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Abstract

Digital Library (DL) are the main conduits for accessing our cultural heritage and they have to address the requirements and
needs of very diverse memory institutions, namely Libraries, Archives and Museums (LAM). Therefore, the interoperability among
the Digital Library System (DLS) which manage the digital resources of these institutions is a key concern in the field.

DLS are rooted in two foundational models of what a digital library is and how it should work, namely the DELOS Reference
Model and the Streams, Structures, Spaces, Scenarios, Societies (5S) model. Unfortunately these two models are not exploited
enough to improve interoperability among systems.

To this end, we express these foundational models by means of ontologies which exploit the methods and technologies of
Semantic Web and Linked Data. Moreover, we link the proposed ontologies for the foundational models to those currently used for
publishing cultural heritage data in order to maximize interoperability.

We design an ontology which allows us to model and map the high level concepts of both the 5S model and the DELOS
Reference Model. We provide detailed ontologies for all the domains of such models, namely the user, content, functionality,
quality, policy and architectural component domains in order to make available a working tool for making DLS interoperate together
at a high level of abstraction. Finally, we provide a concrete use case about digital annotation of illuminated manuscripts to show
how to apply the proposed ontologies and illustrate the achieved interoperability between the 5S and DELOS Reference models.

Keywords: digital library, digital library system, digital library foundational models, 5S model, DELOS Reference Model,

interoperability, digital library interoperability

1. Introduction

Digital Library (DL) have been steadily progressing since
the early 1990s and they now determine how citizens and or-
ganizations study, learn, access and interact with their cultural
heritage [1-8]. Despite their name, DL are not only the dig-
ital counter-part of traditional libraries but they are also con-
cerned with other kinds of cultural heritage institutions, such
as archives and museums, that is institutions typically referred
to as Libraries, Archives and Museums (LAM). In the con-
text of LAM, unifying a variety of organizational settings and
providing more integrated access to their contents are aspects
of utmost importance. Although the type of materials may dif-
fer and professional practices vary, LAM share an overlapping
set of functions and fulfilling them in “collaboration rather than
isolation creates a win-win for users and institutions” [9].

These compelling integration and collaboration needs have
propelled the evolution of Digital Library System (DLS) [10] as
systems that permit us to design and implement the overlapping
set of functions of LAM.

In the 1990s, DLS were monolithic systems, each one built
for a specific kind of information resource —e.g. text, images, or
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videos — and with very specialised functionalities developed ad-
hoc for those contents and their reference users. This approach
caused a flourishing of systems where the very same function-
alities, e.g. user management or repositories, were developed
and re-developed from scratch many times, causing them to
be different and often incompatible one with each other. From
the mid 2000s, DLS evolved towards service-oriented architec-
tures, where components can be plugged into each other to pro-
vide the desired end-user functionalities, yet requiring careful
and ad-hoc configuration. This paradigm shift allowed DLS to
become more and more user-centered systems, where the orig-
inal content management functionality was partnered with new
communication and cooperation functionalities such as user an-
notation [11], with the ultimate goal of acting as “a common
vehicle by which everyone can access, discuss, evaluate and en-
hance information of all forms” [12]. As a consequence, DLS
started to embody the above vision for LAM since they were
no longer isolated systems but, on the contrary, they needed to
cooperate together in order to improve the user experience in
accessing information and to seamlessly integrate information
resources of different cultural heritage institutions.

This evolution has been favored by the development of two
foundational models of what DL are, namely the Streams, Struc-
tures, Spaces, Scenarios, Societies (5S) model [13] and the DE-
LOS Refterence Model [14], which made it clear what kind of
entities should be involved in a DL, what their functionalities
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should be and how DLS components should behave, and fos-
tered the design and development of operational DLS comply-
ing with them.

However, these two models are quite abstract and, still pro-
viding a unifying vision of what a DL is, they allow for very
different choices when it comes to develop actual DLS. This
has led to the growth of “ecosystems” where services and com-
ponents may be able, at best, to interoperate together within
the boundaries of DLS that have been inspired by just one of
the two models for DL. However, there are no running ex-
amples of two DLS, one implementing the 5S model and the
other the DELOS Reference Model, which are able to inter-
operate. Therefore, interoperability still represents one of the
biggest challenges in the DL field [10, 15].

In this work, we address a still open issue in the DL realm:
to make DL foundational models interoperable in order to de-
rive all the other kinds of interoperability, in particular, interop-
erability between operational DLS. The main contributions of
the paper are:

e adetailed analysis of the 5S and DELOS Reference mod-
els pointing out common aspects and main differences;

e the definition of a common ontology which encompasses
and links the concepts of the DELOS Reference Model
and the 5S models, covering all the domains of such mod-
els: the user, content, functionality, quality, policy and
architectural component;

e a concrete use case about digital annotation of illumi-
nated manuscripts to show how to apply the proposed
ontologies and illustrate the achieved interoperability be-
tween the 5S and DELOS Reference models.

The paper is organized as follows: Section 2 illustrates the
rationale of the paper; Section 3 reports on some pertinent re-
lated works; Section 4 introduces the relevant aspects of the 5S
Model and of the DELOS Reference Model; Section 5 presents
the semantic mapping between the 5SS Model and the DELOS
Reference Model associating the high level concepts of one
model to those of the other; Section 6 to 11 respectively show
the correspondences between the notions and domains of user,
content, functionality, quality, policy and architectural compo-
nent in the two models; Section 12 presents a relevant case of
application of the proposed approach where users who interact
with two DLS, that manage illuminated manuscripts, are inter-
ested in annotating their contents to perform activities of their
interest. Section 13 sums up the results presented in the paper.

2. Rationale

The current mainstream approach to bridge the interoper-
ability gap between DLS and to provide comprehensive solu-
tions able to embrace the full spectrum of LAM is to exploit
semantic Web technologies and linked (open) data [16, 17].
This allows for describing entities and information resources in
a common way which enables their exchange, as for example
happens in the case of library linked data [18].

This approach is both “external” and “bottom-up”. It is
“external” since it assumes that everything in a DL should be
exposed on the Web rather than seeking direct interoperability
among systems which may not necessarily be only Web-based.
Itis “bottom-up” because ontologies have been used only to de-
scribe the resources managed by a DLS and they are not used
to represent the concepts themselves which constitute the DL
model on which the DLS is based. Therefore, they allow for se-
mantic interoperability and integration only at the data level, i.e.
the lowest level possible in the architecture of a DLS. Indeed, at
present different operational DLS, even if they are based on the
same DL model, may not fully interoperate because the map-
ping between the abstract foundational model, either the DE-
LOS or the 5S one, and the actual one implemented by the DLS
is not explicitly provided. As a consequence, each operational
DLS may not actually “know” the way in which another opera-
tional DLS calls and refers to the same operations.

Consider Figure 1(a) which depicts the current approach. If
we need two operations in two different DLS to interoperate,
we need to create some kind of link between them at the busi-
ness logic level. This link is typically manual and hard-coded,
e.g. by direct invocation of the respective functionalities, since
each DLS has no knowledge or understanding of each others
internals. Each operation in each DLS makes use and processes
some kind of data at the data logic level. Usually, these data
need to be mapped to some common format, through some ex-
ternal ontology, to be exchanged between the two systems, due
to lack of reciprocal knowledge. Because of that, we consider
this as a “bottom-up” approach since the data level, the one
where interoperability is achieved, is the lowest level in the ar-
chitecture of a DLS.

As a concrete example of what is depicted in Figure 1(a),
suppose that two different operational DLS, one built using
the 5S model and the other built using the DELOS Reference
Model, need to enrich a user profile by exploiting their own spe-
cific service. To this end, they both need to exchange user data
and to access their specific enrichment functionalities. Since a
common view of user is lacking among the two DLS, we could
use the class Agent in Friend of a Friend (FOAF)' to repre-
sent the notion of user of a DL in order to allow the two sys-
tems to exchange the profiles. Nevertheless, the Agent class
is neither related to the concept of Society nor to the concept
of Actor which represent users in the 5S model and in the DE-
LOS Reference Model, respectively. Therefore, to exchange
the user profiles, the two different operational DLS would need
a set of (hard-coded) rules instructing them how to translate the
Society i and the Actor W into the Agent class. Moreover,
the Agent class is neither related to the notion of Scenario in
the 5S model nor to the notion of Function in the DELOS Ref-
erence Model, whose specializations define the services for pro-
file enrichment. Moreover, there is no ontology which tells the
operational DLS based on the 5S model that its own Scenario
¢ for profile enrichment corresponds to a specific Function D
for profile enrichment in the DELOS Reference Model. There-
fore, to enrich user profiles with reciprocal information, the two
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different DLS would need to somehow manually (hard) code
direct invocations to their respective services, also instructing
them to map their internal representation of user profiles into
FOAF before exchanging it. Overall, this solution would some-
how allow for transferring the data among systems and invoking
the respective services, but it would lose the notion of what is
happening and hamper a deeper kind of interoperability among
operational DLS.

What is needed is a deeper and more abstract interoperabil-
ity based on a commonly shared semantic view of what a DL
is rather than a lower level one where data is just wrapped in a
commonly understandable format.

As shown in Figure 1(b), the quite ambitious goal of this pa-
per is to propose a solution to this open problem. The proposed
solution is based on the representation of each foundational DL
model through ontologies, leveraging semantic Web and linked
data technologies in order to ease their linking to other already
existing ontologies and to achieve maximum interoperability.
According to our proposed approach, the “DL Foundational
Models Ontology”, represented in the lower part of Figure 1(b),
expresses each core concept in the DL domain as well as their
relationships. So, for example, we can express the fact that a
given Functionality, in our case Enrich Profile Operates on
some Data, in our case User. This happens at the “DL Founda-
tional Models Ontology” level where functions, data and rela-
tionships are thought of as classes. We can link these classes to
the corresponding instances in the different DLS and know that
Scenario ¢ in DLS1 and Function D in DLS2 are instances
of the same functionality Enrich Profile and that Society
¥ in DLS1 and Actor Win DLS2 are instances of the same kind
of data User. As a consequence, the two DLS would “know”,
by passing through the “DL Foundational Models Ontology”,
which are the corresponding operations they want to use, and
they would also “know” the meaning of the data associated to
those operations and, if necessary, they could decide to map
them through an external data mapping ontology.

Therefore, the proposed approach will pave the way for a
deeper interoperability among operational DLS and lower the
barriers between LAM. It is also opening up more advanced
possibilities for the automatic processing of resources, since,
for example, DLS could automatically exploit the link between
the models they are built upon in order to exchange resources,
interoperate and integrate functionalities.

Note that Figure 1 is intentionally abstract and not bound to
any specific technology or architectural paradigm. Indeed, even
if there are many ways to instantiate an operational DLS, e.g.
by using Web services, the issues just discussed do not primar-
ily derive from any of them but rather from the lack of a shared
view, processable in an automatic way, of the DL foundational
concepts. Once this view is built, as we propose in this paper,
several technologies are suitable to instantiate and implement
1t.

3. Related Work

As anticipated in the previous sections, most of the work
that has been conducted to address the problem of interoperabil-

ity in DL is related to the representation and exchange of data
managed by a DLS, typically via Linked Open Data (LOD) [17],
i.e. it is mostly concerned with the data logic, as represented in
Figure 1. This explains the need to develop many ontologies
and metadata schemes for this purpose, and the number of on-
tologies and metadata schemes is continuously growing along
with the number of specific cases.

When it comes to ontologies, we have, for example, ac-
tor ontologies — e.g. FOAF? or BIO?; place ontologies — e.g.
GeoNames*; time ontologies — e.g. the time period encoding
scheme’ in the Dublin Core Metadata Terms; event ontologies
—e.g. the Event Ontology® or Linking Open Descriptions of
Events (LODE); and many many others.

When it comes to metadata schemes, we have different op-
tions for different cultural heritage institutions: for example,
Metadata Object Description Schema (MODS)3, Dublin Core
[19], and Metadata Authority Description Standard (MADS)°
for libraries; Encoded Archival Description (EAD) [20] and
Encoded Archival Context for Corporate Bodies, Persons, and
Families (EAC-CPF)'? for archives; Lightweight Information
Describing Objects (LIDO) [21] for museums.

There are also ontologies and metadata schemes designed
for favoring the exchange of information, such as Open Archives
Initiative Object Reuse and Exchange (OAI-ORE) [22], CIDOC
Conceptual Reference Model (CIDOC CRM) [23], or Meta-
data Encoding and Transmission Standard (METS)'!. As a
further example, we can consider the Europeana Data Model
(EDM) [24-26], which aims at structuring the data managed
by Europeana'?, a major effort of the European Union to create
a DL containing the cultural heritage of Europe. A common
model like EDM can instead be seen as an anchor to which
various finer-grained models can be connected, making them at
least partly interoperable at the semantic level, while the data
retain their original expressivity and richness.

All the above described solutions are certainly key blocks
for enabling interoperability but are all, in one way or another,
confined to what in Figure 1 is labelled “Data Mapping Ontol-

th)

ogy”.

When it comes to the business logic layer, there are both
ad-hoc solutions, such as Open Archives Initiative Protocol for
Metadata Harvesting (OAI-PMH) [27] which is specifically fo-
cused on exchanging metadata among DLS, and general solu-
tions, such as Web Services [28, 29] even enriched with se-
mantic annotations [30]. While OAI-PMH is basically just a
transport mechanism, Web Services can clearly play a role in
allowing for functional interoperability among DLS. However,

2ttp://www.foaf-project.org/
3http://vocab.org/bio/0.1/.html
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Uhttp://www.loc.gov/standards/mets/
2http://ww.europeana.eu/



they can be considered “external”, in the sense discussed in the
previous section since they would assume a DLS is exposed on
the Web, which may not always be the case. However, even in
the case we want to exploit Web Services enriched with seman-
tic annotations, an ontology for annotating the Web Services is
needed and this common ontology is lacking today in the DL
domain and it would be a part of what we called “DL Founda-
tional Models Ontology” in the previous section.

Therefore, to the best of our knowledge, there is no previous
work in the field which attempted to achieve interoperability
among DLS at a high level of abstraction through a semantic
description and mapping of their foundational models. We can
only mention our very preliminary work [31], where we started
to explore this idea in the context of quality in DL.

4. Foundational Models for Digital Libraries

The 5S [8, 13, 32] is a formal model which draws upon the
broad digital library literature to produce a comprehensive base
of support. It was developed largely bottom up, starting with
key definitions and elucidation of digital library concepts from
a minimalist approach.

The DELOS Reference Model [14] is a high-level concep-
tual framework that aims at capturing significant entities and
their relationships within the digital library universe with the
goal of developing a more robust model of it.

The DELOS Reference Model and the 5S model address
a similar problem with different approaches. The 5S is a for-
mal model providing mathematical definitions of the digital li-
brary entities that can be used to prove properties, theorems and
propositions. The DELOS Reference Model does not provide
formal definitions, but it does provide a way to model and man-
age the resources of the digital library realm by using concept
maps [33, 34] because of their simplicity and immediacy.

4.1. 58 Model

The 5S is a formal model for digital libraries based on the
following abstractions:

e Streams are sequences of elements of an arbitrary type
(e.g. bits, characters, images) and thus they can model
both static and dynamic content. Static streams corre-
spond to information content represented as basic ele-
ments, e.g. a simple text is a sequence of characters,
while a complex object like a book may be a stream of
simple text and images. Dynamic streams are used to
model any information flow and thus are important for
representing any communication that takes place in the
digital library. Finally, streams are typed and the type is
used to define their semantics and application area.

e Structures are the way through which parts of a whole are
organised. In particular, they can be used to represent hy-
pertexts and structured information objects, taxonomies,
system connections and user relationships.

e Spaces are sets of objects together with operations on
those objects conforming to certain constraints. Doc-
ument spaces are the key concepts in digital libraries.
However, spaces are used in various contexts, e.g. in-
dexing and visualising. Different types of spaces are pro-
posed, e.g. measurable, measure, probability, vector and
topological spaces.

e Scenarios are sequences of events that may have param-
eters, and events that represent state transitions. Thus
a scenario tells what happens to the streams in spaces
and through the structures. When considered together,
the scenarios describe the services, the activities and the
tasks representing digital library functions. Work-flows
and data-flows are examples of scenarios.

e Societies are sets of entities and relationships. The en-
tities may be humans or software and hardware com-
ponents, which either use or support digital library ser-
vices. Thus, society represents the highest-level concept
of a digital library, which exists to serve the information
needs of its societies and to describe the context of its
use.

We can relate the 5S model to some of the aims of a digital
library: societies define how a digital library helps in satisfying
the information needs of its users; scenarios provide support for
the definition and design of different kinds of services; struc-
tures support the organisation of the information in usable and
meaningful ways; spaces deal with the presentation and access
to information in usable and effective ways; streams concern
the communication and consumption of information by users.

Building upon the five main concepts, the model provides a
definition for a minimal digital library, as depicted in Figure 2,
and it is constituted by: (i) a repository of digital objects; (ii)
a set of metadata catalogues containing metadata specifications
for those digital objects; (iii) a set of services containing at least
services for indexing, searching, and browsing; and, (iv) a so-
ciety.

Starting from the definition of a minimal digital library, [35]
developed a set of tools aimed at automatically instantiating and
deploying a DLS from a catalog of components corresponding
to the notions introduced in the model. Unfortunately, this vi-
sion has not been fully embodied yet, especially in wide set-
tings, but the last decade of efforts geared towards interoper-
ability and the pervasiveness today of semantic Web technolo-
gies may offer the opportunity of performing the next step in
this direction.

As far as quality is concerned, a separate quality model has
been developed [36]. For each major digital library concept in
the 5S model, a number of Quality Dimensions are formally de-
fined and a set of Numerical Indicators for those quality dimen-
sions are proposed. In particular, they consider key concepts of
a minimal digital library: Digital Object, Metadata Specifica-
tion, Collection, Metadata Catalogue, Repository and Services.
For some key concepts, pairs of form (quality dimension, nu-
merical indicator) are illustrated through their application to a
number of “real-world” digital libraries. To help operationalize
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this approach, a digital library quality assessment toolkit has
been developed and deployed [37]. It can be used by digital
library managers to assess the quality of their digital library,
based on the toolkits processing of system logs and its access
to digital library content.

4.2. DELOS Reference Model

The DELOS Reference Model approaches the problem of
modeling the digital library universe by highlighting six do-
mains or main concepts, as shown in Figure 3(a), which lie at
the core of what digital libraries are and what their purposes
are:

e Content: the data and information that digital libraries
handle and make available to their users.

e User: the actors (whether human or not) entitled to inter-
act with digital libraries.

e Functionality: the services that digital libraries offer to
their users.

e Quality: the parameters that can be used to character-
ize and evaluate the content and behaviour of digital li-
braries.

e Policy: a set of rules that govern the interaction between
users and digital libraries.

e Architecture: a mapping of the functionalities and con-
tent offered by a digital library into hardware and soft-
ware components.

These six domains represent the high level containers that
help to structure the DELOS Reference Model. For each of
these concepts, the fundamental entities and their relationships

are clearly defined and discussed. Note that these six domains
are not separate, but, on the contrary, are strongly inter-related;
the entities within a domain are often related to or influenced
by the entities in other domains.

Besides, the DELOS Reference Model distinguishes between
three different “systems” which constitute the digital library
universe, as shown in Figure 3(b), and rely on the six domains
introduced above for their definition:

e Digital Library (DL): an organisation, which might be
virtual, that comprehensively collects, manages and pre-
serves for the long term rich digital contents, and offers
to its user communities with specialised functionalities
on that content, of measurable guality and according to
codified policies.

e Digital Library System (DLS): a software system based
on a defined (possibly distributed) architecture that pro-
vides all functionalities required by a particular Digital
Library. Users interact with a Digital Library through
the corresponding Digital Library System.

e Digital Library Management System (DLMS): a generic
software system that provides the appropriate software
infrastructure both (i) to produce and administer a Dig-
ital Library System incorporating the suite of function-
alities considered fundamental for Digital Libraries and
(ii) to integrate additional software offering more refined,
specialised or advanced functionalities.

The three “systems” are at different levels of abstractions
and constitute a kind of hierarchy: at the more general level
there is the notion of DL, which is what is actually perceived
by the end-users and what they interact with; in-between, there
is the DLS, which mainly concerns system designers and ad-
ministrators who have to instantiate and manage it; at the lower
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level, there is the DLMS, which typically interests system de-
velopers who implement the actual components that are used
by the upper layers.

These three systems constitute a hierarchy in the sense that
entities and definitions introduced at a more general level are
inherited by the levels underneath and can be further specialised
by them; in addition, a lower level can introduce new definitions
and entities that are specific only to that level. In this way, each
one of the three systems contributes in an incremental way to
the modeling of each one of the six domains introduced above.

5. Semantic Mapping between the 5S Model and the DE-
LOS Reference Model

In Figure 4 we present the Resource Description Frame-
work (RDF) graph of the unifying data model relating the DE-
LOS Reference Model to the 5S model by means of a mapping
between their most relevant high-level concepts. The presented
RDF graph is composed by classes represented as circles and
properties represented as directed edges between the classes.
In this section we report the main concepts composing the two
models and their mapping one into the other, whereas in the fol-
lowing sections we analyze in detail each single domain of the
models reporting their connections with external classes in the
LOD cloud. In Table 1 we report the namespaces and prefixes
of the vocabularies adopted for defining the RDF classes and
properties.

The main constituents of the DELOS Reference Model are:
the digital universe divided into DL, DLS and DLMS, the con-

cept of Resource and six high-level main domains: User, Func-
tionality, Content, Quality, Policy and Architecture.

A DL, represented by the Digital Library class in Fig-
ure 4, is supported by a Digital Library System which is
extended and deployed by a Digital Library Management
System. These three classes manage Resources, where a Re-
source is any identifiable entity in the DL universe and resem-
bles the concept of resource used in the Web [38]. A Resource
represents the class of everything that exists in the DL universe
and it is related to the rdfs:Resource class. In addition to
this general concept, the Resource in the DELOS Reference
Model has some additional features: it can be arranged or set
out according to a resource format which, for example, allows
a Resource to be composed of or linked to other Resources.

All the DELOS domains are represented by key classes which
are subclasses of Resource.

In the user domain these key classes are Actor and Group,
where a Group may be a collection of actors and at the same
time it is a subclass of Actor given that a group can be con-
sidered as a single actor itself. The user domain directly inter-
acts with the functionality and the quality domains; indeed, an
Actor may perform some Functions in the DL and may be
assessed by some Quality Parameter.

The Function class always acts on a resource and the Qual-
ity Parameter is associated to a resource as happens in the
case of Actor, which is related to Quality Parameters by
the expressAssessment property.

The main class of the content domain is Information Ob-
ject, which represents any information managed by the DL
and includes documents such as texts, images, videos, audio
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Table 1: Prefixes and Namespaces of the vocabularies adopted to define the DELOS Reference Model and the 5S model. The vocabulary can be used to connect the

model classes to external classes of the LOD cloud.

Prefix Namespace Name

cidoc http://purl.org/NET/cidoc-crm CIDOC-CRM Ontology

cos http://cos.ontoware.org/cso# Core Software Ontology

dbo http://www.dbpedia.org/ DBpedia

dcat http://www.w3.org/TR/vocab-dcat/ Data Catalog Vocabulary

dctypes | http://purl.org/dc/dcmitype/ Dublin Core Type Vocabulary

fabio http://purl.org/spar/fabio/ FRBR-aligned Bibliographic Ontology

foaf http://xmlns.com/foaf/0.1/ Friend of a friend

ims http://ims.dei.unipd.it/data/rdf/ Information Management System (IMS) vocabulary
terms

istmo http://ontology.it/itsmo/v1/itsmo.html IT Service Management Ontology

mvco http://dmag.ac.upc.edu/ontologies/mvco/ Media Value Chain Ontology

nfo http://www.semanticdesktop.org/ontologies/2007/03/22/nfo/ | NEPOMUK File Ontology

oa http://www.w3.org/ns/oa Open Annotation Data Model

org http://www.w3.org/ns/org Core organization ontology

owl http://wuw.w3.0rg/2002/07/owl# OWL vocabulary terms

rdf http://wuw.w3.0rg/1999/02/22-rdf-syntax-ns# RDF vocabulary terms

rdfs http://www.w3.0rg/2000/01/rdf-schema# RDF Schema

schema https://schema.org/ Schema.org promotes schemas for structured data on
the Internet, on web pages, in email messages, and
beyond.

skos http://wuw.w3.0rg/2009/08/skos-reference/skos.html SKOS Simple Knowledge Organization System

snarm http://rdf .myexperiment.org/ontologies/snarm/ Simple Network Access Rights Management Ontol-
ogy

sSWco http://data.semanticweb.org/ns/swc/swc_2009-05-09.html# Semantic Web Conference Ontology

files, metadata and annotations.

The main class of the policy domain is Policy, which rep-
resents the single entity governing a resource with respect to a
certain management point and it is connected to Resource by
the regulatedBy property.

Lastly, the main class of the architecture domain is Ar-
chitectural Component, which defines the organization or
structure of the components of a given system or service; an ar-
chitectural component may be composed0f other components
or may use other components.

The RDF model of the 5S model is represented in the lower
part of Figure 4 where we can see five main classes representing
the five S of the model: Society, Scenario, Stream, Struc-
ture and Space. A Scenario is engaged by a Society and
employs or produces a Stream which is shaped by a Struc-
ture. The Service class is central to this model because it
connects all of its fundamentals given that it employs a Space,
a Structure and a Stream; furthermore, a Service is com-
posed by one or more Scenarios which are related to a Soci-
ety. A Scenario may employ a Space. TheDigital Object
class is defined by a set of streams and structures and employs
some spaces.

The 5S RDF graph represents the user domain similarly to
the DELOS Reference Model; indeed, the class Actor repre-
sents an agent (e.g. a human or a computer) which belongs to a
Community belonging to a Society.

The mapping with DELOS is quite straightforward since
Actor is mapped in the homonym class and the Community
class is mapped into the Group class of DELOS. The central
class of the quality domain in the 5S model is Quality Di-
mension which allows us to evaluate every major concept in a

DL [36]; this class is mapped into the Quality Parameter of
the DELOS Reference Model. The Service class is mapped
into the Function class of the DELOS Reference Model and
the Digital Object class is mapped into the Information
Object class by the schema:isSimilarTo property.

As we can see, the 5S model has no explicit representation
of the architecture and policy domain of the DELOS Reference
Model.

6. The User Domain

Users represent all the entities external to a DL which inter-
act with it and are of foremost importance for a DL.

The DELOS Reference Model has a dedicated domain for
users which comprehends both “humans and inanimate enti-
ties, such as software programs or physical instruments” [14];
in the 5S model, users are modeled within the “Societies” ab-
straction which includes “humans as well as hardware and soft-
ware components, which either use or support digital library
services” [13].

The RDF mapping of the user domain in the DELOS Ref-
erence Model is shown in Figure 5 and it is composed by three
main classes: Actor, Group and Role. An Actor is someone
or something which interacts with the DL universe, and can be
either a human being or a computing device. An Actor is a Re—
source and inherits all its key characteristics, even if they are
specialized to better fit to the notion of Actor. For example,
the policies represent the functions that Actors perform or the
information objects they have access to.

An Actor may be part of a Group which represents a popu-
lation that has a larger cohesiveness than a single actor; a Group
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Figure 5: Semantic mapping of the user domain concepts in the 5S and the DELOS Reference models together with their relationships.

can be considered as an Actor with its own profile and identi-
fier and it is a subclass of Actor. A subclass of Group is Com—
munity which refers to a social group of humans. As we can
see in Figure 5, Actor, Group and Community are connected
with some external classes of the LOD cloud by using the prop-
erties owl:sameAs or schema:isSimilarTo. For instance,
Actor in DELOS is interpreted as the same (owl : sameAs) con-
cept as foaf : Agent which is defined as “the class of agents;
things that do stuff. A well known sub-class is Person, repre-
senting people.

Other kinds of agents include Organization and Group
such as a person, a group, a software tool or a physical arti-
fact. The Group class is related via an owl:sameAs property
to the foaf :Group class since a group in the FOAF ontology
is defined as a “concept [which] is intentionally quite broad,
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Bhttp://xmlns.com/foaf/spec/#term_Agent
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covering informal and ad-hoc groups, long-lived communities,
organizational groups within a workplace, etc.”'4.

The schema:isSimilarTo property can be used to relate a
Community to the class org:Organization which “represents
a collection of people organized together into a community or
other social, commercial or political structure”!>.

An Actor may play different Roles at different times. The
Role class is related to the org:Role and swco:Role external
classes. It is possible to define a taxonomy of roles by exploit-
ing two properties of the skos vocabulary: skos:broader and
skos:narrower. Given two resources, say A and B, then A
skos:broader B asserts that B is a broader concept than A;
whereas, A skos:narrower B asserts that B is a narrower con-
cept than A.

“http://xmlns.com/foaf/spec/#term_Group
Bhttp://www.w3.org/ns/org



In Figure 5 we can see that Role can be specialized by four
classes representing typical user roles in a DL, which are: End-
User which defines the users exploiting DL facilities for pro-
viding, accessing, retrieving and consuming content and which
is connected with the external class mvco:EndUser; DL De-
signer which exploits DLMS functions to manage, maintain
and customize a DL; DL System Administrator which em-
ploys a DLMS to build a DLS which realizes a DL and relates
to the external class akt:System-Administrator; and, DL
Application Developer which defines and creates DLMS
constituents by exploiting DLS and DLMS facilities. Each role
can be specialized in turn by exploiting the skos properties;
for instance, the end-user may be specialized into “content cre-
ator”, “content consumer”, “librarian”, “archivist” and so on.

In the 5S model the main class representing the user do-
main is Society which is composed by a set of communities
(i.e. the Community class) referring to a set of individuals or
Actors. Actors of the same type belong to a community and
there exists a relation between them that captures “generic soci-
etal relationships” [13] between communities of actors. Actor
is related to the foaf :Agent and Group to the foaf :Group
external class. A community in the 5S model is as general as
a group in DELOS; for this reason there is a mapping between
the Community class in the 5S and the Group class in DELOS
(a Community in DELOS represents a group of only humans).

User roles in the 5S model are represented as a specializa-
tion of the Actor class; the main types of actor in the 5S model
are Distributed Computer, Human and Electronic Agent
which, in turn, can be further specialized.

As shown in Figure 5, within the user domain, the two main
bridges between DELOS and the 5S are constituted by the map-
ping between the corresponding Actor classes and between the
Group class in DELOS and Community in the 5S.

7. The Content Domain

The content domain represents all the entities that a DL has
to manage to satisfy users’ information needs. In Figure 6 we
can see the RDF graph representing the content domain of the
DELOS Reference Model and of the 5S model. In DELOS
the central class is Information Object which is a resource
and represents a unit of information within a DL that includes
text documents, images, videos, sound documents and datasets.
This class is related to the external class cidoc: Information
Object of the CIDOC-CRM ontology which “comprises iden-
tifiable immaterial items, such as a poems, jokes, data sets, im-
ages, texts, multimedia objects, procedural prescriptions, com-
puter program code, algorithm or mathematical formulae, that
have an objectively recognizable structure and are documented
as single units”'®. The information object is a complex one
and it can capture different concepts such as the notion of edi-
tion, view and manifestation which are part of the IFLA-FRBR
model [39]; these relationships are modeled by the recursive
properties hasView, hasManifestation and hasEdition.

1http://www.cidoc-crm.org/docs/
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We can see that it is specialized via the skos:broader
property in three main classes: (i) Primary Information Ob-
ject which is an information object that stands in its own like
a book or a dataset; (ii) Metadata which is an information ob-
ject which gives information about a given Resource in the
DL - e.g. a primary information object, an actor or a service;
(iii) Annotation which enriches a Resource or a region of it
with additional information — examples of annotations are links,
structured comments and notes. The annotation class is related
to the class annotation of the Open Annotation Data Model!’
which “provides an extensible, interoperable framework for ex-
pressing annotations such that they can easily be shared be-
tween platforms”. Metadata is related to the FABIO ontology,
the purpose of which is to record and publish on the Semantic
Web descriptions of entities'®, and its metadata class is defined
as “a separate work that provides information describing one or
more characteristics of a resource or entity”.

Information objects can be organized into a Collection
which is a subclass of Information Object and thus the for-
mer inherits all of the modeling aspects and facilities of the
latter, for instance a collection can be annotated. Collections
are characterized by the property hasIntension relating them
to the Query class; basically, a query represents a set of group-
ing criteria which defines the rules an information object has to
respect to be part of a certain collection. We can see that the
Query and the Ontology classes are related to Information
Object by means of the property expressedBy; this property
is intended for connecting a resource to an information object
materializing it.

On the right hand side of Figure 6, we can see the RDF
graph modeling of the 5S content domain; the main classes
are Stream and Structure which define a Digital Object.
Thus, aDigital Object is composed by some Streams which
can be Text, Audio, Image or Video — note that Video is
defined as a composition of image and audio streams — and a
Structure — for instance a tree structure for representing a
taxonomy or a graph for representing a hypertext. We can see
that the specializations of a stream are related to several exter-
nal classes in the dcTerms vocabulary, e.g. Audio is related to
dcTerms: Audio. A Space is composed by a set of objects
and operations on those objects and it can be associated to a
Digital Object.

Collections are sets of Digital Objects stored in a
Repository. The Collection class is related to the exter-
nal class fabio: Collection and the Repository class is
related to the dctypes: Repository external class. A reposi-
tory in the 5S model stores also Metadata Catalogs which
are a collection of Metadata Set grouping Metadata; the
5S defines two different classes for digital object and metadata,
whereas the DELOS Reference Model considers a metadata as
a specification of an information object.

The main bridges between DELOS and the 5S are repre-
sented by the schema:isSimilarTo properties between Dig-
ital Object inthe 5S and Information Object in DELOS,

http://wuw.openannotation.org/
Bhttp://vocab.ox.ac.uk/fabio/
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Figure 6: Semantic mapping of the content domain concepts in the 5S and the DELOS Reference models together with their relationships.

the Metadata classes and the Collection classes. These class-
es are also related to the same external entities in the LOD cloud
—e.g. cidoc:Information Object for Information Ob-
ject and Digital Object, fabio:Metadata for the Meta-
data classes and dcTypes:Collection for the Collection
classes.

8. The Functionality Domain

The functionality domain represents one of the richest do-
mains in the DL universe and it captures all the processing that
can occur on resources and activities in a DL. In Figure 7 we re-
port the RDF graph of the functionality domain for the DELOS
Reference Model and the 5S model.

The DELOS Reference Model shapes this domain around
the Function class defined as a particular act or operation that
can be performed on a Resource (a Function actOn a Re-
source) by an Actor (an Actor performs a Function). It
is worth noting that a Function is a Resource itself and thus,
it can be described by a metadata or annotated. A function in
DELOS is defined in relation to the act of an actor which may
be a human, a machine or a software agent; indeed, the func-
tion of “accessing a resource” (i.e. Access Resource) may
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be performed both by a user and a computer. A function may
interactWith another function in order to build compound or
complex functions.

Given the broad scope of the Function class, the DELOS
Reference Model does not enumerate all possible functions of a
DLS, but defines five main concepts representing a general class
of activities which may be specialized into several other func-
tions; in the RDF graph in Figure 7 they are represented by the
following classes: Access Resource capturing all those ac-
tivities related to requesting, locating and retrieving a resource;
Manage Resource capturing those activities related to creat-
ing, updating, transforming or deleting a resource; Manage DL
capturing all those day-to-day activities concerning a DL such
as managing users, content and functions or preserving, im-
porting and exporting collections; Manage and Configure
DLS comprehends the functions for setting-up, configuring and
monitoring the architectural components of a DLMS realizing
a DL, and Collaborate captures all the functions that allow
multiple Actors to work together.

In the 5S model the main class is Scenario defined as a
sequence of events — an Event isContained in a Scenario.
A scenario can be seen as a graph where nodes are states and
edges are events. A set of related scenarios defines a Service.
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The precede property defines a temporal sequence of events to
which an actor engages while interacting with a service.

The minimum set of services defined in the 5S are: Browse
which is connected by means of a skos:broader property to
the class Access Resource in DELOS, Index connected to
Manage DL in DELOS, and Search connected to Access Re-
source as well.

A Service can be extended by other Services by means
of the recursive property ims:extend and run or used by an
Actor which may interact with a Scenario.

The bridge between the DELOS and the 5S RDF graphs
is constituted by the schema:isSimilarTo property mapping
the Service class into the Function one. Furthermore, these
two classes are also connected via the external property itsmo:
Utility defined as a “functionality offered by a product or
service to meet a particular need. Utility can be summarized as
what the service does [...]”1°.

9. The Quality Domain

Quality is a fundamental aspect in DL [32, 36, 37, 40, 41],
which is often related to and affected by the interoperability and
integration among DL systems [15, 42, 43].

The quality domain in the DELOS Reference Model takes
into account the general definition of quality provided by the

Yhttp://ontology.it/itsmo/v1/itsmo.html#term Utility
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International Organization for Standardization (ISO) which de-
fines quality as “the degree to which a set of inherent character-
istics fulfills requirements” [44], where requirements are needs
or expectations that are stated, generally implied or obligatory,
while characteristics are distinguishing features of a product,
process, or system.

A Quality Parameter is a Resource that indicates, or
is linked to, performance or fulfillment of requirements by an-
other Resource. A Quality Parameter is evaluated by a Mea—
surement, it is measured by a Measure assigned according
to the Measurement, and expresses the assessment of an Ac-
tor. With respect to the definition provided by ISO, we can
note that: the “set of inherent characteristics” corresponds to
the pair (Resource, Quality Parameter); the “degree of ful-
fillment” fits in with the pair (Measurement, Measure); finally,
the “requirements” are taken into consideration by the assess-
ment expressed by an Actor.

Quality can be characterized by various Quality Parame-
ters, each capturing how the Resource performs with respect
to some attribute; it is regulated by policies governing every
aspect of its lifetime; it is expressed by an information object;
and, it can be described by or commented on by an information
object, especially by metadata and annotations.

The resources defined in the quality domain can be rep-
resented as subclasses of Resource. The main classes are:
Quality Parameter, Measure and Measurement and they
are depicted in Figure 8.
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The Measure class is similar to the basic:Measure class
in the OWL representation of ISO 19103%° which is defined as
a scaled number with a unity of measure. Also the Quality
Parameter class can be related to an external class by means
of the schema:isSimilarTo property; as we can see in Figure
8 it can be related to the observation:Parameter class in the
OWL representation of ISO 19156 (Observation model)?!.

We define Measurement as a subclass of the skos : Concept
which is defined as an idea or notion, a unit of thought. Usually,
skos:Concept is used to define the type of relationships in a
semantic environment or to create a taxonomy [45, 46].

Quality Parameters serve the purpose of expressing the
different facets of the quality domain. In this model, each Qual-
ity Parameter is itself a Resource and inherits all its charac-
teristics, as, for example, the property of having a unique identi-
fier. Quality Parameters provide information about how, and
how well, a Resource performs with respect to some viewpoint
and resemble the notion of quality dimension in [47]. They ex-
press the assessment of an Actor about the Resource under
examination. They can be evaluated according to different Mea-
surements, which provide alternative procedures for assessing
different aspects of a Quality Parameter and assigning it a

Onttp://def .seegrid.csiro.au/isotc211/is019103/2005/
basic#Measure

2lhttp://def .seegrid.csiro.au/isotc211/is019156/2011/
observation
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value, i.e. a Measure. Being a Resource, a Quality Param-
eter can be organized in arbitrarily complex and structured
forms because of the composition and linking facilities, e.g. a
Quality Parameter can be the compound of smaller Qual-
ity Parameters each capturing a specific aspect of the whole
or it can be itself characterized and affected by various Qual-
ity Parameters. For example, Availability is affected by
Robustness and Fault Management: in fact, when a func-
tion is both robust and able to recover from error conditions, it
is probable that its availability is also increased.

A Quality Parameter can be regulated or affected by
policies. For example, the Economic Convenience of access-
ing a DL may be affected by its charging policy, since the lat-
ter is responsible for the definition of the charging strategies
adopted by the DL. Finally, a Quality Parameter can be
enriched with metadata and annotations. In particular, the for-
mer can provide useful information about the provenance of a
Quality Parameter, while the latter can offer the possibility
to add comments about a Quality Parameter, interpreting
the obtained values, and proposing actions to improve it. In or-
der to clarify the relationship between Quality Parameter,
Measurement and Measure, we can take an example from the
information retrieval field. One of the main Quality Param-
eters of an information retrieval system is its effectiveness,
meant as its capability to answer user information needs with
relevant items. This Quality Parameter can be evaluated ac-



cording to many different Measurements, such as precision and
recall [48]: precision evaluates effectiveness in the sense of the
ability of the system to reject useless items, while recall eval-
uates effectiveness in the sense of the ability of the system to
retrieve useful items. The actual values for precision and recall
are Measures and are usually computed using standard tools,
such as trec_eval??, which are Actors, but in this case not
human.

The quality domain in the 5S model, proposed in [36], is
defined around the Quality Dimension class which evalu-
ates a bunch of key concepts defining a minimal DL.: Digi-
tal Object, Metadata, Metadata Catalog, Collection,
Repository, and Service.

The Quality Dimension class can be specified into a tax-
onomy of dimensions related to a specific object of evaluation;
for instance, the minimal set of dimensions evaluating Digital
Object comprehends: accessibility, pertinence, preservability,
relevance, similarity, significance and timeliness. Each quality
dimension is measuredBy a Numerical Indicator and ex-
pressed by an Actor.

The mapping between DELOS and the 58 is realized by the
schema:isSimilarTo properties between Quality Dimen-
sion and Quality Parameter and Numerical Indicator
and Measure.

10. The Policy Domain

The policy domain represents a set of conditions, rules or
regulations governing a DL and it is a domain “very broad and
dynamic by nature” [14]. The domain is modeled by DELOS
model, whereas it is not explicitly handled by the 5S. Thus,
for this domain it is not possible to provide a straightforward
mapping between the two models, but we can use the common
ontology we defined to enrich the 5S with some concepts of
DELOS and at the same time use the policy domain as a bridge
to further connect the two models.

In the DELOS reference model, a Policy can be classi-
fied into Characteristic Policy which details the charac-
teristics of a policy (e.g. prescriptive or descriptive policy) and
Scope Policy which regards a specific aspect of a DL such as
system, content, user and functionality.

As we can see in Figure 9 the class Policy represents a
concept which is actually realized by an Information 0b-
ject and directly connected to a Digital Object in the 5S
model and thus can be expressed by a policy in DELOS - i.e.,
by a Content Policy. In Figure 6 we can see that also Meta-
data and Collection in the 5S are directly connected to cor-
responding classes in DELOS and thus can be expressed by
policies.

In the 5S the idea of policy is present as connected to the
concept of Society given that it “exists [also] to describe the
context of [a DL] use” [13], for example, “policies may dictate
that only certain communities have the right to use specific por-
tions of a collection” [13]. Furthermore, in the 5S policies are

http://trec.nist.gov/trec_eval/
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considered also in relation to Services and Streams since poli-
cies “can be enforced by specific services — e.g. authentication,
authorization, and specific practices (scenarios) or protocols,
which can involve other communication services and serialized
streams” [13].

Thus, within this domain the principal link between DELOS
and the 5S passes through the User Policy which regulates an
Actor or a Group; an Actor in DELOS is directly connected
to the Actor class in the 5S as well as a Group is connected to
a Community as shown in Figure 5. In the same vein, a Func-
tionality Policy which regulates a Function in DELOS,
can regulate a Service in the 5S given that these two classes
are directly connected as shown in Figure 7.

The Policy class is connected with two external classes
from the LOD cloud: dcTerms:Policy and fabio:Policy.
These classes can act as a bridge towards other models or DL. A
DL built following the 5S model may employ some policy mod-
eled accordingly to some class in the LOD cloud and possible
connections with the classes connected to the DELOS Policy
class may be used a bridge between the 5S and DELOS.

11. The Architectural Component Domain

The architectural component domain regards concepts and
relationships characterizing a DLS and a DLMS in the DELOS
reference model. In general, this domain aims at modeling the
components of the software systems employed in a DL universe
and their interactions. In the DELOS reference model an archi-
tectural component is connected to a functionality meaning that
a specific function, e.g. searching, is realized by a specific ar-
chitectural component, i.e. search engine, in a given DLS. On
the other hand, this aspect is not explicitly modeled in the 5S
model even though it is present and as important as in DELOS;
in the 58S the architectural component domain is enclosed in the
function domain. This means that the Service class in the 5S
comprises both the a functionality and the architectural compo-
nents realizing it.

On the left-hand side of Figure 10 we can see the main
classes composing this domain in the DELOS reference model.
The main class is Architectural Component which yield
a Function. An architectural component is specialized by two
main classes Software Architectural Component and Sys-—
tem Architectural Component describing a software and a
system architecture respectively. A software architectural com-
ponent can be specialized into a Software Component, an
Interface and a Framework Specification. The DELOS
reference model dedicates particular attention to software com-
ponents which encapsulate the implementation of a portion of a
software system and their usages are regulatedBy a License
(i.e. a specification of Policy). Note that a software compo-
nent is realized by a Running Component which is a running
instance of the software component.

In Figure 7 we have seen that the Function class in DE-
LOS is directly connected to the Service class in the 5S. In
DELOS an architectural component yield a Function, thus
an architectural component may yield a Service in the 5S.
Furthermore, we have seen that a Policy of DELOS can be
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Figure 9: Semantic mapping of the policy domain concepts in the 5S and the DELOS Reference models together with their relationships.

expressed by a Digital Object in the 5S, thus a 5S Ser-
vice can be regulatedBy a DELOS policy. We see that being
able to connect 58 services to DELOS functions creates further
bridges between the two models.

By means of the proposed ontology a DELOS architectural
component could be used by a 5S service or a 5S service could
be specified by several DELOS components. On the other hand,
a 5S service may also be an architectural component itself given
that this class in the 5S has a wider meaning that the corre-
sponding one (i.e. Function) in the DELOS Reference Model.

As we can see in Figure 10, several classes of this domain
are connected to external entities in the LOD cloud and they
can serve as further bridges between the models.

12. Use Case

Let us consider the case of two different DLS managing
cultural heritage digital resources and providing annotation ser-
vices to their users.

The first system, called DLS1, is the DelosDLMS [49, 50],
which implements the DELOS Reference Model, offers anno-
tation functionalities through the Flexible Annotation Semantic
Tool (FAST) service and exploits them to improve search and
retrieval of annotated resources [51-53]. The second system,
DLS2, is an implementation of the 5S model.

According to the FAST annotation model [11], an annota-
tion is a compound multimedia object which is constituted by
different signs of annotation. Each sign materializes part of the
annotation itself; for example, we can have textual signs, which
contain the textual content of the annotation, image signs, if
the annotation is made up of images, and so on. In turn, each
sign is characterized by one or more meanings of annotation,
which specify the semantics of the sign; for example, we can
have a sign whose meaning corresponds to the title field in the
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Dublin Core (DC) metadata schema, in the case of a metadata
annotation, or we can have a sign carrying a question of the
authors about a document whose meaning may be “question”
or similar. Moreover, an annotation has a scope which defines
its visibility (public, shared, or private), and can be shared with
different groups of users. Public annotations can be read by ev-
eryone and modified only by their owner; shared annotations
can be modified by their owner and accessed by the specified
list of groups with the given access permissions, e.g. read only
or read/write; private annotations can be read and modified only
by their owner.

Figure 11 shows a real-world example based on annotations
of two illuminated manuscripts (i.e. herbals) and summarizes
the discussion so far [54]. The annotation, with identifier ai,
is authored by the user ul. It annotates an illustration from the
Carrarese Herbal, whose identifier is d1s1. org/manuscript/
135/page/12, managed by DLS1. The annotation relates to
another illustration from the Roccabonella Herbal, whose iden-
tifier is d1s2.org/ herbal/ roccabonella/fig4, managed
by DLS2; in addition, it relates to the DBpedia page of the Car-
raresi family, http://dbpedia.org/resource/Carraresi,
which endorsed the production of the Carrarese Herbal. In
particular, a1l annotates a region of the Carrarese Herbal rep-
resenting a cucumber by using a textual sign whose content is
“This illumination presents an extraordinary search for realism”
and whose meaning is comment in the RDFS namespace [55].
al relates the Carrarese Herbal managed by DLS1 to the Roc-
cabonella Herbal managed by DLS2. In particular it points to a
region of an illustration representing a cucumber as well, with
a textual sign whose content is “The Roccabonella Herbal il-
lumination is clearly copied from the Carrarese Herbal one, as
it shows the same disposition of the elements of the plant in
the page, the same search for realism and the same attention
to the light effects on the surface of the leaves, the fruits and
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Figure 10: Semantic mapping of the architectural component domain concepts in the 5S and the DELOS Reference models together with their relationships.

the flowers” and whose meaning is isVersion0f in the DCMI
Metadata Terms namespace?>.

Therefore, this annotation may represent the outcomes of
the actual work of a historian of art, who conducted his/her
own research on these two herbals, to determine that one was
inspired or copied from the other one.

Moreover, al relates the Carrarese Herbal to the DBPpedia
page of the Carraresi family, which endorsed the herbal, with an
image sign with a picture of a building of the Carraresi family,
whose meaning is seeAlso in the RDFS namespace.

Now, let us suppose that to another historian of art, say user
u2, who is working on the image of the Roccabonella Herbal
managed by DLS2, the URI of annotation a1l is recommended
as relevant to her/his work. The need of u2 is to read a1, thus by
resolving the URI of a1, DLS2 understands that a1 is managed
by DLS1 which in turn recognizes it to be an Annotation. At
this point, the common ontology mapping the 5S model into
the DELOS Reference Model (whose relevant portion to this
example is shown in Figure 12) comes into play, because it al-
lows DLS2 to understand that an Annotation in DELOS is an
Information Object corresponding to a Digital Object

Zhttp://dublincore.org/documents/dcmi-terms/

in the 5S. Furthermore, the common ontology allows DLS2 to
see that Read Annotation is a particular specialization of Ac-
cess Resource which is the Function of DLS1 which acts
on annotations; the Browse service of DLS2 is a specialization
of Access Resource and a Function in DLSI1 is similar to
a Service in DLS2. Once DLS2 has all this information, it
knows which kind of object a1 is and it knows how to interact
with it, thus allowing u2 to read the annotation.

Since Annotation relates to oa:Annotation in the Open
Annotation Model, other systems based on this model, such as
Web browsers, can interoperate with DLS1 and DLS2 because,
exploiting the “DL Foundational Models Ontology”, they can
represent their notion of annotation as an oa:Annotation for
these external systems.

The access of Actor u2 to annotation al in DLSI is regu-
lated by an Access Policy expressed by Information Ob-
ject p1l which is related to Digital Object plin DLS2 by
means of the similar to property. As we have seen in Section
10, it is possible to establish a bridge between the DELOS Ref-
erence Model and the 5S Model also in the policy domain, even
though this is not explicitly modeled by the 5S model. Indeed,
the 5S model implicitly comprises the concept of policy, which
is materialized by a digital object in DLS2 and can be directly
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Figure 11: Example of annotation spanning different DLS and the Web.

connected to the similar information object in DLS1. The con-
nection between the two DLS can be enabled also by exploiting
external classes in the LOD cloud; in fact, the Digital 0b-
ject pl in DLS2 can be connected to an external class such
as dcTerms :Policy by means of a schema:similarTo prop-
erty. Given that also the Information Object pl in DLSI
can be connected to the same external class, this bridge enables
a further interoperability possibility between the two DLS.

Finally, in Section 11 we have seen that a Service in the 5S
Model can represent a Function or an Architectural Com-
ponent in the DELOS Reference Model. In Figure 12, we see
that an Architectural Component in DLS1 can yield a Ser-
vice in DLS2 as well as that a specific Service in DLS2 is
similar to a Function in DLSI.

13. Conclusions

In this paper we address, for the first time, the need for in-
teroperability among DLS at a high level of abstraction and we
show how this is achieved by a semantically-enabled represen-
tation of foundational DL models. The ultimate goal is to pro-
mote and facilitate a better convergence and integration in the
context of Libraries, Archives and Museums (LAM) by lower-
ing the barriers between them.

‘We show: (i) how the two state-of-the-art foundational mod-
els, namely the DELOS Reference Model and the 5S model,
can be represented by using Semantic Web technologies; (ii)
how they can be mapped one into another; and, (iii) how their
concepts can be linked to the others in the LOD cloud in order
to attain maximum interoperability.
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We propose a common ontology which encompasses all the
concepts considered by the two foundational models and cre-
ates explicit connections between their constituent domains. In
particular, the user, functionality and content domains allow
us to enable a high-level interoperability between the actors
and the information/digital objects of DL as well as their func-
tions/services. The quality domain, which is fundamental and
often related to and affected by the interoperability and inte-
gration among DL systems, is extensively treated and several
connections between the models are pointed out. Finally, the
Policy and Architecture domains regulate the actual implemen-
tation of a DLS.

The DELOS Reference Model and the 5S Model are defined
starting from two different viewpoints. Indeed, in the DELOS
Reference Model the approach is top-down since it defines the
entities and relationships involved in a DL trying to be as ex-
tensive as possible; whereas the 5S model is largely bottom-up
starting with key definitions and elucidation of digital library
concepts from a minimalist approach. For this reason, some of
the concepts modeled by the DELOS Reference Model are not
explicitly modeled by the 5S model; for instance, this is the case
of the policy domain and the architectural component domain
which are modeled by the DELOS Reference Model but not by
the 5S one. The common ontology we define is particularly
effective also in this case since it enriches the 5S model with
the concepts defined by the DELOS Reference Model, creating
further bridges between them and their implementations.

In particular, we highlight the important role of service in
the 5S Model which is a broad concept comprising both the con-
cepts of function and architectural component in the DELOS
Reference Model. The presented ontology explicitly points out



oa:
Annotatiol

/

schema:isSimilarTo

schema:isSimilarTo schema:isSimilarTo

Digital
Object
al

DLS1
(DELOS Reference Model)

skos:broader —(NfOMMANION @— ¢ cma:simiarTo

DLS2
(58 Model)

ims:regulatedBy

schemazisSimilarTo
ims:actOn

ims:define

ims:yield —1 ims:regulatedBy

skos:broader skos:broader schema:similarTo
/ ims:define

ims:regulatedBy

skos:broader

Software Access

Resource,

Access

ims:perform
o Permission

ims:employ —

Architecture

schema:similarTo

!

ims:use ims:employ ims:shape

ims:expressedBy skos:broader skos:broader
ims:define

@ @ ims:define —>{  Object

ims:regulatedBy

ims:yield —|

(Component

ims:yield

schema:similarTo schema:similarTo
schema:

schema:
schemaisSimilarTo Sehema: Bl

/ \

dcTerms:
Policy

LOD
fabio: Cloud

Policy

foaf:
Agent

‘

schema:isSimilarTo

schemaisSimilarTo

Figure 12: Interoperability between two different DLS modeled according to DELOS Reference Model and the 5S model.

the connection between these concepts enabling connections cate, execute programs, or transfer data among various func-
between the two models which were not easy to recognize and tional units in a manner that requires minimal knowledge of the
establish otherwise. Furthermore, we investigated how policies unique characteristics of those units” [56]. As you can note, the
are modeled and used by the two models; we pointed out thatin ~ ISO definition contains all the main features needed to char-
the 5S model, the idea of policy is encompassed by the concept acterize interoperability from a general point of view but, as a
of Society even though it is not explicitly treated. Starting from consequence, it lacks the contextualization necessary to apply

this consideration, the common ontology enables the possibil- it to a specific domain, as the DL one can be. This paper moves
ity of using policies defined in the DELOS Reference Model to a substantial step forward in making interoperability among DL
regulate services in the 5S. closer to the ISO definition, since it provides the high level

Finally, we presented a concrete use case based on two DLS concepts needed to communicate, execute programs Or trans-
modeled according to the DELOS Reference Model and the 5S fer data, by representing the knowledge required in a minimal
Model which manage and provide access to digital annotations. and consistent manner.
Even though this use case focuses on a quite specific aspect However, much work is still ahead of us, since the proposed
covered by two DLS, it allows us to see how many classes are ontology needs to be operationalized into actual DLS and, prob-
involved in the process and how many possible interoperability ably, it will need to be extended both to accomplish specific de-
issues may arise in practice. In this case the ontology proves tails that arise when you make actual systems interoperate and
itself to be powerful and wide enough to enable an actual inter- to address peculiar needs of specialised domains, which may
operability between the two considered DLS; indeed, it allows depart from the common general view.
a user of DLS2 to read (i.e. use a function) an annotation of
DLS1 according to its internal policies regulating access per-
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