





actual process of scholarship frequently produces aggregations of text, images,
underlying data, software, and other genre of materials, the mechanisms for expressing
this rich substrate in most visible artifacts of the scholarly process, the publications,

have until recently been limited.

Figure 54 - Pre-Web Scholarly Publication

The digital library research community has dedicated considerable effort to develop
mechanisms that overcome the limitations of physical artifacts and their digital clones.
This work has produced a variety of models of compound digital objects [255, 357,
404] and architectures of repositories that store and provide access to them [301, 439,
461]. The results of this research are deployed in the increasing number institutional
repositories [143, 253, 351] and disciplinary repositories, such as arXiv'**, which are

increasingly the preferred location for storage of and access to scholarly publications.

These repository and digital object architectures are all distinguished by their ability to

model, store, and provide access to compound documents, aggregations of multiple

% http://arxiv.org
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data streams, thereby making it possible to represent the full scholarly record.
Although the actual mechanisms for doing so are unique to the particular architecture,
they all follow a common paradigm: they provide a human-readable (HTML) “splash
page” or entry point for the individual document, that then contains hyperlinks to the
components of the compound document. An example of a splash page (from the

arXiv) with embedded hyperlinks to compound document components is illustrated in

Splash page
[astro-ph/0611775) Accelerating cosmologies tested by distance measures
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Figure 55 - HTML splash page.

As illustrated, the HTML splash page links to the various components of the document
it represents including the text in multiple formats (PDF, PostScript, etc.), multiple
versions of the document, and related data objects. While this mechanism is useful for
the human user who can view the rendered splash page in a browser and interpret the
implied compound document, it is opaque to a machine agent (e.g., a crawler for a
search engine) that cannot distinguish this splash page from any Web page with

embedded hyperlinks (not all of which are the “root” of a compound document).
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This problem is illustrated in Figure 56 that shows a Web graph with an embedded
compound document rooted with a slash page. In this illustration, the splash page node
is red, linked components are green, and other nodes are yellow. The implied (but not

explicit) document “boundary” is denoted by the red dashed line.

Assume that a crawler begins its graph traversal at the node labeled “S”. It will
eventually traverse to the splash page and the components but the relationship among
them and their co-existence within a document boundary is not evident in any

machine-readable form.

Figure 56 - Web graph with embedded compound object.

The crawler problem described above is really symptomatic of two more general
problems.
= Jdentity — As described earlier, the notion of URI-tagged Resources is
fundamental to the Web architecture. However, the compound document (the
entity within the implied boundary in Figure 56) is not a Resource and has no
unique identity, and is therefore not a component of the Web graph. Note that
as illustrated each of its components including the splash page are Resources

with URIs, but none of those URIs, in the terms of the Web architecture,

279



denote the document (aggregation) as a whole. This is problematic for citation,
which is arguably one of the core functionalities in scholarly communication.
Without an identity it is impossible to unambiguously establish a citation to the
document as a whole (rather than to an individual component). Furthermore,
without unique identity it is impossible to fold these compound documents
back into the Web 2.0 framework. The aggregation is not a constituent of the
linked data cloud, and is therefore not available for reuse, re-aggregation, and
object-centered social interaction (e.g., collaboration, annotation, etc.) [181,
182].

= Description — Without an explicit and machine-readable description of the
structure of the compound document, it is impossible to create user-centered or
utility services on these aggregations. Examples of user-centered services
include browser-based plug-ins for visualizing and navigating over a
compound object, printing all components of an object, or saving a Web-based
compound object to local disk. Examples of utility services include facilities
for transferring objects among cooperating repositories for preservation
purposes in the manner of LOCKSS [419] or search engines that improve

ranking and results presentation due to understanding of document structure.

Our solution to these two problems, the Open Archives Initiative Object Reuse and
Exchange (OAI-ORE) standards for identifying and describing aggregations on the

Web, 1s examined in the next section.
OAI-ORE: Identifying and describing compound objects

The essence of the OAI-ORE solution is illustrated in Figure 57. In the illustration, the

blue node is the Resource denoting the Aggregation. The purple node is a Resource
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Map, which asserts the existence of the Aggregation and describes its structure

(boundary).

Resource Map

-

Identifies and
Describes

.....

Figure 57 - Identification and description of an Aggregation.

As illustrated, OAI-ORE adds two nodes to the Web graph, each with a unique URI.
The first denotes the Aggregation, and can thereby used for citation, as the target of
any other links, or as a component of a subsequent Aggregation or mashup. The
second denotes the description of the Aggregation, the Resource Map, and has a URI
that when dereferenced emits the serialized triples describing identity of the

Aggregation and its structure.

This solution is based on the primitives defined in the previously described
Architecture of the World Wide Web [246] that defines a Resource as an item of
interest; a URI as a global identifier for a Resource; and a Representation as a
datastream corresponding to the state of a Resource at the time its URI is dereferenced

via some protocol (e.g. HTTP).

In addition, the solution is grounded in the principles introduced by the Semantic Web,
in which URIs are also used to identify non-document Resources, such as real-world
entities (e.g. people or cars), or even abstract entities (e.g. ideas or classes). These

non-document Resources have no Representation to indicate their meaning. OAI-ORE
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adopts the following approach, proposed by the Linked Data effort [64], for obtaining
information about those Resources:
= Use of HTTP URIs to identify non-document Resources, in this case the
Aggregation;
= Publication of another Resource, in this case the Resource Map, with a
Representation that provides information about the non-document Resource at
a HTTP URI other than the HTTP URI of the non-document Resource;
= Leverage of HTTP mechanisms to allow discovery of the HTTP URI of the

published resource from the HTTP URI of the non-document resource.

The OAI-ORE standards include an RDF-based data model for Aggregations, syntaxes
for serializing instances of the data model, and mechanisms for providing HTTP
access to those serializations. The remainder of this section will summarize those
standards. Complete details are available through the OAI-ORE documentation suite
[306].

Data Model

The essence of the RDF-based data model is described here and is illustrated in Figure

58. The full details are available in the OAI-ORE Abstract Data Model specification

[304].

In order to be able to unambiguously refer to an aggregation of Web resources, a new
Resource is introduced that stands for a set or collection of other Resources. This new
Resource, named an Aggregation, has a URI just like another Resource on the Web.
And, since an Aggregation is a conceptual construct, it is a non-document Resource

that does not have a Representation.

Following the Linked Data guidelines, another Resource is introduced to make

information about the Aggregation available. This new Resource, named a Resource
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Map, has a URI and a machine-readable Representation that provides details about the
Aggregation. In essence, a Resource Map expresses which Aggregation it describes
(the ore:describes relationship in Figure 58), and it lists the Aggregated Resources
that are part of the Aggregation (the ore:aggregates relationship in Figure 58, a
subproperty of dcterms:hasPart). But, a Resource Map can also express relationships
and properties pertaining to all these Resources, as well as metadata pertaining to the
Resource Map itself, e.g. who published it and when it was most recently modified
(the dcterms:creator and dcterms :modified relationships in Figure 58). A
Resource Map can also express relationships of the Aggregation, Aggregated
Resources, and the Resource Map itself with any arbitrary other Resource, as long as

the resulting RDF graph is connected.

o

Resource Map

N

Aggregation
/

ore:aggregates

ore:describes \
. t ‘-’
Reprosentation | __ ore:aggregates

) ore:aggregates

—. foaf:page
dcterms:creator ‘s( )
k ’ blank A \
dcterms.modmed\‘ v
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Resource Map Metadata 2 ted Resources

—

Figure 58 - A Resource Map and Aggregation with 3 Aggregated Resources

In addition, for discovery purposes, the data model allows a Resource Map to express
that an Aggregated Resource of a specific Aggregation is also part of another
Aggregation. This is achieved by means of the ore: isAggregatedBy relationship (the
inverse of ore:aggregates) between the Aggregated Resource and that other
Aggregation. Also stating that an Aggregated Resource is itself an Aggregation
(nesting Aggregations) is supported. To that purpose, an

ore:isDescribedByrelationship (the inverse of ore:describes, and a
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subproperty of rdfs:seeAlso) is expressed between the Aggregated Resource and a
Resource Map that describes it as being itself an Aggregation. Furthermore, the use of
non-protocol-based identifiers (such as DOIs) that can be expressed as URIs is quite
common for referencing scholarly assets. In order to support this practice, the
ore:similarTo relationship between an Aggregation and a somehow equivalent
resource identified by a non-protocol-based URI is expressed. The specificity of

ore:similarTo is situated between rdfs:seeAlso and owl:sameAs.

Proxies: Aggregated Resources in Context

We note that the URI asserted in a Resource Map to denote an Aggregated Resource
of a particular Aggregation is no different than the URI that denotes that Resource
independent of the Aggregation. However, it is important for citing and expressing
provenance in scholarly communication and other applications that a resource such as
a dataset included in some context, for example a specific article, be distinct from the

same dataset outside the context of that article, or in the context of another article.

To accomplish this differentiation, OAI-ORE introduces the notion of a Proxy. A
Proxy is a Resource that stands for an Aggregated Resource in the context of a specific
Aggregation. The URI of a Proxy provides a mechanism for denoting a Resource in
context. Figure 59 shows the ore:ProxyFor and ore:ProxyIn relationships between
a Proxy and an Aggregated Resource and an Aggregation, respectively. It also
illustrates how citing the Aggregated Resource is different from citing its Proxy: the
former cites a Resource “as is”, the latter cites that Resource as it exists in the context
of a specific Aggregation. In order to work seamlessly in the Web and to provide
context information to OAI-ORE aware clients, resolution of HTTP URIs assigned to
Proxies must lead to the Aggregated Resource, and the response must include a HTTP

Link Header [385] that points to the Aggregation.
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Figure 59 - Citing a Resource in the context of an Aggregation

Resource Map Serializations

A Resource Map has a Representation that describes an Aggregation in some
serialization syntax. OAI-ORE explicitly specifies three serialization syntaxes, Atom
XML [309], RDF/XML [310], and RDFa [311], and other serialization syntaxes are
possible. Which one to choose will largely depend on the use case and on the technical
environment available to a Resource Map publisher. For example, in cases where an
expressive HTML splash page exists an RDFa approach might be attractive. Note that
multiple Resource Maps, each using a different serialization syntax can describe the

same Aggregation, and that these may differ in expressiveness.

Although the data model is based on RDF, we were committed to also specify a
serialization based on Atom, to allow Aggregations to become the subject of Web 2.0
reuse scenarios and of workflows based on the Atom Publishing Protocol [218]. The
Atom Publishing Protocol adds a uniform read/write approach to Web 2.0, which

could be of significant benefit in scholarly communication scenarios.

However, the task of reconciling the data model with the Atom model proved to be
non-trivial due to tensions between the RDF model and the XML-oriented Atom
specification. The former is graph-based, with precise semantics that are global rather

than local to a specific document. The latter is hierarchical, (XML) document-centric,
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and has intentionally loose element definitions. It took several, dramatically different

iterations of the Atom serialization to arrive at an acceptable solution.

The resulting approach expresses an Aggregation by means of an Atom entry, and
makes use of Atom’s extensibility mechanisms in much the same way as Google

Data'®’

does. For example, Atom’s link element with an OAI-ORE-specific value for
the relattribute is used to aggregate resources. And, lacking a mechanism from the
Atom community to express triples, an ore:triples element was introduced to act as
a wrapper for RDF descriptions. To support unambiguous interpretation of Atom
serializations of Resource Maps, a GRDDL transform was implemented that extracts
all contained triples that pertain to the OAI-ORE data model, both from the native

Atom elements and from the ore:triples extension element, and expresses them in

RDF/XML.
Leveraging HTTP

In order to make OAI-ORE work in the HTTP-based Web, both the Aggregation and
the Resource Map are assigned HTTP URIs, and the Cool URIs for the Semantic Web
guidelines [430] are adopted to support discovery of the HTTP URI of a Resource
Map given the HTTP URI of an Aggregation. Figure 60 illustrates a situation in which
the arXiv Aggregation is described by both an Atom XML and an RDF/ XML
Resource Map, and in which a client is led to the Atom version via an HTTP 303

redirect and Content Negotiation.

Authoritative Resource Maps
After one party has published a Resource Map that contains a description and a URI

for a new Aggregation, any other party can publish competing or even conflicting

133 http://code.google.com/apis/gdata/
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Resource Maps that describe the same Aggregation. To address this we distinguish
between Authoritative and Non-Authoritative Resource Maps in the same way as the
Linked Data guidelines. An Authoritative Resource Map is one that is accessible by
dereferencing the URI of the Aggregation that it describes, for example using the
aforementioned Cool URI mechanisms. A Non-Authoritative Resource Map is one not
reachable in this manner. The rationale for this approach is that the party that
introduces a new Aggregation simultaneously mints URIs for both the Aggregation

and the Resource Map, and actually controls both.

ore:describes

RDF
XML |77 ¥~ oreisDescribedBy

A-1 http//arxiv.org/aggregation/astro-ph/0601007
ReM-1 http//arxiv.org/rem/atom/astro-ph/0601007
ReM-2 http//arxiv.org/rem/rdfxml/astro-ph/0601007

Figure 60 - Resource Map discovery from an Aggregation using Cool URIs

Deployment, experimentation, and implementation

The OAI-ORE specifications were released in October, 2008. An in-depth evaluation
of functionality, adoption, and impact is still premature. This section describes

deployments by early adopters to leverage the specifications.

Foresite: Revealing Aggregations
In order to provide feedback on the evolving OAI-ORE specification, the UK’s Joint
Information Systems Committee (JISC) funded an experiment to investigate applying

it to an extensive scholarly collection: the approximately four million articles that are
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part of the JSTOR ' collection. By developing open source OAI-ORE libraries'*’ and
applying them to produce interlinked Resource Maps, the Foresite project effectively
demonstrated the feasibility of exposing common scholarly artifacts to the Data Web
in the manner proposed by OAI-ORE. The project provided valuable feedback that
helped refine the OAI-ORE specifications, and had a significant impact on the Atom

serialization of Resource Maps.

The overall structure of the Aggregations, and associated Resource Maps, produced
for the JSTOR collection mirrors the journal-issue-article hierarchy of the JSTOR
content. Each journal is modeled as an Aggregation of journal issues; each issue is an
Aggregation of articles; and each article is an Aggregation of individual page images
and a PDF-formatted version of the entire article (Figure 61). The Aggregated
Resources at each level are also the subject and/or object of a £st: followedBy
relationship introduced to preserve the page-turning order for pages within an article,
articles within an issue and so forth. Because fst:followedBy is not a global
relationship, but rather only applies within the context of a specific Aggregation,
Proxies for these Aggregated Resources were introduced. The article Aggregations
interlink via dcterms: references relationships for citations, further confirming the
necessity of the graph-based nature of the OAI-ORE date model, even though the
main JSTOR content hierarchy is tree-shaped. The Resource Maps were published on

a Web server at the University of Liverpool.

The resulting OAI-ORE descriptions are of immediate business importance to JSTOR.

While JSTOR stores the OCR-ed full-text of each article, it is only able to openly

1% http://www.jstor.org

7 http://foresite-toolkit.googlecode.com
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expose this kind of topological metadata, and would lose its market advantage (and the
participation of contributing publishers) if the full-text were exposed. Having the
topology of their collection available in a standardized format that provides links back
to their protected full-text documents and images, facilitates reuse in third party
applications that can help drive traffic to the JSTOR site and increase its customer

base.

journal

ore:aggregates dcterms:references
o *

ore:proxyin — 4?—

ore:aggregates
1.*

: ore:proxyFor
article proxy

ore:;proxyln —
fst:followedBy

1.7 0.1

ore:aggregates

AR AR
< ore:proxyFor —

pdf irg
Figure 61 - JSTOR collection mapped to the OAI-ORE data model
Astronomy publication workflow
Datasets are of fundamental importance in observational sciences such as astronomy.
The astronomy community has developed sophisticated repositories and data
standards, exemplified by the Sloan Digital Sky Survey'* and the National Virtual
Observatory'’, which provide excellent facilities for registering and accessing large

datasets. However, when submitting an article, both new datasets that were created to

¥ http://www.sdss.org

19 http://www.us-vo.org
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arrive at findings reported in an article, and data citation information that reveals the
reuse of existing datasets are often lost, “left behind”, on the personal computer of the

author.

A team at Johns Hopkins University is collaborating with the American Astronomical
Society to capture datasets as part of the publication workflow [121]. In the newly
devised publication workflows, OAI-ORE Aggregations are used to glue an article and
its associated datasets together, and Resource Maps that describe these Aggregations
are the tokens that move around between author, publisher and dataset repository as
the publication process proceeds [162]. At each stage of the publication workflow, the
Resource Map is used to convey the current state of the Aggregation, and is then
updated to reflect the new state that is then passed on to the next workflow phase. For
example, as a Resource Map is passed from the publisher to the dataset repository and
back again, it is updated to contain the URIs of datasets that are registered in the
repository, and that were used for the article. This allows the publisher to link to the
datasets that were used for a specific article, and the repository to link to papers that

used a specific dataset.

Generally, the availability of these Aggregations enables new services to be built on
both the publishing platform and the data repository. If the practices proposed by this
novel publication workflow became commonplace, it would represent a significant
improvement in the efficiency of scientific communication.

Authoring, editing and reusing

The success of OAI-ORE depends on the ease with which Aggregations and Resource
Maps are authored and disseminated on the Web. In many cases, they will be
generated automatically based on information that is available in an information

system. For example, the arXiv.org database contains all information that is necessary
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to automatically generate Aggregations and their associated Resource Maps. And, in
the astronomy project described above, the ability to create Resource Maps is built
into familiar authoring environments in a manner that makes it a side effect of the

authoring process and thus minimizes the burden on authors.

Like all cyberinfrastructure, the success of such authoring environments depends on
the manner in which assembling all resources that relate to a particular research task or
publication fits into the normal scholarly workflow. Two authoring environments that
demonstrate this are the Literature Object Reuse and Exchange (LORE) tool created
by Gerber et al. [208], and the SCOPE work of Cheung et al. [118]. LORE is a Firefox
extension that communicates via Ajax with a Sesame?2 data store for maintaining the
OAI-ORE graphs that are generated. LORE allows for the generation of fine-grained
metadata and relationships allowing, for example, the designation that a certain
resource is contextual information about the literature work that is being studied. The
SCOPE work led to the development of the Provenance Explorer [242], a stand-alone
Java application with functionalities similar to those of LORE, but aimed at the

creation, editing and publication of scientific compound objects.

Manual Addition of Components Automated Recognition of Components

Figure 62 - Screenshots of Word OAI-ORE plug-in
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Work at Microsoft to integrate OAI-ORE into its popular Office® product line offers
the promise of making the authorship and deposit of compound documents completely
mainstream. An OAI-ORE plug-in for Microsoft Word® is scheduled for third
quarter 2009. This plug-in will combine both automatic generation of compound
documents, by identifying internal structures such as tables, figures, and citations as
document components, with manual assemblage, by providing an interface that allows
the author to designate network or file based new components. Figure 62 shows

preliminary screenshots of this plug-in.

Enhanced publications

The Dutch SURFshare program'* and the European DRIVER II project'*! are
collaborating on cyberinfrastructure to join a multitude of scientific repositories that
hold publications and research data. The goal is to give researchers better means to
share and access scientific materials through innovative services. One of the
envisioned services relates to enhanced publications, composites of textual
publications and supporting resources such as research-data, visualizations,
annotations, related websites, etc. To ensure the integrity and usability of such
enhanced publications it is important that all its components and their interrelations

are being preserved.

"9 http://www.surffoundation.nl/en/

“! http://www.driver-community.eu/
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Figure 63 - The splash page dynamically rendered from Resource Map

A study into object models suitable for the representation of enhanced publications
recommended the use of OAI-ORE. As a result, a demonstrator project [238] was
launched. This project used OAI-ORE to model enhanced publications for multiple
scientific disciplines ranging from engineering to journalism. The project investigated
approaches to meet a variety of requirements, including presentation, navigation,
persistent identification, granularity of referencing, handling of sequentially ordered
resources, visualization of interrelationships, etc. The results are available at the
project site'*%. The project chose RDF/XML to express Resource Maps and uses an
XSLT-based approach to dynamically generate an HTML “splash page” from them.
In each splash page, a Content tab (Figure 63) lists all crucial metadata about the
enhanced publication, shows its textual component and associated metadata, and lists

additional resources with their metadata. Many of these resources are themselves

"2 http://driver2.dans.kna/nl/demonstrator/html/
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modeled as Aggregations, and hence also have their own splash page. To support an
understanding of the relationships among resources of an Aggregation and of nested
Aggregations, a Relations tab that loads a Java applet fueled by Resource Map content
is introduced. Overall, the demonstrator is remarkable because of the elegance and
simplicity of the ORE implementation. It clearly illustrates that ORE can be used as a
basic model for enhanced publications, and points at the need for community-defined

vocabularies to convey expressive relationships among scientific resources.

Chemistry scholarship 2.0

The oreChem Project [285] is a two-year collaboration (initiated in January 2009)
funded by Microsoft to investigate and deploy Scholarship 2.0 infrastructures and
applications for Chemistry research. The project brings together chemists and
information and computer scientists from University of Cambridge, Cornell
University, Indiana University, Penn State University, University of Queensland, and
University of Southampton. A key aspect of this project is the design and
implementation of an interoperability infrastructure that will allow chemistry scholars
to share, reuse, manipulate, and enhance data that are located in repositories,
databases, and Web services distributed across the network. The foundations of this

planned infrastructure are the OAI-ORE specifications.

At the time of writing of this paper (April 2009) the project has been working for three
months so only preliminary work has been done. Initial work involves the design of an
ontology for formally describing Chemistry research [15] and using that ontology as
the basis for extending the OAI-ORE aggregation model for three Chemistry-specific
aggregations: publications, molecules and associated properties, and experiments with
their context. These models will then be used as the interoperability substrate for the
creation of Chemistry semantic knowledge base (the eChemistry Web) that combines

data from existing databases (e.g., crystallographic data), retrospective capture from
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existing digital documents, authorship of new compound publications, and in-
laboratory capture (e.g., electronic laboratory notebooks). In the latter phases of the
project we hope to build innovative analysis tools that will extract new

“scientometric” information and knowledge from the eChemistry Web.
Related work

Given the widespread use of aggregations in both the physical and the web world, it
comes as no surprise that other efforts have investigated this domain. Prior work in the
web realm can be grouped in two main categories depending on the party that
introduces aggregations. In one case, that is the Web navigator (agent or reader), in the
other case it is the administrator of a Web-based information system. In this section
we look at a number of efforts in both categories, and evaluate their capabilities to
identify aggregations, to enumerate the constituent resources of an aggregation, to
express relationships among resources, and to accommodate resources that are

distributed on the Web.

In the Web navigator case, either a user groups resources based on some intent, or a
robot tries to infer the implicitly defined members of an aggregation. The robotic
approaches range from heuristics [175, 344] to machine-learning [163, 164]. While
these approaches are useful, they are imperfect and dependent on the perception of
those encoding the heuristics or training set and they do not necessarily reflect the
intention of the original authors of the Web resources. And, while these approaches
may succeed at selecting the distributed resources that are part of an implicitly defined
aggregation, they are not capable of inferring the relationships between those

resources, nor do they propose a way to unambiguously describe the aggregation.
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The approaches that involve an interactive user include tools such as GroupMe
LinkBunch'*. LinkBunch lets users submit several URISs that are then assigned a new
HTTP URI that, when dereferenced, returns an HTML page that lists and links to the
originally submitted URIs. The “bunch” has a new HTTP URI identity, it enumerates
its members, and it readily handles distributed Web resources. However, the identity
of the bunch is the same as that of the HTML page that describes it, and expressing
relationships between the bunched resources is not supported. GroupMe! is similar,

with the addition of social tagging capabilities, but has the same problems as

LinkBunch.

Some Web navigator approaches work in an opposite granular direction, supporting
disaggregation of a single Web resource (i.e., an HTML page) into multiple resources.
This can be done automatically, such as for segmented display on limited devices such
as PDAs [114] or for recovering structured records from Web pages [176].
Decomposition can also be done manually, such as for reuse and sharing of parts of a
Web page (e.g., ClipMarks'*®). All these approaches, manually or automatically, can
be thought of as adding (or inferring) HTML anchors where none exist. These
approaches assign identities to the newly created resources (fragments of the original
resource), but they provide no approach to describe the original resource as an
aggregation of these new resources, nor do they allow expressing relationships among

them.

"> http://groupme.org
'* http://linkbun.ch

' http://clipmarks.com
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In approaches that have the administrator of a Web information system in the driver
seat, several technologies exist to deal with resource aggregations. Sitemaps were
briefly considered as a serialization option for Resource Maps. Google, Yahoo and
Microsoft support the Sitemap Protocol'*, a simple XML file format that allows Web
sites to list the URIs they want crawled by robots. Sitemaps provide for minimal
metadata (e.g., last modification date, update frequency and crawl priority), but no
attempt is made to provide semantic typing, and handling arbitrary distributed
resources is not supported. Indeed, in the interest of trust, the Sitemap Protocol
specifies a significant limitation on URI paths that can be listed in a Sitemap file. For
example, a Sitemap at level www. foo.com/a/b can list URIs at level a/b and below,

but it cannot list URIs at www. foo.com/a/c, www. foo.com/d Of www.bar.com/.

We made a deliberate decision to avoid the many existing packaging formats, such as
MPEG-21 DIDL [47], METS [367], FOXML [301], IMS-CP [4], and Baglt [86].
First, packaging base64-encoded content in a wrapper document does not resonate
well with the Resource/URI/Representation paradigm of the Web Architecture. Still,
most of these formats also support a by-reference mechanism to deliver content, in
which URIs can be used. However, although these formats are prominent in their
respective communities, they have not gained broader adoption. And while these
approaches can address identification, and enumeration of distributed resources, they
have uneven capabilities to express the graph-based OAI-ORE model, due to their

hierarchical perspective.

In the course of the OAI-ORE effort, we also attempted to model aggregations as

Atom feeds, not entries. We ultimately decided that was the wrong granularity,

18 http://sitemaps.org
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especially since common Web 2.0 reuse scenarios as well as Atom Publishing
Protocol functionality are situated at the level of Atom entries. The Atom Syndication
Format was preferred over the various RSS formats in anticipation of using the Atom

Publishing Protocol [218].

The POWDER [23] specifications that were developed in the same timeframe as OAI-
ORE address a problem space similar to that of OAI-ORE. However, POWDER
approaches the problem from the opposite perspective, focusing on capabilities to
assert (via *'Description Resources") that a group of resources share certain properties
(e.g. access rights), rather than asserting arbitrary properties about resources that, for
some reason, are grouped into an aggregation. That is, in POWDER the notion of
shared properties defines an aggregation, whereas in OAI-ORE an aggregation can be
created for any reason deemed important by its creator. Also, while POWDER
provides capabilities to describe a group of resources using a variety of approaches

including regular expressions, it does not introduce an identity for the aggregation.
Conclusion

This paper has introduced the OAI-ORE solution to the resource aggregation problem,
which we argue meets a critical need in the development of Scholarship 2.0.
Alignment of the solution with the Web Architecture and with the practices of the
Semantic Web and Linked Data effort will integrate scholarly communication with the
mainstream Web 2.0 environment. In this manner scholarly artifacts will be visible to
common web tools and applications. This will benefit the broader community by
making research materials more visible, verifiable, and by facilitating reuse in other

domains such as teaching and learning.

While OAI-ORE was motivated by scholarly communication, we believe that the

proposed solution has broader applicability. Aggregations, sets, and collections are as
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common on the web as they are in the everyday physical world. There are many
situations where agents and services on the web would benefit if aggregations were

unambiguously enumerated and described.

Evaluation of the OAI-ORE work depends on its adoption and evolution over time.
The work has so far benefited from significant community involvement throughout the
specification process, and the international team that developed the solution includes
representatives with backgrounds in scholarly publishing, eScience, repository infras-
tructure, digital libraries, Web search engines, linked data, and information
interoperability. Work by early adopters, such as the Foresite project and Johns
Hopkins publication workflow project, are promising indicators that these community
contributions have led to a solution that stands realistic chances for significant

adoption.
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