fedora needsexistovith the
other concerns of the platform: the notion of independent digital objects #ratselfdescribing,

L32 NI | 6 f S I -rdagféRentérprisEdfieRtadi@with integrationof workflow andmessaging; and
preservation orientationincorporatingmonitoring, migrationand disaster tolerance Optimally the
Fedora systershould be configurable tollaw individual adopters to optimizéor their particular

applications and use cases
6.2 Optimal integrationof/ 2 £ f I 0 2 NG {rA gpikéatiah’ Bith Repositories

Over the past several years there has been a proliferation of tools and applications melbhthat
facilitate collaborative content creation, annotation and discussion, classification, and information
sharing. Wikipedid® is certainlyone ofthe best knowrof these applicationsAnother, in the area of
bookmarking and tagginis Connoted?, developed by the Nature Publishing Groughichallows

% http://openarchives.org/ore
* http://en.wikipedia.org
% http://www.connotea.org
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scientists to share and annotate references to the scientific literatdatero™ provides a browser plug

in and tools to help scholars gather, organize, and analyze primary and secondary sources, automatically
generate citations, and, ultimately shared this information with othefheseapplicationsare typically

implemented astardaloneapplicationsand the relationships amongformation resources that
2NAIAYFGS FNRBY RATFTFSNBY (I -dsSzadhrSyNsimpleNGpedDIE withiS R § K NP
web pages.

Information that is created or gathered via collaborative Wedsed applications is typically stored

within databases and other backend storage schemes that are particular to each application. There is
not a common information infrastructure into which multiple such applications can create and access
diverse contenin an interoperable way. Nor is there any common approach to modeling information
resources in a manner that promotes-uge in other contexts, or that facilitates a genepakpose
management and preservation strategy for content.

Especially vulnefde is the content that is collected around the periphefypamary information
resources.The fruits of the collaborative effort are typically in the form of asserted relationships among
primary resources (e.g., articles, images, books,,etonotatians of items, and the creation of

metadata that augments or contextualized primary resources. This information is one of the main
attractions of Web 2.0 applications, but without some thinking about the underlying storage and
management architecture foihis information, we risk losing it. The information that is created as
resultof social interaction around primary information resources must be treated with the same respect
as the primary materials themselves.

These observations motivate thmeedfor atechnicalframeworkthat enables Wel2.0 applications to
be easily built upon a robust repositebased platform. The Fedora open source platfsralready
positioned to help. Iprovides storage and management for any type of content, includingoedary
information and relationships that are captured via Web 2.0 applicatigkisof its functionality is
available via weltlefined programmatic interfacesExamples of Fedora as the underpinning for Web
2.0 type applications aralreadyprovidedby existing Fedordbased projects

Two notable applications are ExpertVoi¢emd OurNSDL, whichre collaborative applications build by
the NSDL that are integrated with its Fedtasedrepository environment. Expérbices is a blogging
environment thd enables experts to comment on scientific resources in the NSDL digital library and to
relate those resources to realorld science events. Exp¥dices provides the infrastructure for
engaging teachers, scientists, librarians, and students in conw@nsatbout science topicdt isbuilt

using a standard, opesource blogging system (WordPress Multit3ewith a plugin that was

developed to store the blogsand their relationships to NSDL resoure@sthe Fedorabased NSDL
repository. Similay, OurNSDL builds on wiki technology to allow communities of users to create,
annotate, and organize NSDL resources. Again, leveraging open source on all fronts, the NSDL is

% http://lwww.zotero.org

* http://expertvoices.nsdl.org/
% http://mu.wordpress.org/
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creaing a plugin for the popular MediaWik{ softwareto store wiki text and riationships withirthe
Fedorabased NSDL repository.

The Topaz project is pursuing another strategy in its integration of the PLoS Cibaratilve web

based tools with itsepositorybased platform built upon Fedora and Mulgara. In this work, Togsz h
taken up the challenge of capturing fhggained annotations odrticles¢ meaningthat annotations are
associated with fragments of articles, or even particular words. Each annotation must be access
controlled so that only the author of the annotation can made changes to it. When users of PLoS ONE
retrieve an article, all annotations associated with that artarlealsoretrieved for quick viewingTo
accomplistthis, a complex graph of informath must be quickly and efficiently retrieved and presented
to the user. This graph is constantly subject to change as new and existing users add and modify
annotations. Topaz has leveraged the advanced capabilities of the Mulgara triplesppovidearich
graphoriented interface to objects and their annotatigrwith a Fedora repository providing persistent
storage for article bytstreams.

While these applicationdemonstrate integratiorof collaborative applications with repositotyased
managenent environments, a number deychallengesemainthat Fedora Commons will continue to
work on. We are discussing withiopaz developers strategies for improved integration of Mulgara and
Fedora tcensure that annotations storeish the Mulgaratriplestore and articles in Fedomae both

treated as first class information entities thedin bemanaged in a consistent manner, amenable to
longterm preservation. Also, a number of Fedora collaborators have identified the need for improved
interfaces for opeating on networks of related objects in Fedora repositories. While Fedora currently
supports the creation and access of digital objects and the assertion of relationships among them, its
current APl is optimized to operate on one object at a time, natfgerate on a graph of related objects

as the target unit of management for create/read/update/delete operations. We are already exploring
alternative ways to modify the existing Fedora implementation to better support this notion. These are
examplesof areas invhich Fedora Commons can foster innovation to make it easier for developers of
collaborative, dynamic applications to easily and effectively integrate with a robust repository core.

6.3 Workflow Integrationwith Repositoriesand EnterpriseOrientation

Starting in 2006Fedora community collaborators participated in the Fedorbl 2 2\8dbkiio® &

Working Group to discuss the usases that motivate building a workfloservice ito the Fedoraopen

source system.The group concluded that@nfiguable workflow servicintegrated with repository

servicess a key requirement for creating robust collaborative scholanly scientific collaboration and
communication systems.Especially important requirements are the tracking of human taskdtaand

orchestration of automatedervices to achieve a particular outcome such as: (1) the creation of an

intellectual work by multiple authors, (2) the ingestion and validation of complex content into a
NELR2AAG2NEL SaLISOAlLffe Ay ONEBI A ytaddigigadabistsJE3RA IA G| f

% http://www.mediawiki.org
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the publication of new forms of scholarship, and (4) the execution of preservation workflows to manage
and protect digital scholarship after it has been created.

With support from the Andrew W. Mellon Foundation (268J09) the existing Fedora Project has
alreadybegun to explore the potential and challenges of integrating workflow capabilities into the
Fedora platform. Over the course of the next two years, tiisrk will focus on evolvinthe Fedora

systemto directly suppot, and be compatible witlrenterprise system featurehat include workflow

engines, messaging brokers, and distributed transaction managers. The requirement is that all of these
integrations will ben the form ofopen-source softwarehat can be distribted with Fedora The

results of the Mellorfunded effort will be a key contribution that will lead the wayewolving the

Fedora Commons technical platform.

6.4 Archivingand Digital Preservation

Major institutions have become aware of the need to provaestodial careand longterm access to
digital content. Examples include the Library of Congress anddtienal Archive and Records
Administration NARAin the U.S.as well aghe Joint InformatiorSystems Committee in thHg.K.
Institutional undinghas been provided by philanthropacganizations such as the Mellon Foundation
andInstitute of Museum and Library Services (IML®)develop techniques ansbftware that can be
used byinstitutions to enabldheir digital preservation missions A nunber of universities and cultural
institutions have begun digital preservation projects such as the Yale/Tufts contributions to records
management and the development of preservation services at Rutdigikgersity In the scientific
community, National O@nographic and Atmospheric Administratidd@AA hasrecognized the value
of long term climate data in developing the requirements for the CLASS ardtieeSan Diego Seip
Computing Center has been a major player in digital preservation, and is titeraoéthe wellknown
Storage Resource Broker (SRB) techndfodinally, theResearch Libraries Group (RLG) HAGRA have
published a checklisind methodologyil 2 & dzLJLJ2 NI KtSisteO Siditdl refodit®iesi A 2y 2 F a

Despite these efforts, there is currently no opswurcesoftware frameworkhat integrates albf the

building blocks for constructing a trusted digital repository capable of long term digital preservation.
Few commercial or opesource content creatioand management systems incorporatry digital
preservation capabilities. Actually, many of them interfere with the addition of such features by keeping
key data elements inaccessible as proprietary features of their products. Or these products cannot be
incorporated easily as componera$an integrated digital repositorgnvironment

Our work with Fedora as a preservation framework extends back to the early year of the Fedora project
[24]. The existing Fedora open source system was designed to provide a coheshmefonakkd, over
arching, enterprise systems architecture for implementatdrirusted digital repositoriesThe original
Fedora repository service was designed from the beginningn@bledigital preservatiorstrategies

Fedora implementghe design principlesf a selfdescribing, selhealing systenin several ways. First,

" http://www.imls.gov/
% http://www.sdsc.edu/srb/index.php/Main_Page
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in Fedora, content (and metadata) is encapget! in seHdefining digital objects anthen indexednto
relateddigitalobject graphs.¢ KS NB LJ2 & A (i 2 NahdXtReir iRlatianships dan b2 st@ed &sii &
files and later recoveredand the graph index can be rebuéyen if the repository softare no longer
exists Another interesting feature of Fedora is that digital objects can bedsdifering by use of the
Fedoradisseminatoifeature. For example ddisseminatog can be used tassociatea behavior
contractand supporting servicawith digital objects to provide transformations and views of obsolete
content formats Fedoraalsohas the potential to act agregistry repository that can store the identity
of content formats with any desired precision using external authorgiesh aPRONON and the
GlobalDigitalFormat Registfj. Fedora can even be used to archive software associated wittigfi!l
content for future use.Finally, as a serviaariented architecture, Fedora permits the integration of
third-party preservation service components within the Fedora system.

Ourattention to preservatioras an integral part of the Fedora architecture has been recognized by a
number of preservatiorfocused projects and experts in the fieldRecently a Fedorbased project

from Harris Corporation was one of the two finalists for a bid from NARA to build the Electronic Records
ArchivedERA¥ystem[2]. Harrisdeveloped a prototype thademonstrated how the preservatien

aware features of the Fedora architecture could be leveraged famga-kcale highkdemand application.
Although NARA selectddbckheed Martirto build theERAsystem they remain interested in the Harris
opensource proposalue to its key insights about the significant of open systems and open software to
the preservatio problem In another part of this proposal we describe the work of another project by
Johns Hopkins University and the National Virtual ObservatoryugedFedorain its prototype ofa
GLINBASNDI GAZ2Y | LILX Al y OS §2].TFnally, Reé Redora Ordskidratioh Seyvicds y R
Working Groufi'is a growing community of experts from libraries and archives thadgvsloping a

general definition of preservation services for the Fedora service framewbekchargef the groupis

to recommend enhancements to the Fedora repository service as well develop specifications for new
preservationsupport services for the Fedora Service Framework.

Digital preservation and archiving is widely recognized by experts to betiafangted problem with no
single solutiorf13]. It is a problem that requireiexibletechnology, community participation, and
organizational commitmentAs described in this section, Fedora Commons begins with these
foundations in place{1)the technology is preservatieaware and constructed to allow application
specific plugns, (2) a Fedoracommunity-based working grous already in actionand(3)the
partnerships described in this proposal demonstrate initial organizational commitn@unt.plan is to
leverage all these factors and make Fedora Commons a context for innovative solutions to digital
preservation.

%9 http://www.nationalarchives.gov.uk/pronom/
“©http://hul.harvard.edu/gdfr
4 http://www.fedora.info/wiki/index.php/Working_Group:_Preservation
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7 Fedora Commons Budget Summary

This proposal requestt.3 million from the Moore Foundation to support the startup phase of Fedora
Commons. This is a portion of a forecasted total budfi®b.6 million to achieve the technical and
community development goals &fedora Commaosiover the course of thdour year startup period.
Other funds will be seced to meetthe difference betweerhe total forecastedoudgetand the funds
requested from Moore We have already receivadditional funding for Yearl and 2 in the fornof a
$518,0® grant to Cornell University froithe Andrew W. Mellon Foundation to support the integration
of a workflow engine antb improve theenterpriseorientation of the Fedora systemin addition to
this, we anticipate that the Fedora Commons outreach effeil enable us to secure additionalrfds in
Years 3 and 4 to meéte forecastedtotal budget. We forecast additional income 250,000 in Year 3
and $550,000 in Year 4The anticipated sources of this income will beombination of grants from
other foundations, gifts/donations, membership fees, and consulting income, all described below.

The four year startup budget is detailed in Appendix A. The most significant thing to note is the
proposed manner in which the funds will be distributed to achiawsmooth transition athe existing

Fedora Project (currentlst Corndl Universityand University of Virginia) to the new Fedora Comson
non-profit organization. We proposesolution thatleverages the&eommitment that Cornell University
hasto Fedaa and its future.Currently, he existing-edora leadership and developeaire granfunded
employees of the Cornell InformatidBcienceesearch and development groupNVe therefore propose

that Fedora Commons execute a subcontiacYears 1 and @ith Cornell University to fund the existing
Fedora team (whose current Mellon funding expires in September 2007). This will have benefits to
both Fedora Commons and Cornell University. It will streamline the Fedora Commons startup phase by
leveraging theexisting business and human resource processes of Cornell Univétrsifif.provide an

interim home office for Feda Commons both a legabddressand office space. It will provide time to

plan and undertake the transition of intellectual propegtyd to startup the necessary businesses
processes in the e non-profit to support a fullystaffed organization.  As thestitution where Fedora

was originally invented, Cornell has generously agreed to this transition plan recognizing the benefits of
association with this enterprise.

A similar transitioomodel has already beeexecutedby other universitybased opersource pojects

that have moved intondependent norprofits corporatiors.  For example, the Sakai Foundatfon
funds its staff via dacontractsto the University of Michigan and other member universitieshis
enables university faculty and staff meaintaintheir existing positions while directly working on the
deliverables to meet the goals of the Sakai FoundatiBime KualFounddion®®follows the same

pattern, with relationships spanning many universities, including Indiana University and Cornell
University. Witrappropriatecontracts and Memorandums of Understanding in place, this model has
proven effective in the initial tramon period from a universigpased project to a nofprofit
organization.

“2 http://sakaiproject.org
3 http://www.kuali.org/
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We propose a slightly different modigbm Sakai and Kuaf whichthe critical leadership rolesf

Fedora Commons asdther fulFtime or parttime employees othe Fedora Commonson-profit
corporationat initial startup. Toensure fiscal responsibility for the grant funds, and proper dispersal of
funds, we propose that Chief Financial Officer be hiredmediately andlirectly into the norprofit
organization. Additionally,we propose that the role of the Executive Director straddle Fedora
Commons and Cornell University during the first two years (50/50rF8&ch organizatign The

existing Fdora Director at Cornell, Sanéayette, will fulfill the dual role of Executive Director of Fedora
Commons, and Director and Principal Investigator of Fedora at CorsglExecutive Directpshe will

be in charge of the vision and operation of Fedora Commons, while simultaneinestyng) the
subcontract team working for Fedora Commons at Corriéiis leadership model provides complete
integration ofFedora Commons with the Cornell subcontrastier which the bulk of the work will be
done in thefirst two years of thestartup phae.

Starting in Year 3, all employewsl transition tothe Fedora Commongrganization. At this poirthe
non-profit corporation will be stable and in a position to support a full orgaitirna The budget detail in
Appendix A showthat starting in Yea3, the Executive Directowill becomea fulHtime employee of the
Fedora Commonarganization and all other key rolesill be direct employees of Fedora Commons.
The final two years of the startup phase will operate with this organization, whicbweititually
becomethe organizationamodel for the sustainability phas# Fedora Commons. Appendix B details
the projected budget and income for the sustainability phéskich begins in 2011) The next section
describes the strategy for maintainitige sustainability phase.

8 Fedora Commons Sustainability and Business Plan

The sustainability of Fedora Commons will be ensured by a combination of committed organizations
LINE OA RAAVYAREAAQR2 Y GUNR O dzOA 2y aA 0SPI DI R NMSsbutcesoiSy i NB & 2 ¢
tangibleincome. We will take a muitaceted strategy to sustainability.

8.1 Community commitment and kkind contribution of resources

The sustainability plan for Fedora Commons is built on the assumption of a thriving and committed

community. Commitment can be expressed in many ways, including the giving of gifts or paying of fees
ORSAONAOGSR Ay (GKS aSO0A2ya o0Sft2603 odAyRE a2 a GK
contribution. This form of giving is usually in the form ofiadividual or an organization devoting

human resources to work on an intellectual activity, design/developroésbftware, or other tasks

that forward theorganizationamission.

These irkind contributions are a key component of the Fedora Commasgiess planCommunity
participation will enable Fedora Commons to operate with a lean w@®. As described in Section 8,

by the end of the startup phase of Fedora Common, most programming and system development will be
done by commui (i & & O 2¢¥osrlidatedbyEhe Fedora Commons chief archite@ommunity
members will also take on a significant role in the defining of new requirements for the Fedora
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Commons systemThe Fedora Commons outreach effort during its startup years will ensurathat
critical mass of individuals and institutions commit to providing human resources to Fedora Commons.

As discussed in Section 2, there is a recognized economic benefit to community participation in the
development of open source softwareThe Fedora@nmonsd AlyA VstRagegy is validated by the
commonsbased peer production model that has been described by Benkler and others.

8.2 Industry Sponsorship and Gifts

As part of the Fedora Commons outreach effort, we will develop relationships with commercial
organizations thahavea strategic benefit in aligning with Fedora Commonkis is an important
sustainabilitystrategy taken up by most successful open soynrcgects.

Already, he news of the formation of Fedora Commons has already spurred interest by potential
industry players. For example, Sun Microsystemsd@entlyapproacled theFedoradirectorsto

discuss therospect offorming a relationshipn the context of synergie between Fedoreepositories
YR {dzyQa |1 2ySe02Yo WeNilakia @kragexistingeiatioAshipsaviéhad (i SY @
commercial users of Fedora.§.,VTLS, Harris, Fiz Kautse, RightsCom)Beyond this, w will focus on
develogng new relationships with industry players that have already expressed an interest in Fedora
(e.g.,Microsoft), and we will identify and pursue fertile prospefisr example, companies focused on
semantic technologies, storage technologies, datatmstemscontent management, strategic
businesgnformation, library and archive systesvendors,and othersmarkets.

8.3 Consulting and Services for Fee

The existing Fedora Project has already observed that there is a market for consulting serviads arou
the use of opersource technologies to build sophisticated knowledigsed systems, digital archives,
and enterprise systems in support scholarship and sciengkembers of the existing Fedora team have
already consulted to many organizations, andaxgect that this demand can be turned into an inceme
generating service that can be operated by Fedora Commons.

The Fedora Commons software is extremely flexible, but with this flexibility comes decisions on how to
best use it to achieve the goals ofrfaular use casesAs with any systems building endeavor, there

are challenges of information modeling and systems integration that may require expertise that does
not exist within an organization.

In the case of building systems and applications upern-edora Commons platform, there are

interesting choices to be made by institutions in terms of how to model their digital objects and the
NEfl GA2yaKALIA FY2y3 GKSY 02F0Sy NBFSNNBR G2 I &
community). Thereare questions on how to build workflows to ingest content, or to help preserve
content. There are questions of how to use different interoperability standards with Feddheere are
choices to be made in how services will be integrated to best enablapplications built on top of the
Fedora Commons platform.
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We plan to create a business plan for consulting service around these types of queStansailting
income can be directly reinvested in the Fedora Commons organization to help sustéhe iExecutive
Director and Business Strategist of Fedora Commons will work together in the startup years to
determine the best model for offering such services.

8.4 Fedora CommonBartnersProgram

Earlier we introduced the notion of strategic partners agyanizations who will work closely with
Fedora Commons in developing flagséystems, defining new system requirements, and devising
strategiesfor outreach and community development in the target sectors. These initial strategic
partnerswill not bevoting members of the Fedora Commoasganization Instead, they will be
collaboratorsthat contributed Ay {1 Ay R¢ (G2 CSR2NI /2YY2yao

Over the course of the startup period of Fedora Commons, however, it will be important to define an
appropriate status foorganizationsi K i 6 S R S&bayond thi shidpe/oStheEnitial group of
strategic partners. There are several possible models for this. Hé&dora Commons organization can
haveeither voting members or notwvoting members. A key motivationn this decision is the collection

of membership fees from committed organization that have a long term interest in Fedora Commons.

Membership fees will be an important source of income for Fedora Commons. While it is not necessary
to create a membership organization to collect fees, it may be desirable exact nature of

membership andhe fee model will be determined byhe Fedra Commons Board of Directorsaat
appropriate timeduring the fouryear startup period

Whether partners of Fedora Commons are voting membéthe corporation,or not, we anticipate
that organizations will be motivated to pay a fee that will entitiemn to a suite of benefits. We
envision these benefits tmclude: (1) participationin advisory councilg(2)participationin architecture
councils (3)admission to all events and conferences sponsored by Fedora Comamzh&}) votingpn
the prioritization of development items in Fedora Commons roadmap

9 Fedora Commons Governance

The Fedora Commons organization is being incorporated in the State of New York, and will be a 501¢3
non-profit corporation. The initial organizational structure of FedGmanmons is depicted Figure?.

The Board of Directors will have complete and plenary power to manage, control, and conduct all the
affairs of the corporation. HhE initial members of the Board ofr@ctors are listed in Appendix CThe
Board willhave the poweto appoint new Board members and will appoint the Executive Direatbo (

will be the Chief Executive Officertbe nonprofit corporation). FedoraCommorsis notinitially
incorporated as a voting membership organizatiofhis is intentional to give the Fedora Commons
Board of Directors full control of the corporation in the stap years. However, the Board can decide
at any time to change thEedora Commons articles and bylaws to introduce the possibility of voting
members of the nofprofit corporation. Many open source organizations are incorporated with such a
membership model, for example Sakai, Eclipse, Kuali are all voting member atigaisiz
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It isexpectedthat the Board will immediately appoint Sandra Payette as the Executive Director.

Payette is the Incorporator of Fedora Commons and the current Director of the Fedora Project at Cornell

University. The Board will also appantinterim Chief Financial Officer (CFO) who will take fiscal
responsibility during the startup of Fedora Commons and manage the grant funds received from the

a22NB C2dzyRIlUA2Yy ® ¢tKS AYGSNRY / Ch & A fnéncid G SLJ

Officer andBusiness Stratégt¢ A a TFTAff SR® I &3 R OESRuUtiVe y
Director reports to the Board of Diremts and the CF@lusiness Stratégf reports to the Executive
Director. Together these two officers véllolve thebusiness strategy for Fedora Commons and
implement this strategy to ensure sustainability beyond the initial four year startup funding period.

Grant Funded

Board of Directors

Executive Director

(CEO) Admin
Chief Architact E;hmmeancna! Officer and Dlrectc-rDutlreaF:h and
Director of BusinessStrategy Communication

Developer/SysAdmin

Senior Developer

Dewveloper 1
Developer 2

Web Developer

Figure 7 - Fedora Commons ¢ Start-Up (2007)

Other key roles that will igort to the Executive Director are the Chief Architect and the Director of
Outreach and Communication. Together the Executive Director and the Chief Architect will work
together to ensure thathe technical vision for the Fedora Commons is successhufiiemented.
Reporting to the Chief Architect are the technical developers required to focus on the evauation
maintenanceof the Fedora Commons software (described in SedjoThe Chief Architect will also be
responsible for coordinating community software development activitly.support of community
building, theExecutive Director willlsowork with the Director of Outreach and Communication to
develop strategies for propagating the Fedora Commons vision, building awareness of Fedora
Commons, and increasing the number of institutions that use Fedora Common software. Over the
course of the startup phase, the Director of Outreach and Communicatilb establish community
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based councils that will focus on defining and prioritizing sgstemrequirements for the four target
community sectorand alsgparticipate in the outreach and communityilding efforts of Fedora
Commons.

By the end of thdour year startup period, the Fedora Commons organizatiorhailke transitioned to
the organizational structure necessary to support kbegn sustainability. At this point, Fedora
Commons wilhavesecural funds and generated inconsaifficient tomeetthe projected sustainability
budget for the year 2012012 which is projected to be $1.5 million

Figure8 depicts what the Fedora Commons organization will liidakat the beginning othe

sustainability phase. At this point, Fedora Common<utitinue toemploythe core leadership team
(Executive Director/CEO, CFO/Business Strategist, Chief Architector of Outreach plusone

system administratorpne senior developerand an administrative assistanfs discussed in Section 2,
strong leadership is essential to successful open source progutisthe proposed organizational
structure is consistent with that of other successful open source projette academic and scholarly
middleware and application space (e.g., Kuali and Sakai) and in the broader technical infrastructure
space (e.g., Eclipse and Apache).

Grant Funded

- Community Supported

Board of Directors

1

Executive Director Admin
(CEOQ)
1
[ [ 1
e C_hlefFlnanm_aI Officer and D|rec:tor0ut_rea_ch and
Director Business Strategy Communication

—— Senicr Developer

—— Developer/System Admin

Architecture Council

H Committer Developer

Library, Museum &
Cultural Council

Figure 8 - Fedora Commons ¢ Sustainability Stage (2011-onward)

Asdiscussed in Section 2, a key characteristic of successful open source projects is the development of
strong community As part of the community outreach effort, the Chief Architect will establish and lead
a communitybased Architecture Council which vii# the coordinating entity for collaborative
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community system design and software developm@ite Architecture Council will also be responsible

for the Fedora Commons software roadmdp. ANRB dzZLJ 2F ySg O2YYdzyAieé RS@Sft 2
take on themajority of new software development, as well as mamance of the existing software,

under the direction of the Architecture Council and the Chief Archit€bie community will also

participate in setting future directions and defining new requiremerigésSector Councitsone council

for each target community sector. The community cosraild committers are depicted in Figure 8

In the steady state organizational model, it is still possible for Fedora Commons to directly employ
additional staff. This could be done if the organization received gifts in excess of the baseline budget, or
if an organization makes a contribution ohfds to be targeted at hiring developer(s) to focus on

particular pieces of work. This is common in other large open source organizations such as Apache and
Eclipse.

10 Summary of Grant Outcomes and Outputs

The overall outcoméor the Fedora Commons propalis to enablethe organizationabnd technical
frameworks necessaryor sustainableopen-source softwardgo support revolutionary change in how
scientists, scholars, and educators produce and shaiie ititellectual outputs and ensure the integrity
and longevityof information

A major measure of the success of this outcome will be to increase the number of institutions that
commit to sustaining the Fedora Commons organization by 100% per year for 4 years. This will be done
by outreach to the Fedarcommunity with the goal of increasing the numbers of institutions that

commit to Fedora Commons. An institution can demonstrate commitment to Fedora Commons by
providing human resources (architects, programmers, consultants, and advisors) to evolvaiatain

the Fedora Commons system. Another measure of success is the securing of other tangible funds as
income to Fedora Commons. This can be achieved by organizations beconagifegepartners of

Fedora Commons, as well as through the securfnganetary donations and gifts to the Fedora

Commons organization from both commercial and foommercial organizations. Success can be
YSFadz2NBR 6& &SOdzNRAy3a TFdzyRa Sljdz-f G2 2N IANBFGSN (K
at the end of Jun2011.

Specific Outputs of this grant include:

91 Deliver the next generation of the Fedora repository system, to be kn@xtheaFedora
Commons open platform

f Integrateessentialnew opend 2 dzZNDS G SY G SNILINA&aS¢ O2YLRySyda 27
source pl&orm including a workflow engine and messaging broker.

1 Develop new services for the Fedora Commons open source platform including digital
preservationservices an@dapters to integrate information across heterogeneous systems.
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 Demonstratefive Y I i dzNX & & & fLIébasedali@bbdkhtive systems in eacHair target
sectors, and measure system integrity and sustainability with appropriate community standards
(e.g., NARA ISO/OAIS, etc.)

1 Increase the number of installations of the Fedora Commons systaawide

1 Generate new sources of income to meet or exceedglojected budgefor the sustainability
phase(see Appendix B)

** National Archives and Record Administration (NARA) audit checklist for trusted repositories.
*®|SO Standard for Open Archival Information System (OAIS)
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