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Abstract

Digital libraries represent the meeting places for knowleg providers and knowl-
edge consumers supporting and enhancing the process throwghich knowledge is
created, used, and discovered. The demand for digital libnas is worldwide strong.
These complex systems can o er a richer set of functionalitthan that initially
expected and are able to transform the way in which joint resech is conducted,
thus responding to the requirements of a great number of reseh communities. In
fact, nowadays research is a collaborative and multidisdipary e ort conducted by
virtual research organisations whose components are spateorldwide. Despite this
large and innovative demand the current digital library deelopment models remain
unchanged and so they are not able to match the emerging regments. In this
dissertation we propose a novel approach based wntual digital libraries, i. e. digi-
tal libraries built by dynamically aggregating and appropriately presenting the pool
of shared resources needed to ful | the requirements of digi library communities.
To support such an approach we introduced | a reference modefor understanding
signi cant relationships among the components of digitailbraries and for developing
consistent services that support them andii() a set of approaches and services able
to provide virtual views over the heterogeneous information space resulting from
reusing shared information sources. In particular, threepgproaches to information
space virtualization are presented that provide pro tableusage of the shared re-
sources:information objects virtualization, collections virtualization, and distributed
semantic search
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Chapter 1

Introduction

1.1 Motivation

The understanding and expectations of digital libraries (DRs) [Arm01, FAFL95,
FM98] have evolved considerably since the nineties, wherethrst digital library sys-
tems were built. The initial DLs were mainly intended as digal entities analogous
to the physical libraries [DL96, ABB" 99, SAG" 01]. They were providing mecha-
nisms to maintain collections of documents, and to searchrbugh these collections
by exploiting the metadata records associated with the docuents, presenting the
results in a suitable format to meet the needs of the speci c IDaudience. Much
e ort from experts in the eld was required to prepare the digtised content and to
develop the software that implements the DL functionality. Dedicated computers,
sometimes quite powerful, as in the case of DLs for audio/val resources, had to
be acquired in order to store and process the documents. Thededicated resources
had to be su cient to support the highest peak of activities, even if these were
executed only rarely, e. g. at start-up of the DL or periodiddy for preservation pur-
poses. As a consequence, DLs were only created to serve laegearch communities
or important institutions since these were the only ones thacould a ord the cost
of such products.

After approximately ten years of study and development it ha now become clear
that DL systems can actually o er much richer functionality than initially expected
and that, if they become more widely employed, have the poteality to transform
the way in which joint research is conducted. Digital information objects are more
versatile than physical documents. They o er the possibily of creating many multi-
type object formats by combining multimedia components in & unlimited variety
of ways. A DL can thus, for example, manage information objecthat mix texts,
scienti ¢ data and satellite images, or information objed that integrate images,
annotations and videos. The operations on these objects che extended in any
direction without the limits imposed by the physical manifstation of the document.
These operations, in turn, can generate new information ofgts that may convey
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di erent semantic information. Furthermore, a DL can suppet the work of its
users by providing functionality that may range from generautilities, like search,
annotation, summarisation or co-operative work support,d very audience-specic
functions, like processing of maps, semantic analysis ofages, simulation, etc.

DLs are thus now moving far beyond any connotation of the terriibrary”, and
are rapidly shifting towards more general systems, now teed Dynamic Universal
Knowledge EnvironmentgdBGI04]t. Through these environments, groups of indi-
viduals, collaborating towards a common goal, can be autheed to access, discuss
and enhance on-line shared information. For example, in su@an environment, a
scientist can be enabled to annotate the article of a colleag with a program that
extracts useful information from a large amount of data cadicted by a speci ¢ obser-
vatory. This annotation, executed on-demand when the annation is accessed, will
complement the content of the paper with continuously updad new information.

In parallel with the above evolution of the role of DL systemswe are now ob-
serving a large expansion of the demand for DLsResearch work today is often a
collaborative and multidisciplinary e ort carried out by groups belonging to di erent
organisations distributed worldwide. Motivated by a commn goal and funding op-
portunities, these groups dynamically aggregate intwirtual research organisations
that share their resources, e. g. knowledge, experimentati results, instruments, for
the duration of their collaboration, creating new and more pwerful virtual research
environments. These virtual research organisations, sep by individuals that do
not necessarily have a great economic power and technicaperise, increasingly
frequently require DLs as tools for accelerating the achiements of their research
results. These new users demand less expensive and more thio®L development
models. They want to be able to set up new DLs that serve theireeds for the dura-
tion of their collaborations within an acceptable time frane and with an acceptable
cost.

The current DL development model is not able to satisfy thisdrge demand; a
radical change is needed if we want to be able to address thesav emerging re-
quirements. New technologies must be investigated to suppohe implementation
of novel functionality on the more versatile digital infornation objects. New organ-
isational, development and maintenance models must be inuced to reduce their
cost and to speed up their development time.

In this thesis we envision a new DL development model based o main mech-
anisms: {) controlled sharingof resources among multiple DLs andii() virtualisa-
tion of these resources in order to o er views of them that meet thgpeci c needs
of di erent application frameworks. These mechanisms endibthe construction of
Virtual Digital Libraries (VDLS), i.e. DLs built by dynamically aggregating and ap-
propriately presenting the pool of resources needed to flilthe user requirements.
This scenario is depicted in Figure 1.1. By exploiting thesmechanisms the cost of

1This expression was coined during the DELOS [DEL] brainstoming meeting held in Corvara
on July 2004.
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Figure 1.1: The Virtual Digital Libraries Scenario

DLs can be heavily reduced and a good level of user satisfactican be achieved.
The implementation of these mechanisms requires the desighappropriate DL ar-
chitectures and the provision of a speci ¢ functionality. h fact, sharing implicitly
introduces the need for components able to deal with many dérent heterogeneous
resources while virtualization requires being able both torovide di erent views over
these resources and to aggregate them di erently. The naterand the complexity
of such services depends to a large extent on the type of resms being shared.
This can vary from the more traditional content sources, toexvices, and even to
processing and storage capabilities.

This thesis proposes systematic solutions to some of the massues involved in
sharing and virtualisation and shows how these solutions Y& been embedded and
validated in real DL systems.

1.2 Research Contributions

This dissertation introduces a framework for systemizinghe design and the con-
struction of Virtual Digital Libraries and presents a numbe of services that have
been developed within real DL systems to support this view. e former group of
illustrated services introduces mechanisms for implemengy the notion of VDLs by
sharing information sources, the latter supports a more geral notion of shared re-
sources and introduces the new concept@fi-demand transient VDLs In particular,
the main innovative research contributions presented in ik dissertation are:
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A Reference Model for Digital Libraries i.e. an abstract framework for un-
derstanding signi cant relationships among the componestof DLs and for
developing consistent services that support them.

Despite DLs have been introduced more than a decade ago, thes not yet a
consensus on their main entities and expected functionalitIn order to sys-
tematically design mechanisms for implementing VDLS, we mda an e ort to
de ne the core of a model that represents the signi cant enties and relation-
ships of a DL [CCP06a, CCPO06b]. This model is currently beingxtended,
validated and consolidated as part of an international actity funded by the
DELOS Network Of Excellence on DLs [DEL].

An approach to information objects virtualization that relies on set of mech-
anisms for hiding the heterogeneity of the information obps maintained in
multiple shared information sources and for presenting tine according to the
needs of the DL users.

The representation of information objects can be very hetegeneous in di er-
ent sources. An information object can be a single element@complex aggre-
gation of parts, it can have versions and be disseminated inuftiple physical
manifestations. Furthermore, it can be associated with one more metadata
in di erent formats. This dissertation presents an approal to the virtualiza-
tion of information objects extracted from/maintained in shared information
sources. This approach is based on the introduction of a pailar document
model and on a number of components able to manage it. The dsstion
describes also how this approach has been embedded in botk thpenDLib
DL System [CP02, CP03] and in an extended version of it, OpehlbG, and
it shows the e ects of the virtualization in two real DL application cases.

An approach to the collections virtualization based on a set of mechanisms for
supporting the dynamic construction of virtual collectiors that are built by
exploiting the content maintained in multiple, shared infemation sources.

The content of an information source is usually structuredni a xed set of
collections that re ect the organisational choices of its geci c application
area. Users of a DL have di erent needs that often do not matcthe needs
the original sources are built for. The innovative approacipresented in this
dissertation is based on a number of mechanisms that absttdoom the het-
erogeneous and speci ¢ collections published by the infoation sources and
support the on-demand creation of virtual collections. Autorised users can
dynamically build these collections by specifying a set oharacterisation crite-
ria over the content of the shared information sources. Vidal collections have
been implemented in both the OpenDLib andCyclades [CYC] DL systems
as part of this dissertation work. Other on-going projectdjke BRICKS [BRI],
are also exploiting the results presented here.
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An approach to distributed semantic searchacross a set of heterogeneous in-
formation sources whose objects are described and annothigith di erent
metadata formats and ontologies.

Search services are based on indexes that exploit the infation objects meta-
data. These indexes are usually heterogeneous since therstianformation

sources support di erent metadata formats and ontologie®. g. di erent meta-

data elds and di erent term vocabularies for the same eld. The approach to
distributed semantic search introduced in this dissertatin supports a trans-
parent and uniform search across multiple heterogeneousammation sources.
The novelty of the approach is its ability to exploit the ontdogies of the shared
information sources to allow the formulation of more semaitally expressive
gueries. This approach has been experimented in an enhanaedsion of the
OpenDLib DL system [CCP04].

An approach to adynamic and (semi-)automatic generation of Virtual Digith
Libraries based on a shared pool of resources.

By relying on a description of the resources and on a languaipe a declarative
speci cation of DLs, both derived from the Reference Modebniceptualisation,
a service capable to collect the requirements of di erent camunities and to
identify the optimal pool of resources needed to ful | the epressed require-
ments is introduced. The design and development of this sére is being
carried out as part of the currently on-goingDILIGENT  project [DIL] which
aims at building a digital library infrastructure on Grid enabled technologies.
In this project the notion of shared resources is generalts@nd comprises
not only information resources but also applications, pr@ssing and storage
resources.

1.3 Outline of Dissertation

This dissertation is organised in seven chapters and an ajokx.

Chapter 1 introduces this dissertation by outlining the prblem space, the mo-
tivations and the research contributions.

Chapter 2 presents the Reference Model for Digital Libraree The chapter con-
tains an overview of the model reporting also the principleadopted, presents the
concepts and the relationships identi ed with the approprate de nitions. Through-
out the chapter formal de nitions are enriched with concre# examples explaining
the de nition in an intuitive manner. Finally, examples of exploitation and usage
of the models with di erent goals are reported in order to pree its feasibility.

Chapter 3 elaborates the concept oflocument modelpresented into the Ref-
erence Model by presenting a Document Model for Digital Lilary (DoMDL). We
report the requirements constraining the design of this mad, present the OpenDLib
Repository, i.e. a type ofDocument Virtualizer the OpenDLib system is equipped
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with, and report concrete exploitation of this service. A father improvement ob-
tained by combining the service with the Grid facilities is o reported. Finally,
a survey on concrete document and data models used in varioDgyital Library
Systems concludes the chapter.

Chapter 4 elaborates the concept otollection presented into the Reference
Model. We report the design of the Collection Service, i. e.service able to support
the mechanism of collection, by presenting the architectarand the developed algo-
rithms and techniques, i. equery samplingand source selectiomeeded to deal with
non co-operative information sources. Moreover, we presehe implementation of
this service in the context of two concrete digital library gstems, i.e. OpenDLib and
Cyclades . We conclude the chapter by presenting a survey on the expiation of
the concept of collection in concrete Digital Libraries andigital Library Systems.

Chapter 5 elaborates on the concepts afetadata mediatorand services mediator
presented into the Reference Model by presenting tHgistributed Semantic Search
The architecture and the underlying developed formal thegrare described as well
as the implementation is presented. Finally, a survey on appaches for distributed
search implemented in concrete Digital Libraries and Digil Library Systems is
presented.

Chapter 6 introduces the framework for implementing VirtuaDigital Libraries.
In particular, the Virtual Digital Library Generator service is presented by providing
details about the exploitation of the concepts introducednto the Reference Model
for de ning a DL de nition language, a DL component descripton language, and
the matchmaking algorithm needed to identify the pool of coponents needed to
ful | a DL de nition. The exploitation of this framework int o the context of the
IST EU project namedDILIGENT completes the chapter.

Chapter 7 concludes this dissertation and presents futureonks proposals.

Appendix A presents an overview of OpenDLib, a digital librey service system
developed at ISTI-CNR and equipped with many of the servicgsresented in this
dissertation.

Related work is covered in the context of each chapter.



Chapter 2

Virtual Digital Libraries and the
Digital Library Reference Model

In order to be able to build a DL by appropriately and dynamic#ly aggregating a
pool of shared resources providing both the content and tharfctionality required,
i.e. to implement the Virtual Digital Library, a common understanding on what a
DL is and what its characteristics are is needed. This chapténtroduces a Refer-
ence Model for Digital Libraries [CCP06a, CCPO06b], i. e. anbstract framework for
understanding and explaining the signi cant entities and elationships among those
entities in the DL environment.

The chapter is organised as follows. Section 2.1 introducé® Reference Model
and describes the main principles underlying its organisan in incremental views,
each perceived by one of the four typologies of actors ideretl. Section 2.2 presents
the concepts and the relationships identi ed to ful | the information needs of the DL
End-users. Section 2.3 enriches the set of concepts and tielaships by reporting
DL Designer perspective. Section 2.4 introduces the DL Sgsh Administrator and
the related model. Section 2.5 presents the concepts andate@nships of interest
with respect to the DL Application Developers. Section 2.6ntroduces the Digital
Library System Reference Architecture, a blueprint reporg the mapping of the
concepts identi ed into software components that implementhem, with the aim to
promote loosely coupled development of these componentsi@ncourage reuse and
integration. Finally, section 2.7 introduces and discusseaelated works.

2.1 Introduction

Until now digital libraries have evaded any de nitional corsensus. The main rea-
son resides in DLs itself, i.e. digital libraries are compitesystems, the underlying
sciences are highly multidisciplinary and each communityds its own perspective.
As a consequence a plethora of DL de nitions have been coinledt none of them is
comprehensive enough to represent DLs in all their avoursFor instance, Fox et.
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Al. [FAFL95] observed that the phrase \digital library" evokes a di erent impression
in each reader ranging from the simple computerisation of dditional libraries to
space in which people communicate, share, and produce nevowtedge and knowl-
edge products. Belkin [Bel99] states that a DL is an institudn in charge to provide
at least the functionality of a traditional library in a context of distributed and net-
worked collections of information objects. Lesk [Les99] alyses and discusses the
importance of the terms \digital” and \library" in the expre ssion \digital library",
where the former term mainly corresponds to the software faearching text while
the latter term corresponds to the scanning of existing mat®l for online access,
and concludes that the research e ort in the eld are not usully associated with the
users' needs. Borgman [Bor99] notices that at least two coming visions of the ex-
pression \digital library" exist: researchers view digitlibraries as content collected
on behalf of user communities, while practising librariangiew digital libraries as
institutions or services. Kuny and Cleveland [KC96] discsed four myths about
digital libraries with the aim to explode them, i.e. {) the Internet is the digital
library, (i) the myth of a single digital library or one-window view of dgital library
collections, (ii ) digital libraries will provide more equitable access, anyhere, any
time, and (iv) digital libraries will be cheaper than print libraries; ard concludes
that digital libraries impose reinventing the role of libraians and the library models.

Our intention here is not to propose another DL de nition conprehensive enough
to cover any need simply because it is not feasible. Insteasle decided to propose a
digital library reference model, i. e. an abstract framewarfor (i) understanding the
signi cant entities and relationships between them withina DL environment and
(ii) developing systems for supporting that environment.

Before to introducing this model, an informal clari cation of what is our under-
standing about a DL and a system for supporting it is needed iarder to make the
context clear. We de ne a digital library as follows.

De nition 2.1.1 (Digital Library) A networked entity with the aim to provide
at least the functions of a library in the context of distribied, networked collections
of information objects in digital form representing the DL mformation space.

In order to identify the system in charge to operate and prodie DLs we introduce
the concept ofDigital Library System.

De nition 2.1.2 (Digital Library System) A software system providing the dig-
ital library functionality on a set of information objects.

In many contexts the concepts of DL and DLS tends to collapsato the same
entity, mainly because the rst entity is an abstract entity that is perceives when
implemented via the second orte

Throughout this dissertation, where no confusion arises, w will use the terms DL and DLS as
synonyms and tend to prefer the rst for both. In particular, all the concept maps we present are
rooted by the Digital Library concept that represents both t he entities.
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Figure 2.1: DL, DLS, and DLMS { A three-tier framework

A second type of system is needed to manage DLs. In accordandt [IMA * 05]
we call it Digital Library Management System(DLMS) and de ne it as follows.

De nition 2.1.3 (Digital Library Management System) A software system in
charge to creating and managing DLs.

The three-tier framework arising from these de nitions is dpicted in Figure 2.1.
The characteristic that di erentiate the two systems resies into the class of objects
objective of the management activity: in the case of the DLS is the information
space of the digital library while in the case of the DLMS is th digital library itself2.
It is also important to notice that none of the nowadays exishg systems for digital
libraries is a DLMS and that a digital library can be created &o without a DLMS.
These systems represent what the digital library researclommunity has established
to be created into the near future in order to overcome the dvebacks arising from
the current digital libraries development process [IMAOQ5].

In order to describe digital libraries, digital library sysems and digital library
management systems and characterise them appropriatelyewdecided to look at
them from the perspectives of the actors that operate with tam. These perspectives
vary according to the role played by the actor. We focus our @ntion on the
modelling needs of four main actor roles and we introduce ap@opriate perspective
for each of them as described in the following section.

2.1.1 The Perspectives

The four roles taken into account in analysing and describgndigital libraries are: DL
End-user, DL Designer, DL System Administrator, and DL Application Developer

2For those familiar with Data Base (DB) and Data Base Managemet Systems (DBMS) it is
worth noting the existing di erences to avoid misunderstanding due to similar names. In particular,
in the DB area the goal is to manage a pool of data and the DBMS isn charge to maintain the
data and provide the functionality to manage them. In the DL area the goal is to manage a pool of
information objects and the DLS is in charge to provide the functionality to manage them, while
the DLMS is a system capable to instantiate DLSs and do not hae any counterpart in the DB
eld.
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and are described as follows.

DL End-users

The actors that exploit the digital library functionality f or providing, consuming and
managing the DL content. They perceive the DL as a stateful &ty which serves

their functional needs through the interaction with an insance of a Digital Library

System. It is worth noting that the behaviour and the outcome of the functionality

depend on the state of the digital library at the time of the rguest, where the
state of the digital library meant here is represented by theset of collections of
information objects available plus the pool of users authised to access the digital
library. This state is continuously evolving accordingly ¢ the functionality activated

by the various users.

DL Designers

The actors that, by exploiting their knowledge of the appliation domain seman-
tics, customise and maintain the DL aligned with respect tohe information and
functional needs of its end-users. These actors correspdodhe chief librarians in
a tradition library, they are in charge to de ne the rules andthe policies holding
into the digital library with respect to the information space composition and or-
ganisation, the functionality to be provided, the typologes of users entitled to have
access to the digital library, the quality of the services aered and any other aspect
related to the arrangement of the digital library. These aairs perform their task by
interacting with the Digital Library Management System. By using the operations
provided by this system, they identify, among the set of pogse DLs that can be
realised with the given DLMS, the one that better satis es tle application needs
of the end-users. Then, they de ne a number ofi] functional con guration pa-
rameters, i. e. parameters that characterise the format of gpeci ¢ DL functionality
as perceived by the end-user, like metadata formats, quergnguage, user pro le
formats, (ii ) content con guration parameters, i. e. parameters that chracterise the
accessible content, like the information sources to be hasted, and {ii ) quality
con guration parameters, i.e. aspects characterising qliative behaviour of the
system functionality, e.g. the response time of a search tasThe value of these
parameters can be modi ed during the digital library lifetime. Any change at this
level results in a change of the digital library state that deermines the features
perceived by the end-users.

DL System Administrators

The actors that select the Digital Library System software emponents to install in
order to implement the required digital library and decide \were and how to deploy
them. They interact with the DLMS by invoking speci c operations that require
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Figure 2.2: DL perspectives hierarchy

to provide architecture con guration parameters, like theselected software compo-
nents, the hosting nodes, the components allocation, etch@&ir task is to identify the
architectural con guration, among those supported by the lsosen DLMS, that bet-
ter implements the digital library con guration established by the DL Designer and
ensure the required quality of service. The value of the antbcture con guration
parameters can be changed over the DL lifetime. The changetbkse parameters
may result in a di erent DL functionality when a new softwarecomponent is added
and, more generally, in a di erent level of quality of servie provided by the digital
library.

DL Application Developers

The actors in charge to develop the digital library managenm system components
or extend the digital library system software components ntke available by a DLMS
in order to satisfy the additional needs of a DL specic apptiation framework.
This means that both DLMS and DLS are open systems whose setfohctionality
can be easily enlarged or improved by adding novel compongntThanks to this
capability and to the envisaged con guration aspects we ardesigning a software
system typology capable to evolve in accordance to the useesjuirements and thus
able to ful | the needs arising in any application scenario wh the minimum e ort
as possible.



12 CHAPTER 2. THE DIGITAL LIBRARY REFERENCE MODEL

DL Perspectives Hierarchy

These four roled, taken in the order, identify four di erent perspectives eah of which

is an extension of the previous one (see Figure 2.2) both imtes of the number of
concepts and relationships identi ed and in terms of the deils associated to each
entity/relationship.

The DL End-users only perceive what a speci c digital libray provides them,
therefore they need a model of the DL that comprises the comts and relationships
required to interact with a single DL, e. g. the structure of he information objects,
the organisation of the information space, the functiondly provided.

The DL Designer uses a DLMS to con gure a DL serving a speci dass of end-
users. Therefore, they need a model that represents the cguarration functionality
o ered by the DLMS and the set of resulting DLs which can be ceged through
this system, as perceived by the end-users. For instancegthmodel must be able
to represent characteristics of the digital library infornation space like the allowed
information objects structures and the allowed metadata fonats, the operational
and qualitative characteristics of the o ered functionalty, the policies regulating the
activities performed by the DL End-users.

The DL System Administrators, which are responsible for setting and deploying
the digital library system software components that implerant the functional (e.g.
a type of search, the publishing procedure) and content clogs (e. g. import of a col-
lection from an information source, the metadata schema toebused for cataloguing
information objects) established by the DL Designers, neeaimore complete model
of both the DLMS and DL. This model must be suitable to represe not only the
functional aspects of the supported DLs but, also, the compents that implement
the functionality and the hosting nodes where these compamte can be deployed.

Finally, the DL Application Developers require the most corplete representation
of the digital library system, namely from the system's arditecture point of view
because they are going to produce new components that havedo-operate with
the already existing ones in order to deliver novel functiality. In particular, they
need a model that speci es the underlying software and apphtion frameworks,
the relationships and dependencies among the software campnts, and how these
are related to the end-user functionality.

For each of the identi ed perspective we need to cluster thegwml of concepts

and relationships characterising the model according tovieand well established
dimensional aspects that are identi ed and described in théollowing section.

3|t is worth noting that the actors meant here are not necessaily humans. They can be software
agents that operate as dictated by the corresponding role. f this case the model is a necessary
key element since it establishes the context for the de nitbn of the algorithms that implement the
automatic actor. A concrete example of such agents is the VDLGenerator that replaces the DL
System Administrator, as presented in Chapter 6.

4These concepts are explained in detail in Section 2.5.
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Figure 2.3: The Digital Library main concepts

2.1.2 The Digital Library Main Concepts

Figure 2.3 presents theconcept map [NG84] of the most important and high level
concepts characterising a digital library, i.e. theArchitecture, the User, the Infor-
mation Space the Functionality, and the Quality of Service In accordance to the
map, each digital library supports users, provides functility, operates on an in-
formation space and o ers a level of quality. Moreover, it i<haracterised by an
architecture. These ve ingredients allow us to cover the wile spectrum of charac-
teristics and aspects related to digital libraries.

Information Space

The information space represents the most important resoce of any digital library,
I. e. it corresponds to the whole set of information the digal library makes available
to its users. It is usual to consider the information space aomposed by a pool of
information objects organised into collections especially from a DL End-user per-
spective but under this umbrella we aggregate all the conasprelated to and needed
for dealing with the management of any type of information tk digital library is
going to o er to its users. In particular, the metadata play an important role. They
can be used in di erent contexts and for di erent purposes, .g. they describe the
content of an information object, they express the structwe of a complex object, the
characterise the policies regulating the usage, etc. Fihglit is important to remark
how the understanding of the concepts classi ed into this @a varies in accordance
to the perspectives introduced previously. For instance,nainformation object per-
ceived by the End-user is usually the unit of information shibe is looking for; an
information object for the DL Designer represents a unit ofnformation to make
available to the DL End-users; an information object for theSystem Administrator

5A concept map is an informal graphical way to illustrate key concepts and relationships among
them. A concept identi es a class of objects that we expect tobe able to identify in the proposed
context. The precise \form" of concept c may be dierent in diverse implementations, but the
presence of the concept tells us what to look for in a given camete scenario rather than prescribing
its precise form. This formalism o ers a practical method to represent complex information in a
compact and easy-to-understand way.
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is a part of a component that must be maintained up and runningnto the digi-
tal library system; nally, an information object for the DL Application Developer
is composed by a set of les stored somewhere that must be mamiated by the
components she/he is developing.

User

The user dimension represents the second most important oesce of any digital
library, i.e. the actors entitled to interact with it. In fact, the role of the digital
libraries is to connect people with information and supporthe users in perform-
ing their tasks, namely, producing new information object®r consuming already
available information objects. As in the case of the previaudimension, the um-
brella of User covers all the concepts and relationships a&td to representation and
management of human entities into the system, e.q. it contas the digital entity
representing the human actor, the rights the entity has intdhe system, the charac-
teristics the human decides to be represented with for collaration aspects. Also
in this case, the perception of the same concept varies in aodance of the user role
perspectives. For instance, in the case of DL End-users a use a human person
the system provides with information; the user perceived bg DL Designer can still
be a human person or a class of human persons she/he is goingtovide rights;
in the case of the System Administrator a user is a digital ite stored into a digi-
tal library system component she/he is in charge to equip thdigital library with;
nally, the user perceived by a DL Application Developer is alata structure report-
ing for instance an identi er and an email address represanyy a user she/he must
take into account in designing and developing the componeptoviding a certain
functionality.

Functionality

A digital library is composed by an information space and a sef users aggregated
with the aim to give the users a pool of processes to operate these elements,
I. e. the functionality. The functionality expected from digital libraries are not xed
neither in type nor in form, e. g. there exists a set of core fationality each digital li-
brary must provide like submission, search, browse, but asqviously explained each
user community may ask for a certain type of a core function#} or for a novel type
of functionality for using and pro ting of digital library r esources. Moreover, func-
tionality are perceived di erently from the four identi ed user roles. For instance,
the search functionality is perceived as the mechanism totrieve the information
objects she/he is interested in from the point of view of the D End-user; in the
case of the DL Designer, a search functionality representhet access path to the
content available into the digital library and must be custanised to ful | the user
requirements; the same functionality is instead perceiveds one or more software
modules to be deployed and made available from the DL Systendwinistrator that
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must take care of the performance o ered by such componentadieventually study
replication and distribution strategies for improving thean; nally, the search func-
tionality is a complex process the DL Application Developemust take care of when
implementing the digital library system software componenn charge to provide it
or participating in providing it.

Quiality of Service

The Quality of Service concept groups a pool of qualitative gzameters charac-
terising the digital library behaviour, in particular it re presents measurable and
non-functional characteristics of a functionality withina given operational domain.
It is usual to have di erent characteristics for diverse fustionality and a measure-
ment of each of them, whether it is objective or subjective. ffle objective measure
is performed automatically and can be repeated while the sjdttive measure in-
volves humans and their personal feeling. Among the otherects considered in
evaluating digital libraries, quality of services measureent plays an important role
in characterising these complex systems. Unlike the preu® concepts, quality of
service concepts by themselves have no di erent percept®owhen moving from one
user role to another, the di erences of perceptions can resi on the object the user
role is going to measure, on the measure the user role is imsted in and on the
process behind the observed value. For instance, the respertime of a given func-
tionality is measured in average time per request from the pu of view of all the
user roles with the following di erences. The End-users arpassive subjects and
usually cannot do much more than ask the DL Designers for an provement. The
DL Designer establishes the threshold, i.e. the maximum aege time tolerated
into the digital library she/he is responsible for. The DL Sgtem Administrator
is in charge to deploy and con gure the components of the digi library system
providing the functionality by ensuring the required qualfy of service level. Finally,
the DL Application Developer is in charge to carefully evalate the consequences of
its design and implementation choices in terms of the quajitof service o ered by
the component she/he is going to develop.

Architecture

A common understanding of digital libraries is that they areamong the most com-
plex and advanced forms of information system [FM98]. Moreer, as thousands
of digital libraries exist around the world and new ones arengerging, one of the
biggest issue of the research community is to make these hetgeneous digital li-
braries interoperable. The architectural understandingfahe digital library systems

behind the digital libraries becomes thus a foundational ciension in reaching this
goal. Unlike the other main four digital library concepts, he architecture becomes
meaningful and of pertinence of the DL System Administrat@ and DL Application

Developers only. The DL End-users do not take care of this d@teristic because
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they usually perceive the digital library by interacting wth a graphical user interface
provided in a web browser. The DL Designers are usually expdibrarians and do

not have the technical skills to deal with the architecture bthe system that is in the
hand of the DL System Administrators. From our point of view ad for the sake of
this reference model, the most comprehensive de nition ohé architecture concept
is \A representation of a system in which there is a mapping dlnctionality onto

hardware and software components, a mapping of the softwaagchitecture onto
the hardware architecture, and human interaction with thes components®. One of
the contributes of this model is the reference architecturr digital library systems
reported in Section 2.6.

2.2 The DL End-user Perspective

End-users are the actors interacting with the digital libray in order to exploit the
resources and the facilities o ered by this entity. They peaseive the DL as the stateful
entity capable to ful | their information and functional ne eds and do not take care
about the underlying digital library and digital library management systems. In
describing this perspective we have identi ed three classef actors, i.e.Content
Consumer Content Provider, and Librarian, and four classes of functionality, i. e.
Content ManagementAccess Personalisation and DL Managementas reported in
Sections 2.2.2 and 2.2.3 respectively. Figures 2.4, 2.6,2and 2.7 reports concepts
and relationships modelling DLs from these users perspe@s clustered according to
the ve main DL concepts. Actually, as these users do not peeove the Architecture
facet, the dimensions taken into account are the remainingdr. These modelling
elements are described in detail in the next subsections atitlistrated by giving
examples.

2.2.1 Information Space

This section introduces the main concepts that charactersthe information space
of a specic DL as perceived by the DL End-users. Note that tki representation
of the information space, and even its instances, may be drent from the concrete
representation manipulated by the software components thamplement the DL.
The representation meant here is the one that is disseminaktéy the functionality
of the DL that support content creation, access and manageimte

The main concept of the digital library information space isthe information
object.

De nition 2.2.1 (Information Object) The main unit of information which is
managed by the DL. An information object has an Information Blect Identi er for

8Glossary of the Carnegie Mellon University's Software Engneering Institute. http://www.
sei.cmu.edu/opensystems/glossary.html
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Figure 2.4. The DL End-user concept map { Main concepts

identi cation purposes and Metadata for various managemempurposes. Moreover,
each Information Object can: (i) be structured, i.e. it can & composed by other
information objects, (ii) have multiple versions, views, @d manifestations, and (iii)
be annotated.

The de nition above contains the motivations convinced usd avoid the classical
term \document” to represent the unit of data managed by the jital library.
Nowadays, we are moving far from the digital objects as cowstparts of the physical
documents stored into a traditional library; even if great ert is spent in digitalise
existing material, most information \born digital" today r esults in novel type of
\documents" more exible and informative than the classichones. Examples of such
information objects are: sound recording of voices equipyg a set of slides, sheet
music whose content can be eared rather than observed in agsiag it, politic and
economic data equipped with interactive simulations. Alsthe classic documents
take advantages in being digital, for instance a Ph.D. thesican be represented
via an information object composed by one information objédor each chapter as
well as an information object containing a simulation of onef the experiments
conducted and an information object containing the experiental data set adopted.
The message here is: information objects are complex obgeind digital libraries
should be prepared to manage them even if their complexity ot known a-priory
and can evolve during the digital library lifetime. Howeverin order to manage them
the digital library must be able at least to identify them, thus in our model each
information object has an information object identi er.

De nition 2.2.2 (Information Object Identi er) The minimal information en-
abling to distinguish one Information Object from all the dters within an identi -
cation scope.
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Various forms of information objects identi ers can be engaged each having the
aim to univocally recognise an entity a certain context. Thee can vary from simple
sequential numbers to URIs and Digital Object Identi erd (DOIs). Clearly, each of
them has a di erent discriminating power when considered ithe context of digital
libraries whose content can be gathered from worldwide Iaea information sources.
Therefore carefully attention must be posed in detecting qulicate copies of the
same object. In the context of virtual digital libraries unversally unique identi ers
becomes of vital importance. In particular, a good candidatis represented by DOI,
i.e. a name (not a location) for an entity on digital networks It provides a system
for persistent and actionable identi cation and interopeable exchange of managed
information on digital networks.

As stated by Def. 2.2.1 an information object has multiple vsions.

De nition 2.2.3 (Version) An expression of an information object along the time
dimension.

The concept of versioning is well known and applies succeslsf in traditional
libraries. As for any other concept we inherit from the libray area, the goal is
to maintain the semantic as much as possible unchanged evédrthie models can
be revised. For instance, the draft version, the version sotitted, and the version
published in the proceedings are di erent versions of the se information object
representing a paper submitted to a conference. Another axrale is the information
object reporting the graph presenting the growth of the matgal available into a
digital library, the per year or per month graphs represent icerent versions of the
same information object. Our model introduces the conceptf wersion but does
not constrain it allowing each community to use it in the mostpro table form.
Moreover, It is worth noting that versions of an informationobject are themselves
other information objects populating the digital library information space.

Besides di erent versions, the same information object camave di erent views.

De nition 2.2.4 (View) A way through which the information object is perceived.

The concept of view is useful to represent the diverse expsess an information
object may assume, where the term \expression" is taken frofiiFL]. This aspect
becomes particularly important in the digital era where dierse expressions of the
same object can be easily created. It is worth to remark thathysical aspects do
not contribute to the generation of di erent views that thus are mechanisms to
di erentiate the other information object perceptions. Fo instance, considering an
information object representing the outcomes of a workshpthree di erent views of
this object can be envisaged:i | the \full view" containing a preface prepared by the
conference chair and the whole set of papers accepted andamiged thematically,
(ii) the \nandbook view" containing the conference program anthe slides of each

"http:/lwww.doi.org/
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lecturer accompanied with the abstract of the paper the talks about and organised
per section, and {ji ) the \informative view" reporting the goal of the workshop
and the list of the accepted papers' title and the relative adtract. The mechanism
o ered by views allow to tailor the information object expression to di erent user
needs. As in the case of versioning, it is worth noting that ews are information
objects populating the DL information space and the model ds not constrain them
in any form but limits to introduce them as important conceptin future DLs.

In accordance with Def. 2.2.1, an information object has mighle versions, mul-
tiple views, and multiple manifestations.

De nition 2.2.5 (Manifestation) The physical embodiment of an Information
Object.

The concepts introduced until now deal with the logical orgaisation of infor-
mation objects, while the manifestation deals with the physal presentation of its
informative content. This concept probably is the most impdant one as regards
how the users are provided with the information they are lookg for. It is worth
noting that we are dealing with digital objects and thus the manifestation is it-
self a digital object. Examples of manifestations are the PP le of a paper, the
MPEG le containing the video recording of a lecture, a text le containing the raw
data observed by a sensor, an xml le reporting the results @t certain elaboration.
These pieces of information can be physically stored into ehdigital library some-
where as well as dynamically generated, from the DL End-useperspective it is
only important that they can be being, to have access to them.

Until now we have introduced the main ingredients an informt#on object is made
with. However, a digital library usually provides DL End-u®rs with information
objects compliant with a document format.

De nition 2.2.6 (Document Format) The abstract model through which an in-
formation object is perceived by the user.

To make information objects more useful for the DL End-user# is usual to
establish and organise them in accordance with a set of docem formats. For
instance, a digital library containing Ph. D. thesis can be esigned to adopt the
document format \thesis" that constrain information objeds to be organised in a
part representing the cover page, a part representing the gfiace, and a part for each
chapter. It is matter of the DL Designers to de ne the documenmodel the digital
library adopts as explained in Section 2.3.

An important concept related to information objects is metdata, each informa-
tion object has its own metadata.

De nition 2.2.7 (Metadata) Additional data about an information object.
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The \classic" de nition of metadata is \data about data”. Th ese additional data
can be used in di erent contexts and with di erent purposespur model captures the
needs to have them associated to an information object as aams for enhancing the
functionality and in general the management of the object. ¥amples of metadata of
an information object are its bibliographic record, the paties regulating the access
to its content, a description of the structure the object is mganised in, a description
of the preservation process adopted. It is worth noting thathe model does not
constrain the application of metadata in xed contexts but ntroduces a placeholder
the DL End-user are interested in when use a digital library.

To enable DL End-users to fruitfully use the information stoed into metadata
it is mandatory to share a common understanding of them withheir producer.
Usually, this common understanding is reached by relying adimne metadata format
as a mechanism for abstractly describe the \shape" metadataill have into the
digital library.

De nition 2.2.8 (Metadata Format) The way in which metadata is arranged or
set out.

Each digital library is entitled to de ne and adopt its own mdadata format but
in order to improve interoperability and reuse of already agting stu s, it is usual to
adopt well known metadata format. A common format for bibligraphic records is
represented by the Dublin Core [DC], probably due to its sinity on the contrary
of the MARC format [MARO5] that is much more articulated. Anaher example of
metadata format is represented by the Metadata Encoding an@ransmission Stan-
dard (METS) [The02], i. e. a standard providing and encodinfprmat for descriptive,
administrative, and structural metadata designed both to gpport the management
of the information objects and the delivery and exchange ohém across systems.
However, it is also usual to combine multiple metadata forma into novel metadata
format namedapplication pro le in order to t them with the digital library needs.

Having clari ed the role metadata plays into the digital library and the needs
to describe them according to a common format, in the followg de nitions we
report the main categories of metadata adopted in digital iraries, i. e. descriptive,
administrative, structural, and preservation metadata.

De nition 2.2.9 (Descriptive Metadata) Metadata for discovery and interpre-
tation of an information object.

As stated, metadata are used to support the functionality aog on the in-
formation objects. In particular, the umbrella of descriptve metadata covers the
additional information supporting information object nding and interpretation.
Examples of descriptive metadata are a bibliographic reabr a list of keywords
characterising the information object content, a summary escribing the object.
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De nition 2.2.10 (Administrative Metadata) Metadata for managing the dig-
ital object and providing more information about its creabn and any constraint
governing its use.

This category of metadata might include: metadata describg technical char-
acteristics of an information object, metadata describinghe object from which the
information object was produced, metadata describing theistory of the operations
performed on the information object since its creation/cajure, metadata describing
copyright, use restrictions and license agreements coratring the use of the object.

De nition 2.2.11 (Structural Metadata) Metadata describing the logical or phys-
ical relationships between the information object parts.

Structural metadata represent the glue enabling to deal wit complex informa-
tion objects composed by aggregating in novel ways pre-éxig information objects.
Even if these metadata are not directly seen by the content nsumers and content
creators which perceive the structure of the objects by dicdly accessing them or
using the xed document format, they are matter of the libray operators that may
need to have access to the internal structure of the objecte perform their content
management tasks. Moreover, this kind of metadata is usugllof interest of the
technical actors, namely the DL Application Developer.

De nition 2.2.12 (Preservation Metadata) Metadata for supporting preserva-
tion tasks.

Many work have been conducted to investigate the most apprdpte form and con-
tent this type of metadata should have. For instance the PRENS, an OCLC and
RLG international working group, prepared a Data Dictionay with the aim to
de ne a set of \core" preservation metadata elements [PRE(Q5 PREMIS de nes
\preservation metadata" as the information a repository uss to support the digital
preservation process. Speci cally, this group focussed ometadata supporting the
functions of maintaining viability, renderability, understandability, authenticity, and
identity in a preservation context. Preservation metadatathus spans a number of
the categories typically used to di erentiate types of metdata: administrative (in-
cluding rights and permissions), technical, and structuda Particular attention was
paid to the documentation of digital provenance (the histoy of an object) and to
the documentation of relationships, especially relatiohgps among di erent objects
within the preservation repository.

Having clari ed the concepts of information objects and the related metadata
we come back to Figure 2.4 in order to recall that the DL End-uss perceive the
digital library as composed by information objects and orgased in collections.

De nition 2.2.13 (Collection) An information object representing a set of infor-
mation objects grouped according to a characterisation t&rion.
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Collections represent the \classic" mechanism to organisehuge amount of in-
formation objects and to provide focused views. Thanks to #se focused views the
DL End-users are entitled to have access to thematic parts tife whole information
space and avoid to deal with the volume of data the digital likary makes available.
These focused views can be created by the library operators arder to support
content consumers and content creators to keep the libraryfiormation space or-
ganised and improve it access and usage; further, they candreated by authorised
content consumers in order to implement their own personaiews of the digital li-
brary information space. The de nition and identi cation of the objects constituting
each collection is based on a set of characterisation criger These criteria can range
from the enumeration of the information objects belonginga the collection to mem-
bership conditions that specify which properties informabn objects must share to
become collection members. Finally, it is worth noting thatollections themselves
are considered information objects of the digital library nformation space. The
main consequences of this aspect of de nition arei)(a collection is the object of
the same functionality as the information objects, e.g. theearch, the browse, the
annotate, the preserve, andi() it is possible to organise collections hierarchically
via the \has part" relationship.

In Chapter 4 we present the exploitation of the collections sathe mechanism
to organise the information space of a virtual digital libray and provide concrete
examples of exploitation of this mechanism in concrete s@aios like the Cyclades
project and the OpenDLib based digital libraries.

The last concept related to the digital library information space is annotation.

De nition 2.2.14 (Annotation) An information object representing extra infor-
mation associated with another information object.

Annotations represent an important type of information obgcts used especially
in digital libraries supporting co-operative work. This irformation can be used in
various contexts, e. g. to express a personal opinion about eaformation object, to
enrich an information object with references to related wés or contradictory infor-
mation objects, to add personal notes about a retrieved infimation object for future
usage. It is also important to notice that we decided to giveraotations the im-
portance of information objects for two reasons; ] due to their nature annotations
themselves are information objects,ii() to be e ective instrument of co-operation
they must have the same expressive power as information otfe As a conse-
guence, annotations managed in digital libraries can assendi erent formats and
be expressed in di erent media. Moreover, they have assighenetadata reporting
additional information enabling the content consumer as Vieas the content creator
to assign the appropriate weight to this type of information
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2.2.2 User

The user dimension is used to introduce and present the copteneeded to represent
and support the human actors in charge of interacting with tk digital library. The
minimal set of concepts and relationships needed for this gnose is reported in
Figure 2.4.

First of all we are interested in being able to univocally idaify these users and
thus we need a User Identi er.

De nition 2.2.15 (User Identi er) The minimal information enabling to distin-
guish one user from all the others within an identi cation sape.

As in the case of Information Object Identi ers, this identier must be unique
within the digital library and in the case of interoperation among di erent DLs a
mechanism to exchange these identi ers and resolve possilgion icts is needed.

Having univocally identi ed users, we need also user pro &in order to maintain
information representing them.

De nition 2.2.16 (User Pro le) The descriptive information the digital library
maintains about a single user.

The user pro le is the container of any characterising infonation of digital library
users except information related to the policies. This is gered separately, via the
usage of the user role. Examples of information usually gafed about users are:
(i) the contact information like name, mail and e-mail address, (i ) expression of
interests regarding the digital library information space this can be advertised by
the user himself or dynamically computed by the digital libary system in accordance
to the usage and the behaviour of the user in the DL contextji() various statistics
like the number of information object accessed, their typehe number of logs in,
(iv) personalisation and customisation of the digital libraryenvironment like look
and feel of the user interface, preferred services of the itk library to interact
with. No standard for users pro les exists. Moreover, whiclinformation the user
pro le contains depends on the functionality the digital lbrary is going to provide
and vice versa, i.e. the type and the behaviour of function} that relies on the
user pro le data are a direct consequence of the informaticdhese data contain. For
instance the digital library could provide a per-user persalised recommendation
functionality if and only if the user pro le contains data about the topics of interest.

As in any other system dealing with many users, it is usual tontroduce the
concept of group in order to manage a pool of users as a singhitg

De nition 2.2.17 (Group) A number of users that are considered or classed to-
gether.
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Groups play, with respect to users, the same role as collawti do with respect to
information objects. As a consequence, a group is considkr@s a meta-user and
thus can be the object of the same functionality, e. g. advese an information object,
grant or remove access rights.

The latter aspect, i.e. that related to access rights, is agally regulated by
relying on the concept of role.

De nition 2.2.18 (Role) A job function within the context of an organisation,
i.e. the DL, with some associated semantics regarding thetlaority and responsibil-
ity conferred on the user assigned role.

The above de nition comes from [FKC03] and works in accordae with the policy
mechanism described in Section 2.2.3.

As anticipated, our model introduces three roles represeny three types of ac-
tors interacting with the digital library, i.e. the content creator, the content con-
sumer, and the librarian.

De nition 2.2.19 (Content Creator) The role associated with the users in charge
of providing new information objects to be stored into the gital library or updating
already existing information objects.

Figure 2.5: The DL End-user concept map { Content Creator fuctionality

Figure 2.5 depicts the Content Creator concept map and in pacular reports the
functionality the users having this role are entitled to pefiorm, i.e. submit a novel
information object, update an existing information object and annotate an infor-
mation object. For a description of them please refer to Sech 2.2.3.

De nition 2.2.20 (Content Consumer) The role associated to the users access-
ing the digital library in order to consume its information tjects.

Figure 2.6 depicts the Content Consumer concept map and in gigular reports the
functionality the users having this role are entitled to peiorm, namely access DL
information objects. For a description of them please reféo Section 2.2.3.
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Figure 2.6: The DL End-user concept map { Content Consumer fctionality

Figure 2.7: The DL End-user concept map { Librarian functioality

De nition 2.2.21 (Librarian) The role associated to the users of the digital li-
brary in charge of managing it by performing the day by day f#rian tasks.

Figure 2.7 depicts the Librarian concept map and in particar reports the function-
ality the users having this role are entitled to perform, naraly the management of
information objects constituting the digital library and users having access to them.
For a description of them please refer to Section 2.2.3.

2.2.3 Functionality

Below we list the mandatory functionality that the DL End-users of digital libraries
expect from such systems. Note that DLs may also provide adidinal functionality
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to cover the peculiar needs of speci c application framewks.

Before going in detail and describe this list, we recall thathe usage of the
digital library functionality is usually regulated by policies as reported in our model
(Figure 2.4, page 17).

De nition 2.2.22 (Policy) A triple (role,functionality,object) where the object is
an information object or a user regulating the usage of therfctionality in the digital
library context.

Policies are the mechanism used to regulate and restrict tH2l system access and
usage to authorised users. Various approaches exist in iraplenting access control
mechanisms, e.g. Mandatory Access Control (MAC), Discrethary Access Control
(DAC), Role-Based Access Control (RBAC). In modelling the ecess control we
used the RBAC approach [FKCO03]. This is the main reason fortioducing the role
concept. Coming back to the model reported in Figure 2.4, a poy is associated
to functionality and is used to restrict the usage of the sirg functionality to an
established role. Moreover, as functionality may acts on Bfousers and information
objects and thus the policy must be able to identify the objes that are a ected
by the functionality in order to provide an e ective and ne grained access control
mechanism.

In order to identify, describe and organise this set of funmnality each digital
library is in charge of providing, we proceed analysing thaufctional needs of the
three roles introduced in Section 2.2.2, i. e. Content Creatt, Content Consumer, and
Librarian. These functionalities are reported in Figures B, 2.6, and 2.7 respectively.
From this analysis and thus from the DL End-user point of vievit arises that a digital
library must provide four types of high level functionalites: Content Management,
Access, DL Management, and Personalisation.

The content creator role must be entitled to perform contentnanagement func-
tionality.

De nition 2.2.23 (Content Management) The functionality acting on the dig-
ital library information space to produce new information bjects or updating already
existing information objects.

Actually, this functionality represents a family of functionalities because the tasks
to be performed in managing a set of objects are numerous. lhet following, we
identify and describe the main types of content managemenurictionalities, i.e.
submit, update, and annotate an information object.

De nition 2.2.24 (Submit Information Object) The functionality allowing the
user to de ne and provide a new information object to be stateand made available
into the digital library.
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It is worth noting that this functionality contains the auth oring phase supporting
the content creator to de ne the information object to be sumitted. During the

authoring phase the content creator must be enabled to creainformation objects
accordingly to one of the document formats (Def. 2.2.6) suppted by the digital

library as well as to identify and reuse already existing iofmation objects in or-
der to build complex objects. It is also important to notice hat according to the
digital library policies established by the DL Designer (Sgion 2.3), the submit
functionality usually adds the newly created information bject to the incoming
information space, i.e. a temporary area that contains allhe objects waiting for
published (Def. 2.2.38) by the librarians, or it may add the bject directly to the

DL information space.

De nition 2.2.25 (Update Information Object) The functionality acting on
the digital library information space which allows users tanodify an already ex-
isting information objects.

This functionality is similar to the submission functionaity because it implies au-
thoring capabilities in order to rearrange the informationobject and usually pro-
duces a novel information object that may be a new version (Re2.2.3), a new view
(Def. 2.2.4), or a new manifestation (Def. 2.2.5) of an alrdg existing information
object.

It is important to notice that we have modelled collections ainformation objects
(Def. 2.2.13) and thus the functionality described appliealso to this type of objects.
It is clear that the authoring mechanisms should be di erenthowever they produce
information objects compliant with a particular document brmat. Another type of
information object is represented by annotations (Def. 2.24).

De nition 2.2.26 (Annotate Information Object) The functionality acting on
an information object of the digital library information sg@ce to produce an additional
piece of information, i.e. the annotation, to be assigned tthe information object
itself.

The content consumer as well as the content creator roles nib& entitled to perform
access functionality in order to discover and use the inforation objects populating
the digital library they are interested in.

De nition 2.2.27 (Access)  The functionality acting on the digital library infor-
mation space and providing users with mechanisms for diseomg and using the
information objects they are interested in.

Actually, this functionality represents a family of functionalities because the tasks
for accessing and using the information objects are numeand dependant from
the type of objects the digital library deals with. In the folowing, we identify
and describe the main types of access functionalities, namé¢he visualisation, the
translation, and the various forms of search and browse.
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De nition 2.2.28 (Visualise) The functionality enabling the users to perceive an
information object in a graphical way on an appropriate dese.

As previously stressed, information objects may be compl@bjects and they may
combine information manifested in di erent media. Thus, ths functionality must
be tailored to the end-user characteristics, like the dewcused or their personal
setting (usually this information belongs to the pro le { Def. 2.2.16), as well as to
the characteristics of the object to be rendered. Actuallythese characteristics hold
and apply to the whole user interface of the digital librarybecause it has to provide
the users with a comfortable environment, giving intuitiveand easy access to the
object they needs as well as to the functionality they are ietrested in.

Besides o ering a graphical interface, digital libraries & in charge of facilitating
the access to the information objects in any possible way, &gy can su er from a
limitation of usage of the knowledge they provide. For exanhg, this may happen
because of the language the objects are expressed in. In patar, this holds
for virtual digital libraries, as they are built by aggregaing information objects
collected from di erent information sources. A translation functionality alleviate
this drawback and improve the knowledge sharing.

De nition 2.2.29 (Translate) The functionality enabling end-users to perceive
an information object in a language di erent from the nativeone. In this context
languages can range from country languages, e.g. Italiannglish, to community
and cultural languages, e. g. Muslim culture.

Before visualising or asking for an information object traslation it is needed to
identify it. The \classic" functionality for discover digital library information objects
are the search and the browse.

De nition 2.2.30 (Search) The functionality enabling the users to discover the
information objects, if any, capable to ful | the informaton need expressed by a
user, usually named \query".

This de nition of search functionality is general and does ot constrain the forms
this functionality may assume in a concrete digital library These forms vary usu-
ally in the way through which the query is expressed. For inahce, we can have
digital libraries providing a simple keyword based searchufictionality (the Google 8

style) or providing what is usually called \advanced searchwhere more sophisticate
conditions can be expressed, e.g. \all the information olges on a given research
topic having a certain author and published in a period of tire". As the objects
the digital library deals with are of di erent types also the query content can be
something di erent from a text. For instance it should be posible to search for

8http://www.google.com
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information objects similar to a provided sample image repsenting the user infor-
mation need as well as to search for those deemed similar toercerpt of an audio.
The form of the query does not constrain the type of object rekeved, e. g. a textual
guery can be used to retrieve information objects whose méstation are videos or
audio les. Finally, it is also worth noting that this functi onality usually relies on
the metadata associated to the information objects, in paitular on the descriptive
metadata (Def. 2.2.9).

The access mechanism envisaged in Def. 2.2.30, where the agpresses her/his
information need and the digital library presents the infomation objects deemed
as relevant, can be improved with more sophisticated featess as in the case of the
relevance feedback search.

De nition 2.2.31 (Relevance Feedback Search) The search functionality which
supports the iterative improvement of the search result sby allowing the user to
express a relevance judgement on the retrieved objects athedieration step.

This mechanism has been proved to e ectively improve the disvery mechanism
and the user satisfaction because reduces the draw back tethto the expressive
power of the query language supported by the digital library

As previously stated, the information objects populating he digital library in-
formation space can be expressed in di erent languages. Inder to improve the
discovery phase and make it e ective, a cross-language sgafunctionality is needed.

De nition 2.2.32 (Cross-language search) The search functionality supporting
the users in expressing queries in a certain language andrieting information
objects expressed in whatever other language.

Many e orts exist in making this functionality an e ective d iscovery mechanism [CLE].
Another \classic" discovery mechanism is represented by dwsing functionality.

De nition 2.2.33 (Browse) The functionality providing access to the digital in-
formation objects by listing them accordingly to a certainharacteristic.

The browse represents a functionality allowing the user toxplore the digital library
information space exhaustively. It may be considered a psearch mechanism, aim-
ing at nding information useful for searching. As in the cas of the search, a digital
library can be equipped with various types of browse functiality. For instance, it
is possible to have a digital library information space depied by using bubbles or
areas of di erent size each representing a certain topic artden navigating among
those bubbles in order to investigate on the content of eactnother common form
of browsing is represented by the per-author browse, whereet information space is
explored for searching the correct form of the name of an auwth

Moreover, in order to enhance the perception consumers havtthe digital li-
brary and of its information space, the personalisation futionality becomes fun-
damental.
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De nition 2.2.34 (Personalise) The functionality allowing users to customise
both the digital library information space and the way thragh which functionali-
ties behave and are perceived.

The personalise is a family of functionalities, as many aspis of a digital library
can be customised to adapt to the content consumer needs. TBleeaspects may
range from the customisation of the look and feel digital litary exhibits to the
personalised organisation of the digital library informabn space so that it highlights
the personal interest of its users. In particular two exampk of personalisation of
the digital library information space are related to the cdection management and
to the subscription functionality.

De nition 2.2.35 (Collection Management) The functionality allowing users
to create, update, and remove collections.

The importance of collections as a mechanism to organise tthigital library informa-
tion space has been presented in Section 2.2.1 and in partauin Def. 2.2.13. The
collection management functionality represents the fanyilof functionalities needed
to deal with collections. Thanks to this family of functiondities each content con-
sumer is enabled to build her/his own virtual organisation bthe digital library
information space. This organisation may appear similar tthe le system folder
paradigm, with the di erence, however, that it is a virtual one and evolves dynami-
cally following the dynamism of the digital library. For ingance, if a new document
matching the de nition criteria of a content consumer colletion is added to the
digital library this automatically becomes part of that colection.

De nition 2.2.36 (Subscription) The functionality allowing users to express their
interest in a certain topic.

This functionality represents a personalisation functioality related to the dissemi-
nation of the digital library information objects (Def. 2.240). In particular the user
expresses her/his interest in certain topics and each timeew information objects
about such topics become available into the digital librarghe digital library system
alerts the user. Thanks to this characteristics digital libaries become proactive sys-
tems instead of being just passive systems in charge of raptyto content consumer
gueries.

Until now we have introduced and described the functionalt characterising the
content creators and the content consumers. What actuallyi@rentiates a digital
library from the Web is that in a digital library there exists a \control" on and the
management of such resources by the librarians (Def. 2.2)21

De nition 2.2.37 (DL Management) The functionality acting on both the digi-
tal library information space and the digital library userdor maintaining the digital
library up and running and in line with the characteristics stablished by the DL
Designer.
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Actually this functionality represents a class of functioalities because the manage-
ment of a digital library is a complex task. The main functiomlities have been
depicted in Figure 2.7 on page 25. From this picture it arisethat a librarian is
in charge of performing functionality dealing with the mangement of information
objects (annotate and update), with their publishing and adertising (publish, with-
draw, and disseminate), with their maintenance (preservewith the establishment
of the rules regulating their usage (policy management), dnwith the management
of users.

The \annotate information object" and \update information object" have al-
ready been described. In the context of the Librarian they mesent mechanisms
to co-operate with the content creators in enriching the digal library information
space. For instance, annotations can be used to communicébethe content creator
the improvement that must be performed on a submitted inforration object in order
to make it publicly available into the digital library infor mation space. The update
information object instead can be used when minor changestbe information ob-
jects are needed, e.g. the descriptive metadata are incore@ or contains typos,
or for other DL management reasons, e.g. the submitted forma not suitable
for whole preservation and therefore is to be transformed ianother, fully edged
format.

De nition 2.2.38 (Publish Information Object) The DL management func-
tionality allowing the users making the information objecipublicly" available into

the DL. With publicly here we intend that the object becomesaalable within a DL
in accordance with the policies assigned to it.

De nition 2.2.39 (Withdraw) The DL management functionality allowing users
to draw back an information object from the DL information sace.

The publishing and withdrawing of information objects fromthe digital library
information space have been assigned to the librarians indar to highlight that the
information objects made available by a digital library hae been submitted to an
evaluation process and thus t with the rule regulating the gality of the informa-
tion space. Thus a digital library guarantees certain charderistics on the content it
o ers. This process presents similarities with the traditnal library scenario. How-
ever, the digital library may introduce novel paths in tradtional library tasks, e.qg.
a digital library may defer this control to the content creabr that is thus enabled to
autonomously add its information object to the digital library information space.

The management of a digital library involves also the dissemation of its infor-
mation objects.

De nition 2.2.40 (Disseminate Information Object) The DL management func-
tionality allowing digital library users to the advertisenformation objects available
into the DL information space.
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This management functionality can have multiple manifestéons, e.g. it can be
performed by a human actor (the librarian) or it can be automacally done by the
system (Recommender Systems [ACS, FF81, HCOCO02]), can give notice of a new
acquisition of information objects or of material deemed p&gnent to a user pro le
(Def. 2.2.16), can be executed by advising all the DL Users arsubset of them,
chosen by relying on the user pro le preferences, can be perhed by sending an
email, an SMS or by any other messaging mechanisms.

Information objects represent the most important resourcef any digital library
and thus one of the functionality for digital library management is the preservation
of such resources.

De nition 2.2.41 (Preserve) The DL management functionality allowing librar-
ians to extend the usable life of information objects and peot them from failure
and technological obsolescence.

For the sake of the reference model we do not add details abdhe technologies
and the modalities to provide this functionality that can befound elsewhere [Gla06,
PREOQ5, DEL]. It is worth noting that this functionality reli es on preservation meta-
data (Def. 2.2.12) digital objects are equipped with.

Besides ensuring that information objects be available fahe long term period,
it is important to regulate their usage and prevent unauthoised accesses. In our
model, this latter point is ensured by policies (Def. 2.2.92 As a consequence the
digital library must provide the functionality for managing policies.

De nition 2.2.42 (Policy Management) The DL management functionality al-
lowing librarians to de ne and manage policies in order to gulate the usage of the
digital library.

It is worth noting that this functionality depends on the rules and constraints es-
tablished by the DL Designer via the Establish Policy funcbnality (Def. 2.3.9).

This long list of functionalities concludes with those dedated to the manage-
ment of users, one of the important components of any digitdibrary.

De nition 2.2.43 (User Management) The DL management functionality al-
lowing librarians to administer the pool of users having aess to the digital library.

This functionality represents a family of functionalitiesallowing the librarian to

deal with the DL users management. In particular, the libralan must be enabled
to create new users, remove already existing ones, and regulg the rights they

hold into the system, i. e. the tasks they are entitled to pedrm and the information

objects they are entitled to use. For the sake of the referemanodel we do not
provide further details of this functionality but introduce two of the functionalities
classi ed under this umbrella, the registration and the ra¢ management in order to
explain and clarify two processes.
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De nition 2.2.44 (Registration) The user management functionality allowing
the librarian to e ectively adding a new user to those the dtgl library manage and
recognise.

This process is responsible for populating the digital lilary user community. Even
if it can easily be automatised, it is preferable to be reguia it somehow. The less
constraints are imposed on the registration of novel userthe less the system is
capable to ensure the identity of a user. Moreover, the comatnts imposed at
registration time are a direct consequence of the audienchet digital library is
designed for. All these aspects are decided at the DL desigmé by the DL Designer
(Section 2.3).

In order to provide users with rights enabling them to have aess to the digital
library information objects or use digital library functionality the librarians have to
deal with the management of roles.

De nition 2.2.45 (Role Management) The user management functionality for
creating and administrating the associations between useand roles.

As previously explained, our model relies on the Role-Bas@dcess Control [FKCO03]
where the management of roles is of fundamental importance.

This section has introduced the main functionalities DL Enelisers expects from
a digital library system. This list is not exhaustive, i.e. rw functionalities can be
envisaged in observing or designing a digital library syste However, the function-
alities possibly missing are classi able under one of theupmain functionalities,
I.e. access, content management, DL management, and pesse.

In the following section we introduce the last dimension copteting the DL End-
user model, i. e. the aspects related to the quality of sereémf the digital library.

2.2.4 Quality of Service

The quality of service dimension captures the qualitativeharacteristics of a digital
library. In this section we present those of interest with rgpect to the DL End-
users perspective. These quality characteristics are ergsed by a speci ¢ metrics
as suggested in [MS04]. Then before introducing the charagstics we introduce
the concepts needed to describe and capture them.

As depicted in Figure 2.4 on page 17, the quality of serviceaemposed by a set
of quality parameterseach having aneasurementthat can be objectiveor subjective

De nition 2.2.46 (Quality Parameter) An aspect of the quality of the service
that we are going to express via a measurement.

Examples of such parameters are reported in the following.
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De nition 2.2.47 (Measurement) The action of and the value obtained by mea-
suring a quality parameter in accordance with a selected pess and a unit of mea-
surement.

Measurement are further classi ed in objective and subjese measurement.

De nition 2.2.48 (Objective Measurement) A measurement of a quality pa-
rameter obtained via a well de ned process that does not degdeon individual per-
ception.

De nition 2.2.49 (Subjective Measurement) A measurement of a quality pa-
rameter based on or in uenced by personal feelings, tastes, opinions.

The DL End-users are interested in having a perception of théllowing quality
parameters: security, economic, usability, availabilityreliability, performance, and
response time. For each of them we provide a de nition.

De nition 2.2.50 (Security) The quality parameter which measures the level and
kind of security of a given functionality.

De nition 2.2.51 (Economic) The quality parameter which measures the eco-
nomic conditions of the usage of a given functionality.

De nition 2.2.52 (Usability) The quality parameter which measures the easiness
of use of a given digital library functionality.

De nition 2.2.53 (Availability) The quality parameter which measures the prob-
ability that a functionality responds to a user request.

De nition 2.2.54 (Reliability) The quality parameter which measures the likeli-
hood of successfully using a functionality, typically, itgsallels availability.

De nition 2.2.55 (Performance) The quality parameter which measures the per-
formance of the functionality from the users perspective.

This parameter can be expressed by means of a series of otharameters, one of
them is the response time.

De nition 2.2.56 (Response Time) The quality parameter capturing the delay
from the functionality request to the reception of the respse.
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2.3 The DL Designer Perspective

In accordance with the three-tier framework, the DL Designés in charge of de ning
and maintaining the digital library in line with the require ments of the DL End-users.
In order to perform this task she/he interacts with the digi@al library management
system that provides a set of digital library management fuctionality mainly related
to the con guration of the digital library. It is worth notin g the di erences existing
among these management functionalities and those perfordhby the librarians, as
described in the previous section (Def. 2.2.37 on page 30)hel DL management
functionalities used by the librarians are provided by the igital library system and
their goal is to daily operate a digital library while those sed by the DL Designer
are provided by the digital library management system and thir goal is to de ne
and manage the digital library as a whole, and in particular gablish the processes
and the rules the librarian must follow in operating the DL.

The second point to recall is that in accordance with the pepective hierarchy,
the DL Designer inherits the concepts and relationships ohé DL End-users and
thus in this section we introduce only the new concepts andletionships needed to
ful I additional modelling needs. These concepts and relainships are depicted in
Figure 2.8 and described below according to the ve main DL ocgepts. Actually,
as these users do not perceive the Architecture facet, thenuknsions taken into
account are the remaining four. It is also important to notie the concept of DLMS
already described (Def. 2.1.3) and the relationship existy between this system and
the digital library.

2.3.1 Information Space

The perception DL End-users and DL Designer have are exacttile same when
expressed in terms of the information objects composing ind the collections it
is organised in. In adjunction to this view the DL Designer neds to consider the
con guration aspects she/he can acts on in order to arrange the digital library in-
formation space.

De nition 2.3.1 (Con guration Aspect) A feature characterising the informa-
tion space or the functionality that can be the object of a dosnisation.

The customisation meant here is performed via the con gureaformation space and
con gure DL functionality described in Section 2.3.3. The gpects of the information
space that can be customised by the DL Designers are:

the organisation and structure of the information space, €. the set of collec-
tions and their hierarchy;

the set of third-party information sources from where the agent is harvested;

the DL supported information object formats (Def. 2.2.6);



36 CHAPTER 2. THE DIGITAL LIBRARY REFERENCE MODEL

Figure 2.8: The DL Designer concept map { Main concepts

the DL supported metadata formats (Def. 2.2.8).

In order to de ne the document format the following concept binformation object
model is required.

De nition 2.3.2 (Information Object Model) The model characterising the class

of all the possible information objects supported by the it library system.

This model presents the way trough which the concepts aboutformation objects
introduced in previous section, i.e. version, view, metatls and manifestation, are
modelled concretely into the digital library system. Thus he DL Designer, by ap-
propriately instantiating this model is enabled to estabkh the document formats
that are adopted by the digital library and perceived by its . End-users. Exam-
ples of information object models are DoMDL [CCPS05a], the $pace data model
[TBS03a] and the Fedora Object Model [LPSWO05]. A detailed deription and a
comparison of them is reported in Chapter 3.

2.3.2 User

As in the case of the information space, DL Designers and DL Byusers are enabled
to model the users with the same set of concepts and relatitmss among them.
The only di erence is the perception of these concepts, i. & the case of the DL
End-users the concepts are the way through which concreteeus can be perceived
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and managed while in the case of the DL Designers these corisegre used to
characterise the classes of users having access to the didibrary. For instance,
the DL End-users perceive the instance of the user pro le as rapresentative of
a human user while the DL Designer decides how the user pro lastances are
composed, the information they must provide, the process apted to Il it with
appropriate information, etc.

The aspects of the user dimension that can be customised by & Designer are:

the user pro le type (Def. 2.2.16) supported.
the supported set of groups (Def. 2.2.17);
the set of roles (Def. 2.2.18).

2.3.3 Functionality

DL Designers inherit the same perception of the digital litary functionality, they
need only to introduce the concepts related to the customisan, i.e. the con gu-
ration aspect, and the logging.

The de nition of what a con guration aspect is has already ben provided. It
is worth noting that (i) each functionality has its own con guration aspects, i()
some con guration aspects are known others depend on the fitionality itself, (iii )
con guration of a functionality may constrain the con guration of other DL func-
tionalities, and (iv) each digital library system supports a set of con guratioraspects
regarding the functionality it provides. These reasons ceimced us to highlight, in
our model, the common con guration aspects, i.e. informath object model, docu-
ment format, metadata format, and policy, as well as to intrduce the concept oDL
functionality speci ¢ con guration aspect. Job of the DL Designer is to con gure ap-
propriately the digital library functionality, both in ter ms of the set of the provided
functionalities and the behaviour of each of them, in orderatful | the requirements
arising from the audience the digital library is designed fo For instance, if the DL
Designer is preparing a digital library for supporting infomation objects compliant
with the document format F, she/he has to decide the type of functionality allowed
on such an object and con gure each functionality to deal wit objects compliant
with F.

Actually, the decisions taken by the DL Designer are concrely realised by the
DL System Administrator via the deployment and con guration of the software com-
ponents constituting the digital library system as described in Section 2.4. Moreover,
this activity is nowadays conducted without any automatic spport.

The model in Figure 2.8 contains other concepts that will beascribed in this
area. In describing the principles characterising our moblee stated that the func-
tionality umbrella is used to model and characterise the paesses the digital library
provides in order to operate the digital library users and iformation objects. How-
ever, as the DL management functionality o ered by the DLMS epresents a type
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of functionality we decided to describe and introduce it uner the same umbrella of
the digital library functionality because no confusion ases.

De nition 2.3.3 (DL Management) The functionality acting on the digital li-
brary information space, the digital library users, and thdigital library functionality
for selecting and con guring the entities composing the digl library.

This functionality represents the family of functionalities the DL Designer expect the
DLMS provides in order to support the digital library de nition and con guration
tasks. In our model we envisaged ve types of DL managementrictionality, i.e.
con gure information space con gure DL functionality, con gure users establish
policies and log management

De nition 2.3.4 (Con gure Information Space) The DL management func-
tionality provided by the digital library management syste allowing the DL De-
signer to customise the digital library information spacedth in quantitative and
qualitative terms.

This functionality represents the family of functionalities supporting the various
con guration aspects related to the digital library information space. As antici-
pated, they can be classi ed into two categories, those d&ad with the quantitative
aspects - like the number of information objects constitutig it, e.g. select infor-
mation sources- and those dealing with qualitative aspects like the typolgy of the
information object perceived by the DL End-users, e. gon gure document format

De nition 2.3.5 (Select Information Source) The DL management function-
ality provided by the digital library management system alting the DL Designer to
select the information sources from which the digital librg information objects are
to be gathered.

The implementation of this functionality can be various, dpending on the typol-
ogy of ingestion mechanism the digital library managementystem supports. For
instance, if the digital library management system contais a module able to har-
vest metadata records via the OAI-PMH [OAl], theselect information sourceallows
specifying the url of the information source, possibly theet the information objects
have to be taken from, and the start and end date. On the contrg, this function-
ality has to support a more advanced behaviour if the digitalibrary management
system provides a module supporting advanced mechanisms;, €xample a mecha-
nism enabling a set of transformation rules to be applied inrpducing digital library
information objects from those actually provided by the inbrmation source.

De nition 2.3.6 (Con gure Document Model) The DL management function-
ality provided by the digital library management system alting the DL Designer to
design the typologies of information objects the digitabhary has to deal with.
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As previously explained, this functionality supports the [ Designer in de ning the
document formats (Def. 2.2.6) in terms of the general inforation object model
(Def. 2.3.2).

De nition 2.3.7 (Con gure DL Functionality) The DL management function-
ality provided by the digital library management system alling the DL Designer to
customise the digital library functionality both in quantative and qualitative terms.

This functionality represents the family of functionalities dealing with the customi-
sation of the functionality the digital library provides. The possible implementations
of this functionality depend on the characteristics of the igjital library management
system and in particular on the characteristics of the modak implementing the digi-
tal library system it provides. However, this functionality must allow identifying the
set of functionalities the digital library has to provide anong those allowed and to
customise their behaviour in terms of the allowed con gurabn aspects. It is worth
noting that the broader the range of customisations suppoet by a digital library
management system is, the greater its capability to adapt tali erent scenarios is
and hence its success in implementing digital libraries.

De nition 2.3.8 (Con gure Users) The DL management functionality provided
by the digital library management system allowing the DL Oggser to customise the
digital library users both in quantitative and qualitativéerms.

This functionality represents the family of functionalities supporting the personali-
sation of the user related aspects. In particular, it is exmeed that by interacting
with this functionality the DL Designer is enabled to de ne d least the composition
of the user pro le, the roles, and the groups the digital libary supports.

De nition 2.3.9 (Establish Policies) The DL management functionality provided
by the digital library management system allowing the DL Dggser to set up the
family of rules regulating the usage of the digital libraryesources.

This functionality is the highest level functionality with respect to the management
of policies, i.e. all the other functionalities dealing wi policies are constrained by
the outcome and the choices of it. For instance, the policy magement functionality
performed by the librarians (Def. 2.2.42) takes care of agsing the policies in
accordance with the constraints imposed by thestablish policiesunctionality.

Another aspect introduced by the DL Designer perspective ithe presence of
logsin order to record the events occurring for each function#i Thanks to them,
the DL Designer is enabled to investigate on the usage of thanous digital library
functionalities and decide the appropriate customisationn order to improve the
service o ered or tailor it to the actual community the digital library is serving. The
digital library management system must be equipped with a fictionality allowing
to manage such logs.
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De nition 2.3.10 (Log Management) The DL management functionality pro-
vided by the digital library management system allowing tBé&. Designer to manage
the digital library functionality logs.

2.3.4 Quality of Service

The DL Librarian is interested in additional and ner grained quality parameters
with respect to those introduced for the DL End-users. In pdicular, as reported in
Figure 2.8, new quality parameters are added, i. @bustnesscapacity, and scalabil-
ity, and specialisation of already presented parameters aréroduced, i. e.integrity,
authentication, message protectionand data protection with respect to security,
throughput and latency with respect to performancejoad balancingwith respect to
availability, and recoverability, messagingand consistencywith respect to reliability.

De nition 2.3.11 (Robustness) The quality parameter measuring the resilience
of the functionality to ill-formed input and incorrect invacation sequences.

De nition 2.3.12 (Capacity) The quality parameter measuring the limit on the
number of actions a functionality can perform.

This characteristic in uences also the availability and réability qualities, i.e. when
a functionality operates beyond its capacity these other @lities parameters are
negatively a ected.

De nition 2.3.13 (Scalability) The quality parameter measuring the capability
to increase the functionality capacity as needed.

De nition 2.3.14 (Integrity) The quality parameter measuring the ability of the
functionality to prevent unauthorised access and preserite data integrity.

De nition 2.3.15 (Authentication) The quality parameter capturing whether the
functionality requires user authentication or it accepts @onymous users.

De nition 2.3.16 (Data Protection) The quality parameter measuring the ca-
pability of a functionality to prevent unauthorised acceds the data the functionality
is in charge for.

De nition 2.3.17 (Message Protection) The quality parameter measuring the
capability of a functionality to protect the interaction wih the users in terms of the
messages exchanged.

De nition 2.3.18 (Latency) The quality parameter measuring the delay interval
spent between the time when the user invokes the functiotyaind the time when
the functionality e ect begins.
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De nition 2.3.19 (Throughput) The quality parameter measuring the rate at
which a functionality sends and receives data, i. e. the nuerlof requests it is capable
to serve in a certain interval of time.

The di erence between throughput and latency is the followig. The unit of la-
tency is time. It measures the interval between the time a regpst leaves the client
and the time the response arrives back at the client from theesving functionality.
Throughput is the amount of data that is transferred over a peod of time.

De nition 2.3.20 (Load Balancing) The quality parameter measuring the ca-
pacity of a functionality to spread work between many resaes.

De nition 2.3.21 (Recoverability) The quality parameter measuring the capac-
ity of a functionality to recover from failures.

De nition 2.3.22 (Messaging) The quality parameter measuring the reliability
of a functionality in terms of the likelihood of using the fuctionality by interacting
via message exchange.

De nition 2.3.23 (Consistency) The quality parameter measuring the reliabil-
ity of a functionality in terms of the likelihood of using thefunctionality avoiding
contradictory results.

2.4 The DL System Administrator Perspective

The DL System Administrator is the actor in charge to interat with the digital
library management systemn order to (i) select thedigital library system software
components to be installed in order to implement the digitalibrary and (ii ) decide
where and how to deploy them in order to ful | the requiremens expressed by the
DL Designer in terms of the information space, the user, theifctionality, and the
quality of service. Thus the implementation of the digital ibrary is a matter of this
actor.

Figure 2.9 reports the concepts and the relationships modlay DLs from these
users' perspective clustered accordingly to the ve main Diconcepts. It is impor-
tant to notice the main di erence between this map and the preious ones; this map
introduces the architecture concepts and focus on them anbdir relationships inher-
iting all the previous concepts with respect to user, inforation space, functionality
and quality of service.

2.4.1 Information Space

All the aspects related to the digital library information ace have already been
introduced in the previous sections. As a consequence thi®del does not need to
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Figure 2.9: The DL System Administrator concept map { Main cacepts

introduce any new concept. Here we want just to recall how thiaformation space
comes into play from the DL System Administrator point of viev.

Since the rst view of our model (Fig. 2.3 on page 13) we repat the concepts
of information space and functionality modelling that a furtionality acts on the
DL information space. Moreover it should be clear that the DLinformation space
is actually perceived by the DL End-users via the functiondl the DL o ers. From
the DL System Administrator perspective we introduce the amcept of component
as the element holding and thus implementing a digital libregy functionality. Thus,
the digital library information space is actually realisedby the set of components
appropriately con gured and deployed to provide the digitalibrary functionality
over the DL information objects.

It is a matter of the DL System Administrator to map the requirements expressed
by the DL Designer about the information space into componércon gurations
or deployment strategies. For instance, the system admitiator con gures the
document conformer component (Section 2.6) in order to prode the information
objects the digital library must provide from the concretemformation objects stored
in third party information sources, as well as it is a matter 6the administrator to
con gure the OAI-PMH Harvester (Section 2.6) in order to gaher the information
objects from already existing OAI compliant information sarces.
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2.4.2 User

With respect to the user dimension, the same considerationsade for the informa-
tion space are valid. This means thati() in order to model the users from the DL
System Administrator perspective the concepts previouslgresented are su cient,
and (ii ) the user are perceived via the functionality acting on thenand thus they
are realised by the set of components in charge of providingch a functionality.

It is a matter of the DL System Administrator to map the requirements expressed
by the DL Designer about the users into component con guratins or deployment
strategies. For instance, the system administrator con gies the module in charge of
managing the user pro le with the DL Designer requirementsrad, as a consequence,
con gures all the other components constituting the digitalibrary to deal with these
pieces of information.

2.4.3 Architecture

As introduced in Section 2.1.2, the architecture is a represtation of the system
dealing with mapping functionality onto hardware and softare components. Our
model is based on such understanding and thus the characténg concepts are
componentand hosting node

De nition 2.4.1 (Component) A software module providing a well de ned set of
digital library functionality such that (i) it is autonomously con gurable and (ii) it
is deployable on one or more hosting nodes.

It is also worth noting that each component has a component deription charac-
terising it and promoting the correct usage. This descripin may assume diverse
forms ranging from human oriented description, e.g. a texal description in nat-
ural language, to a machine understandable one, e.g. the WE@s in the case of
web services. This description must be tailored on the need$ the DL System
Administrator, e. g. in Chapter 6 we present a service in chge of partially replac-
ing the system administrator and thus we need a component degption usable by
the implemented automatic reasoning algorithm. The secorzharacteristic to high-
light is the use relationship among components, as in a compant based system
components rely on others components to provide their furiohality.

De nition 2.4.2 (Hosting Node) An hardware device providing computational
and storage capabilities such that it (i) is networked, (iiys available, and (iii) is
capable to host components.

Components and hosting nodes are the building blocks of thegdal library sys-
tem. However, in order to allow them to operate as an applicain, the application
framework is needed.
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De nition 2.4.3 (Application Framework) A set of library and subsystems sup-
porting the operation of the digital library system compomés.

The application framework in uences the way through which emponents are re-
alised as well as imposes constraints on the DL System Adnstrator that is in
charge of also deploying and con guring the component corstting this frame-
work. For instance, in the case the components have been isatl by relying on
an application framework providing a SOAP library, it is up © the DL System
Administrator to provide them with such a library.

However, in order to model the library and the subsystems cetituting the
application framework as any other digital library componet and thus leverage on
the management functionality provided by the DLMS, we intrauced the concept of
system support component.

De nition 2.4.4 (System Support Component) A software component provid-
ing digital library component support functionality.

Having clari ed that the DL System Administrator is in charge of managing the
pool of components and the pool of hosting nodes constitugrthe instance of digital
library system, it is necessary to introduce the concept otatus.

De nition 2.4.5 (Status) An information characterising the current standing of
a component deployed on an hosting node.

This information is fundamental in order to allow the DL Sysem Administrator
to monitor the status of the system supporting the digital Ibrary and to act for
ensuring the characteristics and behaviour required by thBL Designer.

2.4.4 Functionality

In order to describe the digital library functionality the DL System Administrator
relies on the same concepts and relationships already inthaced for the DL End-
user and DL Designer perspectives. Moreover, from this poiof view it is enough
to know which software component has to provide a certain fationality and any
other detail useful for appropriately tuning the componentn order to obtain the
expected behaviour and match the quality of service requule

Thus in the remaining part of this section we describe the DLM expected func-
tionality supporting the DL System Administrator tasks.

De nition 2.4.6 (DLS Management) The functionality acting on the digital li-
brary system components for selecting, con guring and mdaring those composing
the digital library.
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This functionality represents the family of functionalities a digital library manage-
ment system must provide in order to allow the DL System Admiistrator to create
and manage the digital library system instances in charge tprovide the digital
libraries required by the DL Designers. In particular, we hea identi ed three main
functionalities, respectively corresponding to the congration, deployment, and
monitoring phases of a digital library development process

De nition 2.4.7 (Con gure) The functionality provided by the digital library man-
agement system allowing the DL System Administrator to cashise a digital library
system component.

The model does not constrain the implementation of this furionality in a xed
form. For instance, it is possible to do the con guration of @omponent by manually
editing con guration les as well as to envisage a graphicaton guration environ-
ment driving the DL System Administrator during this complex task and capable
to verify and maintain the consistency of the con gured asp#s. As in the case
of functionality, the model takes care for introducing the ancept of con guration
aspect but does not present the list of allowed aspects foreliollowing reason: each
component may expose its own con guration aspects, some ¢fetm may be com-
mon to all the components (e. g. the component name, the commaation protocol)
while others are component speci c (e.g. the metadata forrhéo support, the doc-
ument format to support); our model is comprehensive enoudio represent all of
them under the common umbrella.

The con guration of a single component is one of the aspect$ customisation
of a digital library system, the second aspect is representdy the deployment.

De nition 2.4.8 (Deploy) The functionality provided by the digital library man-
agement system allowing the DL System Administrator to iredt a digital library
system component on a hosting node and make it operative.

As for con guration, the model does not constrain the implemntation of this func-
tionality. It is possible to build digital library management systems where this
functionality is executed by the DL System Administrator byhand as well as to en-
visage sophisticated mechanisms supporting the dynamicpleyment (an attempt
to perform this dynamic deployment is under realisation intie context of theDILI-
GENT project as described in Chapter 6).

The deployment phase consists of assigning components tatiog nodes with the
aim to ensure the quality of service parameter values reqaeut by the DL Designer.
In order to evaluate the e ectiveness of the allocation choes as well as to ensure
the digital library operation, a monitoring functionality is needed.

De nition 2.4.9 (Monitor DL Component Status) The functionality provided
by the digital library management system allowing the DL $gs Administrator to
perceive the current standing of a deployed digital libraigystem component.
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Such functionality relies on the status information reporing the standing of a digital
library component deployed on a hosting node. The implemeation of it thus
depends on the information made available and can be sopliisited as we like. For
instance, a mechanism can be envisaged allowing the DL Systé&dministrator to
manually look for such information as well as graphical intéace reporting the graphs
of certain characteristics of the components or an automatiadvertising mechanism
alerting the DL System Administrator when certain charactestics of the deployed
components exceed an established threshold.

2.4.5 Quality of Service

The DL System Administrator takes care of managing the compents and the
hosting nodes. As a consequence she/he inherits all the gtyabf service parameters
previously introduced for the other user perspectives anderds to introduce new
relationships that make it possible to assign such parameseto the entities she/he is
responsible for. Thus in Figure 2.9 we assigned the quality service characteristics
to a component, an hosting node, and to the pair (componenisting node) in
order to capture aspects related to each of them. In particaf, the quality of

services assigned to a component supports the DL System Aahmstrator during the

component selection and con guration phase, those assighto the hosting node
support the deployment phase, and nally, those assigned tihe pair supports the
monitoring and maintenance phase.

2.5 The DL Application Developer Perspective

The DL Application Developers are the actors in charge to delop the components
a digital library management system provides for building igjital library systems re-
alising digital libraries. They come in play both during therealisation of the DLMS
and during the usage of the DLMS in building DLSs. In particudr, during the
rst phase they are in charge to develop the \standard" compoents, i.e. compo-
nents ful lling the requirements of \classic" digital libr aries, while during the second
phase are in charge to develop personalised components, c@anponents ful lling
additional needs arising in speci ¢ application framework

Due to this characteristic, the perspective of these usersfiocused on the techni-
calities needed to operate a digital library system realidein terms of components.
Figure 2.10 presents the concept map to full their perspeste. It is manifest
that these actors inherit a great amount of concepts from thpreviously presented
perspectives and need just to addi | a set of expectedenabling functionality the
components they are going to develop can rely on and X the concept ofsoftware
framework needed to provide them a blueprint of the digital library sytem they are
going to introduce a new component or replace an existing ane
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Figure 2.10: The DL Application Developer concept map { Mairconcepts

2.5.1 Information Space

For the sake of this model we do not need to introduce any furén concept with
respect to the information space. In fact, these actors aresuwally interested in
realisation details of the concepts already introduced anthese details, e.g. le,
data structure, XML schema, are too ne grained with respecto the reference
model; thus we decide to make them implicitly contained witim the concept of the
information space entity they are related to, e.g. these auts perceive the various
metadata formats (Def. 2.2.8 on page 20) through the XML schees de ning them,
an information object (Def. 2.2.1 on page 16) through the seif les constituting
it, a collection (Def. 2.2.13 on page 21) through the metadat le de ning it.

2.5.2 User

With respect to the user dimension the same considerationsaate for information

space holds, i.e. the DL Application Developer needs to mddexactly the same
concepts and relationships previously introduced in termsf realisation details. For
instance, from their perspective the user pro le (Def. 2.26 on page 23) is both the
entity representing a human actor as well as it is the data sticture they can rely

on for realising a functionality of the software component nder development.

2.5.3 Architecture

The architecture dimension is of fundamental importance fothe understanding
of the digital library system and to allow DL Application Dewelopers to produce
software components capable to co-operate with the othergstem components in
realising the expected functionality.

These users perceive the digital library architecture as ithe case of the Sys-
tem Administrators, i.e. a mapping of the system functionaty onto components
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(Def. 2.4.1 on page 43) andhosting nodes(Def. 2.4.2 on page 43). Moreover, they
must be aware of the presence of ampplication framework (Def. 2.4.3 on page 44)
providing its supporting functionality via a set of componats.

Actually, they must know the software frameworkunderlying the family of dig-
ital library systems supported by the digital library managment system they are
interacting with and for which they are implementing a novelcomponent.

De nition 2.5.1 (Software Framework) A blueprint of the software system the
digital library system is built accordingly.

The software framework is a reusable design for a softwaresggm expressed in
terms of abstract classes and explaining the way through widfi their instances co-
operate [JF88, Deu89, Gac03].

This abstract and general picture of the system is realisedylthe application
framework components, by the component constituting the dital library system in
charge to provide the digital library functionality, and by the enabling components

De nition 2.5.2 (Enabling Component) A software component providing the
enabling functionality a digital library system componentely on in interacting with
others digital library system components.

It is worth highlighting the di erences existing between tlese enabling components
and the system support components (Def. 2.4.4 on page 44). élformer are com-
ponents that are not associated with any speci ¢ resource buather are global in
nature, manage and support the interactions across collemis of components. They
are not built on top of, nor they are intended to replace or hid, the system support
components; they are intended to exploit the capabilitiesfahe application frame-
work in order to extend it and cover the needs of the speci c gghication context.
In particular, they are in charge to provide theenabling functionality described in
Section 2.5.4.

The last concept we decided to introduce is related to the acagisation of com-
ponents and namedunctional area

De nition 2.5.3 (Functional Area) A packaging of components in charge to pro-
vide a well de ned set of functionality.

This concepts become a foundational concept in presentinget digital library system
reference architecture reported in Section 2.6.

2.5.4 Functionality

With respect to this DL main concept, the DL Application Devdopers inherit the
same concepts already introduced even if with a diverse andre rich understand-
ing. For instance, in the case of the search functionality deed in Section 2.2.3 {)
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DL End-users, DL Designers, DL System Administrators and DIApplication De-
velopers share the same functional understandingij Y DL System Administrators
and DL Application Developers share the same architecturainderstanding, and
(iii ) only DL Application Developers must be aware of the complegrocess needed
to provide such functionality.

Moreover, the presence of the enabling components introdua family of novel
functionality named enabling functionality the DL Application Developers can rely
on in implementing their components, i. eprocess managementnonitoring, discov-
ery, brokering noti cation , encryption, authentication, authorisation, and subscrip-
tion. It is important to remark that the actors pro ting from the p resence of such
facilities are the digital library components when interating with other components
and that this communication is based on messages exchange,ugual.

De nition 2.5.4 (Process Management) The functionality allowing to de ne
and provide a novel functionality as composition of alreadgxisting functionality.

This functionality is a family of functionality providing t he processmechanism, i.e. a
powerful and exible way for building and delivering novel @inctionality by \simply"
combining along novel paths already existing functionaltalso known as \program-
ming in the large" or \mega programming" [WWC92]. This functonality provides
support for their de nition, management, veri cation, and execution. Thanks to it
part of the logic needed to provide the component functiondy the DL Application
Developer is realising can be implemented by de ning a progg whose execution is
up to the component providing process management facilise

De nition 2.5.5 (Monitoring) The functionality allowing to periodically and au-
tomatically check for certain events or conditions.

This functionality provide the component with facilities for being automatically
noti ed when the event the component expresses interest irappens.

De nition 2.5.6 (Discovery) The functionality allowing to identify another com-
ponent compliant with the speci cation of the request penfimed.

This functionality is particularly useful in the case of dyramic systems whose com-
ponents change or evolves without advices, and each time anmgmonent that needs
to interact with another component must rst identify the most appropriate among
those available.

De nition 2.5.7 (Brokering) The functionality supporting the component-to-com-
ponent communication by hiding communication details.

This functionality is useful in case of distributed and dynaeic system allowing to
easily the communication between components because takeecof transforming the
messages of the sender components in terms of messages ttever can interpret
by ensuring their delivery as well.



50 CHAPTER 2. THE DIGITAL LIBRARY REFERENCE MODEL

De nition 2.5.8 (Subscription) The functionality allowing to express an interest
with respect to an event in order to be automatically noti eevhen the event happens.

This functionality is paired with the noti cation.

De nition 2.5.9 (Noti cation) The functionality alerting the subscriber entity
when the event it is interested in happens.

The remaining functionality are related to the security aspct in messages exchange.

De nition 2.5.10 (Authentication) The functionality allowing to verify the va-
lidity of the provided sender identity.

De nition 2.5.11 (Authorisation) The functionality allowing to establish whether
the sender is entitled to send the message.

Actually, the message is the mechanism to use a functiongliprovided by the com-
ponent and thus being entitled to send the message corresplsrio being entitled to
use the functionality.

De nition 2.5.12 (Encryption) The functionality ensuring privacy in messages
exchange, i.e. codifying appropriately the message in arde prevent its under-
standing by unauthorised entities.

2.5.5 Quality of Service

With respect to the quality of service concept, the DL Appliation Developer does
not need to add any further concept than those already provetl. In particular,

this actor perceive the quality of service parameters as atsef constraints and

characteristics she/he must carefully take care when desigg and implementing
the component.

2.6 The Digital Library System Reference Archi-
tecture

In accordance with MacKenzie et. A. [MLM 06], a reference architecture is an
architectural design pattern that indicates how an abstracset of mechanisms and
relationships implements a predetermined set of requiremts. \We appreciate their
explaining example on reference architecture for housingdtherefore we report it
in below in order to ease the understanding and to remark thenportance of the
role this entity plays in the digital library context as well.
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The role of a reference architecture for housing would be tdentify ab-

stract solutions to the problems of providing housing. A gearal pattern

for housing, one that addresses the needs of its occupantshe sense of,
say, noting that there are bedrooms, kitchens, hallways, dnso on is a
good basis for an abstract reference architecture. The capt of eating
area is a reference model concept, a kitchen is a realisatmireating area
in the context of the reference architecture.

There may be more than one reference architecture that addi®es how
to design housing; for example, there may be a reference atebture

to address the requirements for developing housing solut® in large
apartment complexes, another to address suburban singlerfdy houses,
and another for space stations. In the context of high dengithousing,

there may not be a separate kitchen but rather a shared cookjrspace
or even a communal kitchen used by many families.

An actual { or concrete { architecture would introduce addiional ele-
ments. It would incorporate particular architectural styles, particular
arrangements of windows, construction materials to be usethd so on.
A blueprint of a particular house represents an instantiabn of an archi-
tecture as it applies to a proposed or actually constructedveklling.

The reference model for housing is, therefore, at least tlerdevels of
abstraction away from a physical entity that can be lived ir?

In the light of this example it becomes clear thati() the reference model introduced
in previous sections provides a common conceptual framewahat can be used
consistently across and between di erent implementationand is of particular use
in modelling speci ¢ solutions, (i) the architecture of any digital library system is
based on a component-oriented approach, andi( the software framework (Def.
2.5.1 on page 48) represents a particular instance of a dailibrary system.

In Figure 2.11 we present a digital library system referen@chitecture organised
in functional areas (Def. 2.5.3 on page 48) that makes it paske to realise both
\classic" digital libraries as well as the virtual digital libraries that are the subject
of this dissertation. Thus, in designing this architectureour goal is twofold. On
the one hand we aim at promoting the development of digital brary systems not
as single entities with a xed business logic rather as entés composed by loosely
coupled components each providing a set of functionality &t (i) can be developed
separately and independently, i{) can be arranged in a variety of ways,iif ) can
be reused in di erent domains, {v) can easily be replaced by novel versions, and
(v) provides help in dealing with heterogeneity issues sincéd adjunction of a
component dealing with the heterogeneity allows the reusd an already existing
one. On the other hand we want to promote the implementationfan infrastructure

9The reference architecture for housing example is reprodwsl from [MLM* 06]
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Figure 2.11: The Digital Library Systems Reference Architture

for supporting the discovery and management of reusable cponents in order to
build virtual digital libraries.

Before going in detail some clari cations are needed.

The rst is related to the usage of a layered architecture. Atcally, modern
software architectures go ahead a mono dimensional layeradion even if the main
achievements are maintained and exploited. In such archdeire as well in in our
reference architecture the use relationships may exist aipri among any subset
of the components; the components can be combined in di efeways to support
di erent functionality; and the same components may be useth di erent ways, in
accordance with the restrictions placed on their use and goa

The second clari cation is related to the components depietl into each func-
tional area. For the sake of this dissertation we concentraton those constituting the
mediation area since they are of fundamental importance implementing virtual
digital libraries. For an exhaustive and full description pease refers to [CCPOG6H.

The last clari cation is related to the components constiting the enabling
framework, i.e. the rightmost components that are outsidehie other functional

10The lack of the description of some components does not invalate the presentation of the
reference architecture nor the completeness of the dissetion since the functionality they are in
charge to provide have been described in the previous sectis.
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areas. These components are the enabling components (Debk.2 on page 48) in
charge of providing the functionality presented in Sectio2.5.4.

In the following we introduce each of the identi ed functioml area by briey
reporting the functionality they are in charge of providing

2.6.1 The Presentation Area

The presentation area collects all the components that expe the digital library
functionality to end-users and third-party applications & well. Thus this area rep-
resents the entry point for using digital libraries.

In considering the components constituting this area it musbe taken into ac-
count that a comprehensive user interface able to cover alser needs despite their
pro le and their access device, the functionality, the infanation object types, for-
mats, and media a digital library provides is not realisablget. Thus this component
must provide a strong customisation capability in order to b easily adapted to the
diverse contexts.

Even if the user interface constitutes the main element of ib area, the presen-
tation is not limited to human oriented aspects, rather it ircludes as many public
interfaces as required to improve the accessibility and thasability of the content
managed by the digital library via the functionality o ered.

2.6.2 The Access Area

The access area contains the components in charge of prowglithe access func-
tionality (Def. 2.2.27 on page 27). In particular, in Figure2.11 we have identi ed
three components in charge of providing the search (Def. 23R on page 28) and the
browse (Def. 2.2.33 on page 29) functionality.

The implementation of such components vary according to theharacteristics of
the digital library information space where to search in asell as to the DL End-user
access requirements. An implementation capable to deal Wwitlistributed and het-
erogeneous information objects capable to support an enle@nsemantic matching
between users queries and the retrieved information objecis presented in Chap-
ter 5.

2.6.3 The DL Management Area

The DL management area groups the components in charge of yiding and sup-
porting the DL management functionality (Def. 2.2.37 on pag 30).

In particular, the Preservation Manageris a component that, by exploiting the
preservation facilities provided by the Repository compamts, allows users to per-
form or automatically perform preservation actions accoidg to the digital library
rules. ThePolicy Administration supports librarians in dealing with policy creation,
assignment, and withdrawal. ThePublication Process Managecomponent supports
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the librarian in implementing the publishing process, i. ethe task ending with the
publication of a new information object into the digital library information space.
The Recommendercomponent implements the disseminate functionality throgh
which any type of information object is advertised to the uss according to their
pro le. Recommendations can be directly managed by the lilarian through this
component as well as be automatically generated by the compnt itself.

2.6.4 The User Space Management Area

The user space management area contains the digital librasystem components in
charge of supporting and providing the user management funanality (Def. 2.2.43
on page 32).

In particular, the User Registry component provides the mechanisms for dealing
with user pro les compliant with a pro le format. The Group Registry component
provides the mechanisms for dealing with groups, e. g. thareation and the adjunc-
tion/withrawal of a user. The Pro le Repository component supports the storage,
maintenance, and retrieval of pro les manifestations com@ant with one of the sup-
ported pro le formats. The Policy Manager component provides the mechanisms
dealing with roles and co-operates with th&olicy Administration in implementing
the digital library policy mechanism.

2.6.5 The Information Space Management Area

The information space management takes care of providing éhfunctionality for
dealing with the digital library information objects (Def. 2.2.1 on page 16), the
most important resource of any digital library. In particular, these components co-
operate in supporting the content management functionalt(Def 2.2.23 on page 26)
such as submission, updating, and annotation of informatmoobjects.

In particular, the Storage component provides the mechanisms and functions
for the storage, maintenance and retrieval of manifestatins. The Repository com-
ponent provides the mechanisms to manage information objeccompliant with a
document format (Def. 2.2.6 on page 19). Th&nnotation Manager component sup-
ports the creation and management of annotations (Def. 224 on page 22). The
Collection Managercomponent provides the mechanisms for supporting colleafis.
In particular, an example of implementation of the latter conponent is given in
Chapter 4.

The Open Archival Information System (OAIS) Reference Mod¢Con02] presents
a comprehensive logical model describing all of the functie required in a digital
repository. It outlines how digital objects can be preparedsubmitted to an archive,
stored for long periods, maintained, and retrieved as neatleln implementing the
functionality of this area, and in particular the repositoly component, these recom-
mendations must be carefully taken into account.
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2.6.6 The Mediation Area

The goal of this dissertation is to provide a mechanism for liding virtual digi-
tal libraries. One of the enabling factors is the capabilityo reuse already existing
information objects. As a consequence, digital library stams need a set of compo-
nents that makes it possible to abstract from the organisatn and structuring of the
concrete underlying information space, thus making exteah objects accessible as
collections of virtual information objects tailored to theDL needs. The components
constituting the mediation area are responsible for providg this functionality.

In particular the Document Conformer component, exploiting encoded knowl-
edge of the structure of the documents whose manifestatioase maintained by
external sources, creates a representation matching theawnent model expected
by the other DL components. An example of implementation ofueh component is
provided in Chapter 3.

Other envisaged components needed to mainly support the dooent conformer
are: (i) the Content Transformer that is capable to generate alternative manifes-
tations of a given one, i) the Content Translator that is capable to generate a
manifestation in a language di erent from the original one Examples of such com-
ponents are represented by the plug-ins provided by Greense [WBBO01] system,
the Fedoradisseminators and the OpenDLib Adapters described in Chapter 3.

Dealing with heterogeneous information sources impliessal managing multiple
metadata formats. This requirement is met through theMetadata Schema Mapper
component that generates alternative metadata represenitans according to given
metadata schemas, and through exploiting the features of ¢hOntology Aligner
component that identi es and suggests semantic correspogiaces between the rep-
resentational elements of heterogeneous ontologies. Bathmponents rely on a set
of mapping rules that can be injected as con guration paranters or be dynamically
derived by the mediators that can express the same metadatao di erent schemas,
or equivalent terms into di erent languages. An exploitaton of such facilities in im-
plementing a semantic based search service is described mafter 5.

Finally, the Collection Virtualiser component is the entity enabling other services
to build virtual views, tailored on their needs, over the extrnal information space.
It also guarantees the correct management of the mapping beten the internal
information objects and the constituent items physically ®red in external archives.
An implementation of such component is introduced in Chapte4.

2.7 Related Work

Despite the importance of formal theories and models as mectisms to specify and
understand complex systems in a clear and unambiguous fasi Digital Libraries
researchers and developers have preferred to have a pragmapproach until now.
Unfortunately, this approach introduces a series of drawlocs. Namely, DLs are de-
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veloped from scratch, have scarce possibility of reuse, fpassibility to interoperate,
and di culties to evolve in order to meet new requirements.

In our best knowledge, apart from the model presented in thidissertation, in
literature there exists just one work that propose a formal wdel for DLs, i.e. the
5S framework that is described in the section 2.7.1. We det® it for highlighting
the similarities with and the di erences from our ReferencéModel, as well as for
identifying the strength and the weakness of that frameworkvith respect to it.

Another attempt to model digital libraries was made in the catext of the DELOS
working group on DL evaluation!?. This is discussed in section 2.7.2.

2.7.1 The 5S Famework

The 5S framework [GFWKO04, Gon04] is based on ve fundamentalbstraction,
I. e. Streams Structures Spaces Scenarios and Societies to de ne digital libraries
rigourously and usefully.

These ve concepts are informally de ned as follows:

Streams are sequences of elements of an arbitrary type (ebgs, characters,
images) and thus they can model both static and dynamic conie Static

streams correspond to an information content represented dasic elements,
e.g. a simple text is a sequence of characters while a comptéxect like a
book may be a stream of simple text and images. Dynamic streamare used
to model any information ow and thus are important for representing any
communication that take place in the digital library. Finally, streams are
typed and the type is used to de ne their semantics and appltion area.

Structures are the way through which parts of a whole are orgeed. In par-
ticular, they can be used to represent hypertexts and strugted information
objects, taxonomies, system connections, and user relatships.

Spaces are sets of objects together with operations on thasgects obeying
to certain constraints. Despite the generality of this de fition, this kind of
construct is powerful and, as suggested, when a part of a DLro#ot be well
described using another of the 5S concepts, space may well dgplicable.
Document spaces are the key concepts in digital libraries.olWever, spaces are
used in various contexts { e.g. indexing and visualising { ahdi erent types
of spaces are used, e.g. measurable spaces, measure sgaocéspility spaces,
vector spaces, and topological spaces.

Scenarios are sequences of events that may have parameterere events
represent state transitions. The state is determined by theontent in a speci ¢
location but the value and the location aren't further invesigated because
these aspects are system dependent. Thus scenario tells imappens to the

L http://www.delos.info/WP7.html
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Figure 2.12: 5S { Map of formal de nitions

streams in spaces and through the structures. When considdrtogether, the
scenarios describe the services, the activities, and thesks representing the
digital library functionality. Thus DL work ows and data o ws are examples
of scenarios.

Societies are sets of entities and relationships betweeneth. The entities
are both humans and software and hardware components, whiefither use
or support digital library services. Thus society represerthe highest-level
concept of a digital library, which exists to serve the infanation needs of its
societies and to describe the context of its use.

These concepts are of general purpose and very low level ¢nrgors. Based on
them, Gorcalves et. Al. introduced the whole framework taikg care to formally
de ne the DL concepts reported in Figure 2.12. In accordance to this framework,
they de ne a Digital Library in the following way.

De nition 2.7.1 A digital library is a 4-tuple (R,Cat,Serv,Soc) where:

R = (R,get,store,del) is a repository whereR  2¢ is a family of collections
and get, store, and del are functions acting on them;

Cat = fDM¢,, DMg,, ..., DM¢,;g is a set of metadata catalogs for all col-
lectionsfCy, C,, ..., Ck;g in the repository;

Serv is a set of services containing at least services for @dng, searching,
and browsing;

Soc is a society.

2Figure 2.12 is extracted from [Gon04]
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Figure 2.13: 5S { DL ontology

On top of this framework they proposed an ontology with the an of arranging
the concepts of the framework and identifying the relatiofsps among them. Fig-
ure 2.133 presents graphically this ontology.

The main di erences arising with respect to our Reference Miel are:

The Ss are very general purpose constructs and, in our opinjaesult less im-
mediate than a pragmatic approach as that proposed in our med However,
based on a mathematical formalisation of such constructofSorcalves et. Al.

have been able to provide a formal theory de ning the identied concepts.
Our approach is di erent, we have introduced and identi ed abroaden set of
concepts and relationships among them and one of the futureri is to de ne

mathematically such concepts.

In our framework we decided to provide di erent perspective of the same en-
tity, i. e. the digital library, because di erent users havediverse perceptions of
this complex entities as commonly observed [FAFL95]. Moreer, we intro-
duced and stressed the presence of systems realising thetdlidibraries.

By relying on the concept of space, Gorcalves et. Al. intracced as rst-

class citizens probability spaces, vector spaces, topadkaj spaces, etc. We
considered such elements too ne grained with respect to tlgoal of our model
and left them out.

In the 5S Framework the modelling of services, the countergiaof our compo-
nents, is provided in terms of scenarios and thus focuses dreir behavioural

BFigure 2.13 is extracted from [Gon04].
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description. Moreover, via the structure concept it is podsle to model co-
operating services. We consider such an approach valid foesdriptive and
modelling purposes, therefore we preferred to introduce eéhconcept of ref-
erence architecture in order to suggest and constrain a path to follow in
building digital library systems as well as we stressed thenplementation and
deployment details in order to being able to cover such coris.

It is also important to notice the similarity existing between our concept of informa-
tion object and the concept of digital object present into tlie 5S framework. This is
to con rm that digital libraries objects have been more invstigated and probably
better understood than the other elements constituting siccomplex systems.

To conclude, the two models have the common goal to introdue@eformalisation
of the complex framework of the digital library world. Whilethe 5S concentrates
on the mathematical foundations and takes care of capturingehavioural aspects,
our reference model derives from a pragmatic description tie digital libraries
and takes care of introducing the systems needed to realisencretely such entities.
Moreover, by providing di erent perspectives our model atiws the consumers and
the providers of such system content to share a common undensding of the system
itself, thus promoting a fruitful co-operation.

2.7.2 The DELOS Classi cation and Evaluation Scheme

In the context of the DELOS Network of Excellence on Digital ibraries [DEL], the
working groups dealing with theevaluation of digital libraries problem proposes a
model [FHM* 01] broader in scope than those usually adopted in their cat with
the aim to be able to satisfy the needs of all kinds of DL resedmers, i.e. research
community and traditional library community.

They starts from a general purpose de nition of digital libary and identify
three non-orthogonal components within thidigital library domain: the users the
data/collection, and the system/technologyused as reported in Figure 2.74. These
entities are related and constrained by means of a series efationships, namely ()
the de nition of the set of users prede nes the range and theonitent of the collection
relevant and appropriate for them, (i) the nature of the collection prede nes the
range of technologies that can be used, andi() the attractiveness of the collection
content with respect to the user needs and the ease of use oé ttechnologies by
these users determines the extent afsageof the DL. By relying on these core con-
cepts and relationships it is possible to move outwards to ¢hDL Researcher domain
and create a set of researcher requirements for a DL test bed.

Recently [TKP04], this model has been enriched by focusing the inter-relationships
between the basic concepts, i. e. the User-Content relatisimp is related to theuse-
fulness aspects, the Content-System relationship is related to thperformance at-
tributes, while the User-System is related tausability aspects. For each of these

4 Figure 2.14 is extracted from [FHM* 01].
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Figure 2.14: DELOS generalised schema for a Digital Library

three aspects they introduce techniques and principles f@roducing quantitative
data and implementing their evaluation.

The comparison between this model and the Reference Modeless from the
di erent goal underlying them. In particular, the DELOS framework localises on
introducing measures of the characteristics of the DL systes in order to evaluate
them. On the contrary, the Reference Model introduces a greamount of concepts
and relationships and is capable to support the evaluationiar the quality of service
dimension assigned to their functionality. Thanks to that ar framework deals with
di erent perspectives of the digital library entity we consder it able to integrate all
the aspects covered by the DELOS model in a ne grained fashio The problem
of how to obtain measurements is out of the scope of the progassreference model,
however we have the construct to also express the \quality'fehe quality parameter
we are going to evaluate and thus provide an e ective infornten about the observed
value.



Chapter 3

Virtual Information Objects

A key aspect in building a Virtual Digital Library is to mediate between the represen-
tation of the information objects provided by the shared hetrogeneous information
sources and that manipulated by the DL services that implenme the end-user func-
tionality. This mediation may involve not only a change of tle information object
representation but also either splitting or aggregating ttm to produce either sim-
pler or more complex new ones, respectively. This chaptergsents an approach for
supporting this mediation based on the introduction of a poarful document model,
namedDoMDL, and a Repository service capable of maintaining and disseminating
DoMDL-compliant objects. The chapter also describes an ingmentation of such
service in two concrete systems, i.e. OpenDLib [CP02, CP0&hd OpenDLIibG, a
modi ed version of OpenDLib which exploits Grid technologes [FKT01, FKNTO0Z2]
for broadening the types of managed information objects.

The chapter is organised as follows. Section 3.1 introducé® problems under-
lying the heterogeneous information space in the context ¥irtual Digital Libraries
and highlights the needs and the opportunities arising frorthe presence of virtual
information objects. Section 3.2 presents thBocument Model for Digital Libraries
(DoMDL) , the model we propose to represent structured, multilingwaand multi-
media information objects whose parts may be dynamically gerated or gathered
from external sources. Section 3.3 introduces the architace of a repository ser-
vice capable of supporting the virtualization through DoM[L. Section 3.4 reports
details on the implementation of the Repository service andf DoMDL in the con-
text of the OpenDLib system. Moreover, it presents examplesf the exploitation
of the proposed document model, and related services, fot fing the desiderata
of real community scenarios. Section 3.5 reports on the ingohentation of an en-
hanced version of the repository service capable to protdm grid facilities and
shows an exploitation of such novel service. Finally, Seati 3.6 discusses related
research work by presenting the solutions implemented in merete DL systems as
well as comparing DoMDL with various standards for represéing and exchanging
information objects.
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3.1 Dealing with Heterogeneous Information Ob-
jects

Digital libraries mediate between content providers and edent consumers. Infor-
mation objects gathered from the providers' di erent infomation sources may vary
in their structure, format, media, and physical representi@gon; they may be described
by di erent metadata formats and their access may be regulat by di erent poli-
cies; they may either be physically copied from proprietargepositories into the DL
own repositories or they may be accessed on demand followthg link stored into
the corresponding metadata records.

Content consumers want to search, retrieve, access and nyarate information
objects semantically meaningful in their application domia. For instance, some
communities may want to see the whole information space asngposed of journals
structured in articles, while others may want to work with iformation objects con-
taining the papers produced by an author or with composite gbcts made by a text
and all the images that illustrate that text. Such information objects may not cor-
respond to the objects actually submitted to the DL nor to theobjects maintained
in the shared information sources, rather they may be virtduanformation objects
created by reusing or by processing real objects or parts dfem.

In order to ful | this mediation role a digital library syste m must be equipped
with mechanisms to transform the particular model of the irdrmation objects stored
in the shared sources into the model required by the servicémt make them acces-
sible to the DL users.

A key mechanism for supporting such mediation is the documemodel* that is
supported by the DL system. Information objects collectedrém di erent sources
are logically represented to and known by all the digital litary services as objects
compliant with this model. The services thus provide functinality that acts at the
level of abstraction speci ed by the model. The selection &n appropriate model
is therefore of key importance in determining which level ofirtualisation can be
reached by the informations objects through a DL system. Theext section presents
DoMDL, the document model we propose for covering this imptamt role.

3.2 The Document Model for Digital Library

The Document Model for Digital Library (DoMDL) has been designed to represent
structured, multilingual and multimedia information objects and can be customised
according to the DL content to be handled. For example, it cabe used to describe
a lecture as the composition of the teacher presentation tether with the slides, the

video recording and the summary of the talk transcript. Howeer, the same lecture

IWwe use the term \document model" for historical reasons. In the reference Model introduced
in Section 2 this model is named \Information Object Model".
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MR-
;

Figure 3.1: DoMDL { Document Model for Digital Library

can be disseminated as the MPEG3 format of the video or the SMidocument
synchronising its parts.

In order to be able to represent information objects with copletely di erent
structures DoMDL distinguishes four main aspects of documemodelling, in ac-
cordance to the reference model introduced in Chapter 2. Tée aspects are rep-
resented, using terms and de nitions very similar to the IFIA FRBR model [IFL],
through the following entities: Document, Edition, View, aad Manifestation (see
Figure 3.1).

The Document entity, representing the information object as a distinct mtellec-
tual creation, captures the more general aspect of it. For arple, a book such
as \Digital Libraries and Electronic Publishing” by W. Arms or a lecture such as
\Introduction to Mixed Media Digital Libraries”, by C. Lago ze, can all be modelled
as Document entities. Each entity of this type is identi ed va the Handle attribute.

The Edition entity, representing a speci c expression of a distinct irllectual
creation, models an information object instance along theme dimension. The
preliminary and draft version of a paper, its version submiéed to a conference, and
its version published in the conference proceedings, aré ekamples of editions of
the same information object. Any Edition is related to the apropriate Document
with an Identi er whose value is linear and numbered.

The View entity, modelling a speci c intellectual expression, is te way through
which an edition is perceived. A view excludes physical asye that are not related
to how a document is to be perceived. For example, the origihadition of the
proceedings of a workshop might be disseminated under thrdeerent views: (i) a
\structured textual view" containing a \Preface" created by the conference chairs,
and the list of thematic sessions containing the accepted pers, (i ) a \presentation
view", containing the list of the ppt slides used in the pressgations, and (jii ) a
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\metadata view", containing a structured description of the proceedings.

The Manifestation entity models the physical formats by which an information
object is disseminated. Examples of manifestations are: dhMPEG le containing
the video recording of a lecture made at a certain summer saipthe AVI le of
the same video, the postscript le of another lecture giventaghe same school, etc.
Physical formats are accessible viblRIs, used to associate local or networked le
locations.

These entities are semantically connected by a set of relatiships. The rela-
tionships Has edition Has view and Has manifestationlink the di erent aspects of
an information object. Note that these relationships are nitiple, i. e. there can be
several objects in the range associated with the same objaéstthe domain. This
means that there can be multiple editions of the same inforrtian object, multiple
views of the same edition and multiple manifestations of theame view.

The View entity is further specialised in two sub-entities:Metadata and Content.
The former allows a document edition be perceived through ¢hconceptualisation
given by its metadata representations. These may be a at lisof pairs ( elds,
values), as in the Dublin Core metadata records [Dub], or mercomplex conceptual
structures, such as in the IFLA-FRBR records. Typically, ths metadata view is
indexed to support attribute-based querying and browsing perations, but it may
otherwise be used. For example, it may be disseminated freeobarge while the
document contents are regulated by fee access, or dissertedaon a mobile device.
By using the Has metadatarelationship it is possible to model the fact that also
content views can be described by one or more metadata recoid di erent formats.

The Content view has two sub-entities:Body, and Reference The former is a
view of the information object content when it is to be perceed either as a whole
or as an aggregation of other views. For example, a textualew of the proceedings
a workshop is built as the aggregation of the textual views ds component articles.
The relationship Has part links a Body view with its component views. A Body view
may be specialised by other views that represent more detl perceptions of the
same content. For example, an article of the cited proceedjs may be specialised by
two views related to the French and English version of that daument, respectively.
A view is related to all its specialisation through the relabnship Is specialised by

The Reference entity represents a view that does not have asgmted manifesta-
tions because it is linked with an already registered mangtation. This entity has
been introduced to represent the relationship between viewof di erent informa-
tion objects editions. Articles presented at the same workep, for example, can be
modelled as single information objects and grouped togethiey the workshop pro-
ceedings information object that contains only the referems to them. It is worth
noting that this entity, bringing together parts of real or virtual information objects,
makes it possible to manage virtual objects that are not exigitly maintained by the
DL storage system. For example complex reports, or traininigctures, can easily be
modelled as composition of parts extracted from real objext A reference view is
linked with another view via the relationshipls image of
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Each of the entities described above has a set of attributeldt specify the rights
on the modelled information object aspects. This makes it geible, for example,
to model possibly di erent rights on di erent editions, di erent access policies on
di erent views or on di erent parts of the same view, and so on

3.3 Virtualization through DoMDL

From the architectural point of view, the virtualization of information objects re-
quires the introduction of a number of components. Figure 3.presents the main
modules constituting the internal architecture of a Reposiry service capable of
supporting such a virtualization.

The main module is represented by thd&ocument Managerthat is in charge
of mapping the operations expressed in terms of DoMDL objecfi.e., objects sup-
ported by the document model) into operations on the storagleack-end or on the
Document Conformer This component is a type of Information Mediator and plays
two roles: it contains a module in charge of injecting exteal information objects
(acquired via either harvesting or ad-hod developed wrapp into the Repository
by representing them as objects compliant with the supporte model. Moreover,
this component is equipped with a set o€ontent Transformers that are capable to
generate alternative manifestations. It is worth noting tlat (i) the injection process
is guided by a set of con guration parameters, i.e. the way tlough which the ex-
ternal information objects are mapped into common model oégts is customisable,
and (i ) alternative manifestation can be generated at publishingime, i.e. when
the information object is created into the repository and this the new manifestation
is stored, or at access time, i.e. when the particular mangtation is accessed via
the API.

3.4 The OpenDLib Implementation

The DoMDL model and the above described architectural compents have been
successfully validated by implementing them in the OpenDbisystem [CP02, CP03].
OpenDLib has been, at our knowledge, the rst system to o erlie functionality of
DLMS. It supports the creation and maintenance of very di eent DLs thanks to its
high capability of being customised and to the adoption of ta DoMDL document
model. In particular, by exploiting the features of this moel it is capable of handling
digital information objects that not only may be the analogas of reports, books,
journals, videos, archival records, but can also consist sfienti ¢ data, programs
and any other kind of multimedia documents the user communés may consider as
appropriate instruments for supporting their communicaton. OpenDLib has been
designed to interoperate with existing archives and digitdibraries: it supports the
management of external resources located anywhere, e.g. p@& maintained by
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.................................................

Figure 3.2: The Repository architecture

their authors on personal web pages; the harvesting of docam representations,
e.g. archive records, and of their manifestations througthé Open Archive Initiative

protocol; the loading of documents stored on local le-systn or FTP servers, e.g.
documents not yet published world wide. A more detailed desption of this system

is reported in Appendix A.

Supporting DoMDL in OpenDLib has brought a number of bene tsbut it has
also implied a number of design and development challenges only in the imple-
mentation of the Repository Service but also in the realisain of the other functions
that exploit the richness of DoOMDL. In the rest of this sectio, we rst describe the
OpenDLib representation of DoOMDL and then analyse and desbe how the in-
troduction of this model impacts on the realisation of the filowing functionality:
(i) information object storage, (i) information object discovery, {ii ) information
object access, andi¥) information object visualisation. At the end of the sectio
we also briey illustrate two OpenDLib DLs serving di erent application areas by
showing which level of virtualization has been obtained.

3.4.1 DoMDL Representation

The representation of a complex object compliant with the mposed document
model usually deals with two issues: i} the description of the internal relations
among information object entities, and {{ ) the management of the related physical
parts of each entity.

The OpenDLib solution to these problems is to decouple the detion of the
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document model instance from its real data. With this approeh an information
object is really composed by several les. The instance of éhdocument model
for a given information object is described in a separate |enamed Structure le,

which is the only mandatory element that must be provided. Th goal of this le

is to explain the composition and the relations among the o#r les that compose
the document. Thus, the repository le is the concrete pladelder the Repository
maintains for each virtual information object.

The natural way to express such structured data is through aKML document.
Therefore, a major design issue was to de ne an appropriateM. Schema, capable
to cover all the DoMDL features. XML Schemas provide a standd means to specify
which elements may occur in an XML document and in which ordeand to constrain
certain aspects of these elements. The result of this e orsithe DoMDL XML
Schemd. An XML document validated against this Schema describes aagicular
edition of a document; main entities (views and manifestatns) belonging to an
information object are represented with tags while relatiosships among them are
expressed by nesting these tags. As well, a number of attril@s on the entity tags
allows their type and the related behaviour be specied. Inhis way, a Structure
le can put together di erent physical components to form anunique and coherent
structured information object. Di erent editions of the same information object
are not physically linked together, rather they are logic} grouped by the storage
model in order to obtain a higher exibility of the system. The storage model, in
fact, is able to manage editions as a single entity since theliare the same document
identi er.

Finally, according to the document model speci cation, it $ also possible to
express a set of rules that regulate the rights on the inforrtian object views via
the properties child tag; in this implementation the rightsto download, deliver,
transcode or display a view may be, or not be, granted.

3.4.2 Information Object Storage

At the hearth of any digital library system, as in any informdion system, there is
its storage capability and the related model, that is how thesystem maintains the
information it needs. Here we do not argue about the physicatorage manager
implemented by OpenDLib since, traditionally, a storage mael decouples the doc-
ument model adopted from the underlying technologies use® tstore documents.
Rather we present both the constraints and opportunities tat the utilisation of
DoMDL has introduced in the system. Some of them, namely theghat conducted
us to investigate Grid technologies, are presented in Semnti 3.5.

Primarily, according to the DoMDL speci cation, the storage model must be able
to manage multiple metadata formats for the same informatimobject and multiple
physical manifestations for the same view of an informationbject. This allows

2http:/iwww.opendlib.com/resources/schemas/domdl.xsd
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OpenDLib to be enriched with the capability to: () automatically move from one
metadata format to another one by using appropriate XSLT stiesheets, and i()
automatically migrate from one physical manifestation (3. a pdf le) to another
one using a transformation procedure provided by the systewr con guring the
system to use a third party tool.

Among the others, two major advantages rising from these cabilities are (i) to
make it easy to create new information objects for populatgynew digital libraries
starting from existing and heterogeneous information soces and {i ) to preserve
documents from the technological obsolescence. Regardingnifestations, they are
identi ed by URIs. As a consequence, a manifestation can b#sed inside or outside
the system, depending on the time in which the URI is derefaneed.

When a new information object is created, a number of solutig are o ered in
order to support a range of di erent needs. In fact, a maniféations can be: ()
directly uploaded with the document, (i) automatically retrieved from an exter-
nal location and locally stored, {jii ) maintained as an external manifestation and
dynamically retrieved at the access time, oriy) maintained as an external manifes-
tation and displayed through its original location at the acess time.

These options are made available by properly combining thealaes of the at-
tributes of the manifestation tags in the document Structue le. The combina-
tion of these options at the information object level maked possible to build new
structured documents that enrich the original ones by agggating multiple parts of
di erent objects from di erent heterogeneous informationsources. Moreover, these
choices promote the optimal utilisation of the storage resoces. For instance, if
a manifestation requires too many storage resources to b@d internally, it can
simply be referred to its external original location. This ptimisation is also sup-
ported by the reference view mechanism. Following the modgbeci cation, a view
can be a reference to another view of a di erent document; bynplementing this
mechanism, data duplication can be avoided.

The last advantage we mention here is the possibility to subibrand manage doc-
uments that are modelled in very di erent fashions in the sam OpenDLib instance,
if they are compliant with the DoMDL XML Schema. This introduces a high level of
exibility and promotes a full integration among heterogemous information sources
with di erent types of documents or metadata.

Finally, let us mention addressability. The basic addres&de unit is the single
manifestation. Moreover, the list of all views or manifest#gons as well as the list of
editions of a information object can also be addressed.

3.4.3 Information Object Access

The access granularity, i.e. how an information object or $tcomponents can be ac-
cessed, is closely tied to the storage model. Possible op#dnclude: () to expose
data according to the document model representation, and § to hide the represen-
tation and provide an interface to query the model in order tabtain the document
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parts.

OpenDLib implements both solutions by providing direct acess to the Structure
le and also an interface to query a given information object This design choice
allows users (either humans or services) to select the optithat ful Is their needs
at best. For instance, to speed up the operations, other OpPhib modules retrieve
from the storage subsystem the Structure les and then managthe corresponding
information objects. Other services should instead be intested in requiring the in-
formation object entities (e. g. all the editions of a docum#, all the manifestations,
etc.) in order to manipulate and rearrange them independelyt from the DoMDL
representation.

3.4.4 Information Object Discovering

Information object discovering is a crucial component of gndistributed digital li-
brary system. This feature is usually achieved through indéng and search services.
OpenDLib provides these functionalities both on the inforration object metadata
and, when possible, on the information object themselveau(Ftext indexing) via its
search subsystem. The adoption of DOMDL had a great impact dag the design
of this subsystem because information objects can be exmed in any format and
thus no assumptions could be made about the presence of anydeor structure
of the indexed information. The result is a highly customidale search subsystem
based on: () a complete con guration of any index concerning the metada or
manifestation format, of the elements to be indexed and theesof elements to be
returned after a query, (i) an abstraction layer between the query engine and the
format-independent query language supported, andii() inspection mechanisms that
support the discovery of which indexed format, which queryperators and which
result sets are supported by a particular instance of an inge Therefore, thanks to
the document model, an OpenDLib instance can have multipledexes able to index
any format independently of their number or location. Also lhe graphical user inter-
face provided to interact with the search subsystem has theability to con gure
itself, depending on which index it currently interacts wih, by automatically adding,
removing or changing both its components and its look and feeln addition, the
search subsystem o ers the very new possibility to executeigries across documents
handled by di erent information sources and expressed in @rent formats.

3.4.5 Information Object Visualisation

The visualisation of information objects is the last main isue strictly related with
the document model. DoMDL gives a great number of opporturiés for the presen-
tation of complex and structured objects. For instance, it Bows information object
visualisation be personalised by deciding who has the righto view what.
OpenDLib provides two kinds of information object visualiation, one tab-based
(Figure 3.3) and one window-based (Figure 3.4), both able tdisplay information
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Figure 3.3: DoMDL tab-based visualisaFigure 3.4. DoMDL window-based visual-
tion isation

objects compliant with the DoMDL model. In either mode, a grphical rendering
of the document structure is visualised and manifestatiorsre retrieved on demand
next to the user requests. As well, OpenDLib can easily be extded with additional

visualisation features; this is specially useful for Operilb instances that manage
classes of documents with the same structure, e. g. paperdalks, to better exploit

the speci ¢ structure of those documents. The mechanisms ae make it possible
to present the same document in di erent ways by making the ecwept of virtual

documentconcrete.

3.4.6 DELOS Exploitation

The rst example we report is extracted from the DELOS DE. This DL handles doc-
uments published by the homonymous Network of Excellence d@igital Libraries.
It stores, maintains, and disseminates, among the otherdie proceedings of several
DELOS events like the ECDL conferences, a number of thematnd brainstorming
workshops, and the documents of the international summer szols.

These documents are characterised by a large number of intetationships that
are emphasised to improve the accessibility and readabyliof semantically related
information objects.

Figure 3.5 depicts a typical edition of an ARTICLE maintainel in this DL.
Each edition has the following views:Metadata Abstract, and Content which are
related to manifestations in di erent formats; Related Talk which links with the
presentation of the article made by its author during the relted event; andIn-
Proceedings which links with the document that represents the proceedgs where
the article has been published. Reference views are alsoduse link a TALK
document with the content of the edition of the respective dicle. It is also important

3DELOS Digital Library Web site http://delos-dl.isti.cnr.it
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Figure 3.5: DELOS Digital Library documents

Figure 3.6: ARTE Digital Library Documents

to point out that in the DELOS DL di erent metadata formats ar e used to represent
the description of an article, that multiple manifestatiors in di erent formats are
associated with the same view, and that the video manifesians are stored on
video streaming servers able to improve their fruition. Fially, we highlight that
the end-user perceives an intellectual creation via the hamgeneous and coherent
presentation of a virtual information object that, instead is obtained collecting
parts of di erent and heterogeneous stored information olefts.

3.4.7 ARTE Exploitation

The second example is extracted from the ARTE DL This DL stores, maintains,
and disseminates the digitised versions of ancient texts énmages linked by re-
lationships that express semantic associations among thesuch as thecontains,
is contained in, is related tgq and has authored byrelationships. The original doc-
uments are collected from very heterogeneous informationwsces, that () range
from di erent types of database to le-system based storagsystems, and ij) are

4ARTE Digital Library Web site http://arte-sns.isti.cnr.it
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based on proprietary content representations. A typical ation of an ICONOG-

RAPHY is represented by its metadata and related picture. Ta value added by
using DoMDL is perceived by analysing the information objés relationships. In
fact, using reference views it has been possible to modeltwal information objects

allowing end-users to navigate the relationship from an io@graphic object to the
book that contains it, analyze the textual part before and d@ér the mentioned pic-
ture, browse the book to see other similar information objéx, and also immediately
access the other related iconographic objects.

Finally, it is important to note other speci c characteristics of the documents
managed by this digital library, namely: the wide heterogegity of the representation
and description formats; the existence of access policiegarding many parts of the
documents; and the variety of new documents that are creatda the users of the
digital library by composing parts of existing documents.

3.5 The OpenDLibG Implementation

DoMDL has also been used as a key element in OpenDLibG, an enbed version of
the OpenDLib that is capable of exploiting the storage and rcessing capabilities
o ered by a Grid infrastructure®. Thanks to this new feature OpenDLibG can
manage documents requiring huge storage capacities, likerficular types of images,
videos, and 3D-objects, and can also support on-demand diea of them as the
result of a computational intensive elaboration on a dynariset of data.

The main extension introduced in OpenDLibG with respect to @enDLib is a
new Repository service, name&epository++, described in the next section.

3.5.1 Repository++

Repository++ acts as avirtual repository, i.e. it is capable of the same operations
as those required to store and access information objectsthis logic is completely
di erent because it does not store any content locally but itrelies on the storage
facilities provided by both the OpenDLib Repository and thegLite infrastructure
via the gLite SE broker i.e. a service interfacing with a gLite [EGEDb] based grid
infrastructure in order to store and access les.

In designing this component we decided to make it con gurabelwith respect
to the strategy to be adopted in distributing content on the wo kinds of storage
systems.

The con guration aspects exploit the DoMDL management funttonality that
allows any supported manifestation type to be associated twia prede ned work-
ow tailored to deliver customised storage, access, and regve capabilities. Thanks
to this characteristic it is possible to design and implemérthe most appropriate

5This work is partially funded by the European Commission in the context of the DILIGENT
project, under the 2nd call of FP6 IST priority.
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processes for each new type of raw data managed by the DL andiBaassociate
these processes with the related manifestation type withbtaking care of the logic
of the Repository itself. In the current version, one of theswork ows has been
implemented. It allows storing, accessing, and retrievindges maintained in stor-
age elements accessible through the described gLite wrapgpeFor instance, it is
possible to con gure the Repository++ service in order to mantain all metadata
manifestations on a speci ¢ OpenDLib Repository instance certain manifestation
type on another OpenDLib Repository, while data and other mafestations accessed
less frequently and requiring a huge amount of storage can b®red, with the help
of the gLite SE broker, on a storage element provided by the dé Infrastructure.
The characteristics of the content to be stored should drivehe designer in making
the con guration. Usually, manifestations that require tobe frequently accessed, or
that need to be maintained under the physical control of a sgec library institu-
tion, should be stored on standard OpenDLib Repository sepes. On the contrary,
content returned by processes, that is either not directly sable by the end-user, or
that can be freely distributed on third-party storage devies should be stored on
gLite storage elements.

Cryptography capabilities are under investigation to mitgate the problems mostly
related to the copyright management for storing content onhird-party devices. The
envisaged mechanism is based on splitting the le in parts drencrypting them with
a standard key based encryption algorithm. The key consisté 64 binary digits and
it is preserved on the Repository++ service. In this way, anysingle part of the
le is protected and, anyhow, it is not meaningful without the other parts. Obvi-
ously, in this case the Repository++ service must collect athe le parts, decrypt
them, and reconstruct the whole le before responding to a geiest for accessing a
manifestation.

Another important feature added to the enhanced repositoris the capability of
associating a job or a DAG of jobs with a manifestatioh This feature allows the
management of a new type of document manifestation that acally is dynamically
generated by running a process at access time. Thanks to thisctionality novel
types of documents, such as documents with automatically ahging manifestations
computed on demand from raw data, can be supported by the digi library. From a
technical point of view, this extension has a substantial ipact on the DL features,
however, in the framework provided by OpenDLib, its implematation has been
quite simple. This is mainly due to the characteristics of ta DoMDL model and
its related management functionality. In fact, DOMDL is abk to associate the URI
of a speci c task with a manifestation. In this case, this tas uses the gLite WMS
wrapper’ in order to execute a process customised with the informatiddentifying
the job/DAG to be executed and the appropriate parameters.

8In gLite terminology jobs are an application that can run on a Computing Element, and DAGs
are direct acyclic graphs of dependent jobs.

’The OpenDLibG service interfacing with a gLite based grid infrastructure in order to execute
jobs on third party computing elements.
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A concrete example of exploitation of this functionality isprovided in the fol-
lowing section.

3.5.2 OpenDLibG and the Environmental DL

The third example is related with the exploitation of OpenDLbG in the context of
the experimentation activity conducted into the DILIGENT project [DIL]. In this
context there is the needs to support a group of agencies worlf together to de ne
environmental conventions. By exploiting their rich infomation sources, that range
from raw data sets to maps and graphs archives, these orgaatiens periodically
prepare reports on the status of the environment.

To demonstrate the potentialities of this DL powered by the &d and the feasi-
bility of on-demand reports generation, level two ENVISATGOMOS product$ are
stored in the digital library in order to be elaborated on derand. In particular, the
GOMOS (Global Ozone Monitoring by Occultation of Stars) sesor measures ozone,
temperature, moisture,NO,, NO3, OCIO, O3, and a speci c application capable to
elaborate these data, named BEAT2GRID, was provided by the & organisation
and adapted to run on a gLite based infrastructure by the CNRdam.

Moreover, a specialised user interface for visualising GA virtual informa-
tion objects is produced. It allows end-users to ask for thdaboration of these
products in order to access to a number of human readable outs. This interface
progressively shows the status of the work ow execution arat the end gives access
to the generated information. In particular the following aitput can be generated:
geolocation information extracted from the data le; theNO,/ NO3 image pro le
information showing the density with respect to the altitude; the NO,/ NO3 pro le
information comprising date, time, longitude of tangent pont, latitude of tangent
point, longitude of satellite, latitude of satellite; the @one density related to the
altitude and the ozone density covariance.

Figure 3.7 shows an example of report illustratingi] the status of the work-
ow, (ii) the graphs resulting from a completed elaboration,ii{ ) the NO, pro le
information, and (iv) the derived report metadata.

3.6 Related Work

A lot of prior works exists with respect to the representatin of information objects
both in the eld of digital library than in other research area. In this section we
analyse the models and the related functionality o ered byhe three most important
and signi cant digital library systems, i. e. DSpace and Feara, as well as we compare

8ENVISAT (Environment Satellite) is an ESA Earth observatio n satellite launched in March
2002. Its purpose is to collect earth observations: it is tted with 10 sensors ASAR, MERIS,
AATSR, RA-2, MWR, DORIS, GOMOS, MIPAS, SCIAMACHY, LRR and ot her units. Detailed
information about the ENVISAT satellite can be found at http://envisat.esa.int/
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Figure 3.7: A GOMOS Virtual Information Object

the object representation models underlying the MPEG21 stalard and the METS
format.

3.6.1 The DSpace Data Model

DSpacé [TBS*03b, TBS03a] is an open source digital library system deskph to
operate as a centralised system for capturing, storing, iesling, preserving, and
redistributing documents in digital formats. It has been iitially designed to manage
intellectual outputs of a university research faculty.

Item is the basic archival element in DSpace, as such it corresmsnto the
DoMDL Document entity. An item is organised into bundles of listreams, where a
bundleis a set of somehow closely related bitstreams, partially cesponding to our
View entity, and a bitstream is a stream of bits. Usually, a bitstream is a computer
le, and it is therefore close to the physical part of our Marfestation entity. For
example, a document having two di erent manifestations, a BF and an HTML
one, is modelled in DSpace as an item having two bundles: th®P bundle, which
has a bitstream representing the PDF le, and the HTML bundle which has a set
of bitstreams representing the component HTML les and imags.

The ordered sequence is the only type of relationship that sabe expressed
among bitstreams of the same bundle. The concept of editios mot explicit within
this model, even if it may be modelled via particular structual metadata by adapt-
ing some of the DSpace components. Furthermore, referenddst enable the con-
struction of documents as aggregation of already existinghes, are not explicitly
supported.

DSpace manages descriptive, administrative and structurenetadata. Each item
is associated with one quali ed Dublin Core descriptive medata record. The used
metadata schema can be changed but the system search and sidsion operations
must be explicitly updated as they are not capable to automatally adapt them-

http://www.dspace.org
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selves to these changes. The system manages only one deseipnetadata record

for each item. When multiple metadata records are availabli®r a same document,
one is handled as a proper metadata record used in the disagvphase, the others
are stored into the system by using the bundle concept. Admstrative metadata

include preservation metadata and authorisation policy ntadata expressed in a
proprietary format. DSpace structural metadata can be comgered as being fairly
basic, i.e. bitstreams of an item can be arranged into sep#&abundles as described
above. A plan exists to improve this aspect of metadata in fure DSpace releases.

3.6.2 The Fedora Object Model

Fedora®[PT02, LPSWO05] is a repository service for storing and manam complex
objects.

A Fedora digital object is composed by i a unique identier, (ii) a set of
descriptive properties (iii ) a set of datastreams and (iv) a set of disseminators
Descriptive properties maintain the information that is neded for managing the
objects within the repository, i.e. the object type, its stée, its creation, and last
update date. The type is used to distinguish among the primite Fedora objects,
while the state is used to distinguish among active, inactevand deleted objects.

Datastreams are containers used to maintain both data and raglata belonging
to an object. Therefore the same concept is used to model byteeams representing
the document as well as metadata to express relationshipsiother objects, policies
and audit data. Moreover, a datastream is used both to encaylate any type of
bytestream internally as well as to reference to it externgl Datastreams are thus
a very exible mechanism that makes it possible to aggregatie local content with
the external content and the document structure with its cotent. The broad concept
of datastream, which is equivalent to the DoMDL view, uses served datastreams
to di erentiate between its types. For instance, a datastram of type DC is used to
express the DC Metadata record [DC], while a datastream of g REL-EXT is used
to express object-to-object relationships following a weéstablished relationships
ontology**.

Disseminators are components that associate an externahgee with the object
in order to supply a virtual view of the object itself or of itsdatastream content.
The Fedora repository produces this virtual view by interoprating with the service.
The Fedora approach to virtual views is thus object centrici. e. in order to o er a
new view over a set of documents a service capable to disseatenthis view must
be created and all the objects of the set must be updated to ilncle the new service.

Fedora object model covers also versioning related to conmamts, i.e. datas-
treams and disseminators. The system automatically create new version of them
whenever they are modi ed, while maintaining also the formerepresentation with-

POhttp://www.fedora.info
Whttp://www.fedora.info/definitions/1/0/fedora-relse xt-ontology.rdfs
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out changing the document structure. The same component nmains then all
the versions and each of them is identi able via its own idener internal to the
component.

DoMDL and Fedora digital object models have many commonaiés and both
aim at managing complex structured documents. Main di ereces concern mecha-
nisms for o ering virtual views as well as for decoupling strctural information from
content information.

3.6.3 MPEG 21 and the DIDL

Although MPEG21 [BdWH?* 03] originates within the multimedia community, its
framework is general-purpose and can accommodate any kinidcomplex digital ob-
jects, including electronic texts, electronic journals,@enti ¢ datasets, etc. . There
is a clear overlap between the problem domain addressed byetMPEG21 e ort
and those related to the management of information object® ithe digital library
community.

Despite of such similarities, MPEG21 has received little &&ntion from the DL
community, partly for the seemingly di erent areas of applcation and partly because
MPEG standards must be purchased. To our knowledge, Los Alars National Lab-
oratory (LANL) Research Library is the only example of Digial Library technology
adopting MPEG21 DIDL as the reference language for its inforation objects rep-
resentation [BHdSO3].

The standard puts the bias on two essential concept®igital Iltems (DIs), which
are the units of exchange (the \what"), intended as hierardcal containers of re-
sources, metadata, and other digital items; andJsers which are the producers
and consumers of DIs (the \who"). Currently twelve high-leel, modular parts of
MPEGZ21 are de ned.

The crucial part of MPEG21 is the Digital Item Description Language (DIDL),
an XML Schema for the de nition of Digital Item Declarations(DIDs). DIDs declare
DIs, meaning both their content and behavior, i. e. relatios with users and with the
processing environment.

The DIDL XML schema re ects a set of abstract concepts acconag to which a
DI can be described as a combination of nestentainers items, components and
resources?.

DID is a container, which contains a sequence of other comairs or items; an
item can include other items or a sequence of components, ahin turn include a
sequence of resources. Resources, i.e. their content, witthe same component are
considered equivalent, thus an agent may use any of them. Baermore, descriptor
elements can be included in elements of a DID to describe peygies and behavior
of the including elements, such as identi cation, processjy information (code or

2 Actually the data model includes other primitives, but they are outside the aim of this com-
parison
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pointers to code for the processing of an element), and rightand permissions.
Other, personalized, descriptors can be customized by useao describe element
context-speci ¢ properties.

From the digital library perspective, DOMDL and DIDL are high-level approaches
for complex digital object description and representationin that they both accom-
modate any kind of metadata formats and object datastreamsHowever, the two
models propose dierent level of abstraction and their congrison resorts to the
well-known trade-o between high-level and low level modsl DoMDL is specif-
ically designed to model digital library information objets. Thus its primitives
represent components, properties, and relationships, @eting the application con-
text. DIDL is attractive because of the generality and exiblity o ered by its data
model, plus the extensibility supported by the descriptor@approach. Indeed, any
system of interrelated components can be described as a DID.

3.6.4 METS

The Metadata Encoding and Transmission Standard (METS) [TBO02] provides an
XML document format for encoding metadata necessary for blotmanagement of
digital library objects within a repository and exchange ofsuch objects between
repositories.

A METS document consists of seven major sectionsi)(METS Header, con-
tains metadata describing the object itself; i{) Descriptive Metadata reports the
descriptive metadata, possibly in multiple manifestatios, that can either be in-
ternally embedded or point to an external source;ii{) Administrative Metadata,
reports administrative metadata (e.g. how object is createand stored, its intel-
lectual property rights, its provenance) and can be internly stored or reference
to external sources; if/) File Section contains the list of all les representing the
object content grouped with respect to the version of the dital object they belong
to; (v) Structural Map, contains the hierarchical structure for the digital objet, and
links the elements of that structure to content les and metaata that pertain to
each element; ¥i) Structural Links, contains the hyperlinks between the nodes of
the Structural Map; and (vii) Behaviour, contains the metadata used to associate
executable behaviour with the information object.

Many similarities exists between such rich and complex moldend the DoMDL.
In particular, the structural map that allows the componens of a complex object
be organized hierarchically corresponds to the DoMDL strire le. Notable is
the behaviour section which allow the object be equipped witthe logic needed
to dynamically generated alternative manifestations. Thee similarities validate the
DoMDL modelling choices. The transformation of the objectsom one model to the
other is an easy task and improves the interoperability be®en diverse systems.



Chapter 4

Information Space Organisation:
the Collection Service

In this chapter we present the design and implementation ofhe Collection Ser-
vice, a service introduced into the Reference Model that is mantay for e ciently
building Virtual Digital Libraries. In particular this ser vice provides the mechanism
of collections, i.e. virtual views over the information spee. Thanks to this mecha-
nisms users and services are enabled to tailor the informari space to their needs
and thus improve the discovery of and the access to the infoation objects they
need, e.g. identify the portion relevant for a community, aganise the content into
novel and unpredictable sets, reduce the space where to sbain.

This chapter is organised as follows. Section 4.1 introducéhe service and the
collection mechanism as instruments to dynamically custaose and organise the in-
formation space of a Virtual Digital Library. Section 4.2 reorts a functional view of
the Collection Service and details of the metadata and the detion language needed
for managing collections. Section 4.3 presents the arclatare of the service by re-
porting on the main components, their functionality and therelationships among
them. Section 4.4 reports on theuery-based samplingechnique as the mechanism
used to acquire a description of the information sources csiituting the informa-
tion space. Section 4.5 introduces thsource selectiontechnique as the mechanism
used by the collection service in order to nd the appropria¢ information sources
where to search for identifying the objects belonging to theollection. Section 4.6
reports the results of the experimental evaluation of the posed techniques that
has been conducted to prove the e ectiveness of the approac®ection 4.7 presents
the implementation of a collection service in the context ahe Cyclades project
(IST-2000-25456). Here, the central role such type of serei plays and the im-
provement it produces are highlighted in the context of a DL bilt by aggregating
third-party information sources. Finally, Section 4.8 reprts on related research.
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4.1 Introduction

Building a Virtual Digital Library by aggregating content from a set of di erent
heterogeneous information sources provided by third paes, that grow indepen-
dently along the time, presents many advantages but also mtduces problems. One
of the advantages is that thanks to these type of DLs the conté produced to
serve the information needs of those communities for whiche information sources
were originally set up becomes available to meet also the deeof other multidis-
ciplinary communities whose interests span across variouormation sources. On
the contrary, one of the main problems encountered in desigy these DLs is the
implementation of an e cient and e ective resource discovey mechanism. The het-
erogeneity of the content and the huge dimension of the statéenformation render
this problem hard to solve.

In the past, the most common way to deal with resource discayeconsisted in
structuring the whole information space into a number of welestablished content
classes, possibly organised hierarchically. Before foriaing their queries, user are
asked to navigate in the hierarchy and to locate the class th&est satis es their
needs. This organisation is based on some xed set of cri@f e. g. subject, date,
location { that re ect both the typology of the underlying in formation sources and
the needs of the expected user communities. This solutioral$ for Virtual Digital
Libraries. Each new document added to the information soues constituting the
information space, or stored into the new sources must be éixjtly indexed accord-
ing to the terms of the established organisation. This orgasation may over the
time become obsolete and not capable to satisfy anymore theads of the new and
heterogeneous communities of users asking for Virtual Digi Libraries.

We propose a novel approach to dealing with information spacorganisation.
This is based on theCollection Service(CS), that is a dynamic information space me-
diator that mediates between the real organisation of the sef information sources
constituting the information space, and the virtual organsation of information ob-
jects into virtual sets, namedcollections that are meaningful from the perspective
of the user communities as well as of the services constitugi the Virtual Digi-
tal Library. Via a collection, a set of information objects bgically correlated can
be grouped together in order to satisfy an information neednd to be referred as
an information unit. The most important characteristic is that this set of objects
is characterised via logical criteria and thus it is dynamice.g. if a new informa-
tion object meets the collection de nition criteria then it automatically becomes a
member of the collection. The CS accepts requests for the atien of new collec-
tions, expressed in term of a set of criteria and, by exploitg the information about
the underlying information space con guration, dynamicdly generates collection
descriptive metadata that are disseminated to the other seices on request.
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4.2 The Collection Service Functionality

The proposed service introduces a novel path in accessingiaformation space. In
particular, it allows users to follow the search strategy mposed in [Bla02]. Here
a two-stage search process is presented in order to improves tdocument retrieval
from large information spaces. The rst phase of this process consisté the par-
titioning of a large information object collection into small colleebns (partitions),
while the second phase consists of submitting the query rgsenting the informa-
tion needs to the right partition, i.e. the partition which is likely to contains the
desired documents. The Collection Service supports the pdoning mechanism via
the de nition of virtual collections. A collection is usually de ned as a statically
identi ed set of documents. Our service, instead, implemés virtual collections as
it does not gather nor stores the documents belonging to a tadtion, as other solu-
tions do { e.g. [WBBO01, Ber02], but it characterises and idenes them via a set
of de nition criteria. This means that CS collections are cpable to adapt to and
follow the dynamism of the underlying information space. & new document meets
the collection de nition criteria then it is automatically included in the collection.
The requests for the creation of new collections are submetl to the CS. These
are formulated via a declarative collection de nition langage namedMembership
Condition languagethat is presented in Section 4.2.2.

Collection de nitions are stored by the CS and information aout them is dis-
seminated to the other services upon request. A collection described byCollection
Metadata i.e. a set of data about the collection that comprises identation and
managing information. The format and and the semantics of th metadata are
described more in detail in Section 4.2.1.

4.2.1 Collection Metadata

Collection Metadata is the information that the system stoes about a collection and
disseminates upon request. The collection metadata are geated by a stepwise
process that is composed by the following phases:

1. Via the CS GUI (Section 4.7.2) the user expresses his owrfoanmation need
using a de nition language. Note that this kind of information need is not
a one-time request, i.e. it is not intended for the identi cion of the single
information object the user is interested in, but it represats an expression of
interest about a set of information objects with certain cheacteristics where
further to search in for an information object;

2. The system processes the request of the user in ordeganeratethe collection.
During this phase detailed data about the collection (see &#on 4.2.1) are
derived by the system using a set of internal and automatic pcedures. The
most important procedure identi es the information object that belong to
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the collection. These objects are characterised by the set aharacterisation
criteria that forms the Retrieval Condition (see Section 4.5 for details);

3. The collection is now ready to beonsumedby other DL services. Example of
exploitation can be found in Section 4.7 where we present ti@plementation
of the Collection Service in the context of theCyclades project and describe
its central role in supporting an appropriate search and andwvanced recom-
mendation functionality in a context of heterogeneous infaation sources.

Collection metadata is composed by the following elds:
Identi er - the unique identi er of the collection;
Name - the name of the collection;
Description - the textual description associated with the collection;

Membership Condition (MC)- the condition that the creator has used to de ne
the collection. It is maintained as a formal speci cation othe collection;

Retrieval Condition (RC) - the condition that speci es how to retrieve, e ec-
tively and e ciently, the documents belonging to the collegion;

Parent - the identi er of the parent collection. It is used to maintan the
hierarchical organisation in the set of collections.

This is the minimal set of elds required to manage collectigs. It contains iden-
ti cation information (Identi er, Name and Description), information on how to
formally (MC) and operationally (RC) retrieve the content d the collection and
information (Parent) about its position in the the hierarchical organisation of the
set of collections. This set of elds can be extended with o#n type of information
{ e.g. statistics about content, policies to regulate the a®ss, and so on { in order
to allow other services having a more rich and detailed degation of the collection.
The richer this set of elds is the more accurate is the funabinality that the other
services can supply building over collections.

The main issue that the CS comes up against is the automatic metion and
generation of these metadata elds. A lot of them, e.g. Name;an be derived
directly from the de nition criteria expressed by the user,others are generated by
the system, e.g. Identi er, whereas others require supplemtary knowledge that
the CS must either receive as input or acquire automaticallySections 4.4 and 4.5
discuss the latter case in more detail.

4.2.2 Membership Condition Language

The CS allows users to specify their own information needsava declarative col-
lection de nition language namedMembership Condition LanguageThis language
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must be simple, expressive and quite powerful to capture amgnd of information
need arising from users. On the other hand, the de nitions gén in this language
must be translated into a condition that all the information sources constituting the
information space understand.

The syntax of the language that has been used in the prototygmplementation
of the Cyclades CS (Section 4.7) is given below using the Backus-Naur Form
(BNF):

query ::= condition* [, (archivelList)]
condition  ::= (Jweight,] field, predicate, value)
weight o=+ ] -] 1..1000

field .= [schemaName":"]attributeName
predicate = cw |<|<=|>=]|>]|=]|!=

archivelList ::= archiveName | archiveName, archiveList

This is an ALTAVISTA-style language where a query is a set ofanditions, which are
either optional, mandatory (+) or prohibitive (-). In addition, it allows for weight-
ing of optional conditions. With respect to the structure ofmetadata records it
assumes that they have a one-level structure and allows fdnet use of nhamespace
(schemaName The set of predicate supported is composed from the clasai com-
parison operators €, <=, >=, >, =and! =) plus cwoperator used to specify a
condition on the content of a text eld, e. g.(description, cw, library) stands
for \the eld description contains the termlibrary "
This language has pros and cons:

it is quite simple and intuitive as it is similar to others, wdl known query
languages;

it is quite general, the assumption about the one-level madata record struc-
ture can be simply removed using the attribute name path insiad of the
attribute name;

it is not expressive as others query languages are, e.g. S@e are currently
working at the evaluation of theright grade of expressive powaequired in
order to de ne collections.

4.3 The Collection Service Architecture

Figure 4.1 shows the logical architecture of the CollectioBervice expressed in terms
of the Digital Library Service Reference Architecture (Se¢ion 2.6). This picture
shows how the initial user description of the collection, e. the membership condition
MC, is manipulated in order to produce the collection metadatdD that are stored
into the system and disseminated upon request via the CS ARh accordance with
the process presented in Section 4.2.



84 CHAPTER 4. INFORMATION SPACE ORGANISATION: THE COLLECTION SERVICE

_______________________________________________

Figure 4.1: The Collection Service Logical Architecture

The CS contains a module, thdRC Generator Module that is responsible for the
generation of the retrieval conditionRC, i. e. the condition that is used in order to
nd the documents belonging to the collection. The RC consis of the membership
condition plus a set of automatically selected informatiosource$ that are relevant
to the conditions speci ed via the membership condition.

One of the functionality provided by the Collection Services the translation
of the Membership Condition, i.e. the collection de nitioncriteria, in terms of Re-
trieval Condition, i.e. the query actually used to identify the information objects
constituting the collection. The purpose of this translatn is twofold: on the one
hand it is necessary to rewrite the MC into the query languagsupported by the
information sources in order to render them able to reply; othe other hand it is
important to identify in advance the information sources toquery for collecting col-
lection objects in order to reduce the number of sources tot@mact with. The latter
aspect is also known as source selection: the CS generatesetri®val Condition
that contains the list of information sources to be queriedni order to identify the
information objects belonging to the collection.

In order to identify this set of archives theRC Generator module uses theSource
Selection Module This module is responsible for solving the source selectiprob-
lem, i. e. the selection of the subset of information sourceslevant to a given query

In the follow we will use the terms archive and information sairce as synonyms.
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among the set of accessible sources (see Section 4.5).

In order to choose theight information sources, the CS musknow them, i. e. it
must have an appropriate knowledge of the content of each armation source. How
to best represent an information source content is an opengilem. The current
approach to this problem is based on the use oflanguage model This approach
will be presented in detail in Section 4.4 where a techniquesed for acquiring the
language model from a set of non co-operating informationwsaes is reported.

Finally, it is worth noting that due to the mediation role that the logical modules
play, some of them must interact directly with heterogeneaiinformation sources
and, therefore, part of their implementation is strictly dgpendent on that environ-
ment.

4.4 Language Model and Query-Based Sampling

In order to select the information sources relevant to a qugrthe CS must have a
description of their content. From our point of view an infomation source is a set
of information objects. The issue of how to best describe thset is still open. The
most widely used approach consists in using language modeli.e. a list of terms
with their term frequency or term weight information. As it will be clari ed in the
next section, this knowledge is su cient for the source set#ion technique that we
have adopted.

However, we can assume that the language model is providedtheg single infor-
mation sources only in a federated environment where the piipating institutions
agree on a number of rules and thus collaborate in providingggem functionality.
Instead, in the context of Virtual Digital Libraries where the information sources
are pre-existent and it is required the minimal e ort in participating to the system,
we cannot assume that the information sources supply theimm language model
and thus we need to envisage a mechanism to acquire it.

In our Collection Service we have envisaged two mechanisros learning the lan-
guage model. The rst assumes that the Information Sourcesas data providers as
in the context of the Open Archive Initiative [LV01], i. e. acopt the OAI-PMH tech-
nical framework as a means of exposing metadata records abtheir content. Then
the Collection Service collects all the metadata records drextract from them the
needed information. The quality of the language model acqed via this approach
depends on the quality of the metadata records exposed. Thecend methodology
comes from the distributed information retrieval area ands known as query-based
sampling requiring query-response capabilities by the loafmation Sources.

The query-based sampling technique has been proposed by |l@aland Con-
nell [CCO1] for acquiring accurate resource descriptidim a context where informa-
tion sources are text databases. This technique does not uag the co-operation of

2Resource description is a kind of knowledge about the contérof an information source.
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source providers, nor does it require that source providetse a particular search en-
gine or presentation technique. Resource descriptions amreated by running queries
and examining the information objects returned. At the end bthis process a sample
of the records of the information source that represent itsooitent is acquired. This

set is called resource description and using it the languagedel of the archive can
be derived.

1: query = generatelnitialTrainingQuery()
2: resultSet = run(query);

3: if (jresultSetj < L ¢ )f

4: go to 1,

5: gelsef

6:  updateResourceDescription(resultSet) ;
7.  if (NOT stoppingCriteria() )f

8: query = generateTrainingQuery() ;
9: resultSet = run(query);

10: go to 6;

11: g

12: g

Figure 4.2: Query-based Sampling Algorithm

Figure 4.2 reports the query-based sampling algorithm thawve have appropri-
ately extended in order to deal with information sources psenting information ob-
jects annotated with multiple text attributes { e. g. biblio graphic records { (similar
to [XCLN98]). This algorithm uses the functions explained blow:

generatelnitialTrainingQuery() generates thestart training query. In order to
generate a query we needi ) a set of words among which randomly choose the
ones to build the condition and {i ) a set of attributes among which randomly
choose the ones to build the condition. For each selected @itute we randomly
select 1 tomax; distinct terms and for each pair we choose an operator to réda
attribute and term into the condition.

This function, like the generateTrainingQuery(), is depedent on the infor-
mation source query language and from other parameters. léewe assume
that each query language supports at least conditions on gile attribute of a
bibliographic record. All the other aspects are con gurald.

In the Cyclades CS prototype (Section 4.7) we have taken the following
design choices: i) the words belongs to the set of terms that characterise the
second and the third level of the Dewey Decimal Classi catio[DDC] system,
(ii) the attributes that we have used belongs to the Dublin CoredC] elds,
(ii ) max; = 4, and (iv) the operator used is always thew operator.

updateResourceDescription() updates the set of information objects that rep-
resent the resource description. Note that a query must reta at least Ly,
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objects before the objects collected (the topy ) can be added to the resource
description data set. This minimum result size is required dcause query re-
turning small results do not capture source content well.

In our prototype we have used.; equals to 4 as proposed in [XCLN98], this
is just another con guration aspect.

stoppingCriteria()  evaluates if the stopping criteria was reached. In our best
knowledge no one has proposed signi cantly stopping critier

Callan and Connell [CCO01] experiments have been conductetbging the
sampling after examining 500 documents, a stopping crit@richosen empiri-
cally observing that augmenting the number of documents eraned the lan-
guage model does not improve signi cantly.

In our prototype implementation the stopping criteria is reached when the
system runs 10 queries, each ones returns at least records without resource
description records set changes. This is an aspect that weaplto further
investigate in the future.

generateTrainingQuery() generates thenext training query. Training queries
are generated as follows:

1. randomly select an objecR from resource description data set;
2. randomly select a set of attribute oR to use in training query;

3. for each attribute to be included in the training query, castruct a pred-
icate on it by randomly selecting 1 tomax; distinct terms (stopwords
are discarded) from the corresponding attribute value andsing the cw
operator.

In order to investigate the accuracy of the learned resouradescription acquired
via the sampling technique, we have conducted some experitgewhose results are
reported in Section 4.6.

4.5 Source Selection Technique

As already stated, source selection is the technique allowi to identify from a large

set of accessible information sources the ones relevant tgigen query. In our case

the query is the MC, i.e. the collection characterisation d@eria, while the selected

information sources are used in the generation of the Retved Condition in order

to allow a faster discovery of the information objects belajing to the collection.
The source selection problem can be formally de ned as fols.

De nition 4.5.1 (Source Selection Problem) Let 1S = fIS4;1S,;:::;1Sygbe
a set of Information Sources. Let g be a query. The source stien problem consists
in computingE IS such that8 F IS Goodness(q,E) Goodness(q,F).
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Goodnessis a function on the results returned by a set of I against a queryq
de ned as follows: X
Goodnesgq; E) = Si 4.1)
IS|2E
wheres; is the result size returned bylS; for query q.

In order maximise the Goodnessvalue for a query it is su cient to rank the
various information sources estimating the result size netned by each one. The
weighting scheme that we propose has been obtained by appriagely extending
the CORI schema [CLC95] in order to manage bibliographic rerds instead of plain
text documents and to consider a richer query language thankeyword-based ones.

In accordance with the Membership Condition Language repted in Section 4.2.2
we consider a keyword- elded-based query model, this medmet a queryqis de ned
as a list of condition (;; a; o;Vv;) where:

w; is the weightof this condition. + mean that the condition must be ful lled,
- that the condition must not be ful lled (the boolean NOT);

a is the eld of the bibliographic record involved in the condiion;
o is the operator to use, e.g<=, =, cw etc.;
v; is the keyword.

For example, to retrieve all the records having author \Candla" and subject \Cy-
clades" we use the following query:

(+,author,cw, "Candela")(+,subject,cw, "Cyclades" )

The technique exploits the discriminatory power of di ereh conditions to in-
crease the accuracy of archives selection. This is done bymsoarising the content
of the information sourcelS via the language modelLM . As stated in Section 4.4
the language model consists of a list of terms with their terrfrequency and can be
acquired by a sample of the source content. Using it the CS ibla to calculate the
document frequenciegdenoted by df;; ) de ned as the expected number of records
in 1S; that match against the condition ¢ plus other statistical values described in
what follows.

Formally, the Goodnessscore G(q;1S;) for IS IS; and query g is de ned as
follows:

8

< Q if 9k 2 [Lijgljwe 2F+; g~ p(cjlSi)=0

G(I1Si;q) = : s p(c1Si)
[o]

otherwise

(4.2)
where the \belief" p(cjlS;) in IS; for condition ¢ is de ned as
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where:
dix is the expected number (estimated vidM ;) of IS; documents satisfyingc,

CW. is the number of terms in attribute a in LM,

CW; is the meancw of the ISs being ranked,

cfy  is the number of ISs satisfyingz,

jDj  is the number of the ISs being ranked.

Note that the accuracy of the automatic source selection usj this technique is
promising, i. e. the RC that is generated approximates very &ll the MC as demon-
strated by the experiments presented in Section 4.6.

4.6 Experimental Evaluation

Before proceeding with the description of the tests condusd to evaluate the tech-
nologies and the approaches proposed, we describe the tesipas we adopted for
our experimentation.

4.6.1 Test Corpus

To the best of our knowledge, no corpus exists in the literata that ts to our
settings. Thus we built a suitable corpus by taking the datarbm the Internet.

We decided to assemble two di erent corpus, one based on ret® gathered via
the OAI-PMH protocol and another based on web documents seted from the Open
Directory Project® (ODP or DMOZ).

The rst corpus, named the OAI Corpus, is built on about 1000K records gath-
ered from the 62 OAI compliant archives available in the coekt of the Cyclades
project [CS04]. To evaluate the query-based sampling, we ilhuwo information
sources:

Archive 1, quite small and homogeneous information source contaigiri616
records, 13,576 unique terms after stopwords removing anonsisting in com-
puter science papers published by the same authority;

3The Open Directory Project http://dmoz.org
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Archive 2, a larger and heterogeneous information source containidg,721
records, 79,047 unique terms after stopwords removing anghsisting in papers
published by di erent authorities on di erent topics.

To evaluate the source selection technique we randomly geaied 200 collections,
I. e. the Membership Conditions, using Dublin Core elds. Tk collections generated
are of two types, each type consisting of 100 collections:

T1, generated using a combination of conditions odescription and title
elds;

T2, generated using a combination of conditions on all elds ahe Dublin
Core schema.

The second corpus, nameB®MOZ Corpus is built by relying on the largest human-
edited directories of the Web made available by the homonyrae project. These data
include over 5.1 million sites, about 69,000 editors and avB690,000 categories and
power the core directory services for the Web largest searehgines, e.g. Googte
The document base we considered in our experiment is a subsétthe categories
under the Science umbrella consisting of 1415 folders and,d%®. documents. To
evaluate both the query-based sampling and the source sdéi@c algorithms we
aggregate the information objects according to three di eant information source
distribution schemes whose characteristics are reported Table 4.1:

Sciencel each of the 23 information sources corresponds to the r#vel sub-
category of Science into the DMOZ hierarchy. As a consequendhe informa-
tion objects of an information source share theametopic;

Quasi-random each of the 85 information sources contains information @tts,
which have been selected randomly, from a subset of the r&tvel sub-category
of the Science category. Thus these information sources amere heterogeneous
than the previous ones because the set of objects containetbieach source
belongs to a dierent, but limited, set of categories. In ths case we have
multi-topic information sources;

Random each of the 100 information sources contains informatiorbjects
randomly selected from the whole corpus. Thus the informatn sources are
highly heterogeneous

The creation of a pool of test collections is easy. In partitar, we created 300
Membership Conditions by taking the terms from three categees of Science, i.e.
Agriculture, Anomalies and Alternative Science, and Astroomy. A collection de -
nition criteria corresponds to the set of top 100 terms belging to the documents
classi ed under the DMOZ category.

4Google web sitehttp://www.google.com
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Environment  Number of Source Size
Information Max Min Avg
Sources
Sciencel 23 15,722 11 3,027.47
Quasi-random 85 5,660 1 809.67
Random 100 768 621 696.32

Table 4.1: The DMOZ Information Sources Experimental Envonments

4.6.2 Query-based Sampling Evaluation

To evaluate the e ectiveness of the query-based sampling of@nism as algorithm
for approximating the information source content we compa&d the learned resource
description of an information source with the real resourcgescription for that infor-
mation source. Resource descriptions are usually represehusing two information,
a vocabularyV of the set of terms appearing in the information source objecand
a frequency information for each vocabulary term. This fragency, also calleddocu-
ment frequency(d ), represents the number of information objects containinghat
term. In accordance to [CCO1] we have used two metrics to ewate the quality
of the resource description acquired by samplingj)(the ctf ratio (CTF) to mea-
sure the correspondence between thearned (V9 and the real (V) vocabulary and
(i) the Spearman Rank Correlation Coe cient (SRCC) to measure the correspon-
dence between the learned and the real frequency informatio These metrics are
calculated using formulas 4.6 and 4.7 where:

ctf; is the number of times termi occurs in the resource description of an
information source,

i is the rank di erence of common termi where term rankings are produced
by learned and actualdf values,

n is the number of terms.

X
ctf;
CTF= ®° (4.6)
ctf,
i2v
6 X
SRCC=1 S i2 (4.7)

OAI Corpus Experimentation

Five trials were conducted for each information source andif each trial a resource
description consisting of a maximum of 500 records was acaqd. The results re-
ported here are the average of the results returned by the #is.
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Within this context we decided to compare the characteristis of the language
model calculated with respect to the various elds with thos obtained while con-
sidering the whole object as a blob of plain texts. In partidar, we conducted the
sampling by issuing per eld queries with values taken fromhie set of terms assigned
to that eld in the case of the attribute curves, i.e. creator , date.available ,
date.issued , description.abstract , andtitle . In the case of theRecord curve,
the sample was conducted by issuing a query on the whole caritavith terms ran-
domly taken from the whole set of acquired terms, independinfrom the eld they
came from.

Figures 4.3 and 4.4 show respectively the graphs of the CTF cithe SRCC
metrics calculated by eld and by number of information objets for Archive 1,
varying the number of records considered building the resme description, while
Figures 4.5 and 4.6 report the same metrics in the caseAchive 2.

By observing the CTF graphics we note that the language modatquired for the
rst archive is generally better then the one acquired for tk second one. Moreover
we can note that the language model acquired on di erent elgl has diverse char-
acteristics and that those acquired for the whole record cdne considered a good
representative of the archive content because outperformamy of the per eld met-
rics. The reasons of this behaviour are twofold: on the one indthey are related to
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the characteristics of the information sourceArchive 2 contains more information

objects and is more heterogeneous in terms of content th&nchive 1; on the other

hand they depend on the intrinsic characteristics of the dls, i.e. certain elds are

more heterogeneous than others, e.greator is characterised by more terms than
e.g.date.

By observing the SRCC graphics we can notice that it su ers dhe same draw-
backs of the CTF curve related to the characteristics of thenformation sources and
of the elds. However, in the case of the whole record consiege as a blob of texts,
the measures obtained are encouraging since are greatentl&% (seeRecordline).

The major outcome of these experiments is that the acquigith of the language
model by issuing queries on the whole record is a good compisenbetween the
quality of the information source description acquired andhe number of queries
performed. Moreover, the other interesting aspect is thatven if the metrics on the
quality of the language model are not impressive, i.e. are nequals to one, the
source selection works well with the sample acquired usingraalgorithm as shown
in the Source Selection Evaluation section.

DMOZ Corpus Experimentation

In the case of the DMOZ corpus it is not possible to investigaton the per eld
sampling because of the nature of the information objects, . web documents.
Thus we concentrated of the characteristics of the languageodel acquired with
respect of the characteristics of the Information SourcesThus in this case the
sample is acquired by issuing terms based queries, similarthose we use in Google,
and the terms are selected from the whole set of terms presamtio each information
object constituting the partial sample.

In Table 4.2 we report the characteristics of the informatio sources and their
approximations in terms of number of records gathered and mber of terms in the
samples, respectively.

Avg Record Avg Terms
Environment  Source Sample Sample%  Source Sample Sample%
Sciencel 3,027.47 279.17 9.22% 102,375 17,707.2 17.29%
Quasi-random  809.67 238.3 29.43%  46,197.7 18,083.17 388.14
Random 696.32 295.74 42.47% 48,571.31 27,121.01 55.83%

Table 4.2: The DMOZ Information Sources and their Samples {Ae Characteristics

In Table 4.3 we report the results oC TF and SRCC e ectiveness metrics. For
example, observing the Sciencel case, we can note that acipg just the 9% of the
records of the source we are able to have a very close représt@n of the content
of the information sources as we obtain & TF of about 90% and anSRCC of
80%. Moreover, note that the e ectiveness of the approximains are quite inde-
pendent from the content homogeneity of the information saues constituting the



94 CHAPTER 4. INFORMATION SPACE ORGANISATION: THE COLLECTION SERVICE

environment. But, for instance, by observing the Random emonment case, we can
note that the number of records acquired by the sample proes much greater in
percentage than that for the Sciencel case in order to get slar CTF and SRCC
values. Essentially, and quite intuitively, the more hetemgeneous is an information
source with respect to its content, the more information olgcts have to be gathered
in its sample to reasonably approximate the information soue content.

CTF SRCC
Environment Max Min Avg Max Min Avg
Sciencel 98% 74% 87% 97% 53% 80%

Quasi-random 100% 71% 98% 100% 63% 85%
Random 92% 78% 87% 90% 75% 85%

Table 4.3. DMOZ { Statistics of Samples

4.6.3 Source Selection Evaluation

To evaluate the e ectiveness of the source selection proseshe idea is to compare
the set of objects retrieved by query with the Membership Cadtition the set of se-
lected sources against the set of objects obtained by queryiall the information
sources available. Due to the characteristics of our two tesorpus and due to the di-
verse goal of the test conducted on each corpus di erent méts are used to evaluate
the e ectiveness and are reported and discussed into the lfisving subsections.

OAI Corpus Experimentation

We use the classic metrics of information retrieval,i. e. pcision and recall, to evalu-
ate the e ectiveness of the source selection mechanism iretbase of the OAI Corpus.
In particular, given a collection de nition MC; and the relative RC; obtained after
source selectionP recision; is de ned as the quantity:

_jret(RCy) \ ret(MC;)j

P recision; = iret(RC)); (4.8)

and Recall, is de ned as the quantity

_jret(RCy) \ ret(MCj)j .

Recall; iret(MC));

(4.9)

where:

ret(MC;) is the set of records retrieved by submitting theM C; query to all
the archives of the dataset and for each taking the top-100gerds. ret(MC;)
is considered as the set of records e ectively to be retriede
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Precision

0.00 {| 0.12{| 0.21{| 0.31{| 0.41{| 051 {| 0.61{| 0.71{| 0.81{| 0.91{

010 | 020 | 0.30| 0.40| 050 | 0.60| 0.70 | 0.80 | 0.90 | 1.00
0.00 {0.10|| 0.33%| © 0 0 0 0 0 0 0 8% 8.33%
0.11{0.20 0 0 0 0 0 | 0.16%| O 0 0 5.83% 6%
R | 0.21{0.30 0 0 0 0 0 0 0 0 0 5.83% || 5.83%
e | 0.31{0.40 0 0 0 0 0 0 0 0 0 7.5% 7.5%
C | 0.41{0.50 0 0 0 0 0 | 016%| O 0 | 0.16%| 12.16%|| 12.5%
a | 051{0.60 0 0 0 0 0 | 016%| O 0 0 25% || 2.66%
| | 0.61{0.70 0 0 0 0 0 0 | 0.16%| O 0 8.66% || 8.83%
| | 0.72{0.80 0 0 0 0 0 0 0 0.5% | 0.33%| 8.83% || 9.66%
0.81 { 0.90 0 0 0 0 0 0 0 0 | 1.33%| 9.83% || 11.16%
0.91 { 1.00 0 0 0 0 0 0 0 0 0 27.5% || 27.5%
H 0.33%| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0.5% | 0.16%| 0.5% | 1.83%| 96.66% ‘

Table 4.4: Source Selection { Precision and Recall in OAI Cous

ret(RC;) is the set of records retrieved by submittingRC; as query, i.e. sub-
mitting the MC; query to the information sources mentioned ifrRC;.

Table 4.4 reports the results of tests on the OAI Corpus comped by 200 collections.
In it, each row/column pair (r; p), wherer and p are intervals denoting respectively
recall level and precision level, dictates the percentagétest pairs (MC;; RC;) such
that Recall 2 r and Precision; 2 p. Furthermore, the right most column and
the bottom row report the total amount w.r.t. a row and a columm, respectively.
For instance, from Table 4.4 we have that 2%% of the test pairs MC;; RC;) have
recall and precision level in [®1; 1], while 9666% of the tests have precision level
in [0:91; 1].

In Table 4.5 we report the response time needed to identify ¢hrecords constitut-
ing each collection in the case of usage of Membership Comalit, i. e. query all the
information sources, compared with the usage of the Retri@vCondition, i. e. query
a subset of information sources among those available. Thegrovement is terms
of response time of the RC w.r.t. the MC is impressive. Thus wean conclude that
with little loss in the set of records identi ed as members afhe collection retrieved
after automatic source selection we can obtain an high imprement in terms of the
response time needed to identify them.

DMOZ Corpus Experimentation

The goal of the experimentation conducted with the DMOZ corgs is to investigate
on the number of information sources to be inserted into thedrieval Condition. In
fact, even if the source selection is based on the ranking dietinformation sources
based on the goodness value it is usually not appropriate tosert into the RC all
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T1 T2 Average
MC 162874 msg 186909 mg 174892 ms
RC 48469 ms| 52253 ms| 50361 ms

Improvement in ms || 114405 ms 134655 ms 124530 ms
Improvement in % 70.24% 72.04% 71.20%

Table 4.5: Source Selection { Average Response Time
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Figure 4.7: Sciencel { F1-Score Graph Figure 4.8: Sciencel { SRCC Graph

the information sources having a positive value because thamber of these sources
can be similar to the number of all those available and thus deice the advantage of
source selection. As a consequence a threshold is identi exlg. the top-n ranked

information sources, and the sources ful lling this constint are selected to be
inserted into the RC.

For each of the 300 collections constituting the DMOZ corpusve have evaluated
the e ect of varying the number of information sources to be sed into the RC and
the number of records (from 1 to 500) to be considered beingrpaf the collection.

The metrics used to evaluate the e ectiveness of our sourcelection algorithm
are the SRCC (see equation 4.7 on page 91) and thHel-score i.e. the harmonic
mean of Precision (equation 4.8) and Recall (equation 4.9Je ned as follows:

2 Precision Recall
F1-Score = i (4.10)
Precision + Recall

The ranked list used to compute such metrics for each collemt are obtained by
issuing the query constituting the collection MC respectigly to all the archives of
the dataset (the baseline) and to the set of archive to be inded into the RC (the
test).

In Figures 4.7 and 4.8 we report the results for the Sciencedse. As previously
observed, in this case an information source is homogeneaus. its records belong
to the same topic or set of topics. The selection of just the pal information source
for each collection produces high F1 value, about 80%, and &gh SRCC value.
This means that our algorithm is able to nd the most approprate information



4.6. EXPERIMENTAL EVALUATION 97

1 T T T T T T T 1 T T T T T T T
1 Archive —+—
0.9 2 Archives ---x--- B 09 -
5 Archives ---%---
0.8 [ 10 Archives & i 08 L
20 Archives --m--
07k 50 Archives ---o--- 4 07 k-
All Archives ----e--- B
o 06 R R 0.6 -
5] Q
@ 05 B g o5t
— B < @ o - P .
L 04t B 04 1 Archive —— ~u - B
R 2 Archives ---x--- e Jone
03} —m—"" T m 4 0.3 5 Archives ---*--- T B
Tk KB i 10 Archives &
02} T Tk o — 02 20 Archives —-m-- e 4
X B a Stl)l Arcl;]lves -0
L T T & L All Archives ----e--- 4
0.1 X T e L - 0.1
0 ! ! ! P s m— — 0 ! ! ! ! ! ! !
1 2 5 10 20 50 100 200 500 1 2 5 10 20 50 100 200 500

Number of records (Logarithmic scale) Number of records (Logarithmic scale)

Figure 4.9: Quasi-random { F1-Scor€igure 4.10: Quasi-random { SRCC
Graph Graph

source w.r.t. the collection in case the information sourdeas a homogeneous topic.
Selecting more than one information source produces a deteation of the results as
the selected information sources contain documents lessfpeent to the collection
topic.

In Figures 4.9 and 4.10 we report the results for the Quasidom case. As pre-
viously observed these information sources are more hetgeoeous than the previous
ones, i.e. the records of a source may belong to a di erent blitnited set of topics,
and records about a topic are distributed among a limited nuber of information
sources. In this case selecting just the top-1 informatiorosrce to each collection
produces a lower F1-Score than for the previous case. Moreqgvthe performance
decreases if the number of records considered belonging lte tollection increases.
Selecting more than one source produces an improvement oétresults as the se-
lected information sources contain records relevant to theollection. Concerning
the SRCC curve we note that increasing the number of records to be caodered
in a collection, each curve has a decreasing phase and nailyincreases. The end
of the decreasing phase coincides with the point where the 4Store value starts
to decrease. This indicates that the number of common recardbetween the base-
line rank and the test rank, decreases and, thus this improsghe SRCC. On the
other hand, the numerator of both precision and recall decases and, thus, F1-Score
decreases.

In Figures 4.11 and 4.12 we report the results for the Randomase. In this
environment, the information sources are highly heterogenus, i.e. the records of
a source can belong to many di erent topics, and the recordsf @ collection are
distributed, potentially, among all sources. This is the wst case. We can note
that the performance decreases if the number of records to bensidered part of
a collection increases, while it increases if the number offormation sources to be
included into the RC increases. However, our algorithm isiitable to nd the most
appropriate information sources w.r.t. the collection.
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4.7 Implementation: the Cyclades Collection Ser-
vice

One of our main goals in designing and implementing the Catigon Service has been
reusability and adaptability to di erent contexts. In part icular, we were interested
in providing a service as a component of a Digital Library Sysm useful to build
Virtual Digital Libraries.

To enlarge the clientele of our Collection Service we decdléo follow the com-
ponent oriented approach as well as to stress the con gurath aspects of both the
various modules and the service as a whole. Many charactéds of the service are
easily modi able, namely aspects of the Membership Condan Language like the
set of attributes or the set of predicate supported, tuning @rameters of the query
based sampling process like the set of words to use in querngetion or the num-
ber of information objects to examine, the process to use iruiding the language
model, tuning parameters of the source selection algorithfike the threshold.

In this section we report some details on the implementatioof the rst prototype
of the Collection Service performed within the context of tB Cyclades project
(IST-2000-25456), thus partially funded by this project. Brther details are reported
in [CCPO3b, CS04].

It is worth noting to highlight that ( i) the components of this prototype have
been used to implement the OpenDLib [Ope, CP02, CP03] coltem service and (i)
the on-going IST project BRICKS [BRI] is exploiting the deggn and implementation
choices proposed here.

4.7.1 Cyclades: a Personalised and Collaborative DL

The objective of Cyclades is to provide an integrated DL environment for users
and groups of users (communities) that want to use, in a highlpersonalised and
exible way, \open archives", i.e. electronic archives of dcuments compliant with
the OAI [LVO1]. Informally, the OAl is an initiative between several Digital Archives
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in order to provide interoperability among them. In particuar, the OAI de nes an
easy-to-implement gathering protocol over HTTP, which gie data providers (i. e.
the individual archives) the possibility to make the documets' metadata in their
archives externally available. This external availabily of the metadata records then
makes it possible foservice providersto build higher levels of functionality. To date,
there is a wide range of archives available in terms of its dent, i.e. the family of
OAI compliant archives is multidisciplinary in content. Under the above de nition,
Cyclades is an OAI service providerand provides functionality for (i) advanced
search inlarge, heterogeneous, multidisciplinary digital archie (ii ) collaboration;
(iii ) Itering; ( iv) recommendation; and ¥) the management of records grouped
into collections

Worth to recall that the main principle underlying Cyclades is the folder
paradigm That is, users and communities of users may organise the kg space
into their own folder hierarchy, as e.g. may be done with ditories in operating
systems, bookmark folders in Web browser and folders in e-inprograms. As a
consequence the folder becomes a holder of information igmnwhich are usually se-
mantically related and, thus, implicitly determines what the folder's topic is about.
On this principle it is based the whole recommendation mechasm constituting one
of the biggest value added ofCyclades as DL. The system automatically noti-
es each folder with novel information objects, collectios, users, and community
deemed as relevant with respect to the folder topic [RS02, AJ.

The architecture of the Cyclades system follows a Service-oriented approach
and is depicted in Figure 4.13. Its services can be easily sdaed in accordance to
our Digital Library System Reference Architecture (Sectio 2.6).

The Cyclades system is accessible through th€yclades portal that presents
the system functionality via di erent environments accesble with a web browser
provided by the single services. TheCollaborative Work Service the Search &
Browse Service the Access Serviceand the Collection Serviceprovide their own
user interfaces. TheCyclades portal (actually the user interface of theMediator
Service integrates these user interfaces and ensures that thosevsees are called
only for authorised users. Moreover, it provides the registtion and login interface,
and a system administration interface (for assigning accesights, etc. ).

The functionality allowing the Cyclades services to co-operate are provided by
the Mediator Service It represents the main entry point to the Cyclades system
functionality, acts as a registry for the other services, @ctks if a user is entitled
to use the system, and ensures that the other services areyughlled after proper
authentication.

The DL Managementarea (Section 2.6.3) contains the Filtering & Recommen-
dation Service and part of its functionality are covered byte Collaborative Work
Service the Accessarea (Section 2.6.2) in mainly composed by the Search & Brosvs
Service and parts of the expected functionality are covereoly the Collaborative
Work Service; theInformation Space Managementarea (Section 2.6.5) is mainly
covered by the Collaborative Work Service with the support fothe Access Service
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Figure 4.13: Cyclades Architecture

and the Collection Service.

The Collaborative Work Serviceplays a central role in the system because it
provides the folder-based environment for managing metaidarecords, queries, col-
lections, external documents, received recommendationgtings and annotations.
Furthermore, it supports collaboration amongCyclades users by way of folder
sharing in communities, discussion forums and mutual awaress.

The Search & Browse Servicsupports the activity of searching records from the
various collections, formulating and reusing queries assated to the folder by the
user, and saving records to folders.

The Filtering & Recommendation Serviceprovides ltered search, recommenda-
tions of records, collections, users, and communities desginrelevant to the user's
interests.

With respect to the concrete access to the information objex; two services
constitute the Mediation area, i. e. theAccess Serviceand the Collection Service

The Access Serviceis in charge of interfacing with the underlying metadata
archives. In this prototype, only archives adhering to the @l speci cation were
accounted for. However, the system is extensible to othemkis of archives by just
modifying the Access Service. A user may also asky/clades to include newly
OAI compliant archives as well. It is worth noting that this srvice provides an API
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exposing the single archive as they are, i.e. it builds an ieg for each OAI archive
and do not build an index of all the records constituting the nformation space.
Thus, from the other services perspective, the informatiogpace is constituted by a
set of information sources capable to reply to queries.

The Collection Service manages personalised collections (i.e. their de nition,
creation, and update) and stores them, thus allowing a dynaim partitioning of
the information space according to the users' interests, drmaking the individual
archives transparent to the user.

The major outcomes of a service like th€yclades Collection Service are i()
the users may organise the information space into more meagful, from their
perspective, and dynamic set of information objectsi,i() the user may focus their
research by partitioning the heterogeneous information ape resulting from the
aggregation of information sources, andi() the system is able to recommend an
entire collection of information object to the user.

4.7.2 The Cyclades Collection Service: API, GUI and other
implementation details

The Cyclades Collection Service is fully implemented in Java and in partular

as a servlet. It builds the mechanisms for source selection the facilities provided

by the Jakarta Lucené for storing retrieved information objects and extracting he

needed statistics. The service-call protocol supported drused is the XML-RPC.

In order to enhance data portability we have used the XML to rgresent collection
metadata as well as the Membership Condition. We de ned the ML scheme that
can be used to validate these data [CCPO0O3b]. The service wabgcted to, a series
of tests to validate its performance as extensively documexd in [CCP03Db].

Cyclades CS API

The Collection Service provides an API allowing the otheCyclades services to
easily access its functionality. The methods constitutinghis APl are reported in
the follow.

cld addCollection()
This method creates a new collection identi ercld which can be assigned to
a collection which will be created soon.

cld initializeCollection(cld, cName, cDescr, MC, userld)
This method creates a collection, whose parent collectioa ithe Cycladescol-
lection, if the membership conditionMds legal.

Shttp://jakarta.apache.org/lucene
Shttp://www.xmlrpc.com/
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cld initializeCollection(cld, cName, cDescr, MC, userld, parentC)
This method creates a collection whose parent collection garentC, if the
membership conditionMds legal.

void deleteCollection(collectionld, userld)
This method removes a collection from the set of existing dettions if: a) the
user is authorised to do it and b) the speci ed collection ests.

(cld, cName, cDescr, parentC)* listCollections(userld)
This method returns the list of existing collections whosevaner is userld .

(cld, cName, cDescr, parentC)* listCollections()
This method returns the list of existing collections.

void editCollection(cMetadata, userld)
Update collection metadata description.

(cld, cMetadata)* getCollectionMetadata(clds*)
For each speci ed collection identi er, this method returrs the corresponding
descriptive metadata.

(cld, cName, cDescr, parentC)* getPersonalCollections(u serld)
This method returns the list of personal set of collectionsf useruserid .

void deleteUser(userld)
Notify the Collection Service that useruserld was removed from the system.

void deleteArchive(archiveld)
Notify the Collection Service that archivearchiveld was removed from the
system.

Graphical User Interface

The graphical user interface of the CS is accessible via a wetowser. It has been
designed keeping in mind theeasy-to-useconcept so it has been organised into two
areas, themenu area and the working area as shown in gure 4.14. Menu area
contains amenu bar (at the upper) and an action menu Working area contains a
collection hierarchy areaand a collection data area

The topmost part of the interface (under the Collection Mangement title bar)
contains the menu bar with three menus and/or action shortdu

Via the Browse menu the user may choose the set of collections shown in the
working area among own created collections and &llyclades collections.

Via the Personal Collections Seshortcut the user can browse/edit his \personal
collection set". Figure 4.15 shows the GUI that allows useiotmanage his personal
collection set. This GUI has a working area a little bit di erent from the previous,
there are two collections hierarchy areas, one (the left) fdhe \actual" personal
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Figure 4.14:Cyclades CS GUI { The Main View

Figure 4.15:Cyclades CS GUI { The Personal Collections Set

collections set and the other (the right) for all collectios. Clicking on a collection
in the left area the user can remove this from the actual persal collection set,
clicking on a collection in the right area the user can add tki from the actual
personal collection set. Collection data area in the middlshows collection data
(e.g. name, description) for the selected collection.
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Via Collection! New the user can create a new collection. The system presents

a form (Fig. 4.16) to Il in whereto enter the name and the desaption of the
new collection (useful to identify it later), the parent colection (collections may
be organised hierarchically), and the membership conditio(a Cyclades query
and/or one or more archives). The membership condition is eéhset of conditions
that characterise the set of documents belonging to the cedtion. Interestingly, the
system automatically determines the best source from whidlo search for (this is
the \Retrieval Condition™).

Figure 4.16: Cyclades CS GUI { Create Collection Form

Under the menu bar the CS interface provides an action menu.h€ items of this
menu are related to the collection shown in the collection da area.

If the collection data area shows a collection created by theser, then the action
menu contains the itemsEdit, in order to edit this collection, and Delete in order
to delete this collection.

On the left of the working area there is the collections hierahy area. In this
area there is a navigable hierarchical view of the set of aattions actually in use
(own created collections or all collections).

Clicking on a collection allows a user to see collection datathe collection data
area and, if the user has the rights, to manage them (via the #@n menu).

On the right of the working area there is the collection datat@a. This area shows
collection data (e.g. name, description) for the selecteaMkection in the collections
hierarchy area.
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4.8 Related Work

In the DL eld the concept of collection is broad, there is stl confusion about what
a collection is and what its characteristics are. In many pags, e.g. [JFO02, Ber02,
WBBO01] the term \collection" is used as synonym of informatn source and the
issue is how to automatically populate it. This paper has farsed on collections as
mechanisms for self-organising the information space thatDL manages. However,
we intend a collection as a virtual information source as it@es not actually store
any documents.

The concept of collection service proposed by Lagoze and Igieg in [LF98]
shows many similarities with our CS. The most signi cant of hem are: () collection
membership is de ned through a set of criteria rather than aatainment and (ii ) CS
must supply an independent mechanism for introducing meamgful and dynamic
structure into a distributed information space. No implematation of this concept
has ever be delivered.

Greenstone [WBBO01] propose a collection-centric approaalinere each collection
has a user interface that allows users to search and browseothe collection. This
kind of collection is similar to an IS, as the collection crear has to supply the
documents belonging to it. This approach is quite static, ta collection creator can
add documents to a collection but has to do that manually.

In [GGMMO02] the term \virtual collection” is introduced and a set of bene ts
for digital libraries that contain collections are outlinel. That paper focuses on
how to easily generate collection-level metadata withoufpgcifying how collection's
documents have been collected and selected.

Many papers have been proposed about source selection inadent elds. Xu
et. Al in [XCLN98] proposes a database selection techniqumlled TQRS for
resolving the problem of query routing where the ISs are ddtases with multiple
text attributes. That technique uses query sampling in ordeto acquire database's
knowledge and then an extensions of the CVV ranking method [97] to rank each
database. This is similar to the solution that we have propesl but we have used a
revised version of CORI [CLC95] instead of CVV because it i:i@ of the most stable
and e ective [FPC* 99], and it is compatible with resource descriptions acqud by
guery-sampling, while CVV is not [SC02].
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Chapter 5

Semantic Search Across
Heterogeneous Information
Sources

Search is one of the most critical functionality of a digitalibrary. Often, the qual-
ity of the whole DL is measured with respect to the exibility and e cacy of its
search functionality. This functionality usually relies o indexing of either full text
or metadata. When indexing is provided by di erent heterogeeous information
sources, each adopting their own metadata formats and ontgjies, the implementa-
tion of the search requires special approaches to o er honaweous query languages
and results set formats to the end-users.

In this chapter we present an innovative technique for the ¢eying out of a search
functionality across heterogeneous information sourceBy exploiting semantic in-
formation embedded in the metadata formats and vocabulaseused by the di erent
sources, this technique o ers a new form of virtualization Hat supports a better
user-query formulation and processing. This technique isabed on the introduction
of two particular services: Index and Query Mediator. While the former is mainly
a Mediator service and its role is to provide an uniform viewfdhe heterogeneous
information space, the latter is a type of search service thacts asorchestrator, i. e.
it organises the access to the various Index Services thuoywding an unique point
of access to a search functionality across multiple sources

The chapter is organised as follows. Section 5.1 shows thaitations of existing
techniques for performing search across shared indeperdariormation sources.
Section 5.2 presents the logical architectural frameworkhat we assumed in this
work. Section 5.3 introduces the rst part of a theory we haveleveloped and shows
how it is exploited by the Index Service. It also provides camete examples for
explaining the implications of the presented theory. Sean 5.4 introduces the rest
of the theory which is used by the Query Mediator service anchews the advan-
tages obtained. Section 5.5 presents the exploitation oféhtheoretical framework
introduced by previous sections by reporting the experieedn building an advanced
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search service for the OpenDLib Digital Library System. Fially, Section 5.6 com-
pares our approach to related research.

5.1 Searching Across Information Sources

Institutions maintaining information sources describe thir documents using speci c
cataloguing rules. Even when a standard metadata format issad, the semantic
interpretation of the metadata elds and the cataloguing tems used are strongly
in uenced by the assumptions and terminology of the applid@n context in which
any institution operates. When a DL is built using shared indrmation sources, the
di erent cataloguing rules used at the source level becomerapletely transparent to
the DL users, who formulate queries that express their inforation needs in terms of
the metadata formats and controlled vocabularies supporteby the digital library
search service.

This dichotomy between the information source cataloguingnvironment and
the search environment complicates both the formulation ahthe processing of user
gueries. As in the DL framework the users neither know how iofmation objects
have been originally described nor have access to their onigl description format,
they are not always able to formulate precisely the conditits required to retrieve
information objects that satisfy their needs. Most DL sealt services attempt to
minimise this problem by automatically expanding the user wery with the help of
stemming and query expansion algorithms.

In order to process the user queries the system must be ablent@p the query
conditions against the descriptive metadata of the infornteon objects provided by
the di erent information sources. The most common solutiommplemented today to
carry out this task is to enforce interoperability by requing to every DL information
source provider to expose the descriptions of their inforrtian objects in at least
a shared common metadata format. This format is usually alsthe one accepted
by the DL search service language. In order to ful | this reguement, the source
provider establishes a mapping between its internally usedetadata format(s) and
the mandatory metadata format and then it applies this mappig to all the metadata
records of its resources. The DL search service thus operate a context where the
metadata descriptions and the query language are homogens@nd can process the
qguery with traditional techniques.

Moreover, current DL systems support both query formulatio and processing
using technigues based on syntactic manipulations, withbexploiting any seman-
tic information about the metadata schemas and controlledocabularies. One of
the reasons of excluding such a solution is the lack of techjoes for exploiting it
successfully.

In this chapter we introduce a new technique that instead iskde to exploit this
semantic information. This technique relies on a theory thave have elaborated by
modifying the work presented in [TCSO01]. this work that focses on object asso-



5.1. SEARCHING ACROSS INFORMATION SOURCES 109

ciated with ontologies of terms has been extended in order apply it to the DL
framework where information objects are characterised byoth metadata schemas
and controlled vocabularies. The proposed technique takeslvantage from the
specialisation relationships among the metadata elds andmong the terms of the
controlled vocabularies used. This information is obtairteby exploiting the transla-
tion relationships that are produced by the information sorce providers when they
transform the local description formats into the common fanat. This information,
usually discarded, is semantically richer than the nal common format and can be
used for building more powerful search services. The resal search service is thus
able to o er the choice among a range of possible di erent ietpretations for the
same query and the users can select the one that better satisheir needs. Note
that this technique does not require any explicit generatio of the metadata records
in a pre-de ned shared format.

The illustrated technique has been experimentally integtad in the OpenDLib
[CP0O2, CPO03] search service. This particular applicatiorsidescribed in Section 5.5.
Before introducing the theory and the services in detail, irthe next section we
discusses the limitations of the virtualization techniqug implemented by the current
search services that exploit only syntactic relations.

5.1.1 Motivations

In experimenting digital libraries built by re-using content from heterogeneous sources,
we have often encountered situations in which the users cdutot formulate queries
that express their needs and the system was not able to prosgélem properly.

Let us consider a simple DL in which the provider of the infor@tion sourcel S,
publishes the following metadata records:

| [ Subject | Subject. ACM |
docl text processing unspeci ed
doc2 unspeci ed I.7.1 Document and Text Editing

According to the internal rules of the DL institution, the authors can describe
their documents by assigning either a code extracted from ¢hACM Computing
Classi cation System to the eld Subject. ACM or a free term to the more generic
eld Subject The records produced are processed by the system in orderetdracts
the information required to process the user queries.

Imagine now that the user John Smith wants to retrieve exagflthose documents
that have been described witiSubject equal to \text processing". The trivial solu-
tion is to formulate the following query: \Subject= text processing. The search
service has only to match the query condition against the iofmation extracted
from the metadata records and it usually replies includinglocl and excludingdoc2

Consider now another user of the same DL, Henry Stamp, who istérested in
retrieving all the documents about the topic that his commuity of interest refers as
\text processing”. Using a traditional search service, ths user cannot do anything
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better than formulate the same query as that expressed by JotSmith. However,

the result expected in this case is di erent. It should inclde: (i) the documents re-
trieved under the previous more strict interpretation, {i ) the documents whos&ub-

ject contains values morphologically and syntactically closetthe query term, e.g.
\textual processing" and \documents and text processing"and (iii ) the documents

whose more speci ¢ subject, i. eSubject. ACM, contains values that are semantically
close to the query term. Under this interpretation the systen should, therefore, re-
turn not only docl, but also doc2 since its more speci ¢ subject eld, Subject. ACM,

contains 1.7.1 \Documents and Text Editing" which is an ACM subcategory of 1.7

\Documents and Text Processing".

While the majority of DL search services that support an intgpretation of the
query based on automatically extracted morphological andystactic relationships,
e.g. stemming and query expansion, are able to return the dguents described in
(i) and (ii )) above, they are not capable to exploit the semantic relatinships that
exist among the di erent concepts represented by the metatla elds. This means
that the current search services do not usually return docuemts, like doc2 which
are indexed under metadata elds that are specialisation dhose indicated in the
query, i. e.subject ACM

Despite this example may seem very trivial, it must be remengved that in order
to satisfy the requirements of the second user, the query miuad doc2 which has
been classi ed usinga narrower subject eld but a broader classi cation term When
manipulating complex metadata formats and sophisticatedategorisation schemas
this kind of document identi cation is not a simple task.

The limitation described above becomes more incisive in VBLwhere the infor-
mation space is composed by multiple information sourcesaah describing its doc-
uments with di erent metadata formats. In order to achieve sarch interoperability
over a set of information sources, current DLs often requirdgnem to publish their
metadata in a shared format, e.g. Dublin Core (DC) [DC]. To alere to the rules
of the DL, each information source provider maps its local fmat into the shared
format. This mapping is done locally by people that have a ce understanding
of the semantics associated with the original metadata ekl This information is
never transmitted to the DL system that only receives the metdata records in the
shared format. The query interpretation made by the systensithus de ned without
taking into account the local descriptive interpretations This behaviour negatively
in uences the quality of the DL search service.

To exemplify this point, let us add another information souce, IS,, to our
example. It maintains a set of audio-video (A/V) documents buniversity courses
described as in the following example:

| I CourseArea | CourseTopic | AudioVideoSubject |
[ doc3 [[ Computing Methodologies | Text processing | Document Management |

where AudioVideoSubjectis the subject of the A/V document, i.e. the subject of
a speci c course lecture,CourseTopic is the topic of the course, andCourseArea
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is the course research area. Following this semantics, thé\Adocument, being a
course element, which belongs to a specic area, is also imefly classi ed under
the subject of the course and the subject of the area.

Suppose now that DC is the common metadata format. The instition that
maintains 1S; maps both Subject and Subject. ACM into dc:subject whereas the
institution that maintains 1S, maps only AudioVideoSubjectto this eld. Under
this hypothesis, any query interpretation provided by the sarch service is unable
to return doc3 as a result of the query presented at the beginning of this sem
even if the query term exactly matches the subject of the cose which the video is
a part of.

The situations exempli ed above, and many others, convindeus that the search
functionality implemented so far by DLs are too strict espaally if it is applied
to the VDL framework where the heterogeneity and the needs rfinteroperability
are stressed. Search services that better satisfy the usereds must be provided.
We propose an approach, which can be implemented with reasdate costs, able
to exploit, as far as possible, the existing semantic mapmgramong the document
description terminologies.

5.2 The Architectural Framework

Figure 5.1 shows a logical DL architectural framework for auapproach. The infor-
mation space of the DL is built by aggregating a number of ingeendent heteroge-
neous Information Source$S,, IS, ..., IS, that disseminate the metadata records
of their information objects in one or more formats. These oerds are indexed by
speci ¢ services, the Index Services. For simplicity, we stsme that records of di er-
ent Information Sources in di erent formats are indexed byeparate Index services
An Index processes queries formulated according to the sateeminology, i. e. meta-
data format and controlled vocabularies, used for the indexl records. We assume
that this terminology and the corresponding semantic destions are known to the
Index, i.e. the Index has access to the schemas that specifietmetadata format
and the controlled vocabularies associated with the metatia elds. For simplic-
ity, we also assume that all the Index services accept the samuery structure and
relational operators.

An Index service supports di erent interpretations of the ame query condition.
Each interpretation is characterised by a di erent level ofprecision given to the
condition. For example, the di erent intended semantics gien by John Smith and
Henry Stamp in the query \subject = text processing mentioned in the previous
section are two di erent interpretations of this condition

The DL user queries are actually not directly evaluated by té Index services
but are rst processed by the Query Mediator service. The rel of this service

1This assumption is only given for simplicity of exposition, it does not compromise the generality
of the solution.
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Figure 5.1: The Distributed Search Architectural Framewdk

is to hide the heterogeneity caused by the great number of led Services. The
Query Mediator serves search operations formulated in teswf the query terminol-
ogy that is shown to the uset. It rst maps the queries received by the user into
queries formulated in the terminology of the underlying irdrmation sources, then
it dispatches them to the Index services and, nally it merge the results received.
The mapping is done by exploiting the knowledge of speci ¢ s&ntic relationships
between the handled terminology and the local indexed termblogies. These rela-
tionships are de ned by the Information Source providers ahthey are stored by the
corresponding Index Services. It is worth noting the di erace in terms of require-
ments for engagement that our approach imposes with respdotother approaches.
Protocols like OAI-PMH [OAI], a simple protocol underlyingthe Open Archive Ini-
tiative [LVO1]3, require that any information source provides at least a comon DC
metadata description of its items. In order to adhere to thigrotocol, each infor-
mation source provider must rst de ne the mapping betweents local metadata
format and DC, and then generate the DC records. Our approaamakes less de-
mand on the information source providers than OAI-PHM sincé only requires the
mapping, while it does not need the explicit generation of #hrecords in the agreed
common format. The Query Mediator, similarly to the Index, an support di erent
mapping modalities. The choice of which mapping to apply demds on the query
interpretation that is required by the user.

The next two sections introduce our approach from the theotieal point of

2A DL can also o er search operations de ned on more than one teminology. This situation
can be handled by introducing a Query Mediator for each of thee terminologies

3The focus of this protocol is \open" the archives from the arditectural perspective de ning
and promoting interfaces that facilitate the availability of content from a variety of providers.
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view. The solution proposed is based on the theory introdudeby Tzitzikas et

Al. in [TCSO01]. Following the terminology introduced by Tztzikas et al., we pro-
pose a theory that applies to our framework composed by metaid schemas and
controlled vocabularies. In particular, we specify the dierent query interpretations

that can be supported by the Index and Query Mediator serviseand how they are
obtained by the existing terminology mappings.

5.3 The Index

Each information source uses a metadata schema to descrite awn documents.
This metadata schema is a pairk; ) whereF is a set of schema elds and ¢ is
a subsumptionrelation over F # that models the existing specialisation relationship
among these elds. For example in Figure 5.25ubject. ACM ¢ Subject means
that Subject. ACM is a more specialised property tharBubject. Each eld f of
the schema is populated via an appropriatéerminology de ned as a pair (/;; v, )
whereV; is a set of terms and , is a subsumption relation ovel; that models the
existing specialisation relationship among these terms.oFexample, in Figure 5.2
Multimedia DL , DLmeans thatMultimedia DL is a more specialised term than
DL In certain cases the latter assumption is tostrong. A eld is often populated via
free terms or free text. In these cases, the terminology caas#ly and automatically
be obtained considering that each term is in relation only h itself or, if we are
going to use stemming, we can assume that the tertris subsumed by the stemmed
term t°.

Information
Research Area Description System Library

~_ ~_

Subject Digital Library

N

Subject. ACM Audio.Subject

Digital Library

Service System Multimedia DL

Metadata Schema Terminology

Figure 5.2. A Metadata Schema and a Terminology

Combining the metadata schema with the set of terminologie ° that the Index
uses, one for each eld of the schema, we can de ne thqeery terminologythat the
Index \speaks" as a pair C, ¢), where Cis a set ofconditions or pairs (f; v) such
that f 2 F, v 2 V. The latter pair models the boolean condition \ eld f equals
term v". For example, a valid condition for the Index in Figure 5.2 $ (Subject ,
Digital Library ) representing the information need expressed as \the docemts
whoseSubjectis Digital Library ".

4Each subsumption relation is are exive and transitive relation over the reference universe.
We write 0, 0, meaning that the two objects areequivalentw.r.t. ifboth o, 0o,ando, o;.
SWe will use V; instead of (Vi; v, ) were no confusion arises.
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The subsumption relation overC, , models the specialisation among these
conditions and is formally de ned as follows:

De nition 5.3.1 (Subsumption relation) Let (F; f) be a metadata schema.
Let (Vi; v, ) be the terminology for the eldf of the schema. Giverc;c, 2 C
wherec = (fi;v;), fi 2F andv; 2V;, wedenec, ccC () fi gfoa™vyi= vs.

Considering Figure 5.2 we are saying, for example, thasybject. ACM, DLS$
(Subject , DLS$or that ( Audio.Subject , Library )  (Research Areg Library )
meaning that the rst condition is a specialisation of the seond one in each of the
exempli ed cases.

As ¢ is a subsumption relation overC we can de ne the equivalence relation
w.r.t. casc; cCandc, ¢ ¢ andwe willwritec; ¢ c,. Theorem 5.3.1 follows
from De nition 5.3.1:

Theorem 5.3.1 (Equivalence among conditions) For eachc;; ¢, 2 C whereg =
(fisvi)
Ct cC ( fi pfarvi=wv

Proof. For each pair of objectso;; 0, 2 U, whereU is a generic set of object, and
subsumption relation over U hold that o, 0, | 0 o0o"o, 0. Asa
consequence; c¢C ( Ci cG”™C ¢ ¢. From De nition 5.3.1 follows that
CC cC ( fi efo*vi=v,andco c¢ ( fo, F f1” vo= vy Observing
that f, g fo~Afy g o () fi Ffoweconcludec;, co”™c cc |

fl E sz V1 = Vo. |

In the remaining text we will write ¢ ¢ ¢ meaning thatc is not equivalent tog,

Le.: (G cG).
A gquery for the Index is either a simple condition or a combirteon of conditions
using the classical connective%; ;: and is formally de ned as follows:

De nition 5.3.2 (Query) Let C be a query terminology, ana 2 C. A query is
any expression derived by the following BNF grammar:

Q= ¢jQ"QjQ_Qj:Q

For example, a simple query can bes(@ibject , Digital Library ) _ (Description ,
Library ).

De nition 5.3.3 (Interpretation) An interpretation | of a query terminologyC
is a function | : C ! 2°Y that associates each condition of with a set of objects
of the domain.

Each Index has arinterpretation | that is the result of the indexing phase. Table 5.1
presents an interpretation of the Index presented in Figurg.2.

8For simplicity, we will use the same terminology to populate all the schema elds.
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Field | Value | Documents
Subject Digital Library fdig
DL fd2g
Information System fdsg
Library fdsg
Subject. ACM DLSS fdag
Audio.Subject Information System fdag
Library fdsg
Research Area | DL fdzg
DLSS fdsg
Information System fdog
Library fdog
Digital Library fdiog
Description DL fd7;di1g
Multimedia DL fdsg
Information System fdog
Library fdog

Table 5.1: A Stored Interpretation

The interpretation that an Index uses for query evaluation mst comply with
the structure of the query terminology (i.e. ¢). This requirement is expressed by
introducing the notion of model

De nition 5.3.4 (Model) An interpretation | is a model of a query terminology
if 8 ci;6, 2 Cwhereg = (fi;vi), ¢t cC) I(c) I1(c) andfy=f"vp
Vo) I(c) I(c).

For example, suppose that an Index has indexed a set of docurseunder the
condition ¢; and another set of documents under the conditioo, and no document
under the conditionc that subsumes the previous two conditions. This interpret#on
is acceptable as we can \respect” the structure of ¢ by de ning the interpretation
of ¢ as the union of the set of documents indexed unde; and the set of those
indexed underc,. Note that it is always possible to generate a model from an
interpretation by extending the interpretation of the condtions that do not comply
with the terminology. The smallest model generated from amierpretation is the
one used to answer queries.

For technical reasons we assume that every query terminojo§ contains two
special queries, théop query> ¢ and the bottom query? ¢. These two queries have
the following properties: thetop query subsumes every other query, i.e8c 2 C :
C ¢ >, While the bottom queryis strictly subsumed by every other query di erent
from >cand ?¢,i.e.8c2C:c6 >c"c6 ?c)? ¢ <ccC Moreover we assume
that every modell of C satis es the condition| (? ¢) = ;. For the same reason, we
assume that @) every metadata schemd& contains the special eldstop eld >¢
and bottom eld ? ¢, and (b) every terminology V; contains the same special elds
top term >\, and bottom term ? ;.

As there may be several models df, we assume that each Index is able to
process queries from one or more models of its interpretatioln this paper, we will
use two families of models for query processing, tisere evaluation modelsand the
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possible evaluation modelsin order to de ne these models formally we need two
preliminary de nitions: the rst one allows us to follow the subsumption relation
over the elds of the metadata schema, while the second ondaals to follow the
subsumption relation over the terminologies.

De nition 5.3.5 (Tail and Head) Given a conditionc2 C, c=(f;v), we de ne

tail (c)
headc)

f2Cjc® ccog
fP2Cjc <Y

Intuitively, tail (c) and head(c) contain ¢ and, respectively, all the conditions that
are stricter than ¢ and wider than c according to the query terminology and,
in particular, to the subsumption relations over the schemaelds. For exam-
ple, considering Figure 5.2tail (subject , DD=f (subject , DL), (subject.ACM, DL,
(Audio.subject , DL)g while head subject , DD)=f (subject , DL), (Research Area
DL, (Description , DDg.

These de nitions can be reformulated considering the De tion 5.3.1 as follows:

tail (¢) = fcP2Cjf% ¢ f~v0= vg
headc) = fP2Cjf (f2v=\vY
De nition 5.3.6 (Value models) Given an interpretation | of Cand a condition

c2 C, c=(f;v), we dene three kinds of value models for generated byl as
follows:

V(o) = (ADjf =020 v
V(o) = (AD)jf =020 v
1V(c) = IV(&Oif =12 vy VA vy VO

The above interpretations correspond to three di erent wag in which the Index can
evaluate a condition that involves the eldf using the stored interpretations and
the semantic information about the terminology. These intg@retations correspond
to the set of documents considered indexed under conditions/olving the eld f
and, respectively, the valuev or values equivalent tov (1), the value v or values
subsumed byv (1Y), and all the values that subsumev (1V).

Theorem 5.3.2 (Relationship among value models) If I is a model for a query
terminology then!V, IV and |V are models andV |V |V,

Proof. The proof that 1V, IV, IV are models is trivial and follows from De ni-
tion 5.3.6.
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Let C]_:(fl;V]%andC2=(f2;V2) andC]_ c G, i.e.fl |:f2AV]_:V2:

V) & o 1@if= 10y

S 1(QQjf2= FO2 V0, v, T V() asfr ¢ fo
V) & o 1@ifi=1%v v vy

T I(C%JfZZ fOA VO Vs V2 d:ef IV(CZ) anl F f2
V) E L V@I vy vy

IV(C()JfZ = fOA Vo Vi VOA V2 \Z VO d:ef IV(CQ) anl E f2
Let clz(fl;v%and C=(fauvw)andfi=1f"v; v, Vo

V) F D 1(@if1= N0y v

> 1 (DQjf,=Fo02 V0, v, e 1V(c) asvy v, Va.
Vo) €D I@if= 08w v,

> 1(Qjf2= T2V v v, E1V(e)asv, v, Vo
G NG U L

IV(QQjf2= 2% vy, V02 vy, VO ef 1V(c) asvy v, Va.
In order to prove that IV 1V we can just observe that8c = (f;Vv);
cJf = fo0rV0 v cJf = f92v% |, v andthat | is a model.

Let us prove that 1V 1V, 1V(Q € = IV(Djf =% v y, VAV y VO .

As |V is a model, it holds that8c%1V(c) 1V(), so we can concludéV V. =

By exploiting the de nitions given above, we can now de ne te sure evaluation
model and the possible evaluation modebf the stored interpretation|. These are
obtained taking into account the subsumption relations amay the schema elds
and the subsumption relations among terminologies.

De nition 5.3.7 (Sure models) Given an interpretation I of C we de ne three
kinds of sure evaluation models df generated byl as follows:

| (¢) = 1V(c9jc° 2 tail (c)
| (¢) = 1V(c9jc° 2 tail (c)
| (¢) = 1V(c9jc 2 tail (c)
Theorem 5.3.3 (Relationship among sure models) If 1 is a model thenl

| andl are models and I [

Proof. The proof that the sure evaluation modeld are models is quite trivial.

Letc, =(fy;vi)and g, =(fo;vo)and e, cC, e fy g o vy= vy
I )% 7 1Y(Oj2 tail (c) V(D2 tail (¢) =1 (c) astail (¢y)
tail (Cz).
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Let c; = (fy;va) and e = (fo;vp) and fi= oM vp oy, Vo
def ef

I () = S 1 V(Djc° 2 tail (¢;) S V(D)2 tail () = 1 (cp) astail (¢r)
tail (c).

The proof that | I | is a trivial consequence of their de nitions and of
Theorem 5.3.2 that stated V1V V. n

De nition 5.3.8 (Possible models) Given an interpretation | of C we de ne
three kinds of possible evaluation models Gfgenerated byl as follows:

1*(c) = I (Ajc°2 heado)~ & cc
1" (c) = I (Ajc°2 heado)» & cc
1" (c) = I (Ajc°2 heado)~ & cc
Theorem 5.3.4 (Relationship among possible models) If I is a model then

[*,17 and1® are models and* | |~
Proof. In order to prove that the possible evaluation model$* are models we
can just observe that8c; = (f1;vi); = (fosvo), if i cC_ (f1=f2"vi v, Vo)
then headc;) headc,).

The proof that I* 1™ 1" is a trivial consequence of their de nitions and of
Theorem 5.3.2 that stated V |V |V, m

Theorem 5.3.5 (Relationship among sure and possible models ) If I is a model
then the following relationships hold between sure and pbks models:

+ +
I | I I I I

Proof.  All the relationships will be proved in the same way. First ofall, we
n observe that possible models are de ned in terms of suredels, i.e.l *(c) =
fl (c9jc®2 headc)® &® ccg. For eachc®2 f c§c®2 headc)» ® ¢ og it holds

that | (¢) | (PDasc & sol () 1*(c). =

Table 5.2 shows the interpretation models of our Index that uses the teinology
in Figure 5.2 and the stored interpretation in Table 5.1.

We have stated that an Index stores its interpretationl . Our approach allows
us to observe that, even if the indexing phase is correct, t&n documents may not
have been indexed under all the conditions that could applyotthem. So, given a
simple queryc, we may want the source to be able to answer including eithetl a

’In this table we have usedi referring to d; of Table 5.1, e.g. 1 isd;.
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Condition || || I I ' '

?c ; ; j j ; [

(Subject,Digital Library) flg [f 1,29 1,239 f1,2,34 g f1,27g 12378 g

(Subject,DL) f2g 129 f1,23g f1,2,34 g f1,27g £1,237.8 g
(Subject,Info. Sys.) f59 [f4,59 f1,2,345g f1,2,3,456 g f 4,599 f1,2,3,45789 g
(Subject,Library) f 69 f4,69 f1,2,346 g f1,2,3,456 g f4,6,99g f1,2,3,46,789 g
(Subject.ACM,DLSS) f3g |[f3g if 3g if 3g If 3g f 3g

(Audio.Subject,Info. Sys.) f4g [f 49 f 49 f 49 f 4,59 f1,2345g
(Audio.Subject,Library) f4g [f 49 f 49 f 49 f4,69 f1,2,346 g

(Research Area,DL) f79 f1,2,7,10 gff 1,2,3,7,8,10 g f1,2,37,8910 g f1,2,7,10,11 gff 1,2,3,7,8,10,11 g
(Research Area,DLSS) f8g [f3,8g f 3,89 f 3,89 If 3,89 f3.89

(Research Area,Info. Sys.) fog (4599 [f1,234578910 gf 12345678910 gf459g f1,2,34,5,78910,11 g
(Research Area,Library) fog (4699 [f1,2346,7,8910 gf 12345678910 gf469g f1,2,34,6,7,89,10,11 g
(Research Area,Dig. Lib.) f10g ff1,2,7,10 gf 1,2,3,7,8,10 ¢ f1,2,34,7,8910 g (1271011 gff 1,2,37,8,10,11 g
(Description,Multimedia DL) f8g [8g f 8g f1,23,7811 g If 89 89

(Description,DL) f7,119f 1,2,7,11 dff 1,2,3,7,811 ¢ f1,2,34,7,8911 g (1271011 gff 1,2,37,8,10,11 g
(Description,Info. Sys.) fog (4599 [f1,234578911 gff1,23456,78911 gf459¢g 1,2,3,457,89,10,11 ¢
(Description,Library) If 9g f4,6,9g f1,2,3,4,6,789,11 gff 1,2345,6,7,8911 ¢ff 4699 1,2,3,46,7,89,10,11 ¢

Table 5.2: Interpretations of an Information Source Index

the documents that are known to be indexed undes or all the documents that are

possibly indexed underc. In the rst case we are considering the sure evaluation

model while in the latter case we are considering the pos®hbtvaluation model.
Referring to De nition 5.3.2, we de ne the query answering & follows:

De nition 5.3.9 (Sure and Possible Query answering) Let g be a query over
Cand letl be an interpretation ofC. The sure answel () and the possible answer
| *(q) are de ned as follows:

| (¢) = V(9P 2 tail ()
L @*d) = 1 (@\ 1 (d)
I (q_d) = 1 (@[ ()
¢ =@
1" (c) = I (Ajc°2 heado)» & cc

1"(ar ) = 17\ 17(d)
I"(a_d) = 17 [ 1"(d)
"¢ = 17(q

where we usé to indicate the set-complement operation on the skt All the other
sure and possible answers for the other models, ile., | ,1* and|™, are de ned
in a similar way.

Each of the above query answering modes represents a mogadit query processing.
Note that the sure answer is appropriate for users that focusn precision while the
possible answer is for users that focus amcall. Moreover, in both the family
of sure answers and that of possible answers, we can distirsfjumore precision-
oriented responses, i.d. , versus more recall-oriented responses, ile.. An Index
that stores an interpretation, like the one given in Table 3., and that has access
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to the semantics of the metadata schema and its controlled ¥abularies, can thus
potentially o er a range of additional interpretations, like the ones given in Table 5.2,
to any of its clients to express their information needs morprecisely.

For example, expressing the querySubject, DL a user could be interested
in those documents that have been described using the el8ubject, or a more
specialised one, and the ternDL or an equivalent term, so this user is asking for
I . Another user expressing the same query could be interestedstead, in those
documents that have been described using the el8ubject, or a more generic eld,
and the term DL or an equivalent term, so this user is asking fok*. In the case
of Table 5.2, the Index will return the set of documents d,, d,g to the rst user
and the set of documentd d;, d,, d;g to the second user. Note that whiled; and d,
are indexed under the condition gubject , DL) and (subject , Digital Library ),
respectively, the documentl; is indexed under a pair of conditions,Research Areg
DL and (description , DL, more general but pertinent to the one expressed by the
user.

5.4 The Query Mediator

The previous section has described which are the potentialiery evaluation choices
of an Index service that exploits semantic information. Hawug clari ed this point, we
can now examine the more general problem of understanding iathquery evaluation
choices can be supported by a Query Mediator service. In whédllows we will
assume that such kind of mediator dispatches queries to Indservices that behave
as described in the previous section.

Abstractly a Query Mediator service can be considered as andex service that
virtually stores all the objects of the underlying sources and supplies a qyelan-
guage that satis es the needs of its users community.

However, there is an important di erence between a Query Meator and an
Index: the Query Mediator does not store explicitly any intgpretation of the in-
formation space. Such interpretations are maintained by #Index services. The
Query Mediator only stores ararticulation for each source, i. e. a set of relationships
among the terminology of the Mediator and the terminology ofhe Index.

A Query Mediator is formally de ned as follows:

De nition 5.4.1 (Query Mediator) A Query Mediator over n Index services
l1;:::51q, such thatl; = (G; ¢), consists of:

1. a query terminology(Gy; g,) and

2. a set of articulationsa;, one for each Indexi;; each articulation g is a sub-
sumption relation overGy [ C; which contains:

a subsumption relation, L, over FM [F ', i.e. a set of relationships
among the Mediator metadata schema and the Index metadathesoa,
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a set of subsumption relations, |, , over VM [V {,, i.e. a set of relation-
ships among each eld terminology of the Mediator and the eesponding
ones in the Index. There exists one of such relation for eacaipof (Me-
diator eld terminology, Index eld terminology).

For simplicity, we introduce a special subsumption relatio between Mediator and
Index eld terminologies, i, that is a short-cut to indicate that every term of the
rst terminology is mapped into the sameterm of the second terminology. In such
case we impose tha¥/, = VM, i. e. the terminology of the Index is thesameas that
of the Mediator, and } is de ned so that for eachv 2 V{,andv°2 VM, v | \Oif
and only if v = V0 i.e. the term on the Mediator isequivalentto the same term of
the Index w.r.t. the articulation.

The Mediator query terminology is de ned similarly to the Index terminology,
i.e.Gu isasetof pairsf;v)suchthatf 2FM v2VM and ¢, is asubsumption
relation over G, . Moreover eachVM is a terminology, i.e. a pair ¥M; ,) where

v, is a subsumption relation ovevVM .

au a

Index: Query Mediator’ Indexe
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Area plon
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Figure 5.3: A Query Mediator over two Indexes

Figure 5.3 shows an example of a Query Mediator that operateser two In-
dexes. This mediator uses the DC metadata schema and the ACMoQputing
Classi cation System as controlled vocabulary for the eldsubject 8. The Index
services in Figure 5.3 aréndex, that has been introduced in the previous section,
and Index,, an Index service that uses the LOM metadata schema [LOM] arfcee
terms to populate the elds shown in the gure.

The query interpretations that are supported by the Query Mdiator are de ned
in terms of both the interpretations stored by the Index serices and the existing
articulations. In order to identify these interpretationswe proceed in the following
way:

8For brevity the example shows only a partial view of the Query Mediator.
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1. we de ne a queryc for |; as a translation of eachc 2 Cy obtained usinga;,
I=1;:00m,

3. nally, we de ne | (c) as the union of the answers to queries returned by the
Index services.

Several possible translations can be applied. In the follovg we show the possible
ways to perform the translation. In order to de ne these traslations formally we
need some preliminary de nitions, i. e. the concepts d¢fead bodyand tail w.r.t. an
articulation and the concept of approximations over values

De nition 5.4.2 (Tail, Head and Body w.r.t. an Articulation ) Given a con-
dition ¢ 2 Cy wherec=(f;v) and an articulation a; we de ne

taili() = (FOVOjfO LfAv=\OAfORF]
body(c) = (FEVOjf° LfAv=\0nfORF
head(c) = (FeVOjf L fOrv=\0AfO2F

Intuitively, tail '(c), body(c), and head (c) contain, respectively, all the conditions in
the Index query terminology that are narrower thanc, equivalent to ¢ and broader
than c w.r.t. the articulation. The conditions above involve Ind metadata elds
that are, respectively, subsumed by, equivalent to or thatudsumes the eld used
on the Query Mediator w.r.t. the semantic mapping among the Ediator metadata
schema and Index metadata schema.

De nition 5.4.3 (Value Approximations w.r.t. an Articulat ion) Given a con-
dition ¢c2 Gy wherec=(f;v) and an articulation a;. Let
tilde'(c) = 2 Gjf=f A v 'Vf VO
n 0
lower'(c) = 2Gjf°=frv | V°
n 0
upper(c) = c2Gjf°=f AV | vAVO v

we de ne three kinds of approximations over values:

Q.
I

~ tilde'(c)

Q.
I

~ lower' ()

¢ = c®jc®2 upper ()
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The above approximations correspond to three di erent ways which a condition
on a eld can be reformulated into a set of conditions that tak into account the
semantic relationships among the Query Mediator eld ternmiology and the Index
eld terminology.

Now we are able to de ne formally theprecise approximationsthe lower approx-
imations and the upper approximationsof a condition ¢, 2 Cy . Roughly speaking
the precise approximationof ¢ w.r.t. g is the disjunction of all the conditions in
G that are equivalentto ¢ in g, ¢ ; the second oneg , is the disjunction of all
the conditions in G that ¢ subsume ina; ; while the last one,c' , is the conjunction
of all the conditions that subsumec; in g . These families of approximations are
formally de ned as follows:

De nition 5.4.4 (Precise Approximations w.r.t. an Articul ation) LetM =
((CYRIRTE- ¥
.1, a,) be a mediator over source$;;:::;S,. Given a conditionc = (f;v) 2 Cy

we de ne three kinds of precise approximations afw.r.t. a as:

CID
De nition 5.4.5 (Lower Approximations w.r.t. an Articulat ion) LetM =
(Gu; aysau;

¢ jc®2 body(c)
¢ jc®2 body(c)
¢ jc®2 body(c)

we de ne three kinds of lower approximations af w.r.t. & as:
v
.
>

¢ jc°2 tail '(c)
¢ jc°2 tail '(c)
¢ jc°2 tail '(c)

De nition 5.4.6 (Upper Approximations w.r.t. an Articulat ion) LetM =
(Gus s aus

we de ne three kinds of upper approximations afw.r.t. & as:

v Q0 ;~0 i N A0 i i .
d = - ¢ jc’2head(c)” c® c if head ()ncé ;

o otherwise
The other upper approximations!, andc, are de ned in a similar way changing
accordingly the kind of lower approximations to use.
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Here are reported some examples of approximations for the dietor shown in Fig-
ure 5.3:

(DC.subject ;H.3.7), (subject ; Digital Library ) _
(subject ;DD
(1.5;H.3.7) _(9;H.3.7) _

(9.1:H.3.7) _(9.2:H.3.7)

(DC.subject ; H.3.7)?

The approximations are just queries to the information sowe S; and can have
sure (three kinds) or possible (three kinds) answer as shovim Section 5.3. For
this reason we can de ne at least 54 possible interpretatisi for the mediator'®.
We denote these interpretations using this formalism,, where a is the kind of
approximation that the mediator uses andb is the kind of answer from the source,
e.g.l, .+ means that the mediator uses the upper approximation with , while
the sources reply following the possible modéf . Note that these approximations
are de ned as the set union oyer the source interpretations.wt. the mediator
approximation, e.g.l, =+ ()= [, 17(c, ).

As the mediator can be considered an information source it mayive either one
of the three sure answers or one of the three possible answar dach of the above
interpretations, i.e. we can have 324 possible modes undenigh the mediator can
operate. We denote these operations modes using this formeal | ;, wherea is the
kind of approximation that mediator uses,b is the kind of answer from the source
and cis the answer that the mediator produces, e. d,, .+ Mmeans that the mediator
uses the upper approximation with and replies following the possible model with

while the sources reply following the possible modef .

5.5 Implementation: the Enhanced OpenDLib
Search Service

The approach we have described so from a theoretical point gfew has been
exploited for building an advanced search service for the @pDLib Service Sys-
tem [CP02, CPO03].

The OpenDLib architecture of the search service is very silar to the logical one
described in Section 5.2. However, this service does not popt any subsumption
between attributes of the metadata format and assumes theatdard subsumption
relation between terms and their stems. Moreover, the se&rdunctionality over
heterogenous metadata formats is supported thanks to a coommmetadata format.

9For brevity we have used the code of the elds or the code of a teninology term instead of the
whole value as no confusion arise. Clearly the abbreviatederms must be replaced by the whole
term.

10For simplicity we assume that all the Indexes respond using e same kind of answer.
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One of the on-line DLs powered by the OpenDLib software is ded tLibrary .
It manages documents harvested from di erent ISs. Some ofdke sources repre-
sent their content using DC, others use the quali ed versionf this format, others
apply proprietary metadata descriptions. The di erent senantic interpretations of
the same metadata elds and the presence of a variety of eldugli ers reduce the
quality of the search functionality when heterogeneous iofmation sources are se-
lected by the user, even when all the di erent metadata desigtions of the content
are indexed.

To overcome this problem we decided to design an experimentsearch ser-
vice fully based on the illustrated techniques. We needed (@) easily drive users
in querying both homogeneous and heterogenous informati@ources, i) simply
present how to ask for a more precision-oriented, or recaliiented, query evalua-
tion, and (iii ) hide the complexity of the proposed approach.

Taking into account that our harvested information sourcefiave not used con-
trolled vocabularies, and therefore was not possible to idiify subsumption relations
between values, we decided to maintain the support of the stdard subsumption re-
lation between terms and their stems. Moreover, we decided only support the
approximation, i.e. we chose to simplify the approach of thesers with the system
loosing the exploitation of the relation among di erent cotrolled vocabularies, e.g.
the Dewey Decimal Classi cation (DDC), the Library of Congess Classi cation,
etc.

The resulting search service is based on two relation opeosas'!, literal and
contain, and two search functionalities simple and cross-schema

The simple search functionality supports query requests on homogensoin-
formation sources. It allows to choose between two possildeery interpretation
models, sure and possible This means that, for each query, users can now specify
the personalized recall that they think is needed to satisftheir needs. For exam-
ple, the user John Smith, who is con dent that he is interesi only in documents
that are classi ed exactly with token \text processing”, can specify the query as
\subject literal text processing”. The second user, Henry Stamp, who searsher
documents about the same token but does not know how they halkeen classi ed,
can ask for an interpretation of the query that also takes it account documents
that are classi ed under the semantically specialized \sybct" eld, i.e. he can se-
lect the sure interpretation that will return also doc2 Finally, we can consider a
third user, who want to retrieve documents about \digital libraries", clearly focus-
ing his interest on recall, can specify the query as \subjecbntain digital libraries"
and select thepossibleinterpretation, implicitly asking for a 1™ query answering.
In order to implement this functionality the Index service las been enhanced to
support the sure, | (c) and | (c), and possible!*(c) and | * (c), evaluation models
described in Section 5.3. Preliminary tests demonstrate &b we can best manage
eld quali ers using the sure evaluation modelif the query has been expressed on

11Using relation operators, the user speci es how the system mst interpret the query tokens.
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a eld that supports quali ers, and the possible evaluation modef the query has
been expressed on a quali er of a eld.

The cross-schemasearch functionality supports requests on heterogenoudon
mation sources. It allows to choose between three possiblesgy interpretation mod-
els, precise lower, and upper, that indicate the type of approximation the system ap-
plies to navigate heterogenous metadata schemas. This medhat, for each search
request, users can now specify how the system, using the tiela among the di er-
ent metadata schemas, must reformulate the user query. Ctéa the lower is more
precision-oriented while theupper is more recall-oriented. In order to implement this
functionality we enhanced the QM service to ingest the mappg schema, which con-
tains the de nition of the non-trivial articulations betwe en metadata schemas, and
to support the precise lower, and upper approximations as de ned in Section 5.4. In
particular, we veri ed the bene ts in query processing whex the QM applieslower
approximations asking the Indexes to use theure evaluation modelsand where the
the QM appliesupper approximationsand Indexes usegossible evaluation models

These restrictions on the set of possible combinations me#mat a user of tLi-
brary can only ask for six possible interpretations of the qery on heterogenous
information sources and four possible interpretations ofhe query on information
sources that use the same metadata schema. Neverthelessimfithe user's point of
view, the appropriate use of these personalized search exdions makes it possible
to improve recall without losing search precision.

We are now working to identify other combinations between awoximations
and query evaluation models that could help users to satistyeir needs without
increasing too much the complexity of the interaction betwen users and system.
We also plan to support the articulation between terminologs to o er a second
generation search service over metadata schema and ontasg

5.6 Related Work

Prior works, mainly in the area of Distributed Information Retrieval (DIR), ad-
dress problems similar to those introduced into this chapte Actually, in the DIR
area there are three approaches for interoperability and stributed discovery which
di er in the amount of standardization or e ort required, i. e. federated approach,
harvesting, and gathering.

In the federated approach a number of organisations agree amumber of spec-
i cations, usually selected from formal standards, in buding the services that pro-
vide the data. The problem of establishing a federation is the ort required by each
organization to implement and keep them current with all theagreements. For in-
stance, many libraries have standardized on the Z39.50 paaiol to meet the needs for
record sharing and distributed search [Z3903]. This prototspeci es rules allowing
a client to connect, search, request information (about aulable collections, formats,
and syntaxes), and browse indexes available on the server.ostl implementations
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emphasize searches on bibliographic attributes of MARC albg records [MARO5]
however, since the protocol is exible, large, and complexhere exist () di erent
implementations that have di erent features and {i ) catalogs that can be internally
organized and presented in di erent ways. All these factormit the interoperabil-
ity. Dienst is another example of protocol built on top of weliechnologies to operate
the Networked Computer Science Technical Reference LibyaNCSTRL) [DL96].
In this environment, the services forming the library are diided in four categories:
repositories, indexes, collections, and user interface. héh a distributed query is
issued, it is broadcasted to all the servers and the resultsealocally rearranged by
the user interface.

The best current example of harvesting approach is illusttad by the Open
Archive Initiative (OAI) [LVO1]. Here, at the root of the technical agreement lies a
distinction between two classes of participants:i ] data providers, i. e. participants
that adopt the OAI technical framework as a means of exposingietadata about
their content, and (ii ) service providers, i.e. participants that harvest metada
from data providers using the OAI protocol and use the metada as the basis for
value-added services. The initiative promotes the use ofe&hDublin Core [DC] as
standard metadata format, but community-oriented metadah formats can be used.
In this case the problem of interoperability in providing a sarch functionality is
shifted on the service providers that still have to deal withdi erent data quality,
semantic interoperability, and duplicate detection.

Gathering is the approach less demanding among those presehn It repre-
sents the mechanism commonly used by web search engines tbgather the in-
formation objects via appropriate crawlers and then provid search facilities over
them [WSY*"02]. However, this approach su ers thehidden webproblem, i.e.
valuable information objects are only accessible throughearch interface of web-
accessible databases and the traditional crawlers fails atcessing them.

All these approaches su er, in a di erent measure, thesemantic interoperability
problem. This problem can easily be tackled within a federat approach by adopt-
ing a common standard, even though this results in greater &3 in terms of e ort
in participating to the federation. In the case of the otherdwo types of methods a
solution for transforming the acquired information object and the related metadata
into a common format have to be envisaged. The problem, i.ending correspon-
dences between information represented in di erent schemar format, is known
in literature as schema matchingor information integration. It arises in di erent
contexts, namely each time di erent information sources & grouped together to
form an homogeneous source to search in as in the case of fagel databases,
search engines or virtual digital libraries. The common appach is to transform
gueries from the global schema to the local schema while infaation objects are
transformed from local schema to the global schema. Many ets exist in au-
tomatizing this process [RBO1, Len02]. In particular, a hetopic is the automatic
discovery and learning of the mapping rules, e.g. [NS05, NE(DMD™* 03]. The ma-
jor improvement brought by our approach and its novelty are @presented by that
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users can in uence the way through which the system uses tleesules to reply to
qgueries. Our framework can easily manage mapping rules batanually provided
or dynamically generated.

Finally, a detailed and general purpose comparisons of agarches to interoper-
ability for digital libraries can be found in [PCWGM98].



Chapter 6

Virtual Digital Libraries
Generator

In the previous chapters we focused on dealing with variougterogeneity problems
in reusing the elements of the information space by providinvirtual views of them
in order to support their reuse in building virtual digital libraries. As formalised in
our reference modeli() a digital library is made by other resources than informatin
objects and (i) behind a digital library there is a digital library system in charge
to implement the perceived digital library. Thus, in order b provide virtual digi-
tal libraries we must be able to aggregate all the component®nstituting a digital
library system and thus a digital library. The goal of this clapter is to present
the Virtual Digital Libraries Generator, i.e. a service allowing DL Designers to de-
ne the characteristics of the digital libraries they are interested in and partially
replacing the task of the DL System Administrators in implerenting such digital
libraries!. We demonstrate the feasibility of the proposed service byrqviding ex-
amples illustrating the facilities provided and reportingon its exploitation in the
context of the ongoing IST projectDILIGENT  [DIL].

The chapter is organised as follows. Section 6.1 gives anrmi@w of the pro-
posed approach. Section 6.2 presents the design of the VatuwDigital Libraries
(VDL) Generator introducing its main components. Section & reports on the log-
ical model governing the behaviour of the service. Sectiond6introduces the on
going DILIGENT project and provides example of exploitatio of the VDL Genera-
tor in such environment. Finally, Section 6.5 concludes byrpsenting and discussing
related work.

1This work is partially funded by the European Commission in the Context of the DILIGENT
project, under the 2nd call of the FP6 IST priority.
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6.1 The Approach

In the reference model introduced in Chapter 2 we have iderdd two actors that
are in charge of creating a digital library ful lling the requirements of the DL End-
users, i.e. theDL Designer and the DL System Administrator. The former actor is
responsible for gathering the requirements of the digitaidrary the user community
is interested in and to express them in terms of informationpsice entities and
functionality the digital library must be equipped with. This actor is usually an
expert librarian who has no perception of which digital libary system is needed to
ful I such requirements. Instead, the latter actor, i. e. tre DL System Administrator,
must be able to understand the DL Designer requirements andap them into the
components of the digital library system to be con gured andleployed in order to
match the expectation of the designer. Usually the envisagi@pproach is conducted
without any form of automatic support and the creation of a dyital library is up to
the capabilities of the human actors.

This manual approach is not feasible in the case of the virthaligital library
scenario, where the number of digital library resources pantially available becomes
huge. Some of the reasons why such an approach is unfeasib&e (8) the presence
of thousands of possible choices and Y the presence of thousands of constraints
that can result to be dicult to deal with even for experts. Automatic or semi-
automatic processes aiding the activity of both the DL Desiters and the DL System
Administrators reduce the risks of inconsistency and incase productivity.

From an abstract point of view, the digital library managemat system acts as
a broker, while the clients of the broker are DL resource producers drconsumers.
The producers are the individuals and the organisations thalecide to share, under
the supervision of the broker, their resources according wertain access and use
policies, while the consumers are the user communities thatant to build their
own VDLs. The resources managed by this broker can be of diemt types ranging
from collections of information objects to software compa@mnts and hosting nodes.
Moreover, it is important to recall the di erent views the DLMS must provide over
such resources according to our reference model. The DL [@&r perceive the
information space as composed by collections of informatimbjects and a digital
library as an entity providing functionality to act over such objects. The DL System
Administrator perceives such abstract resources in term$ concrete resources to be
produced, i.e. software components and hosting nodes whsreh components can
be deployed in order to produce the expected functionalityra information space.

The digital library management system manages the regisest resources by sup-
porting their discovering, monitoring, reservation, and f implementing a number
of functionality that aim at supporting the required controlled sharing and level of
quality of service.

A user community, more precisely a DL Designer, can create@or more DLs by
specifying a set of requirements with the support of the systn. These requirements
specify conditions on the information space and on the furiohality the digital
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library must provide. The DLMS, acting as a DL System Adminigator, satis es
the given requirements by selecting, and in many cases alsgptbying, a number of
resources among those accessible to the community, gluitgm appropriately and,
nally, making the new DL accessible to DL users.

In the next section the design of the virtual digital libraries generator is presented
and the assumptions about its operating environment are repted.

6.2 The Virtual Digital Libraries Generator De-
sign

The virtual digital library generator envisaged in this disertation is a component
designed to rely on annfrastructure represented by the digital library management
system that is in charge of actually realizing the virtual vews de ned and identi ed

by it. However, the dependencies with respect to such enaii infrastructure are

well known and can be limited to the gathering of the informabn about the avail-

able resources and to the provision of the DL speci cation #hinfrastructure must

implement in order to provide the virtual digital library.

T~ =
= K=

Figure 6.1: The VDL Generator Logical Architecture

L

Having clari ed this point, the logical architecture of the VDL Generator is
presented in Figure 6.1.

The User Interface provides the graphical environment enabling the DL De-
signer to perform its tasks. In particular, the expected fuctionality must o er the
possibility to de ne a VDL by selecting the resources amonghbse available, mod-
ify a previously de ned VDL starting from the previous de nition, and removing
a previously de ned virtual digital library while allowing the designer to establish
the actions to be executed in order to preserve the informatn objects produced
in the context of such a digital library and make them availake for further digital
libraries. It is worth noting that the design of this componet relies on the outcome
of the reference model, i. e. we decided to organise the eoniment on the DL main
concepts in a hierarchical way, e.g. under the category Infoation Space the DL
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Designer is entitled to de ne the characteristics of the rated concepts while under
the category Functionality it is entitled to select the fundionality the digital library
must be equipped with. Moreover, it is important to notice that, by interacting
with the VDL Generator Core component, the user interface is charge to prevent
the designer from performing inconsistent choices.

The VDL Generator Core component represents the most important element of
the proposed architecture. It is responsible for implemeimgy the application logic
needed to {) guide the User Interface in showing, step-by-step, whictomponents
can be used and how they can be customized, thus preventingttesigner from per-
forming inconsistent choices, i) produce the VDL speci cation that represents the
mapping of the DL Designer requirements into the componenteeded to implement
the expected digital library, (iii ) notify the infrastructure when a digital library pre-
viously created must be removed, andi\() maintain updated its knowledge of the
available resources.

In order to support the VDL Generator Core component in prowing its func-
tionality we equipped the service with theVDL Reasoner This component is in
charge of implement a logic-based approach to the identi tian of the components
needed to ful | the speci ed requirements. Further detailson this process are pre-
sented in Section 6.3. In brief, the idea is as follows. Bothé VDL de nition criteria
and the available components together with the related apighbility/usability con-
straints are expressed by a knowledge representation mecisan. By adopting the
inference mechanism supported by such a mechanism the systis able to identify
the set of available components needed to satisfy the de ioin criteria.

The reasoner and in general the whole service thus needs to deare of the
resources that the infrastructure makes available and maains an in dept knowledge
about them into the Resource KB

The latter component is represented by the/DL De nitions Repository. This
component is in charge of maintaining the original de nitim of the virtual digital
library as well as the computed virtual digital library de nition.

6.3 The Components Selection Model

As discussed by presenting the architecture of the VDL Geregor service carefully
attention must be posed on and e ort must be spent in realisip a powerful user
interface making easy the work of the DL Designer and on the @cess in charge to
match the set of components needed to ful | the expressed gicements. In this
section we describe the second point by focusing on the lodiased approach we
envisaged.

The rst problem we face is related to the identi cation of anappropriate knowl-
edge representation mechanism/formalism. It must be powiett enough to allow to
expressing the knowledge we need to represent as well as itsinbave an inference
mechanism that is computable in an human acceptable time. Meover, it must exist
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a system that provides support for the implementation of thedenti ed mechanism
because our goal is not to implement a knowledge represembat system. In partic-
ular, we analysed the approach proposed for the semantic wgBLHLO1]. In this
research area two very di erent modelling paradigms have ka proposed [PSH],
i.e. the Classical paradigmand the Datalog paradigm The classical paradigm is
based on the notions from standard logics, such as propositial logic, rst-order
logic, and Description Logic [BCM 03]. This approach is embodied in the W3C
recommendation for Semantic Web languages, RDF [MM04] andV@. [DSB™* 04].
The Datalog is based on notions coming from Object-orienteDatabases [AG89]
and rule languages [UII88]. This approach enbodied in prewis version of RDF
and proposal for Semantic Web languages, e.g. OWL-FlightB&PLFO04]. There are
signi cant di rences between these two paradigms. These @rences range from
computational aspects, to expressive power and naturalreesf modelling [PSH].

Basing on these characteristics, we decided that a suitaldelution for our prob-
lem is represented by the Datalog approach. Datalog is a rdl®sed declarative
language. This means that a user has not to write a program thaolves some prob-
lem but instead speci es what the solution should look likeand a Datalog inference
engine tries to nd the way to solve the problem and the solutin itself with the
available registered components. This is done with rules drfacts. Facts are the
input data, and rules can be used to derive more facts, and tis®lution of a given
problem. In particular we concentrate on Disjunctive Datadg [EGM97], i.e. an ex-
tension of Datalog in which the logical OR expression (the sjunction) is allowed
to appear in the head of a rule.

The VDL Generator Service, and in particular the functionaties related to
the de nition of a VDL and the automatic identi cation of the pool of resources
needed to ful | the VDL requirements, can be modelled as aon guration prob-
lem [BCM™ 03]. The following two aspects characterize these kinds afoblems: ()
the artifact to build is composed by instances of componentnd (ii ) components
interact in prede ned ways, i. e. their dependencies from ber components are well-
known. Moreover, all the systems for product con guration anverge on describing
this problem representing two kinds of knowledge:i  the domain description, i.e. a
description of all the types of components available, andi { the speci cation of the
desired product. This is also the approach we propose wheretdomain description
is characterised by the description of all the available cgmonents available via the
Resources KB while the speci cation of the desired producs iprovided by the DL
Designer via its interaction with the VDL Generator User Inerface.

In particular, for domain modeling we adopt the component-prt approach, i.e.
components are characterized by three elements: tlygpe, the attributes, and the
ports:

Types allow organizing components into a hierarchy that cabe used during
con guration.

Attributes specify descriptive features, such as functiai or technical charac-
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teristics, con guration parameters, etc. Each attribute tas a single value or
can take values from a prede ned range.

Ports are used to establish connections between componentdsually when
de ning ports restrictions may be imposed on the type and nubrer of compo-
nents that can be connected to it. Constraints placed on pastare the natural
way to express compatibility between components. They alloexpressing con-
ditions on attributes and ports that must hold in the model bult to satisfy
the DL requirements.

It is worth noting that in order to make such approach workingappropriately, an
ontology on these aspects must be identi ed and known by seces providers that
are in charge to describe their resources accordingly. Inrocase, this ontology will
be guided by the reference model. It is also important to nate that the logic of
the application is guided by a Datalog set of rules and that thse rules can be easily
modi ed making the behaviour of the whole service easily aggable to di erent
contexts.

6.3.1 A Trivial Example

In this section we report a trivial example of a Datalog set dfcts and rules in order
to show the power of the adopted formalism.

In order to represent the domain description we use two prezites: component
and yields . The former represents an available component while the tat take
care to declare the functionality provided by the componenand the level of quality
of service of such functionality. The following set of factsepresent a scenario in
which there are ve available components and the rst of themsupport the search
functionality with two type of level of quality of service, depending by a con guration
parameter.

component(1l,searchTypel). % component(id,name)
component(2,repository).

component(3,browse).

component(4,searchType?2).

component(5,indexDistr).

yields(1,search,qosl). % yields(componentID,functiona lity,qos)
yields(1,search,qos?2).

yields(2,repository,qosl).

yields(3,browse,qosl).

yields(4,search,qos3).

yields(5,index,qos3).

By adding a simple rule like the following it is possible to déve all the allowed
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functionality 2.
allowedDLFun(FID,QOS) :- yields(_,FID,QQOS).

In order to identify the components needed to ful | a certainuser requirement it
is su cient to add the rule identifying the appropriate component and the fact
identifying requirement as follows:

diIComp(DL,CID,CN) :- regFun(DL,FID,QQOS),
component(CID,CN),
yields(CID,FID,QOS).

reqFun(myDL,search,qos3).

In this case the system identify the component 4 namedearchType2 as those
capable to provide a search functionality with a quality of ervice qos3.

If we enrich the knowledge base by adding the facts modellinige dependencies
between components we are able to identify all the componenbheeded to operate
the digital library correctly as follows. We add a fact prediate requires indicating
the component that in providing a certain functionality neels another component
(in the example, 4 needs 5 to provide the search) and overlo#tie diComprule in
order to take care of such additional requirements.

requires(4,search,5).

diIComp(DL,CID,CN) :- diComp(DL,CID2,CN2),
requires(CID2,FID,CID),
component(CID,CN),
reqFun(DL,FID,QOS).

In this case, if the DL Designer asks for a digital library wit a search functionality
having a quality of serviceqos3 and the system identi es as components of such
digital library both component 4 and component 5.

This trivial example illustrates some of the capabilities lhat can be easily mod-
elled via the Datalog paradigm. We concentrate on the qualitof service as discrim-
inant parameter guiding system choices, other aspects caa modelled similarly. In
a concrete example the predicates and the rules can assumerencomplex forms
however the feasibility of the approach remain unchanged.

6.4 The DILIGENT Experience

DILIGENT [DIL] is an ongoing IST project that aims to combine Grid [FKG]
and digital libraries technologies in order to provide a tésbed digital library infras-
tructure. The main goal of the project is to create an advancktest-bed that will

2This functionality is particularly useful in deriving the k nowledge needed to populate the user
interface with the allowed functionality.



136 CHAPTER 6. VIRTUAL DIGITAL LIBRARIES GENERATOR

allow members of dynamic virtual e-Science organizations taccess shared knowl-
edge and to collaborate in a secure, coordinated, dynamic dagost-e ective way.
Actually this mean to provide the capability to implement virtual digital libraries
as presented in Section 6.1 where the whole infrastructurepresents the resources
broker.

Figure 6.2: The DILIGENT Logical Architecture

The architecture of the DILIGENT system is depicted in Figue 6.2 accordingly
to the reference architecture presented in Chapter 2.

The DILIGENT infrastructure is being constructed by implementing a seree-
oriented architecture in a Grid framework. In particular, DILIGENT exploits the
gLite Grid middleware [EGEb] and the Grid production infrastructure provided by
the EGEE project [EGEa] as well as the WSRF speci cation [Babb] implementation
released by the Globu§ project [Glo]. By relying on such software framework the
DILIGENT services are entitled to act as Grid Services and have accesshared
resources via the grid based mechanisms. These resourcesrapresented by both
the computing elements and storage elements provided by tB&EE project as well
as the Grid Services provided by the project itself.

3Provided by Pasquale Pagano.
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A brief overview of the services constituting the functionlaarea of the DILI-
GENT system is presented in the remaining of this section.

The Mediation area includes a number of wrapper components all together ma
aged by the Wrapper service. They are in charge to access ertd information
sources in order to transform the external objects into DILGENT information ob-
jects.

The Information Space Managemenarea contains the Content Management ser-
vice that relies on the Replication Management and on the Stage Management to
maintain its data and thus represents theDILIGENT information objects reposi-
tory; the Metadata Management service that exploits the cagbilities provided by
the Content Management for the storage and management of theetadata mani-
festations; the Annotation service and the Content Secusjtservice.

The Accessarea includes the Search service that exploits the capabés pro-
vided by the Index Management, the Content Source Selectioand Description,
and the Personalization services by means of the Query Opiiration service. This
area contains also the Feature Extraction service that celtts a number of features
extraction components specialized for di erent kinds of ndha.

The User and Resource Space Managemeatea includes the Dynamic Virtual
Organization Support service. It is an aggregator that expits the capabilities
provided by the Noti cation, User and Group Management, andResource Registra-
tion Support services. Key functionality is the creation othe trusted environment
needed for ensuring a controlled sharing of the DILIGENT resirces.

The Presentation area is strongly user-oriented. It supports the automatic en-
eration of user-community speci c portals, providing persnalised access to the DLs.
It has been designed to support the plug and play of user comnities speci ¢ visu-
alization tools. For this reason the DILIGENT project does ot provide any speci c
service of theDL Managementarea.

Finally, the services of theEnabling framework are in charge to provide the
following functionality:

the monitoring and discovering of all the available DILIGEN resources [n-
formation Service);

the implementation of a global strategy o ering the optimaluse of the hosting
node resources supplied by the DILIGENT infrastructure Broker & Match-
maker Service;

the orchestration needed to maintain up and running the poobdf resources
that populate the various virtual digital libraries and to ensure certain levels
of fault tolerance and QoS Keeper Service,

the support to design and verify the specication of work ovs, as well as
services ensuring their reliable execution and optimizain (Process Manage-
ment).



138 CHAPTER 6. VIRTUAL DIGITAL LIBRARIES GENERATOR

6.5 Related Work

Virtual Digital Libraries represent the mechanism we envieged in order to overcome
the drawbacks of the actual digital library development proesses. The VDL Gen-
erator, being a component of the digital library managemergystem, has not been
created nor proposed elsewhere simply because none of theacdigital library
systems provides the DLMS expected functionality.

The closest work to our approach is represented by a family tafols built on top
of the 5S framework and discussed in detail in the followingestion.

The problem of service composition has been studied in the lwservices com-
munity [MBH * 04, AVMMO04, PBB* 04, NM02]. However, the proposed techniques
seem to su er from the general purpose approach. The digitdibrary area is re-
stricted to certain type of components and well known constints, therefore the
problem is more manageable and can be tackled with di erentnal domain speci ¢
technique.

6.5.1 The 5S Products: 5SL, 5SGraph, and 5SGen

By relying on the 5S framework [GFWKO04, Gon04], Gorcalves rpsented in his
dissertation a series of tools and applications for modeig and semi-automatically
customising digital library services namedSL, 5SGraph and 5SGen

5SL [GF02] is a declarative domain speci ¢ language for digitdibrary speci ca-
tion. With this language the speci cation of a digital library consists of ve models
related to the dimensions of the underlying formal framew&r The stream model
is devoted to specify the format of media objects supportedylihe digital library
by relying on the web standard MIME types. The structural mo@l de nes via an
XML Schema the structure of the information objects as well athe properties of
collections and metadata the digital library deals with. Tke spatial model gives
details about the digital library retrieval model, the chaacteristics on indexes, and
the user interface appearance. The societal model makes agsible to model the
characteristics of actors and services by identifying theve core services each dig-
ital library must provide, i.e. user interface, index, seah, repository, and browse.
For both actors and services, the set of attributes and the sef interactions with
the services are modelled. In the case of services the dedn of the operations
is provided as well. Finally, the scenario models the behauir of a service via a
sequence of events. All these constructs are provided in XML

As any domain speci c language 5SL has its own problems, naiméi) di erent
semantics (at least one for each model) must be understoodde ne a digital library,
(ii) the de nition of a complex digital library is di cult even f or experts since there
is a great amount of XML to be manually produced and a number ademantic
constraint and dependencies to be veri ed in order to ensumnsistency, and ifi )
it is di cult to obtain the big picture of the de ned digital | ibrary. To overcome
these problems, the 5SGraph is proposed.
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5SGraph[ZGSf 03] is a domain speci c visual digital library modelling tobwhose
output is a speci cation of a digital library in terms of the 5SL language. This tool
can be con gured with a set of characteristics on the allowedigital libraries (ex-
pressed in terms of a 5S metamodel) and thus is able to enfothese constraints and
ensure the semantic consistency and correctness of the @iblibrary speci cations
produced.

5SGen[KGFO03] is the last link in the digital library development dhain proposed.
In particular, this software system is dedicated to the serautomatic production of
digital library components ful lling the model of societies and scenarios expressed
in terms of the 5SL language. The approach they adopt is baset a component
oriented view of the digital library systems and thanks to tis the DL designers are
entitled to model (via sequence diagrams and state chart djeams) the behaviour
and co-operation of such basic components in delivering thgital library expected
functionality. Then, they are able to obtain a set of servicenanager modules that
produce the designed digital library functionality by relyng on freeware tools capable
to dynamically generate Java codei ] from the XMI 4 representation of the societies
models (XMI2Java) and (i) from the nite state machine representation of the
society models.

In comparison, our proposed approach is less software erggrning and code gen-
eration oriented as it aims at creating digital libraries wihout the production of
code. We consider coding as an activity conducted by the DL Aication Develop-
ers (Section 2.5 on page 46) when a functionality that canndite provided by any
existing digital library system component is needed. As a neequence, we do not
take care to de ne any speci cation language. Instead, by kng on the formal
model we support the DL Designers in expressing their infoation space and func-
tional requirements via an intuitive graphical user interhce. Then, it is up to the
VDL Generator the identi cation and con guration of the pool of services needed
to full the expressed requirements. The \glue" allowing the various components
to co-operate is represented by thenabling framework It is important to note
that the digital library system components have been desigd and implemented
to rely on this framework in accordance with the Digital Libary System Reference
Architecture (Section 2.6 on page 50).

4An XML serialisation of the UML diagrams.
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Chapter 7

Conclusion and Future Work

7.1 Summary

Current models for developing digital library are proving ¢ be inadequate to ful |
the large emerging demand for such systems. This fact has nvated the work
presented in this thesis in which a new development model isgposed and discussed,
and its implementation presented. This model is based om)(controlled sharing of
resources among di erent digital libraries and i{) virtualisation of such resources
in order to provide personalised and focused views matchirige speci c needs of
diverse user communities, i.e. we have proposed a model\otual digital libraries.

To support such a paradigm a common understanding of what agiial library
is and what its characteristics are must be shared by all thectors interacting with
the library. Our model covers the di erent perspectives ofigch actors and highlights
and formalises the existence of both thdigital library systemand the digital library
management systenas the entities creating the digital library.

Motivated by the need to reuse third-party pre-existing resurces in order to
pro tably build virtual digital libraries, we have introdu ced a series of approaches
to virtualisation making such a reuse easy and e ective. In grticular, we have
discussed the requirement foinformation object virtualisation and proposed a pow-
erful and exible document model as an approach to satisfy th requirement. The
feasibility of such an approach has been proved; in fact a s&re to support the
proposed document model has been developed and exploitedhree concrete and
complementary application scenarios.

The second requirement we have identi ed is related toollection virtualisation.
We have discussed the issues involved and proposed an apphoor supporting
virtual views over a heterogeneous information space. Thé&bility of this approach
has been demonstrated through the implementation of a seca supporting virtual
collections and applying it in the context of the IST projectCyclades [CYC].

We have also envisaged the need for seamless search acrodspieuand het-
erogeneous information sources. In this respect, we haveposed, developed and
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discussed an approach that allows users to express theiramhation needs with
a powerful language capable of capturing diverse semantitdrpretations of the
same textual query and thus obtaining information objectshat are closer to their
information needs than in the \classic" approach.

Finally, we have proposed thevirtual digital libraries generator, i.e. a service
supporting the novel digital library development model by asisting users in ex-
pressing their needs and automatically identifying the apppriate pool of resources
needed to ful | them. We discussed the exploitation of this pproach in the context
of the on-going IST project DILIGENT [DIL] and proved the feasibility by reporting
concrete examples demonstrating the features of the promasservice.

7.2 Future Work

Each of the facets investigated in this dissertation could é further studied and
developed.

The activity related with the reference model is now a task dhe DELOS Net-
work of Excellence on Digital Libraries. The importance ofigh a reference model
is also highlighted in the recent DELOS Brainstorming Repa{CDISS05] prepared
to reply to the European Commission's call for online condaition.

This activity, supported by the international research infitutions participating
in the network is aimed at validating the main organisation bthe proposed model
and re ning and enhancing the set of concepts and relationgds introduced to cover
the characteristics of digital libraries, digital library systems, and digital library
management systems. Particular attention is posed on thefezence architecture.
According to the model, standards, protocols, and best praces will be studied in
order to ease the co-operation and sharing of information zts among di erent
digital libraries.

As for virtual digital libraries, DILIGENT is an ongoing project and the im-
plementation of the virtual digital library generator senice is still in progress. This
component probably represents the most important issue toebsolved for making
the process of digital libraries de nition an easy task.

Further the in-depth investigation of the technicalities reeded for describing com-
ponents and user requirements will be needed, in particulanechanisms for dealing
with the description of the service provided in heterogenes languages and schemas
must be studied in order to enlarge the pool of the componentow available.

The evolution and the exploitation of mediation services ab is an important
issue for future work. In particular, all the aspects of hetegeneity left out from
this dissertation could be object of future investigationse.g. policies regulating
access to information objects are usually expressed in dient languages, ontology
used to annotate information objects can be used for di erérpurposes than the
search.

In the context of a new EU funded project named DRIVER (Digitd Repository
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Infrastructure Vision for European Research) the needs fanediator services are
pressing. However the mediator services and approachesaatuced in this disser-
tation ful | the most important requirements of this project.
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Appendix A

OpenDLib: A Digital Library
Service System

OpenDLib [Ope, CP02, CP03] is a software toolkit that can besged to easily set
up a digital library, according to the requirements of a give user community, by
instantiating the software appropriately and then either dading or harvesting the
content to be managed. It consists of a federation of servic¢hat implement the

digital library functionality making few assumptions abou the nature of the infor-

mation objects to be stored and disseminated. From a deploynt viewpoint, the

entire set of services can be managed and hosted either byragt or by a multitude

of organisations that collaborate on the maintenance of thehared digital library,

each according to its own computational and human resources

A.1 Services Model

Figure A.1 depicts a conceptual model that speci es the nain of OpenDLib service
and its characteristics.

This model is central to the digital library system design sice it highlights the
properties (descriptive metadata) that de ne each service Each service instance
is known by the other instances through the values of these qperties, which are
disseminated on demand. These properties are modelled ggsstructured attributes
that are associated with each entity of the model. As a natutaonsequence of the
relation between entities, a child entity inherits all attibutes of its parent entity.
The whole set of attributes characterise an instance of a s&e in the OpenDLib
architecture.

A generic service of the OpenDLib architecture is modelledylthe entity Ser-
vice. A service can be distributed over di erent servers, replated, or if necessary
centralised. The model has an entity for each service type.

The distributed servicesare those that implement the same service through mul-
tiple instances, each of which manages data stored on a diemt server. The data
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Figure A.1: The OpenDLib Services Model

are distributed according to a set of criteria that may di er from service to service.
Note that each instance of a distributed service does not ree¢o know anything
about the other instances of the same service. In the curremérsion of OpenDLib
that we are illustrating, the services that are distributedare those that maintain a
huge amount of data and/or those that are strictly related tothe information ob-
jects publishing institutions. These institutions usualy prefer to maintain their own
object on their own server to have a physical control over tine. Moreover, each in-
stitution usually has its own rules for information object sbmission/withdrawal, or
information space management, and therefore prefers to maiin these procedures
also in a common shared environment.

The replicated servicesare those implemented by a set of service instances, pos-
sibly located on di erent servers, where each instance is lalto cover completely the
service functionality over the entire set of data. OpenDLildistinguishes three kinds
of replicated servicesNolnput, Centralisedinput or Distributedinput. A service is of
Nolnput type if it is instantiated by pure replications, i. e. the di erent instances are
never distinguishable since they handle the same data andHame in the same way.
A service of Centralisedinput or Distributedinput type hasone replication, which
acts as a master, and a set of replicates which act as slaves.the case of the Cen-
tralisedInput, the master is a special instance of the sewg whose only purpose is to
maintain and distribute on demand an updated version of thenformation handled
by the service. The slave instances update their content byepodically invoking the
master. Both the master and slave replicas of a Distributedput service can accept
new information and serve information requests. The mastenaintains the global
state of the service information: each time a slave updatetsilocal information it
communicates the change to the master, which merges the nevormation with its
own information. Periodically, each slave updates its statby invoking the master.
The role of the instances of a replicated service, i.e. mastnd slave, is not stat-
ically assigned but can be changed in order to achieve a betionnectivity or to
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overcome temporary crash. In the current version of OpenDihiwe have chosen to
replicate those services that are either not constrained kny proprietary (see dis-
tributed services), security or privacy constraint (see cwralised). This replication
makes it possible to improve service e ciency and to increasits robustness. This
is, for example, the case of the replication of indexes to imgve content access, or
the replication of meta information, i.e. the set of servica&escriptive parameters
and other con guration parameters, to improve digital library service access, and so
on.

A centralised servicehas always a single instance in the DL. Each time the
security and the privacy of the content of a service is an issu the centralised
solution is preferred to the distributed and replicated orne

Although the presence of multiple instances of a service me@ases fault tolerance,
reduces the overload of each instance, and makes it possitdedynamically reor-
ganise the environment when a server hosting a service inste is not reachable,
the replication and distribution of the services is not mandtory and therefore each
service can be instantiated as a single instance. This meathsit the level of dis-
tribution and replication, and the physical location of theservice instances may be
freely chosen to better satisfy the needs of the speci c digl library context.

A.2 Design Considerations

OpenDLib is a general purpose framework to build DLs in mulple domains ranging
from traditional libraries to multimedia and/or virtual co urses, support for confer-
ence reviewing process, electronic publishing, etc. Thause of OpenDLib in di er-
ent contexts imposes a set of constraints to the overall dgsi of the services. Most
of them are made possible by the adoption of the Service Modalesented in the
previous section.

Con guration { As stated in the previous section, services are designedlie dis-
tributed and replicated to better ful | the needs to face outduring a DL lifetime by
providing a great exibility in the digital library design. This means that each time a
new DL has to be created, the appropriate set of services istantiated and this set
can be expanded at any time by adding replicas or additionalistributed instances.
For example, a replication of an Index instance can be creat¢o reduce workloads
when the number of search requests exceeds an establishe@ghold, whereas an
Index instance, able to serve queries in a language not prewsly supported, can be
added to satisfy the needs a new community of users. All thesgpansions can be
done on the v, i.e. without switching o the digital library .

Deployment { The physical distribution of the services can be customiseto
satisfy speci c requirements. For example, an institutiorcan decide to maintain an
instance of the Repository Service in order to have local dool over its own docu-
ments, but to share all the other services with other instittions. The architectural
con guration is chosen when the digital library is set up, buit can also be changed
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later to satisfy new emerging needs.

Interoperability { From this viewpoint, the OpenDLib architecture has been de
signed to be highly interoperable with other digital librares that rely on other
systems. This ability of the system is mainly concentrated rothe export of its
content upon request, and the import of information objectgrom existing content
sources. For the former, besides using its own protocol, Qu2Lib can act as an
OAI [LV01] data provider by appropriately implementing the OAI-PMH [OAI] pro-
tocol. This implies that the metadata records about informaon objects maintained
by an OpenDLib digital library can be open to other digital lbraries. The latter
ability, i. e. the import of information objects from other systems, is a crucial feature
that can determine the success of any digital library systenms obtained in two ways:
(i) OpenDLib can access the metadata published by any other OAHM compliant
digital library since it is also a service provider (in the OAmeaning), and (i) it also
takes care of the compatibility with non-OAI-PHM compliant systems by providing
basic tools to easily interact with existing information sarces and development kits
to facilitate the development of customised importing tod.

Openness{ The set of services constituting the OpenDLib system can bex-
panded at any time by adding new services to satisfy commuwpispeci ¢ needs.
Also for this aspect, appropriate development kits have beedeveloped to facilitate
the implementation of new OpenDLib compliant services.

A.3 Services and Functionality

The overall functionality of OpenDLib is partitioned into a set of well-de ned in-
teracting services that we have classi ed accordingly to oueference architecture
(Section 2.6) and described in the follow.

A.3.1 Enabling Framework

Manager Maintains and continually updates a picture of the status ofthe DL
service federation and disseminates it on request to all thegher services.

A.3.2 User Space Management

Registry Maintains information about the users, groups, and commutes.

A.3.3 Information Space Management and Mediation

Repository Stores and disseminates documents that conform to the DoMDdoc-
ument model which can represent structured, multilingual ad multimedia
documents. A detailed description is provided in Chapter 3.
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Collection Service Mediates between the virtual dynamic organisation of the ¢o
tent space, built according to the requirements of the DL comunity of users,
and the concrete organization into basic collections of doments hold by pub-
lishing institutions. A detailed description is provided n Chapter 4.

OAIl Harvester Harvests content published by OAI-PMH compliant archives.

A.3.4 DL Management

Library Management  Supports the submission, withdrawal, and replacement of
documents through a complete review work ow.

A.3.5 Presentation

OAI Publisher  Publishes the content of the OpenDLib DL through the OAI-PMH
protocol.

User Interface Mediates between human actions and all the OpenDLib service
It is mainly used to interact with access services. As resullf their search or
browse operations, users obtain a set of results pages wittetlist of informa-
tion objects that satisfy their requests. The User Interfag provides multiple
and customisable ways to visualise these objects as repdria Section 3.4.

A.3.6 Access

Query Mediator Dispatches queries to Index service instances, accordimgavail-
ability and replica priorities.

Browse Supports the construction of indexes to browse the entirebliary content.
The Browse function is parametric with respect to the metada formats, to
the set of elds to be browsed, and to the set of formats for rak sets.

Index Accepts queries and returns information objects matchindgiose queries. The
Index is parametric with respect to the metadata formats, tahe set of indexed
elds, to the set of result sets formats and the language of éhterms. It o ers
di erent search options: free text or advanced (with elds slected from a
variety of con gurable metadata formats); single or crostanguage; with or
without relevance feedback.

Finally, it is worth noting that the services interaction is more complex than a
simple client-server communication. A service can act boths a provider and as a
consumer, and sharing relationships exist a priori among ailsset of the services.
Communication with and among individual services takes pte via the proprietary
OpenDLib Protocol (OLP). The OpenDLib Protocol is an evoluion of the Dienst
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protocol [LD95]. It inherits from Dienst the basic rules andcconventions, and many
protocol requests.
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