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 CORDRA is designed to provide a distributed platform for the registration and discovery of heterogeneous metadata belonging to multiple learning communities.  Any community can participate in CORDRA by creating a registry that conforms to the guidelines and profiles of the corresponding community. The realization of CORDRA is thus dependent on the implementation of the registry component defined by a given community. Presently, there is one instance of the registry, ADL-R (Advanced Distributed Learning - Registry) in the learning community. By definition, although CORDRA is restricted to the learning community, the architecture itself is extensible to other communities. This project seeks to create a second registry within the scope of CORDRA and the first in the Library Application Community. It is named FeDCOR (Federation of DSpace through CORDRA Registry), as the byproduct of the registry is a DSpace federation. The project specifically opted for the popular institutional repository, DSpace, which belongs to the library application community. 

We intend to build FeDCOR by utilizing the generic DSpace data access mechanisms to populate the registry with institutional repository metadata instances. At the level of metadata communication for registration, the project implements two models, namely the PUSH and the PULL. FeDCOR with the help of these models not only results in first registry in the library application community, but also stands as one of the first federators of DSpace repositories.
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CHAPTER ONE - INTRODUCTION

Section One - Overview

CORDRA, Content Object Repository Discovery and Registration/Resolution Architecture, is an open, standards-based model designed to implement a distributed platform for the purpose of discovery, sharing and reuse of heterogeneous content within the learning communities. It is still in the evolving stages of realizing the sharable content registration and discovery.  The key components in the overall CORDRA model are Content Repositories, System Repositories, Identifier System, Common Services Infrastructure, and Applications [1]. 

Content Repositories

Content Repositories are the entities which have the learning content with the intent of reuse and sharing. To be part of the CORDRA model, a content repository has to meet the following requirements.
1. It has a unique identifier assigned by CORDRA.
2. It is registered in the CORDRA repository registry.

3. It has to store one or more classes of objects namely learning content, metadata etc.

4. It supports at least one standard format for each class of object, for its import and export.

5. It provides a standard interface to access the content object.
System Repositories

System repository, also called as CORDRA registry, is the key component that makes any content discoverable, sharable and reusable. Communities may participate in the CORDRA development by creating their own registry. The registry is free to define its own community and its own operational entities as long as it is conformant to the set of data models, taxonomies, business rules, and system structures of CORDRA.  The three logical components inside any registry are 
1. The registry of content objects.

2. The registry and storage of content object metadata.

3. The registry and storage of content object metadata associations.

Identifier System


The Identifier System plays the role of being an underlying technology for the realization of CORDRA as a discoverable, shareable and reusable content model. The identifier system identifies uniquely the content object, as well as the content object metadata instances. CNRI’s Handle System is determined to perform the goals and objectives of the CORDRA’s identification system.

Handle system developed by CNRI, is a general purpose identification system for the digital objects.  It is used to resolve the identifiers (handles in the present context), to disseminate the information stored by the handle, both by value and by reference. These handles address the issues of persistence, preservation, and thereby aiding in the overall robustness in terms of access and storage of digital objects [9].

CORDRA model associates handles to each and every object within its context namely, content objects, metadata instances, as well as the serializable objects stored inside the registry. The handles are the only means to percolate through the CORDRA architecture.  Aside from identification, the handle system may be used for authentication and authorization. The ownership model of CORDRA leveraged this capability of handle system and integrated into it.
Common Services Infrastructure


The Common Services Infrastructure provides the core technical and administrative services of authentication, rights management etc. Handle system is used to define the ownership and authentication infrastructure for the sharable content. 
Applications

The Applications component is the main interface to different parts of the system. It provides different interfaces for managing, storing and discovering the content as well as the metadata pertaining to it.

Section Two - CORDRA Work Model

The aforementioned components of CORDRA are depicted in the diagram below. 
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Fig 1: CORDRA System Model

As illustrated in the diagram, the content and the metadata can be discovered at the level of the registry/community it is associated with. The discovery of content at this level is applicable to users who are aware of such registry/community. The advantage of CORDRA is better utilized by users who are unaware of the specific registry/community. This is because the content can also be discovered at a higher level. The content discovered at a higher level may be harvested by percolating through the hierarchy of registries with the help of identification system. The handles associated with the content and the metadata help in identifying the particular instance of registry at which the content is more significant and meaningful. Thus, CORDRA enables the discovery of content by keeping the participating communities transparent to the user and enabling discovery and reusability of content to a much broader audience.
Section Three - Objective

Although CORDRA is defined for the learning community, the architecture itself is quite extensible and may prove to be the right model for registering, discovering, sharing and reusing content (and metadata) from communities beyond learning objectives [3]. It is therefore very encouraging to test the integrity, robustness, and the performance of the system when content from multiple communities participate in the CORDRA. As discussed earlier, any participating community has to define and implement community specific registry. This project aims at creating a custom registry for the Institutional Repositories belonging to Library Application Community. 

Considering the requirements of a content repository within the context of CORDRA, DSpace stands promising for the role of content repositories. The inherent usage of the handle system for reasons of persistence and long term preservation agenda of DSpace proved to be pivotal in its choice.

DSpace by definition is known to be a repository system which captures, stores, indexes, preserves and redistributes the content in various digital formats [11]. Research Institutions and other organizations from the library application profile may employ DSpace for meeting a variety of digital archiving needs. Although DSpace proved to be quite prominent in meeting the needs of organizations within the library application profile, the interoperability of different services across the DSpace repositories is a missing feature. Therefore the federation of DSpace proves to be a required endeavor in the community of digital libraries. 
By building a federation to DSpace inside a CORDRA compliant registry, the registry would serve two purposes:- 

1. A Federation for DSpace repositories.

2. A CORDRA registry from the Library Application Community.

The designing and building of such multiple aspect registry is therefore the primary objective of this project and hence the name, FeDCOR (Federation of DSpace through CORDRA Registry).
CHAPTER TWO - APPROACH & SOLUTION

The building of FeDCOR requires assimilating the data access mechanisms of DSpace and thoroughly defining the CORDRA conformant data access procedures, business rules and taxonomies.

The following two sections address the two requirements to be met in the process of designing and building the FeDCOR.
Section One - Design of FeDCOR


FeDCOR must be CORDRA compliant. A registry may contain a registry of content objects. Apart from that, it may also hold the metadata instances pertaining to the registered content objects. The metadata instance of any content object must be in a format that is defined by the registry. The registry holds metadata at multiple levels. The three possible levels among many others are 

1. Content Object specific metadata

2. Registry specific metadata

3. CORDRA specific metadata


In the design of FeDCOR, the three different levels have to be strictly defined. Leveraging on CNRI’s experience in the building of ADL-R (Advanced Distributed Learning – Registry), it is appropriately assumed that CORDRA specific metadata is a subset of the union of metadata from Registry level and Content Object level. Hence, the metadata design is much relied upon registry and content object metadata. 

Content Object Metadata


Content Object Metadata depends on the content that is accessed from the DSpace. The later versions of DSpace implementations are also compliant as OAI-PMH data provider.  Since OAI-PMH is a standard protocol used in digital library community, FeDCOR adopted it as a de-facto data access method from DSpace [9].  The dublin core metadata format is compatible to both DSpace and OAI-PMH [7]. Hence the content object metadata is conformant with the oai_dc format of the OAI-PMH metadata record in dublin core. The different elements include title, identifier, keywords, timestamp etc. Among all others, the content object identifier is unique to each content object. This identifier is independent of the registry, content repository or CORDRA community. Since it is important for this identifier to exist at the registry level rather than at the content object metadata level, it is left optional to include as part of the content object metadata. In our current implementation, this is not included at the content object metadata level. The xml schema pertaining to the content object metadata is included in the appendix for reference (See Appendix C below)
Registry Level Metadata


Registry Level Metadata reflects the signature of the registry entry at the level of community specific registry. This signature is important in the realization of CORDRA as a platform for heterogeneous content. It helps in identifying the particular registry to which the given entry belongs. Any metadata instance is uniquely identified by its unique identifier (metadata instance identifier in the present context). This identifier along with the content object identifier and the last updated timestamp is included as part of the registry level metadata. 
CORDRA Specific Metadata
As mentioned above, CORDRA specific metadata is the subset of the union of content object metadata and registry specific metadata. The following diagram illustrates the same.
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Section Two - Building of FeDCOR


The building of FeDCOR is quite dependent on the different institutional repositories (DSpace repositories) participating in the registry. In order to manage the different participants and also to conform to the CORDRA requirements of having a Repository Registry to register the participating content repositories, IRR (Institutional Repository Registry) is designed. IRR is a smaller image of a typical registry. The entries of IRR are related to the authentication and accessing details of the participating institutional repositories. The entries in IRR are managed specifically by two models which build the FeDCOR, the PUSH and the PULL. The different entries in an IRR can be registered, unregistered and searched by accessing the IRR interface. The xml schema of the ingested registry entries and the search results from IRR are included in the appendix as a reference (See Appendix A and B below).
PULL

In a PULL model, the participating institutional repositories are pre-registered with the IRR. The IRR holds the authentication details and the URL for the corresponding DSpace data provider.  The DSpace repositories for the corresponding entries in the IRR are monitored on a timely basis and queried for content modification using the OAI-PMH by a software agent running as part of the building process. Any changes that occurred within the DSpace repository are captured and registered with FeDCOR.

The registration of a PULLed (harvested) metadata record from the DSpace is processed to validate the cardinality of registry level metadata. The validated records are registered with FeDCOR. The process of registration includes storing, indexing and creating/updating handles. 
PUSH


In a PUSH model, a DSpace plug-in is made available to the DSpace community. The plug-in may be installed by the volunteering DSpace repositories. Once installed, the plug-in registers the DSpace with IRR.  The purpose of the plug-in is to trigger IRR as and when it finds new or updated information in the corresponding DSpace repository. Since, the plug-in resides with the corresponding DSpace repository administrators, considerable rights are reserved with them. 

The agent running at the CORDRA registry harvests the records only when the plug-in triggers. Since the plug-in triggers only when there is record that is ingested, updated or deleted, the PUSH model is an optimized model in terms of network bandwidth and system resources from the agent’s perspective. 

Workflow of Agent

[image: image4]
CHAPTER THREE - CONTENT DISCOVERY AND SHARING


The content and metadata thus registered in the FeDCOR is made available through the search interface of the FeDCOR. The results contain the metadata record and the corresponding handles (metadata instance and content object). The xml schema of the results returned is included in the appendix as a reference (See Appendix D below). The content object handle may be resolved to reach the corresponding ingested record in DSpace, thus providing the traversal path from the FeDCOR to the DSpace record.

FeDCOR has to be integrated into the CORDRA to leverage the advantages of discovery across multiple communities (See “Future Work” below). 

SUMMARY AND CONCLUSION
This project empowers the federation of DSpace communities by studying the CORDRA registry infrastructure in order to effectively integrate into CORDRA. FeDCOR is not only the first library application community registry in CORDRA environment but also the first operational DSpace content federation registry available. Aside from standing as a proof of concept for the merging of library application communities with learning communities in CORDRA, FeDCOR also benefits the DSpace community as a federator.
Future Work

As mentioned in the objective, the building of FeDCOR serves two purposes.

1. A Federation for DSpace repositories

2. A CORDRA registry from the Library Application Community

Federation of DSpace

The release of FeDCOR involves the participation of DSpace repositories. Effort has to be made in this direction to encourage DSpace communities to participate in the federation process. As part of the release, studies have to be made in terms of network bandwidth and system resources utilized. This is mainly due to the fact that there is enormous information available in DSpace repositories and as a result, the metadata gathered for federation would consume lot of resources. The statistics calculated during this federation run would be useful for future projects.
Integration of FeDCOR into CORDRA

FeDCOR although proved to be the federator for different DSpace communities, it needs to be validated as a CORDRA registry in terms of its functionality, integrity, robustness and performance. 

The following diagram depicts the overall model of CORDRA with the integration of FeDCOR into the system. Users now have heterogeneous communities to discover content from, thereby increasing the audience and the purpose of the system. The model would still follow the original concept of searching/discovering content at any level of registries in the model. Users with specific community knowledge may search at the lowest level and with generic knowledge may search at a higher level. The identification system helps identify the community specific information regardless of the level of registry the search is being requested at. 
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Fig 2: FeDCOR integrated into CORDRA
In order to verify the functionality of this system, a heterogeneous CORDRA registry needs to be built that integrates metadata from multiple communities. Once the heterogeneous registry is built, the extensibility of CORDRA across diverge communities can be tested.
The experience related to the design of FeDCOR, integration of FeDCOR into CORDRA, and the different statistics measured and monitored have to be published. 
Appendix A - IRR register schema
<?xml version="1.0" encoding="UTF-8" ?> 

<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns="http://www.cs.odu.edu/fedcor-irr" targetNamespace="http://www.cs.odu.edu/fedcor-irr" attributeFormDefault="unqualified">

  <xs:element name="IRR" type="IRRType" /> 

  <xs:element name="name" type="nameType" /> 

  <xs:element name="password" type="passwordType" /> 

  <xs:element name="URL" type="URLType" /> 

  <xs:element name="model" type="modelType" /> 

  <xs:element name="lastUpdated" type="lastUpdatedType" /> 

  <xs:element name="process" type="processType" /> 

<xs:complexType name="IRRType">

<xs:sequence>

  <xs:element ref="name" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="password" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="URL" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="model" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="lastUpdated" minOccurs="0" maxOccurs="1" /> 

  <xs:element ref="process" minOccurs="1" maxOccurs="1" /> 

  </xs:sequence>

  </xs:complexType>

<xs:simpleType name="nameType">

  <xs:restriction base="xs:string" /> 

  </xs:simpleType>

<xs:simpleType name="passwordType">

  <xs:restriction base="xs:string" /> 

  </xs:simpleType>

<xs:simpleType name="URLType">

  <xs:restriction base="xs:string" /> 

  </xs:simpleType>

<xs:simpleType name="modelType">

<xs:restriction base="xs:string">

  <xs:enumeration value="PUSH" /> 

  <xs:enumeration value="PULL" /> 

  </xs:restriction>

  </xs:simpleType>

<xs:simpleType name="lastUpdatedType">

  <xs:restriction base="xs:positiveInteger" /> 

  </xs:simpleType>

<xs:simpleType name="processType">

<xs:restriction base="xs:string">

  <xs:enumeration value="YES" /> 

  <xs:enumeration value="NO" /> 

  </xs:restriction>

  </xs:simpleType>

  </xs:schema>
Appendix B - IRR search results schema
<?xml version="1.0" encoding="UTF-8" ?> 

<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns="http://www.cs.odu.edu/fedcor-irr-results" xmlns:irr="http://www.cs.odu.edu/fedcor-irr" targetNamespace="http://www.cs.odu.edu/fedcor-irr-results" attributeFormDefault="unqualified">

<xs:import namespace="http://www.cs.odu.edu/fedcor-irr" schemaLocation="http://www.cs.odu.edu/%7Egmanepal/project/fedcor/schemas/fedcor-irr.xsd" /> 

  <xs:element name="queryResult" type="queryResultType" /> 

  <xs:element name="results" type="resultsType" /> 

  <xs:element name="status" type="statusType" /> 

  <xs:element name="queryString" type="queryStringType" /> 

  <xs:element name="nhits" type="nhitsType" /> 

  <xs:element name="result" type="resultType" /> 

  <xs:element name="score" type="scoreType" /> 

<xs:complexType name="queryResultType">

<xs:sequence>

  <xs:element ref="results" minOccurs="1" maxOccurs="1" /> 

  </xs:sequence>

  </xs:complexType>

<xs:complexType name="resultsType">

<xs:sequence>

  <xs:element ref="status" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="queryString" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="nhits" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="result" minOccurs="0" maxOccurs="unbounded" /> 

  </xs:sequence>

  </xs:complexType>

<xs:simpleType name="statusType">

<xs:restriction base="xs:string">

  <xs:enumeration value="SUCCESS" /> 

  <xs:enumeration value="NO_RESULT" /> 

  </xs:restriction>

  </xs:simpleType>

<xs:simpleType name="queryStringType">

  <xs:restriction base="xs:string" /> 

  </xs:simpleType>

<xs:simpleType name="nhitsType">

  <xs:restriction base="xs:string" /> 

  </xs:simpleType>

<xs:complexType name="resultType">

<xs:sequence>

  <xs:element ref="score" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="irr:name" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="irr:password" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="irr:URL" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="irr:model" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="irr:lastUpdated" minOccurs="1" maxOccurs="1" /> 

  <xs:element ref="irr:process" minOccurs="1" maxOccurs="1" /> 

  </xs:sequence>

  </xs:complexType>

<xs:simpleType name="scoreType">

  <xs:restriction base="xs:decimal" /> 

  </xs:simpleType>

  </xs:schema

Appendix C - FeDCOR register schema (oai_dc)

<schema targetNamespace="http://www.openarchives.org/OAI/2.0/oai_dc/" 

        xmlns:oai_dc="http://www.openarchives.org/OAI/2.0/oai_dc/" 

        xmlns:dc="http://purl.org/dc/elements/1.1/" 

        xmlns="http://www.w3.org/2001/XMLSchema" 

        elementFormDefault="qualified" attributeFormDefault="unqualified">

<annotation>

  <documentation> 

      XML Schema 2002-03-18 by Pete Johnston.

      Adjusted for usage in the OAI-PMH.

      Schema imports the Dublin Core elements from the DCMI schema for unqualified Dublin Core.

      2002-12-19 updated to use simpledc20021212.xsd (instead of simpledc20020312.xsd)

  </documentation>

</annotation>

<import namespace="http://purl.org/dc/elements/1.1/" 

        schemaLocation="http://dublincore.org/schemas/xmls/simpledc20021212.xsd"/>

<element name="dc" type="oai_dc:oai_dcType"/>

<complexType name="oai_dcType">

  <choice minOccurs="0" maxOccurs="unbounded">

    <element ref="dc:title"/>

    <element ref="dc:creator"/>

    <element ref="dc:subject"/>

    <element ref="dc:description"/>

    <element ref="dc:publisher"/>

    <element ref="dc:contributor"/>

    <element ref="dc:date"/>

    <element ref="dc:type"/>

    <element ref="dc:format"/>

    <element ref="dc:identifier"/>

    <element ref="dc:source"/>

    <element ref="dc:language"/>

    <element ref="dc:relation"/>

    <element ref="dc:coverage"/>

    <element ref="dc:rights"/>

  </choice>

</complexType>

</schema>

Appendix D - FeDCOR search results schema 
<?xml version="1.0" encoding="UTF-8"?>

<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns="http://www.cs.odu.edu/fedcor-results" targetNamespace="http://www.cs.odu.edu/fedcor-results" attributeFormDefault="unqualified">

    <xs:element name="queryResult" type="queryResultType"/>

    <xs:element name="results" type="resultsType"/>

    <xs:element name="status" type="statusType"/>

    <xs:element name="queryString" type="queryStringType"/>

    <xs:element name="nhits" type="nhitsType"/>

    <xs:element name="result" type="resultType"/>

    <xs:element name="score" type="scoreType"/>

    <xs:element name="contentIdentifier" type="contentIdentifierType"/>

    <xs:element name="metadataInstanceIdentifier" type="metadataInstanceIdentifierType"/>

    <xs:element name="title" type="titleType"/>

    <xs:complexType name="queryResultType">

        <xs:sequence>

            <xs:element ref="results" minOccurs="1" maxOccurs="1"/>

        </xs:sequence>

    </xs:complexType>

    <xs:complexType name="resultsType">

        <xs:sequence>

            <xs:element ref="status" minOccurs="1" maxOccurs="1"/>

            <xs:element ref="queryString" minOccurs="1" maxOccurs="1"/>

            <xs:element ref="nhits" minOccurs="1" maxOccurs="1"/>

            <xs:element ref="result" minOccurs="0" maxOccurs="unbounded"/>

        </xs:sequence>

    </xs:complexType>

    <xs:simpleType name="statusType">

        <xs:restriction base="xs:string">

            <xs:enumeration value="SUCCESS"/>

            <xs:enumeration value="NO_RESULT"/>

        </xs:restriction>

    </xs:simpleType>

    <xs:simpleType name="queryStringType">

        <xs:restriction base="xs:string"/>

    </xs:simpleType>

    <xs:simpleType name="nhitsType">

        <xs:restriction base="xs:string"/>

    </xs:simpleType>

    <xs:complexType name="resultType">

        <xs:sequence>

            <xs:element ref="score" minOccurs="1" maxOccurs="1"/>

            <xs:element ref="contentIdentifier" minOccurs="1" maxOccurs="1"/>

            <xs:element ref="metadataInstanceIdentifier" minOccurs="1" maxOccurs="1"/>

            <xs:element ref="title" minOccurs="1" maxOccurs="1"/>

        </xs:sequence>

    </xs:complexType>

    <xs:simpleType name="scoreType">

        <xs:restriction base="xs:decimal"/>

    </xs:simpleType>

    <xs:simpleType name="contentIdentifierType">

        <xs:restriction base="xs:string"/>

    </xs:simpleType>

    <xs:simpleType name="metadataInstanceIdentifierType">

        <xs:restriction base="xs:string"/>

    </xs:simpleType>

    <xs:simpleType name="titleType">

        <xs:restriction base="xs:string"/>

    </xs:simpleType>

</xs:schema>
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