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Abstract. In the last decade, Institutional Repositories played an important role
in knowledge dissemination and sharing. However, the requirements of today’s
User Communities have evolved a lot since their original conception. Reposito-
ries are expected to provide access to knowledge that escapes the boundaries of
their native Institution assets and whose representation goes beyond that of sim-
ple digital counterparts of paper documents. Such a novel scenario poses new
challenging requirements for Repository systems. This work presents a reference
architecture of a Repository system capable of accommodating such needs by
(i) empowering the support for managing compound digital objects, (i7) provid-
ing mechanisms to create digital objects by aggregating already existing objects
made available by third party data sources, and (i) enabling explicit sharing of
knowledge across various repositories.

1 Introduction

The notion of Repository, more precisely Institutional Repository, plays a central role in
the production and dissemination of knowledge in digital form [1,2,3,4,5]. In particular,
this understanding is stressed in [1] where “a university-based institutional Repository
is a set of services that a university offers to the members of its community for the
management and dissemination of digital materials created by the institution and its
community members. It is most essentially an organizational commitment to the stew-
ardship of these digital materials, including long-term preservation where appropriate,
as well as organisation and access or distribution”. The benefits of replacing traditional
knowledge publication and communication channels with digital Web-based applica-
tions, combined with world-wide initiatives promoting free and unrestricted access to
publications (Open Access [6]) and interoperability (Open Archives Initiative [7]), re-
sulted in a proliferation of the players willing to act as content providers and introduced
the need for implementing new technologies supporting it. Indeed, several Institutional
Repository Systems have been developed in the past and are currently adopted by a
multitude of Institutions to serve their User Communities needs [8]. However, even if
such Systems are still effective and widely in use, in the last few years User Communi-
ties became increasingly interested in goals that cannot be fully satisfied by any of the
available technology:

Richness of knowledge Knowledge may be of arbitrarily complex structure, strictly
depending on the Institution information needs. Recently, such an issue has been
tackled by means of compound objects, which are sets of digital objects intercon-
nected by relationships expressing the nature of their bindings. The Repository
should make it easy to both manage and control such kind of objects and enable
construction of applications on top of them.



Federation of knowledge Sharing is an intrinsic characteristic underlying knowledge
production, i.e. Repositories should be able to easily share knowledge with other
Repositories they are federated with. The Repository should provide tools for par-
taking one or more Repository federations and integrate with other Repositories in
a transparent way.

Aggregation of knowledge Aggregation is another key aspect of knowledge produc-
tion, i.e. new knowledge is obtained by aggregating existing knowledge. The Repos-
itory should make it possible to easily collect and aggregate objects residing out of
its federation boundaries and combine them with local objects.

This paper introduces a reference architecture, i.e. an architectural design pattern ac-
commodating a set of known desiderata, for a Type-based Repository System capable
of effectively and efficiently deal with the above mentioned requirements. This refer-
ence architecture acts as a blueprint for the implementation of future generation Repos-
itory software approaching the previous issues in a systematic and organised way. The
main constituent parts of such a complex system are identified and their distinguishing
characteristics are presented.

The remainder of the paper is organised as follows. Section 2 presents a Repos-
itory System reference architecture and discusses the main component parts. Section
3 compares the proposed architecture with respect to current state of the art systems
and technologies. Finally, Section 4 concludes the paper and discusses future research
issues.

2 The Architecture

In what follows we present an Architecture for Type-based Repository Systems (T-Re-
positories) designed to satisfy the evolving needs of modern User Communities. T-Re-
positories are managed by Institution Repository Managers, used by the User Commu-
nities, and can partake one or more federations, thereby becoming federation nodes.
Repository Managers can customize their nodes so as to (/) manage compound objects
matching the knowledge structure of interest to the Community, (if) share their objects
across different nodes within the federation, and (iii) import objects residing outside the
federation boundaries (e.g. external data sources). For example, a Community can cus-
tomize a node for managing e-Thesis represented as compound objects whose structure
is that of a list of chapter objects, in turn consisting of PDF files; e-Thesis management
includes ingestion of such objects and search. In addition, e-Thesis should feature (a)
references to a list of paper objects relevant to the work, to be locally aggregated from
a selection of external Institutional Repositories; and (b) references to a list of data
set objects, representing experimental data and tools used to evidence the thesis result.
Finally, the Community can devise “global” search functionality over the union of all
e-Thesis objects present, if any, in the federation nodes.

The T-Repository Architecture is depicted in Figure 1. The picture displays only two
T-Repository nodes of a federation, which may include an arbitrary number of nodes.
T-Repository nodes are organized into five main Areas:

Logical Area The Logical Area enables Repository Managers to define the typed ob-
Jject sets matching the Community requirements. An object set is a container of
compound digital objects of the same #ype, i.e. respecting the same structure and
responding to the same operators; the equivalent, in Relational Database Systems,



is a table with a given attribute structure, which implicitly defines the applicable
SQL commands. Each T-Repository node defines and exposes through the Logi-
cal Area a number of objects sets, characterized by their unique name and their
type. As in traditional type systems, object set types can be of various kinds and be
combined in an algebra to define more complex types.

Physical Area The Physical Area delivers advanced facilities for object set storage and
access. The Area is independent from the Logical Area and can therefore adopt and
implement different strategies on different nodes. In principle, the best implementa-
tions are those exploiting the type information derived from object sets to maximize
access performance and minimize the amount of disk to be used.

Federative Area The Federative Area enables the inclusion into the Logical Area of
objects natively hosted into other federated T-Repository nodes. This can be done in
two ways: (a) by linking such objects from a local compound object, (b) by sharing
the object set of another node. In both cases, being part of the same federation, both
T-Repositories can potentially add, delete, and modify objects of such a set.

Mediation Area The Mediation Area manages special object sets that can be popu-
lated with digital objects residing in data sources external to the federation. The
Area can either import such objects to coerce them into corresponding local com-
pound objects, or, when the data source permits it, keep object sets and relative data
sources synchronized in both directions.

Presentation Area The Presentation Area offers management interfaces for both end-
users and applications. Repository Managers can benefit from User interface gen-
eration tools, which exploit the type information of the object sets declared into
the Logical Area to compose standard GUIs. Application interfaces enable direct
access to the individual object sets, through the T-Repository APIs or through stan-
dard access interfaces, such as OAI-PMH and SRU/SRW, to be extended with com-
pound object functionalities.

In the following sections we discuss in detail the main features of these Areas and the
relationships between them.
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2.1 The Logical Area

The Logical Area enables Repository Managers to create and manage the object sets
required to match the Community knowledge needs. Such sets are defined and created
by providing a unique name, an object type, and a metadata format of preference'.
A type, as generally intended in programming languages and databases, defines the
structure of the objects to be contained in the set and determines the operators that
can be applied over them. For example, Figure 2 illustrates two object sets A and B.
A is of type Aggregation (B, MDF), which means that an object obj in A repre-
sents an unordered collection of objects belonging to the set B, and is described by
a metadata record of format MDF. B is of type Basic (T, MDF' ), which means that
an object obj’ in B contains a digital asset of type T, e.g. a file, and is described by
a metadata record of format MDF’. Due to its specific type structure, ob 7 responds
to methods such as obj.addObject (obj’) and obj.removeObject (obj’),
which respectively add and remove an object obj’ present in B from the aggregation
of obj; obj.numberOfObjects (), which returns the number of objects in B cur-
rently aggregated by obj; obJj.aggregated (), which returns the set of objects in
B aggregated by obJ; and obJj.searchObjects (P), which returns the subset of
obj.aggregated () whose objects have metadata records satisfying the predicate
P over the format MDF’ .
Types statically determine the

nature of all objects within a set [9]. —
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fer an algebra of types, which can be
combined to define more complex types. Specifically, four kinds of types can be iden-
tified: basic, defining file objects of specific format, e.g. PDF files, DOC files, generic
text files, JPG files, generic multimedia files, but also ground values, such as Integer,
Strings, URI, etc.; complex, defining compound objects with special operators, such
as Aggregation, Relation, Version, etc.; inclusive, including and/or sharing
objects sets from other Logical Areas or defining sets unifying all object sets in the
federation respecting a given type structure; and mediating, defining object sets whose
content is synchronized with that of data sources residing outside the federation.
Application developers gain great benefits from T-Repository controlled environ-
ment, which can be customized to handle the object types needed by a Community
while ensuring the static correctness of their applications. In particular, it is impor-
tant to stress that types can be used to instantiate the objects sets required to represent
the document model which best fits the conception of digital document perceived by
the Community; e.g. the digital e-Thesis above. This approach, inspired by traditional
database systems, solves most of the problems arising with traditional Repository Sys-
tems, which tend to provide pre-defined document models that do not necessarily match
the Community needs. Typically, such models can be either very generic, e.g. Fedora

! More than one metadata format can be assigned to the same object. For simplicity of presen-
tation we assume here is only one.



[10], or be quite rigid w.r.t. an idea of digital document, e.g. DSpace [11]. In the former
case, building and maintaining applications becomes expensive for Institutions, whose
developers must “embed” the notion of Community document model, generally more
detailed than the Repository’s, within the software components they have to code. In
the latter case, either the Community adopts a fixed document model, thereby partly
renouncing its User requirements, or developers adapt the Repository document model
to the Community’s one by integrating other technologies to the Repository and, again,
coding complex software components.

T-Repositories support an environment where both the Community and developers
of an Institution can realize their knowledge and development expectations, respec-
tively. For instance, the following types define the sets required to create the document
model of the e-Thesis described above:

e chapters = Basic (PDF,DC): set of objects, each associated to a PDF file
described by a Dublin Core record.

e e-thesis = Aggregation (chapters, ETD): setof objects, each described
by the ETD format (Electronic Theses and Dissertations [12]) and associated to a
number of objects in chapters.

e papers = Coercion (Basic (PDF,DC),DataSource): set of objects of
type Basic (PDF, DC) obtained by importing objects from the external data source
referenced by DataSource, here assumed to be an OAI-PMH compliant Repos-
itory. Repository Managers will have to provide the parameter settings required
to configure the mediation, such as the access point, e.g. the Repository’s OAI-
PMH URI, and the mapping from the data source object structure, i.e. OAI-Item,
onto the destination object type structure, e.g. Basic (PDF,DC). Coercion
types enforce synchronization in one direction only, e.g. modifications to objects
in papers are not propagated to corresponding objects in DataSource. Other
forms of mediating types can be defined, enabling synchronization in both direc-
tions; e.g. Synchro (Basic (PDF,DC), DataSource) would enforce such
strategy. Such types manage only specific typologies of Data Sources; e.g. OAI-
PMH would not allow this definition, while FTP sites could.

e citations = Relation(e-thesis,papers,N:N): set of objects, each
representing the relationship between an object in e-thesis and one object in
papers. The option N : N releases any constraint on the relations between objects
in the two sets; other options, such as /:1, N:1, and I:N, do instead enforce re-
lationship constraints. For example, /:N would ensure that citations cannot
contain two objects relating the same object in papers to two different objects in
e-thesis.

e datasets = Basic (URI,DSF): set of objects, each representing the URI
through which a data set can be reached and described by a record in DSF for-
mat. We assume DSF to be designed by the Community to contain fields such as
tool used for elaborating the data, creator of the data, and date of creation.

e experiments = Relation(e-thesis,datasets, N:N): setof objects,
each representing the relationship between an object in e-thesis and one object
in datasets. The same data set can be used in different thesis works.

e e—thesisFederation = IncludeAll (e-thesis):setof objects obtained
by unifying all sets of objects in the federation that do respect the type of e—thesis.
Here e-thesis is used to refer to a type definition. Operations over e-thesis—
Federation are performed over all object sets, no matter their name nor where



they are located, that do respect such type structure. Other forms of inclusive types
can be defined, sharing one specific object set; e.g. IncludeSet (R.e-the-
sis) includes into the Logical Area the set e-thesis from the T-Repository R,
if it exists.

2.2 The Physical Area

The Physical Area is entitled to store the objects sets natively defined by the local
Repository Manager. The Area can benefit from the relative set type definitions to al-
locate the correct disk space and build the structures necessary for efficient access,
such as indexes. For example, objects in e-thesis, being associated to objects in
chapters, will be likely stored in such a way that the retrieval of the chapters relative
to a thesis will be possible with a minimal number of disk accesses (as may happen
in Relational Database systems, given the definition of the tables and the relationships
between their primary and foreign keys). Similarly, indexes for ETD format fields may
be created for e-thesisFederation, in order to perform local efficient queries on
local and remote objects; object sets of video files can be stored and exported through
streaming interfaces.

Furthermore, the independence from the Logical Area enables different implemen-
tations of the Physical Area functionalities, which, for example, may rely on Grid stor-
age systems [13], Relational Databases, file systems, or other technologies.

2.3 The Federative Area

The Federative Area provides the functionality enabling a number of T-Repositories,
i.e. a federation, to share their Logical Areas. Given a T-Repository federation, it is
a responsibility of the individual Repository Managers to include into the local Logi-
cal Area the remote object sets they need, by defining the appropriate inclusive types;
e.g. e-thesisFederation = IncludeAll (e-thesis) and e-thesis =
IncludeAll (R.e—thesis).In particular, Repository Managers may establish dif-
ferent federative access policies governing their local objects sets. Therefore, depending
on the local Repository Manager needs and remote set policies, remote objects can be
moved locally, either synchronized or replicated, or be only referred from their original
site.

The Federative Area can be implemented in different ways. Due to the distributed
and autonomous nature of T-Repositories which might decide to join or leave one fed-
eration at any time, Peer-to-Peer Systems with Overlay Network seem to be an appropri-
ate solution. In such systems, peers, i.e. distributed nodes, can join or leave the system
in any moment, and, in order to accomplish their tasks, require some interaction with
other peers. The main issue in P2P Systems is that of satisfying requests from peers to
discover the peers they need. In some architectures, special peers play the role of su-
perpeers and form an overlay network providing advanced facilities for managing peer
registration and discovery [14]. T-Repository nodes could constitute a federation by in-
terpreting the role of peers and superpeers of an overlay network. The overlay network
would keep track of object sets and relative access policies for all Logical Areas of the
T-Repositories registered to the federation. Any local request for accessing remote ob-
ject sets would then be transformed into a request to the overlay network for discovering
matching T-Repository nodes and/or object sets. The Federative Area of a node would
be in charge of this data exchange and make it transparent to the local Logical Area.



2.4 The Mediation Area

The Mediator Area offers the tools for managing the object sets associated to external
data sources through mediating types. For each data source, the Area holds a configura-
tion package, to be set up by the Repository Manager, which establishes the mediation
criteria between the source and the destination set. The nature of these packages de-
pends (a) on the nature of the data source, e.g. OAI-PMH, FTP, File Systems, Databases,
(b) by its document models, e.g. OAI-Item structure, special XML files, DB tables, and
(c) by the kind of access interfaces provided, i.e. read, add, update, delete. The Medi-
ation Area, given a Data Source, provides Repository Managers with semi-automatic
tools and interfaces for the management of the relative configuration package.

In particular, compound objects may be coerced from an external data source into
a local set or be synchronized between the two. Such operations are based on map-
pings and transformation rules to be defined by the Repository Manager, and can be
performed at different times, either automatically or manually, by the Mediation Area
or by the Manager. A typical example of data source coercion is that of harvesting
of OAI-PMH Repositories [7] into basic types, but many others are possible, from
DIDL-aDORe Repositories, Relational Databases to FTP sites, and others, into com-
plex types of any form. Data Source synchronization can instead be applied to a sub-
set of Data Source typologies, whose access interfaces enable external entities for
write/update/delete their content.

2.5 The Presentation Area

The Presentation Area builds on top of the Logical Area and provides the interfaces
to access the object sets defined by the Repository Manager. Similarly to the Physi-
cal Area, the Presentation Area can exploit type information in order to automatically
generate three types of view over the Logical Area:

User-oriented view The user interface, through which users can ingest, search, and
generally manage their objects. Object set types allow for the realization of auto-
matic interface generation tools, e.g. MS Access-like wizards. Such tools, given a
Logical Area, can guide Repository Managers through the automatic generation of
the object set user interfaces. Once generated, such interfaces can be adapted by de-
velopers in order to match specific graphical expectations or be modified to satisfy
Community specific needs. For example, from the e-Thesis set we can implicitly
generate Web interfaces to create a new thesis, insert the relative ETD format fields,
and insert the required chapters. For each new chapter, the type of chapters en-
tails the creation of an interface enabling the upload of a PDF file and the insertion
of the relative Dublin Core fields. Of course, developers may decide to interact
directly with the object sets APIs and generate their specific applications.

Web-oriented view Following the ORE model principles [15], such interfaces enable
URI-based navigation of object sets. To this aim, sets and compound objects do
correspond to unique URIs, accessible through HTTP and returning an XML rep-
resentation of the set or the object involved. In particular, the XML of a compound
object contains the name of the sets that include the object, its metadata record,
and other information that depends on the object type structure; the XML of an
object set contains its name, its type, and all references to the objects it contains.
For example, objects in e-thesis will correspond to an XML file whose struc-
ture will contain the name e-thesis, the ETD record, and the URIs relative to



the XML representations of the associated chapter objects. Objects in chapters,
will be described by an XML file containing the name chapters, the Dublin Core
record, and the reference to the PDF document.

Application-oriented view The APIs accessible locally or through the network by ap-
plications interested in interacting with content from a specific object set. These
can be proprietary to the T-Repository object set definition, which strictly depend
on the type, or standard access interfaces, such OAI-PMH and SRU/SRW. In the
latter case, the OAI-PMH interface is to be extended with new methods for the ex-
traction of the XML representation of compound objects (DIDL format could be
used [16]). For example, through such methods it would be possible to harvest full
e-thesis objects, i.e. an XML containing the “tree” formed by the thesis object and
its associated chapter objects.

3 Related Work

Various Repository Systems and related technologies, e.g. [10,11,17,18,19,20,21], have
been developed. In this Section we provide a brief overview of few of them focusing on
the most widely used systems and discussing how they only partially accommodate the
issues addressed by the proposed architecture.

DSpace [11] is an open source digital repository system designed to operate as a
centralized system for capturing, storing, indexing, preserving, and redistributing doc-
uments in digital formats. It has been designed to satisfy the requirements of a uni-
versity research faculty for managing its intellectual outputs. Despite the richness of
its document model, i.e. it supports collections of items, each organised into bundles
of bitstreams, the Logical Area does not support native mechanisms for the definition
of specialized compound objects. The Presentation Area is hardcoded on the document
model and comes with the Repository installation. An interesting feature is the exploita-
tion of SRB [23] as a further implementation of the Physical Area, in addition to the
local file system, for storing the repository objects. Federation and Mediation Areas are
not regarded.

Fedora [10] is a repository service for storing and managing complex objects. The
Logical Area grounds on a general purpose document model, whose flexibility promotes
the system as central to many implementations. The model allows for combining into
a single digital object any number and any variety of data streams either residing into
the local repository or anywhere on the web and to define objects relationships forming
a Repository graph. Interesting, the system is capable of dynamically providing mul-
tiple views over the same object through disseminators, i.e. web services processing
the stored data stream of the object and producing new ones dynamically. However, the
Logical Area does not support native mechanisms for the definition of specialized com-
pound objects. Accordingly, the system has a very generic Presentation Area, which fits
the graph document model and serves more as a Repository administration tool, i.e. ob-
jects and disseminators management. No explicit features supporting a Federative Area
have been currently implemented, while some form of indirect Mediation Area are in
place, capable of coercing special files into corresponding Fedora objects.

Recently, EPrints [17] version 3 has been released. This novel version of an his-
torically important Repository software presents many improvement w.r.t. the previous
versions. The Logical Area offers a pre-defined document model, not supporting com-
pound objects, and a Presentation Area based on it. Federative and Mediation Area are
not envisaged at the moment.



OpenDLib [18] is a Digital Library management system developed at ISTI-CNR. Its
Logical Area subsumes a typed document model [24] allowing to represent a large set of
compound and multimedia information objects. However, the number of type abstrac-
tions it offers and the way these can be combined, limits the richness of the document
models that can be instantiated in the Repository. Its Presentation Area depends on the
specific instantiation of the Logical Area, while its Physical Area is file system based;
recently, however, a Grid oriented Physical Area has been implemented [25] resulting in
a system exploiting third party storage and computing facilities to manage information
objects very demanding with respect to the consumption of these resources. The sys-
tem realises the Federative Area via a Manager Service, which permits the Repository
instances forming the federation to dynamically discover each other.

4 Conclusion

Repositories occupy a fundamental role in the knowledge dissemination and sharing
process and a number of technologies were developed to address such requirements.
However, the novel and challenging requirements of today’s Communities can hardly
be addressed by current Systems. Indeed, Communities are today interested in build-
ing digital knowledge that goes far beyond the mere electronic version of document,
but focuses on compound objects of proprietary structure, which aggregate informa-
tion objects of any media, residing at any location, inside or outside the Community
boundaries.

This paper presented a reference architecture for Type-based Repository Systems,
with aim to systematise the implementation of systems capable to address the novel
community needs. The architecture accommodates into a comprehensive framework
the components and the technologies needed to deal with rich knowledge and by pro-
moting exploitation of aggregative and federative mechanisms to reuse and exchange
knowledge across the boundaries of single Repositories. Future research activities will
address the issues relative to the T-Repository Areas. Special interests will be dedicated
to the design and implementation of the Logical and Physical Area, by formally de-
signing the type system to be adopted and proceeding to a first implementation of the
T-Repository.
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