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Streams, Structures, Spaces, Scenarios, and Societies)5S

A Formal Digital Library Framework and Its Applications

Marcos André Gongcalves

Abstract

Digital libraries (DLs) are complex information systemsiaherefore demand formal foundations lest
development efforts diverge and interoperability suffénsthis dissertation, we propose the fundamen-
tal abstractions of Streams, Structures, Spaces, Scenand Societies (5S), which allow us to define
digital libraries rigorously and usefully. Streams arewstees of arbitrary items used to describe both
static and dynamic (e.g., video) content. Structures cawidyged as labeled directed graphs, which
impose organization. Spaces are sets with operationsliegtaertain constraints. Scenarios consist of
sequences of events or actions that modify states of a catiqutn order to accomplish a functional re-
quirement. Societies are sets of entities and activities tlhe relationships among them. Together these
abstractions provide a formal foundation to define, relael, unify concepts — among others, of digital
objects, metadata, collections, and services — requiréartoalize and elucidate “digital libraries”. A
digital library theory based on 5S is defined by proposingm&d ontology that defines the fundamental
concepts, relationships, and axiomatic rules that govesrid domain. The ontology is an axiomatic,
formal treatment of DLs, which distinguishes it from othppeoaches that informally define a number
of architectural invariants. The applicability, versiailand unifying power of the 5S theory are demon-
strated through its use in a number of distinct applicatiookiding: 1) building and interpreting a DL
taxonomy; 2) informal and formal analysis of case studiedigital libraries (NDLTD and OAl); 3)
utilization as a formal basis for a DL description languadjgital library visualization and generation
tools, and a log format specific for DLs; and 4) defining a gyatiodel for DLs.
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Chapter 1

Introduction

1.1 The Problem

Digital libraries may be extremely complex information t®yas. The proper concept of a digital library
seems hard to completely understand and evades definiconaknsus. Different view®.Qg, historical,
technological) and perspectives.d, from the library and information science, informationri@tal, or
human-computer interaction communities) have led to a adyof differing definitions. Licklider, in his
seminal work [130, pp. 36-39], visualized a collection ofitdl versions of the worldwide corpus of
published literature and its availability through intemoected computers. More recently, Levy and Marshall
gave a view of digital libraries as a polygamy of documergshhology, and work [128]. Lesk analyzed
the relative weights of the wordtigital andlibrary in recent efforts in the field, and concluded that many
of those efforts are dissociated from an understanding @fsuseeds and their use of the resources being
provided [126]. Borgman explicitly explored the competivigions of the digital library field, both from
research and from practitioner communities, and showeditfieulty that this conflictimposes on activities
like defining terms, characterizing terminologies, anclgi&hing contexts [29]. A Delphi study of digital
libraries coalesced a broad definition: organized cobectf resources, mechanisms for browsing and
searching, distributed networked environments, and gedsreices objectified to meet users’ needs [117].
The President’s Information Technology Advisory Comnat{PITAC) Panel on Digital Libraries discusses
“digital libraries — the networked collections of digitaixt, documents, images, sounds, scientific data, and
software that are the core of today’s Internet and tomoawiversally accessible digital repositories of
all human knowledge” [165]. Underlying all of these is thensensus agreement that digital libraries are
fundamentally complex.

Such complexity is due to the inherently interdisciplinagture of this kind of system. Digital libraries
integrate findings from disciplines such as hypertext, rimi@tion retrieval, multimedia services, database
management, and human-computer interaction [70]. The teadcommodate all these characteristics
complicates the understanding of the underlying conceptdumctionalities of digital libraries, thus making
it difficult and expensive to construct new digital librarysgems. Designers of digital libraries are most
often library technical staff, with little to no formal traéing in software engineering, or computer scientists
with little background in the research findings about infation retrieval or hypertext. Thus, digital library
systems are usually built from scratch using home-growhitctures that do not benefit from digital library
and software design experience. Wasted effort and poapjpeeability can therefore ensue, raising the costs
of digital libraries and reducing the fluidity of informati@ssets in the future.

The broad and deep requirements of digital libraries denravd frameworks and theories in order
to understand better the complex interactions among tleenponents [81]. Supporting this claim, the
summary report of the Joint NSF-European Union (EU) WorkBrgups on Future Directions of Digital



Libraries Research recommended that “new frameworks aswtids be developed in order to understand
the complex interactions between the various componenasglobally distributed digital library” [185].
However, though the necessity for such an underlying theasylong been perceived and advocated, little
if any progress has been made towards a formal frameworleorytor digital libraries.

Formal frameworks and theories are crucial to specify artkrstand clearly and unambiguously the
characteristics, structure, and behavior of complex mfdfon systems. It is not surprising that most of
the disciplines related to digital libraries have undenyformal frameworks and theories that have steered
them well: databases [44, 212, 21, 39, 3], informationeeaii [177, 170, 211, 207, 108, 13], and hypertext
and multimedia [132, 54]. A formal framework abstracts tle@aeyal characteristics and common features
of a set of systems developed for similar problems, expldias structures and processes, and strengthens
common practice. Furthermore, formal frameworks for infation systems can be used for the design of
a real system, providing a precise specification of requar@siagainst which the implementation can be
compared for correctness. The lack of formal theories aamchdéworks lead to diverging efforts and has
made interoperability one of the most important problenecedaby the field.

1.2 Hypotheses and Research Questions

In this dissertation, we present the first comprehensivadrork for digital libraries — 5S (Streams, Struc-
tures, Spaces, Scenarios, and Societies). The two mainheges of this dissertation are:

e A formal theory for DLs can be built based on 5S;
e The formal theory can serve as a basis for modeling and bgildigh-quality DLs.

These two hypotheses lead to the following research qumsstiohich we will try to answer in this
dissertation.

e Can we formally elaborate 5S?

e How can we use 5S to formally describe digital libraries?

What are the fundamental relationships among the Ss anddighDL concepts?

How can we allow digital librarians to easily express thadationships?

Which are the fundamental quality properties of a DL? Can sethe formalized DL framework to
characterize those properties?

Where in the life cycle of digital libraries can key aspedtguality be measured and how?

1.3 Scope of the Dissertation

Figure 1.1 shows the scope of this dissertation which is eotnated in the top portion of the figure. Here
we are interested in a theory of DLs which is abstracted floencommonalities existent among disparate
DL systems/architectures. Also we are interested in howedhbeories can be represented (e.g., symbolic
mathematics, markup languages) and instantiated to begdldDL running systems. In terms of societal
interactions (represented as dashed lines) we are onhg#tésl in those happening between actors (users of
the DL) and (parts of) the system. Societal interactionsrapaztors which do not go through the DL system
are not covered here. Also, actors interact with objectb@fréal world (small balls). In this dissertation,
we do not focus on these objects or how they are representbd gystem. In other words, we focus mostly
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on (information) objects ‘born’ digital not in surrogatesabjects existing in the real world. Finally, the
quality portion of this work touches both theory and aspettthe running system (represented as a gray
area marked with “Q”). But even this part has a more systesnted perspective instead of focusing on
usage issues.

represented by )
Modeling
interpreted as Language
(Meta-Model)
instance of abstracted used
from to compose instance of
represented by
Model
interpreted as
instance of
T ‘\\\
“real” world ; ) “Real”
object O __ Z
‘‘‘‘‘‘ >y \ World

Figure 1.1: Scope of the dissertation

1.4 Outline of the Dissertation

This dissertation is logically organized in three ‘part$?art 1 deals with the theoretical aspects of the
work. Part 2 shows how to put theory into practice by showimgiiaber of applications/tools based on the
theoretical framework. Part 3 focuses in a different typemplication, namely a quality model for DLs.
The chapters within the parts are organized as follows:

e Chapter 2: Introduction to 5S and to the formal frameworklished inACM Transactions on Inform-
ation Systemsvol. 22, No. 2, April 2004, with E. A. Fox, L.T Watson, and N. Kipp [90].

e Chapter 3: Introduction to the digital library ontologyrigaversion published ifProceedings of the
ACM SIGIR Workshop in Mathematical Formal Methods in Infation Retrieval July 29, 2004,
Sheffield, England, with E. A. Fox, and L. T. Watson [88].

e Chapter 4: Introduction to the 5SL Language for Declara8pecification of DLs, published iRro-
ceedings of the Second Joint ACM / IEEE-CS Joint Conferem&4gital Libraries, July 14-18, 2002,
Portland, with E. A. Fox [86]

e Chapter 5: Introduction to 5SGraph, a tool for visual semeanbdeling of DLs, published in thro-
ceedings of the 7th European Conference on Digital Libs(iECDL 2003) 17-22 August, Trond-

3



heim, Norway, Springer LNCS 2769, 2003, with Q. Zhu, R. Staad E. A. Fox [236]. A demostra-
tion of the tool was conducted during the 3rd Joint ACM / IEEB-Joint Conference on Digital
Libraries, May 27-31, 2003, Houston, with a summary beinglished in the proceedings of the
conference [235].

Chapter 6: Introduction to 5SGen, a tool for (semi-)autaengéneration of DLs from scenario and
societies models expressed in 5SL, published in7tileEuropean Conference on Digital Libraries
(ECDL 2003) 17-22 August, Trondheim, Norway, Springer LNCS 2769, 2008h R. Kelapure,
and E. A. Fox [114].

Chapter 7: Introduction to a proposal for an XML-based landard for DLs and associated tools,
published in theProceedings of the 6th European Conference on Digital Likesa(ECDL 2002)
September 16-18, Rome. ltaly, 2002, LNCS 2458, with M. Luo,SRen, M. F. Ali, and E. A.
Fox [93]. Some extensions of the log format and the tools vaése published as a short paper in
Proceedings of the Third Joint ACM / IEEE-CS Joint Confeeson Digital Libraries May 27-31,
2003, Houston, with G. Panchanathan, U. Ravindranathaliréwne, E. A. Fox, F. Jagodzinski, and
L. Cassel [96].

Chapter 8:Introduction to the proposed Quality Model fordpabstract published in thi&roceedings
of the DELOS Workshop on the Evaluation of Digital Librari€xctober 4-5, Padova, Italy, 2004,
with E. A. Fox, B. Zhang, and L. T. Watson [91].

Chapter 9: Conclusions and Discussion into future work.

Appendices

Related work is covered in the context of each chapter.
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Chapter 2

Streams, Structures, Spaces, Scenarios,
Societies (5S): A Formal Framework for
Digital Libraries

In this chapter, we introduce 5S and formalisms for streatmactures, spaces, scenarios, and societies—
as a framework for providing theoretical and practical waifion of digital libraries. These formalisms are
important for making sense of complexity and can ultimassye as an aid for designers, implementers,
and evaluators of digital libraries. These abstractionskwath other known and derived definitions to yield

a formal, rigorous framework of digital libraries.

This chapter is organized as follows. Section 2.2 presents/arview of 5S, including definitions and
examples. Section 2.3 discusses two applications of 58dimd: a) construction and interpretation of a DL
taxonomy; and b) informal analysis of case studies of digjliearies. Sections 2.2 and 2.3 are purposely
informal and introduce most of the key concepts in an inteithanner without complete precision. The
role of Section 2.4 is to formally define key information couosts that were introduced in the previous
sections. Section 2.5 then builds on this framework to falsndescribe several DL higher level constructs
and settings. Section 2.6 illustrates the application efftiimal framework. Section 2.7 discusses related
work.

2.1 5S Overview: Informal Definitions

2.1.1 Streams

Streams are sequences of elements of an arbitrary type lfigsg.characters, images, etc.). In this sense,
they can model both static and dynamic content. The firsudes, for example, textual material, while the
later might be, for example, a presentation of a digital @jde& a sequence of time and positional data (e.qg.,
from a GPS) for a moving object.

A dynamic stream can represent an information flow—a seguehmessages encoded by the sender
and communicated using a transmission channel possiblgrid with noise, to a receiver whose goal
is to reconstruct the sender's messages and interpret geeseeantics [190]. Dynamic streams are thus
important for representing whatever communications td&eepin the digital library. Examples of dynamic
streams include video-on-demand delivered to a viewemadisequence of news sent to a client, a timed
sequence of frames that allows the assembly of a virtuatyesdenario, etc. Typically, a dynamic stream
is understood through its temporal nature. A dynamic strd@n can be interpreted as a finite sequence



of clock times and associated valligsat can be used to define a stream algebra, allowing opesatio
diverse kinds of multimedia streams [134]. The synchrdivonaof streams can be specified with Petri Nets
[152] or other approaches.

In the static interpretation, the temporal nature is gdhyeignored or is irrelevant, and a stream corre-
sponds to some information content that is interpreted a&sjaence of basic elements, often of the same
type. A popular type of static stream according to this vievteixt (sequence of characters). The type of
the stream defines its semantics and area of applicationexamnple, any text representation can be seen
as a stream of characters, so that text documents, sucteasifsciarticles and books, can be considered as
structured streams.

2.1.2 Structures

A structure specifies the way in which parts of a whole arenged or organized. In digital libraries,
structures can represent hypertexts, taxonomies, systamections, user relationships, and containment
— to cite a few. Books, for example can be structured logicaifo chapters, sections, subsections, and
paragraphs; or physically into cover, pages, line groupsagraphs), and lines [77]. Structuring orients
readers within a document’s information.

Markup languages (e.g., SGML, XML, HTML) have been the pmyngorm of exposing the inter-
nal structure of digital documents for retrieval and/orgergation purposes [78, 45, 85]. Relational and
object-oriented databases impose strict structures @ gyagically using tables or graphs as units of struc-
turing [21].

With the increase in heterogeneity of material continubiyng added to digital libraries, we find that
much of this material is called “semistructured” or “unstired”. These terms refer to data that may have
some structure, where the structure is not as rigid, regalalicit, or complete as the structure used by
structured documents or traditional database managelysrinss [2]. Query languages and algorithms can
extract structure from these data [119, 3, 147]. Althougtstnad those efforts have a “data-centric” view
of semi-structured data, works with a more “document-ceniew” have emerged [12, 74, 73]. In general,
humans and natural language processing systems can expesiderable effort to unlock the interwoven
structures found in texts at syntactic, semantic, pragmaiid discourse levels.

2.1.3 Spaces

A space is a set of objects together with operations on thbgts that obey certain constraints. The
combination of operations on objects in the set is whatrmisiishes spaces from streams and structures.
Since this combination is such a powerful construct, wheara @f a DL cannot be described well using
another of the Ss, a space may well be applicable. Despitgdherality of this definition, spaces are
extremely important mathematical constructs. The opmratand constraints associated with a space define
its properties. For example, in mathematics, affine, line&tric, and topological spaces define the basis for
algebra and analysis [83]. In the context of digital libeariLicklider discusses spaces for information [130,
p. 62]. In the information retrieval discipline, Salton ahesk formulated an algebraic theory based on
vector spaces and implemented it in the SMART system [17H¢ature spaces” are sometimes used with
image and document collections and are suitable for ciagt@r probabilistic retrieval [169]. Spaces also
can be defined by a regular language applied to a collectiatoofiments. Document spaces are a key
concept in many digital libraries.

Human understanding can be described using conceptuaspdtultimedia systems must represent
real as well as synthetic spaces in one or several dimendiaried by some metric or presentational space
(windows, views, projections) and transformed to othercepdo facilitate processing (such as compression

1These values are undefined or a value of type.g., boolean, integer, text, or image.
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[191, 237]). Many of the synthetic spaces represented tnalireality systems try to emulate physical
spaces. Digital libraries may model traditional librarissusing virtual reality spaces or environments [20,
148]. Also, spaces for computer-supported cooperativek \poovide a context for virtual meetings and
collaborations [47, 161].

Again, spaces are distinguished by the operations on tlesiremts. Digital libraries can use many types
of spaces for indexing, visualizing, and other serviceyg geform. The most prominent of these for digital
libraries are measurable spaces, measure spaces, pitglsdzakes, vector spaces, and topological spaces.

2.1.4 Scenarios

One important type of scenario is a story that describesiljessays to use a system to accomplish some
function that a user desires. Scenarios are useful as p#regrocess of designing information systems.
Scenarios can be used to describe external system behesiorttie user’s point of view [118]; provide
guidelines to build a cost-effective prototype [204]; otph® validate, infer, and support requirements
specifications and provide acceptance criteria for te$fiag, 205, 123]. Developers can quickly grasp the
potentials and complexities of digital libraries througlesarios. Scenarios tell what happens to the streams,
in the spaces, and through the structures. Taken togethexcnarios describe services, activities, tasks,
and those ultimately specify the functionalities of a diglibrary.

For example, user scenarios describe one or more userseshgmgome meaningful activity with an
existing or envisioned system. This approach has been saddasign model for hypermedia applica-
tions [153]. Human information needs, and the processeatisfyang them in the context of digital libraries,
are well suited to description with scenarios, includingsnkey types: fact-finding, learning, gathering, and
exploring [226]. Additionally, scenarios can aid undensliag of how digital libraries affect organizations
and societies, and how challenges to support social ne&ate te underlying assumptions of digital li-
braries [128]. Scenarios also may help us understand thelegities of current publishing methods, as
well as how they may be reshaped in the era of digital libsatdg considering publishing paths, associated
participants, and publication functions [225].

The concepts of state and event are fundamental to unddirsgascenarios. Broadly speaking, a state
is determined by what contents are in specified locationsfoasexample, in a computer memory, disk
storage, visualization, or the real world. The nature ofvileles and state locations related to contents in
a system are granularity-dependent and their formal diefirsitand interpretations are out of the scope of
this chapter; the reader is referred to [227] for a lengtlsgassion. An event denotes a transition or change
between states, for example, executing a command in a pnog&zenarios specify sequences of events,
which involve actions that modify states of a computatiod @&fluence the occurrence and outcome of
future events. Dataflow and workflow in digital libraries d@modeled using scenarios.

2.1.5 Societies

A society is a set of entities and the relationships betwieemt The entities include humans as well as hard-
ware and software components, which either use or suppmitadiibrary services. Societal relationships
make connections between and among the entities and i@stivit

Examples of specific human societies in digital librariedude patrons, authors, publishers, editors,
maintainers, developers, and the library staff. There ks focieties of learners and teachers. In a human
society, people have roles, purposes, and relationshgeset®s follow certain rules and their members play
different roles—participants, managers, leaders, duautiors, or users. Members of societies have activities
and relationships. During their activities, society memslaten create information artifacts—art, history,
images, data—that can be managed by the library. Societdsotistic—substantially more than the sums
of their constituents and the relationships between thetacti®nic members of digital library societies,



i.e., hardware and software components, are normally ewhegsupporting and managing services used
by humans.

A society is the highest-level component of a digital lilgrarhich exists to serve the information needs
of its societies and to describe the context of its use. Blidjibraries are used for collecting, preserving,
and sharing information artifacts between society memlkigognitive models for information retrieval [22,
59, 32], for example, focus on user’s information-seekie@pdvior (i.e., formation, nature, and properties
of a user’s information need) and on the ways in which infdromaretrieval systems are used in operational
environments.

Several societal issues arise when we consider them ingftaldibrary context. These include policies
for information use, reuse, privacy, ownership, intellattproperty rights, access management, security,
etc. [165]. Therefore, societal governance (law and itereeiment) is a fundamental concern in digital
libraries. Language barriers are also an essential comt@nformation systems and internationalization of
online materials is an important issue in digital librayigiwen their globally distributed nature [151].

Economics, a critical societal concern, is also key fortdidibraries [109]. Collections that were “born
electronic” are cheaper to house and maintain, while scgnpaper documents to be used online can be
relatively expensive. Internet access is widely availanld in many settings is inexpensive. Online mate-
rials are seeing more use, including from distant locatid@isce distribution costs of electronic materials
are very low, digital delivery makes economic sense. Howat/brings the problem of long-term storage
and preservation, which must be adequately addressed ihfilenation being produced today is to be
accessible to future generations [131].

2.2 Example of Applications of 5S

In this section, we illustrate the expressiveness and imgifpower of 5S through two different example
applications. In the first, we build a taxonomy of DL concegiésived from the literature and characterize
the result in light of the framework. The second applicatises 5S as an analytical tool to understand and
dissect a DL instance and a DL protocol for interoperability

2.2.1 Digital Library Taxonomy

A taxonomy is a classification system of empirical entitigwhe goal of classifying cases according to
their measured similarity on several variables [19]. Gfasgions are a premier descriptive tool and as
such, they give a foundation towards an explanation for apimena. Classifications provide a terminology
and vocabulary for a field and help to reduce complexity ainieze parsimony of description by logically
arranging concepts through the identification of similesitand differences. We have built a taxonomy for
digital libraries as a classification system of terms inedlwith the field. Our taxonomy describes the digital
library field in conceptual terms and therefore its orgatiirais amenable to be interpreted in the light of
5S. This interpretation aims toward a more informal congajpinderstanding of the ‘Ss’ and corresponding
DL components.

In the process of building such a taxonomy, we have considire principles of taxonomies in social
sciences, notably cluster analysis, and faceted clagificechemes [213]. In particular we were guided by
the idea that writing about a subject unequivocally revéadsappropriate facets for that subject [65], and
that those facets are enough to describe the phenomendn Y¥é3ollowed an agglomerative strategy using
subjective relational concepts like association and tatiom. During the construction of the taxonomy we
tried to accommodate all the terms found in the literature rmarginal fields, guarantee mutual exclusivity,
and ensure consistency and clarity.

To collect the unstructured list of concepts, we went thiotlge early literature to find all features,



issues, and roles utilized, and identified specific term$. [8% a starting point, we used an initial set of
terms and phrases listed alphabetically in [67]. To thisvie added other terms from various articles.
When this was reasonably voluminous, we produced a grougitegyms of similar or related meaning into
“notational families” known as facets. Each group was giaeelabel that described the idea behind the
homogeneity of the group or the main variable consideredmRhere, we grouped the clusters, and so on,
until we achieved convergence into one unique facet catliggital library.”

Once the initial taxonomy was complete, we noticed cer@im$ were missing or ambiguous, so we
added terms and qualified them in each context. After seueraltions of successive clustering, declus-
tering, and reclustering, we released a more concrete amsistent working set for peer review and then
improved the taxonomy based on comments received. Theirgstdxonomy is shown in Figure 2.1.

We must point out that, as with any classification system,taxonomy must evolve to accommodate
changes in the digital library field. However, two factoresla contribute to the stability of the taxonomy,
and therefore to its relative longevity. First the taxonowss derived from a significant corpus of digital
library literature; therefore it is more stable than peedaopinions. Second, the higher-level groupings
are significantly abstract so that they may be applied to niehys, with possible additions or changes
necessary only at the level of specific categories. Clesulsh changes are likely due to the youth and rapid
development of the field. In the following we describe the mmiaicets and sub-facets of the taxonomy,
making use of 5S as an analytical tool.

Actors: Who interacts with/within DLs?  In our context, actors are the users of a digital library. ofst
interact with the DL through an interface design that is (oowdd be) affected by the actors’ preferences
and needs. Actors who have preferences and needs in comisliaydsimilar behavior in terms of services
they use and interactions they practice. We say these dotanrsaadigital community the building blocks of

a digital library society. Communities—of students, teachers, librarians—intendit digital libraries and
use digital libraries to interact, following pre-specifiscknarios. Communities can act as a query-generator
service, from the point of view of the library, and as a teaghiearning, and working service, from the
point of view of other humans and organizations. Commuignatbetween actors and among the same
and different communities occur through the exchange efstis. Communities of autonomous agents and
computers also play roles in digital libraries. They ingte scenarios upon requests by the actors of a
DL. To operate, they need structures of vocabulary and potdéo They act by sending (possibly structured)
streams of queries and retrieving streams of results.

Activities: What happens in DLs? Activities of digital libraries — abstracting, collectingreating,
disseminating, evaluating, modeling, organizing, peatimimg, preserving, requesting, and selecting —
all can be described and implemented using scenarios aund iocthe DL setting as a result of actors using
services. Furthermore, these activities make and chaizetelationships within and between societies,
streams, and structures. Each activity happens in a sedtiaga, or space. The relationships developed can
be seen in the context of larger structures (e.g., socialarks [188, 112]).

Components: What constitutes DLs? Digital libraries can contain repositories of knowledgeorm-
ation, data, metadata, relationships, logs, annotatitses, profiles, and documents. They can be associated
with higher-level structuring and organizational matetigerm lists (e.g., authority files, dictionaries), clas-
sification tools (e.g., subject headings and taxonomiésgauri, ontologies, and metadata catalogs. These

%Digital communities are formed by actors who interact witBlapossibly through the same interface paradigm. The actors
might belong to distinct social communities of the real worlFor instance, a digital community might be instantiatgdte
adoption of a particular architecture and interface for a(Blg., a chat room or MOO). This instantiation is somewhhitrary
and artificial. Social communities, on the other hand, appaach more naturally as a result of complex social intecasti
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knowledge organization sources are normally applied tectbns of digital objects and support a number
of services such as metadata-based resource discovery,eqypansion with thesauri, hierarchical browsing
with classification systems, and ontology-based crossnathong disparate metadata formats and vocab-
ularies. Finally, DLs are served by a substrate—a foundatioomplex amalgamation of different com-
binations of Ss that involves computers, network connastidile and operating systems, user interfaces,
communication links, and protocols.

Socio-economic, Legal Aspects: What surrounds the DL? This facet is mainly related to the societal
aspects of the DL and their relationships and interactimtéding regulations, measures, and derivatives.
It abstracts aspects surrounding the other DL issues antl/@s/policies, economic issues, standards, and
qualities. For example, policies may dictate that onlyaiercommunities have the right to use specific
portions of a collection. Some of these DL issues can be lestaed regarding normative structured docu-
ments. Policies and quality control also can be enforcedplegific services, for example, authentication,
authorization [82], encryption, and specific practicegseios) or protocols, which can involve other com-
munication services and serialized streams.

Environment: In what contexts are DLs embedded? The environment involves a set of spaces (e.qg.,
the physical space, or a concept space defined by the wordsatfieal language) that defines the use and
the context of a DL. The environment also involves the sgdieat sets up the DL and uses it. But the
environment is also how the DL fits into the structure of comityuand its organization and dictates the
scenarios by which its activities are performed. Those wirsyeAcademic Disciplineslefine a problem
area “per se” and build a rational consensus of ideas andmafiion about the problem that leads to a
solution [182]. Thus they carve out a space for their appgreade.g., in terms of concepts in a domain
language, etc.), and structure some subject knowledggyjeiith specific scenarios that define the methods
or activities used to solve their specific problenfirposesand Scopedefine types of societies served by
the DL and determine a specific library structure.

2.2.2 DL Case Studies with 5S

In the last section, 5S was used to provide a better undéiataof the DL field as a whole. The goals of this

and the next section are threefold: 1) to show the use of 56 asaytical tool that facilitates comprehension

of specific DL phenomena; 2) to present the complex integplémat occur among 5S components and
DL concepts in real DL applications; and 3) to illustrate gessibility of using 5S as an instrument for

requirements analysis in DL development.

Case Study 1: Networked Digital Library of Theses and Dissdations (NDLTD)

The Networked Digital Library of Theses and DissertatioN®(TD) [144, 68, 200, 201] is an interna-
tional federation of universities, libraries, and othepporting institutions focused on efforts related to
electronic theses and dissertations (ETDs). Many libsaai®d universities run their own programs and ser-
vices, but consortial activities at the state (e.g., Ohn), regional (e.g., Catalunya, Spain), and national
(e.g., Australia, Brazil, China, Germany, India, KoreartBgal) levels exist. NDLTD allows institutions
to cooperate and collaborate in a federated fashion, in latdeaand sustainable effort, especially since
automation affords savings to both students and their tgities relative to old paper-based approaches. As
the distributed collection grows, and ultimately achiegggcal mass, NDLTD has the potential to become
one of the largest and most active digital libraries suppgréducation and research.
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Societies The primary community addressed through the NDLTD socegraduate students. The project
aims to enhance graduate education, particularly of thogkests who prepare either a thesis or disserta-
tion. Consequently, a second community is implicated, martt®se involved in administering graduate
programs. Those who are deans or associate deans of gradhatds, and their supervisors (e.g., associate
provosts or associate chancellors) and staff, as well am#mabers of related associations (e.g., Council
of Graduate Schools in USA, or the Canadian Association efiGate Schools), are key members of this
important community, that often decides if a universitylyain NDLTD. Because some universities have
distributed these responsibilities to colleges or faes|tbr because some involved in graduate program ad-
ministration are too busy to carefully study NDLTD, we exgad this second community to include those
in colleges or departments that administer graduate pmograllowing them to have their respective units
join NDLTD prior to an action by the entire university. Therthcommunity related to the NDLTD society
includes those involved in related activities in universibraries. This often involves the director or dean of
the university library, as well as those involved in autamratsupport of multimedia development, training,
cataloging, preservation, or other similar roles.

A fourth community involved in NDLTD is that of faculty. Thaypay encourage students to start early
to experiment with electronic theses and dissertation®@,Tand to prepare expressive works, using mul-
timedia. They may assist by providing tools in their laborigs that help with production of an ETD. They
may guide students to produce high-quality works, thatum,tmay encourage and help large numbers
of interested readers. Faculty also assist students tp ¢@sissues regarding intellectual property and
copyright, and to make their research results availabl@gontidest community of readers possible given
constraints relating to patents or publishers.

A fifth, whose importance to the project became obvious earli997, is that of publishers. Though
NDLTD was developed as a university effort, there is linkagth scholarly publishers because thesis and
dissertation work often relates to other writings involyithose students, such as conference papers, journal
articles, and monographs. Because of copyright laws anlispeb policies, that may force editors to make
judgements regarding prior publication, this importanhaaunity must be considered. In cases like ACM,
IEEE-CS, and Elsevier, there is strong support by way otpsiencouraging ETDs, which has been highly
beneficial.

Scenarios Each of the communities involved in the NDLTD society needsipular services from the
digital library. They engage in various tasks and actisitielated to ETDs - each with corresponding sce-
narios. The NDLTD team has focused on training (through wlolps, online materials, and help in media
centers or library sites) to assist students with the airthar creation of ETDs. Next, there is the process of
submission, supported by workflow software to help studentsr and edit the metadata about their ETDs.
Staff in the graduate school and library also use other patte workflow software as they check, approve,
catalog, and archive new ETDs. Library staff ensure thatwevks are added to the collection, and that the
system affords access almost all the time. In terms of voJuheemost active scenarios relate to use of the
DL. First, there are simple (running) and advanced (prgi)ynterfaces that support accessing individual
university sites (searching or browsing), federated $eaccoss multiple sites, and access to a union archive
collection through ODL components [199] and Virtua [215$t®ns. There is experimental software to add
annotation capabilities (the service selected as mostriiapoto add, based on focus groups to determine
what other scenarios apply) [136]. There is also experiaieuftware, extending SIFT (Stanford Inform-
ation Filtering Tool) [231] to provide routing services bdson stored user profiles, for those who wish to
be notified whenever an interesting ETD arrives. As time @eos, our work in interoperability with other
digital library software like Greenstone [230] and Phras¢80], or institutional repositories like DSpcae
(www.dspace.org), may allow us to support other univessithat choose to use those packages to provide
access services for their local ETDs.
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Spaces One space-related aspect of NDLTD is the physical locatianembers (a metric space) — now
spread over parts of Africa, Asia, Australia, and Europewal as North, Central, and South America.
The Internet provides the name space of machines, while HWAN\provides the name space of servers.
Vocabulary used in different NDLTD services relates to thaceptual space used in indexing. This will
become more disciplined, as members use some version of MMRAlin Core, or the ETD-MS thesis
and dissertation metadata standard [9], which is likelyrtavigle the basic conceptual space for accessing
the NDLTD collection. In addition, manual, semi-automa@md automatic indexing and classification
methods can be applied to place ETDs into conceptual spheeselate to the Library of Congress or
Dewey classifications, as well as discipline-specific thas@.g., ACM’s category system for computing)
[95]. Another major space-related aspect of NDLTD deals witer interfaces. There are multiple graphical
user interfaces that relate to our various software rostimeluding the ENVISION interface [102] and
other visualization or personalization prototypes [15If].addition, we have investigated how the library
metaphor applies to using our CAVE (virtual reality envinoent) [148].

Streams NDLTD deals with a variety of streams. At the simplest leuw& streams of characters for text,
and streams of pixels for images. Some students have ircthuasio files, or digital video, with their ETDs.
These present challenges regarding quality of serviceaifqul back in real time, or alternatively storage
problems if downloaded and then played back from a locaksystOn the one hand, using standards like
MPEG will make it easier to prolong the useful life of multidia-rich ETDs, but on the other hand the
representations that allow streaming of audio and vided terbe proprietary. This suggests that students
probably should store both types of representation. Theratlass of streams related to NDLTD is that of
network protocols. Those involve transmissions of sexgaistreams over the network. Federated search,
harvesting, and hybrid services, using a number of progoditle Dienst, Z39.50, the Harvest system, and
the Open Archives Initiative Protocol for Metadata Hariregpt(OAI-PMH), have been developed in the
context of NDLTD [92].

Structures Structure plays many roles in NDLTD. A database managemetérs is at the heart of the
software for submission and workflow management develop¥dginia Tech. XML and SGML are ways
to describe the structure of metadata, or of ETDs themseWéde only a small number of submissions at
Virginia Tech have used such markup approaches, larger exgmale being collected in other locations, such
as Germany. Moreover, NDLTD has developed and is promotiadrtteroperability Metadata Standard for
Electronic Theses and Dissertations (ETD-MS) as a standiesdriptive metadata scheme for describing
electronic theses and dissertations [9]. Structures ifotime of semantic networkare used inside MARIAN

to represent ETD collections and metadata and are explbredgh the services provided.

Case Study 2: Open Archives Initiative

The Open Archives Initiative (OAI) [121] is not a digital fidry by itself but a multi-institutional project
to address interoperability of archives and digital liarby defining simple protocols for the exchange of
metadata. The current OAI technical infrastructure is @efiny the Open Archives Initiative Protocol for
Metadata Harvesting (OAI-PMH) [150], which defines meckars for archives to expose and export their
metadata. In the following, this technical infrastructig@nalyzed from the 5S point of view.

Societies The main communities designed for the OAl society are edeatr namely active agents called
harvesters and repositories, which interact through OMHPThe other two kinds of communities empha-
sized by the initiative are the so-callddta providersandservice providersThe former may be the manager
of an archive, acting on behalf of the authors submittingudoents to the archive. The latter is a third party,
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creating end-user services based on data harvested frdmresc Ultimately, we have those communities
constituted by the final users of the services (includingoime cases those engaged in self-archiving) and
those involved with administrative aspects of reposissarchives.

Streams The main streams associated with the OAl are dynamic anddectommunications between
harvester agents and the repository server. Those comatiaomis are organized asquestsrom the agent

to the server, which occur through specific verbs (see Simnbelow) embedded in HTTP requests, and
responseghat are textual metadata, which must be encoded and gedalh XML streams. The Open
Archives Initiative so far has not considered multimedraams, except when they are encoded in XML as
part of the metadata.

Structures Major structures of OAI are involved witlfecords sets andmetadata formatsOAI records
can be considered containers [120], which encapsulateadekinds of descriptive metadata. Thus, OAI
records obey a structure organized into:

e Header which corresponds to information that is common to all rds@nd includes a unique iden-
tifier and a datestamp — the date of creation, deletion, estatate of modification of an item, the
effect of which is a change in the metadata of a record dissaed from that item.

e A single manifestation of the metadata from an item. The OQiatqcol supports multiple manifesta-
tions (structures) of metadata for any single item. At a munn, repositories must be able to return
records with metadata expressed in the Dublin Core formi#ttowt any qualification. Optionally, a
repository also may be capable of disseminating other ftaimfametadata.

e About an optional container to hold data about the metadata dets®lf, as opposed to the digi-
tal object associated with the metadata. Typically, thistaimer is used to hold rights information
regarding the metadata record, terms and conditions fayeysdc.

Setsare optional hierarchical structures for grouping items irepository for the purpose of selective
harvesting of records. Membership of recordsetsis not mandatory, bugetscan share common records.

Registries with data about various OAIl-compliant repositories, ase provided. This allows users or
harvesters or service providers to find suitable collestion

Scenarios Regarding OAIl repositories and the harvesting protocelelis a fixed set of scenarios, namely
those involved with requests and responses in the protamolecsations between harvesters and OAI
archives. In a 5S analysis, we can associate each req@estage pair with a scenario, involving an in-

teraction between harvester and repository. Thus, in the@Avesting protocol there are scenarios for
retrieving the identifiers of records in the repository riegtd to specific sets (Listldentifiers verb); to re-

trieve a particular record given an identifier and metadatanat (GetRecord verb); to retrieve information

about the repository, including administrative inforroati{ldentify verb); and to list all supported metadata
formats, records and sets in the repository (respectivedgMetadataFormats, ListRecords, and ListSets
verbs)

Another extremely important set of services, which is nat pathe OAI technical specifications itself,
but is essential to its functionality, is provided by meiatmiddleware. This layer, which is placed between
the repository and the OAI protocol itself, provides vaticommunications, conversions, and translations
from the OAI verbs and metadata organization to specificmalequeries and operations on the underlying
data representations of the repository. For example, ifepesitory is built upon a relational database, the
mediation middleware is responsible for translating OAjuests to corresponding SQL queries.
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Figure 2.2: 5S map of formal definitions

Spaces The OAl framework is naturally distributed along the physispace. Service providers can build
indexing spaces on the top of metadata spaces, a kind of dodigpace, and make use of vector or proba-
bilistic spaces for building services like searching arterfihg.

2.3 The 5S Formal Framework

In this section, we precisely and unambiguously formalizesirof the informal digital library concepts
introduced in previous sections. Figure 2.2 shows a mapeofithst important concepts and formal defini-
tions. Each concept is associated with the correspondifigitien number of its formal definition; arrows
indicate that a concept is formally defined in terms of presip defined concepts that point to®it The
mathematical preliminaries (Defs. A1-A14) are found in Ap@ix A.

2.3.1 5S Formalisms

Definition 1 A streamis a sequence whose codomain is a nonempty set.

Definition 2 A structureis a tuple(G, L, F), whereG = (V, E) is a directed graph with vertex sét and
edge sef”, L is a set of label values, anfi is a labeling functionF : (V U E) — L.

As a derivative of this definition, the next one follows.

Definition 3 A substructureof a structure(G, L, F) is another structuréG’, L', F') whereG' = (V' E')
isasubgraphof GL' C LandF': (V'UE'") — L.

Definition 4 A spaceis a measurable space, measure space, probability spactrapace, topological
space, or a metric space

3The notion of a tuple (def. A.4) is used in most definitions, feo simplicity, we are not showing arrows coming out of that
concept in Figure 2.2. Other popular definitions are trebketvise.
4See Appendix definitions 9-14 for formal definitions of eatthese spaces.
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Probability studies the possible outcomes of given events (or expetgntogether with their relative
likelihood and distributions. Probability is defined inres of asample spaceS, which is a set whose
elements are calledlementary events More formally, in terms of a probability space, the set o$sble
events for an experiment consists of thalgebraB and a sample space is defined as the largest seB.
The measure is called a probability distribution.

Probabilistic information retrieval (PIR) takes a more subjective interpretation of probahitalled
the bayesianinterpretation, which sees probability as a statisticalcpdure which endeavors to estimate
parameters of an underlying probability distribution lthea the observed distribution. In PIR the sample
space is the s&p x D of all possible queries and documents and the probabildyidution tries to estimate,
given a query; €  the probability that a documetite D will be relevant to the query, using any evidence
at hand. Normally the words in the documents and in the guerth@ major sources of evidence. A precise
definition of probability of relevance is dependent on thénikon of relevance and different PIR models
have different interpretations [49].

Vector spaces are the basis for a widely used informatiamevet model, the Vector Space Model
(VSM) [179]. In this model, a document spabeis a vector space where a documént D is represented
by at-dimensional vectorl; = (w1, w2, ..., w;), w;; being the weight (a numerical value) of thith
index term¢; of d;, w;; > 0. Anindex termis normally a word (or variant), occurring in the text of the
document, whose semantics helps in defining the documeiaiis themes. However, in general, an index
term may be any value describing some aspect of the docuswatit,as a feature value (e.g., color, shape,
elevation, temperature) or descriptor (e.g., element imeadurus or classification system), or concept, or
complex linguistic expression (e.g., phrase, entry in eetieer). Furthermore, it is possible to use their
representation vectors, i.e., their terms and term weigbtdefine a number of functions suchdegree of
similarity s : D x D — R between documents.

Vector spaces and measure spaces are often built on topaddgigal spaces, the latter being the more
basic concept. Any use of the concept of distance impliesxdenlyingmetric space which is a topological
space whose open sets are definedpyd(x,y) < r}, whered(x, y) is the distance betweenandy.

Definition 5 A system statéfrom now on, just state) is a function: L — V/, from labelsL to valuesV. A
state setS consists of a set of state functions L — V.

Labels represent a logicldcation associated with some value in a particular state. THUX) is the
value, or the contents, of location X in statec S. The nature of the values related to contents in a system
is granularity-dependent and its definition is out of thepgcof this chapter. Normally there are simple
values of basic datatypes such as strings and numbers @rHayel DL objects such as digital objects and
metadata specifications.

Definition 6 A transition event(or simplyeven) on a state set S is an element (s;,s;) € (S x S) of a
binary relation on state sef that signifies the transition from one state to another. Aenéw is defined by
a condition functiorn(s;) which evaluates a Boolean function in stajeand by an action functiop.

This transition event is not probabilistic event [46]. Rather, it is more like the events in networked
operating systems theory [192], transitions in finite statechines [53], those modeled by the Unified
Modeling Language (UML) [25], or transitions between paaePetri Nets [152].

The condition is used to describe circumstances under vehsthte transition can take place. An action
models a reference to an operation, command, subprogranettioth responsible to perform the actual
state transition. Events and actions can have parametdralibtract data items associated with attributes
(labels) of a state.

Definition 7 A scenariois a sequence of related transition evefds, ey, ..., e,,) On state sefS such that
er = (Sk, Skr1), forl <k <n.
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We also can interpret a scenario as a path in a directed graph( S, . ), where vertices correspond to
states in the state sgtand directed edges are equivalent to events in a set of eXerfend correspond to
transitions between states). (Technicallyis a pseudodigraph since loopgs;, s;) are possible as events.)

Definition 8 A service activity, task or procedureis a set of scenarios.

Note that the scenarios defining a service can have shated.sfuch a set of related scenarios has been
called a “scenario view” [103] and a “use case” in the UML [2B] this framework, a simple transmission
service of streams can be formally specified as:

Definition 9 LetT = (t1,ts,...,t,) be a stream. Let event, = (s;,,d;,®) and event,, = (dt;, 8t,.0)- A
transmission of strearfi' is the scenario (sequence of related eveais)= (e, , at,, sy, Aty -1, )-

Scenarios aramplementedo make a working system and the so-called “specificatioplémentation”
gap must be overcome [172]. Formally, the implementatiosaginarios can be mapped to an abstract
machine represented by a deterministic finite automato\{DFhis automatonV/ = (Q, X, d, qo, F') is
such that M is the user-perceived conceptual state machthe system and accepts a langudd@/) over
the set of event&,.. A grammarG = (V, X., R, so) for the languagd. (M) is such that the non-terminals
set V corresponds to the state sttthe terminals are the finite set of eveidls, sg is a distinguished
initial state initializing all locations in that state, artlis a finite set of rules. Each rule in R is of the
form s; — es; and conveys the system from stateto s; as a consequence of eventor is of the form
s; — ewhens; € Fis a final state. The grammar and the corresponding condegitiia machine make
up the abstract formal model which the analyst uses to oaptapresent, and display system behavior in
terms of scenarios. Alternatively, denotational semarj2@7] and object-oriented abstractions [171] offer
a programming language perspective for the question ofdbstenario implementation.

Definition 10 A societyis a tuple(C, R), where

1. C ={ey,c9,...,c,} is a set of conceptual communities, each community refptara set of individ-
uals of the same class or type (e.g., actors, service masgger

2. R = {ry,re, ...,y } is a set of relationships, each relationship being a tuple= (e;,i;), where
e; is a Cartesian producty,, x cg, X --- X ¢, , 1 < ki < kg < --- < ky, < n, which specifies
the communities involved in the relatlonshlp azgdls an activity (cf Def 8) that describes the
interactions or communications among individuals.

The second part of the definition emphasizes the collalveratture of societies as in the case of users
and service managers engaged in performing DL servicesiaBos describe the service behavior exactly
in terms of interactions among the involved societies. Famgle, an ETD submission service involves
interactions between graduate students and an ETD submissirkflow manager (an electronic member
of a service managers society).

2.4 5S Formal Definition of Digital Library

As pointed out in previous sections, there is no consensfatition of a digital library. This makes the
task of formally defining this kind of application and its cooments extremely difficult. In this section, we
approach this problem by constructively defining a “core’adminimal” digital library, i.e., the minimal

SA digraph which permits both loops and multiple edges betwesles.
®d,, is the state that indicates that the destination has reteiveam itent;
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set of components that make a digital library, without whiichour view, a system/application cannot be
considered a digital library. Each component (e.g., ctbes, services) is formally defined in terms of an

S construct or as combinations or compositions of two or nobriem. The set-oriented and functional

mathematical formal basis of 5S allows us to precisely definse components as functional compositions
or set-based combinations of the formal Ss.

Informally, a digital library involves a managembllection of information with associatedervicesin-
volving communitiesvhere information is stored in digital formats and accdesiver a network. Inform-
ation in digital libraries is manifest in terms digital objects which can contain textual or multimedia
content (e.g., images, audio, video), andtadata Although the distinction between data and metadata
often depends on the context, metadata commonly appearstincaured way and covering different cate-
gories of informatiorabouta digital object. The most common kind of metadatdéscriptive metadata
which occurs in catalogs and indexes and includes summ#ogmation used to describe objects in a DL.
Another common characteristic of digital objects and matads the presence of some internal structure,
which can be explicitly represented and explored to probiekter DL services. Basic services provided by
digital libraries are indexing, searching, and browsingode services can be tailored to different commu-
nities depending on their roles, for example, creators déne, librarians, patrons, etc.

In the following we formally define those conceptsmétadata (structural and descriptive), digital
object, collection, catalog, repository, indexing seeyicearching service, browsing serviand finally
digital library.

Definition 11 A structural metadataspecification is a structure.

This simple definition emphasizes the role of structuralatdata as a representation or abstraction of re-
lationships between digital objects and their componerisgaf. Def. 16). The graph-based representation
of this type of metadata can be explicitly expressed, asdrcédse of markup [45], or implicitly computed
[143, 43].

The next definition, fodescriptive metadata specificationsis inspired by developments in the meta-
data area, mainly those related to Bemantic Wef23] and the Resource Description Framework (RDF)
[216], and emphasizes the semantic relationships imphethé labeling function in a structure. Figure
2.3(a) illustrates the basic constructs. Statements,hndrie triples corresponding to a specific resource (the
thing being described) together with a named property atheutesource plus the value of that property for
that resource, are promoted to first-class concepts. FBB(®) shows an example of an instantiation of
the construct for a descriptive metadata specification tadoelectronic thesis with four statements: State-
mentl = (Thesisl, ‘author’, ‘M.A.Goncalves’), StatementZThesisl, ‘degree’, Degreel), Statement3 =
(Degreel, ‘level’, ‘doctoral’), and Statement4 = (Degregtantor’, ‘Virginia Tech’). Below we define the
notions ofdescriptive metadata specificatiorandmetadata format more formally.

Definition 12 Let £ = |J Dy, be a set of literals defined as the union of domainsof simple datatypes
(e.g., strings, numbers, dates, etc.). Let asand P represent sets of labels for resources and properties
respectively. Alescriptive metadata specificatios a structure(G, R U L U P, F), where:

1. F: (VUE) — (RULUP) can assign general labelR U P and literals from£ to nodes of the
graph structure;

2. for each directed edge= (v;,v;) of G, F(v;) € RUL, F(v;) € RULandF(e) € P;
3. F(vg) € L if and only if nodev;, has outdegre®.

The triplest = (F(v;),F(e), F(v;)) is called astatement(derived from the descriptive metadata spec-
ification), meaning that the resource labelgdv;) has propertyF(e) with value F(v;) (which can be
designated as another resource or literal).
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Figure 2.3: Overview of descriptive metadata with example

Definition 13 Let D.,,, = {D1, D2, ..., D;} be the set of domains that make up a set of litetalsr =
U;’:l D;. As for metadata specifications, I8, and P,,r represent sets of labels for resources and
properties, respectively. Mnetadata formatfor descriptive metadata specifications is a tugleF’ =
(Varr, defarr) with Vaigp = {R1, R, ..., Ri.} € 2RMF a family of subsets of the resource lab@s;
anddefy/r : Virr X Pyur — Ve U D, - 1S @ property definition function.

Therefore a metadata format, through the property defmftioction, constrains the kinds of resources
that can be associated together in statements of a metguatification as well as the basic datatype do-
mains, which are associated with pairs (resource-propeetated to literals [37]. For example, for any
set of labelsR for resources, the Dublin Core metadata format definesdéfasc (R, ‘title’) = String
anddef po (R, ‘subject’) = SubjectTerms whereSubjectTerms is a finite set of labels for Resources
corresponding to controlled terms. The following definitfollows from the previous two definitions:

Definition 14 A descriptive metadata specificatidd.S = (Gass, Rars U Lars U Purs, Fars) conforms
with a metadata format\l ' = (Vyp,defpyrp) if Rys € Rarrs Lyus € Lyr, Pus € Puyr, and for
every statementt = (r,p,l) derived fromM S, r € Ry for someR, € Vyr andp € Pys implies
[ € defprp (R, p).

Definition 15 Given a structurd G, L, F), G = (V, E) and a streanS, a StructuredStreanis a function
V — (N xN) that associates each nodg € V' with a pair of natural numberséa, b), a < b, corresponding
to a contiguous subsequeni®,, S| (segment) of the streas

Therefore, a StructuredStream defines a mapping from nddestaucture to segments of a stream. An
example in a textual stream can be seen in Figure 2.4 . Frorexdmaple, it can be deduced that several
structures can be imposed over one stream and vice-versa, ikcan be seen that segments associated
with a node should include the segments of its children @cthse of a hierarchical tree), although it is not
equal to the union of those, as “gaps” or “holes” can occuwben child segments [143]. Finally, it should
be noted that this definition works also for multimedia simedike audio, video, and images.

Definition 16 A digital objectis a tupledo = (h, SM, ST, StructuredStreams) where
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1. h € H, where H is a set of universally unique handles (labels);

2. SM = {smq, sma,...,smy} is a set of streams;
3. ST = {Stl, Stg,

., st,;, } is a set of structural metadata specifications;
4. StructuredStreams = {stsmyq, stsma,

., stsmy} is a set of StructuredStream functions defined
from the streams in th& M set (the second component) of the digital object and fronstihetures
in the ST set (the third component).
Figure 2.5 shows an example of a very simple digital objeth wne structure and several streams. Two
important aspects must be pointed out about this formal itiefirof a digital object:

1. Any real implementation does not need to enforce physioatainment of the several component
parts of a digital object; for example, we could have pomterexternal streams.

2. The definition does not consider active behavior of digitgects [198, 145] which supports oper-
ations like different disseminations or exporting of sutipa While there is no explicit restriction
regarding this, the definition conforms to our minimalispegach.

Definition 17 A collectionC' = {doy, dos, ... ,doy } is a set of digital objects.

Definition 18 Let C be a collection with k handles in H.metadata catalogD M for C is a set of pairs
{(h, {dml, .

.,dmy, })}, whereh € H and thedm; are descriptive metadata specifications.

Definition 19 Let C be a collection with handles H. Aepositoryis a tuple (R, get, store, del), where
R c 2% is a family of collections and the functions “get”, “storednd “del” satisfy:
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1. get : H — C maps a handlé to a digital object get(h).
2. store : C x R — R maps(do,C) to the augmented collectiofilo} U C.

3. del : H x R — R maps(h,C) to the smaller collectior” — {get(h)}.

Thus a repository encapsulates a set of collections andfispservices to manage and access the col-
lections.

Definition 20 LetI : 27 — 2 pe an index function wherg is a set of indexing features ar is a set of
handles. Arindexis a set of index functions. Andexing serviceis a single scenarid (is1,is2, ..., 1Sy) }
comprised of pipelined scenarigs,, is», ..., is,, in Which the starting statey,, of the first event of the initial
scenariois; has a collections, () = C and/or a metadata catalogy,,(Y') = DM for collectionC' as
its values and the final statg;, of the final scenarias,, has an index = skf(Z) as its value (K, Y, and
Z being labels of the respective states).

The interpretation of the index and the indexing servicegpetident upon the underlying indexing
space. Features of an indexing space can be words, phrasegpts, or multimedia characteristics, like
shape or color, appearing or associated with the contentjital object (in its descriptive and structural
metadata or streams). Normally, if a vector space is coresijléerms are treated as unrelated, therefore
defining orthogonal vectors that span a spaogith dimensionm. If a probabilistic space = (X, B, ) is
used,7 = X is the set of distinct terms and is calledample spaceAlso an index can be thought of as a
mapping from an indexing space talacument (digital object) spaakefined by the collection.

The indexing service normally takes the shape gfigeline servicewhere scenarios themselves are
executed in sequence and the final state of a scenario isdtimgtstate of the next one. A very simple
instance of such an indexing service is shown in Figure Z.énfitexing of textual material. The indexing
service is composed of three scenarios organized as argpalithe following scenarios: 1) tokenization,
which identifies unique terms inside the textual streamst@word removal, which filters out terms not
useful for retrieval; and 3) stemming, which removes affiaad allows retrieval of syntactic variations
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of query terms [13]. Each one of the scenarios can be thougas aoing some transformation in the
representations of digital objects in order to produce tiiex function. Note again that we are making
use of our minimalist approach by not considering complebexes, for example, defining locations inside
streams of digital objects for phrase, proximity, or stauat queries.

Definition 21 Let @ be a set of conceptual representations for user informatieeds, collectively called
queries. LetM;, : @ x (C x DM¢) — R be a matching function, associated with an index that
associates a real number with a quefye @ and a digital objectdo € C and possibly its descriptive
metadata specificationss € DM, indicating how well the query representation matches wiehdigital
object, structurally, by content, or regarding the destivip metadata specifications. s&arching servicés

a set of searching scenaridscy, sca, . . ., s¢; }, where for each query € @ there is a searching scenario
sex = (e, ..., eyn) such thate, is the start event triggered by a query g and events the final event of
returning the matching function valuéd;(q, d) for all d € C.

The components of a digital objedb, are denoted byo(1), do(2), etc. Thereforedoy(2) denotes the
second component, i.e., the stream set component of aldigject doy., doy(3) its structural metadata set
component (third component), addy(4) its set of StructuredStreams functions (fourth componelne}
alsoG[v] denote the subgraph of a directed gr&pleontaining node and all points and edges reachable
starting fromw. A substructure defined b§[v] inherits the labeling of the structure defined with G. Fipall
let f : A — B and letD be any non-empty subset of A. Thestriction of f to D, denoted byf|p, is a
subset off and is a function fronD to B. Then, for a collectiorC"

1. AllStreams = (Ugo,ecdog(2)) and AlISubStreams: Uy, c aniStreams{sme (i, j] | smy = (ao , a1,
.y an), 0 <14 < j < mn)} will be the set of all streams and substreams (segmentsezfsg) of all
digital objects in the collectiod’;

2. AllSubStructuredStreanss| J,, ;(SubStructuredStreamy,;) where:
@ dp € C
(b) Gy, = (Vi,, Ex,) is the first component of some structute, € d.(3);
(€) Hi,; = {Gx,[vi] | vt € Vi, } corresponds to the set of all substructurestgf;

(d) SubStructuredStreamy, = {S| | (V',E') € Hy,, S € di(4) is a StructuredStream func-
tion defined from the structure,,,, andS|, - is the restrition ofS to V')

Therefore, All.SubStructuredStreams corresponds to the set of all possible substructures aird the
corresponding connections to streams inside digital ¢djeicthe collection.

Definition 22 Let H = ((Vu, En), Ly, Fu) be a structure and” be a collection. AhypertextHT =
(H,Contents,P) is a triple such that:
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1. Contents C CUAIlSubStreamsUAllSubStructuredStreams is a set of contents that can include
digital objects of a collectiort”, all of their streams (and substreams) and all possibleriegins of
the StructuredStream functions of digital objects.

2. P : Vg — Contents is a function which associates a node of the hypertext wemtte content.

A hyperlink is an edge in the hypertext graph. Source nodeshyperlink are called “anchors” and are
generally associated via functioh with segments of streams. Also, in this definition, two bagpmes of
hyperlinks can be identifiedstructural andreferential[222]. Structural hyperlinks allow navigation inside
internal structures and across streams of digital objeRisterential hyperlinks usually have their target
nodes associated with different digital objects or thelrceumponents.

Figure 2.7 illustrates the definition. The hypertext is magestructural hyperlinks that follow the
structural metadata and external referential links. Liokginate from (segments of) streams. Link targets
for, respectively, links 1, 2, and 3, are an entire digitgjlech a portion of its StructuredStream function
(in the figure, represented by the subgraph pointed to byirtkeahd the associated streams) and one of its
streams, in this case an image.

An example of such a hypertext is the Web. The Web is a streiettiere hypertext links connect nodes
that can be associated with: 1) complete HTML pages that eaoisidered digital objects; 2) substructures
of a HTML page, for example, a section of the page; and 3) lialstreams, e.g., images, audios, or text. The
Distributed Graph Storage (DGS) system also implementiasiideas with structural and hyper-structural
links representing, respectively, the internal strugwedigital objects and hypertext constructs [189]. It
should be noted that for the sake of brevity we are not dasgrilinks to services, for example, external
plugins that can be invoked by browsers or Web forms.

Definition 23 A browsing services a set of scenario§scy, . . ., sc, } over a hypertext (meaning that events
are defined by edges of the hypertext gréph, Fr)), such that traverse link eventsare associated with

a functionT'raverseLink : Vi x Eg — Contents, which given a node and a link retrieves the content of
the target node, i.eT'raverseLink(vy, ex,) = P(v¢) for ey, = (v, v¢) € Eq.
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Therefore, by this definition, every browsing service isoaggted with an underlying hypertext con-
struct. This view unifies the three modes of browsing define@&eza-Yates and Ribeiro-Neto [13]: flat
browsing, structured guided, and navigational mode. Thid tne is the most general case and fits exactly
our framework. The first two can be considered special cdsdkat browsing the hypertext has a flat orga-
nization, for example, an ordered list of documents or afspomts in an image, and the graph structure of
the hypertext corresponds to a disconnected bipartitehglaghe second one, which includes classification
hierarchies and directories, the hypertext graph is a Megy semi-structured wrapper algorithms disclose
this hypertext “hidden” structure in the Web. Once reveatbi$ structure can be recorded in databases or
represented in other semi-structured models to allow gsen transformations. Methodologies like PIPE
[162] make use of this information to personalize Web sitdste also that more sophisticated kinds of
hypertext can be defined by extending the current definitiear. example, we could relax the functigh
to be a relation and associate different contents with theesaode, which could be achieved by having
different modes of traversing the same link in an extensibthe TraverseLinkfunction ’. However, the
present definition is simpler and serves well our minimaljgroactt.

Definition 24 Adigital library is a 4-tuple(R, Cat, Serv, Soc), where
e R is arepository;

e Cat ={DMc,,DMcg,, ..., DMc, } is aset of metadata catalogs for all collectiofts;, Cs, ..., Cx }
in the repository;

e Serv is a set of services containing at least services faximg), searching, and browsing;

e Soc is a society.

We should stress that the above definition only captures ythes of a digital library, i.e., what a
digital library is. Many semantic constraints and consisyerules regarding the relationships among the
DL components (e.g., how the scenario$krv should be built fronfR andCat and from the relationships
among communities inside the societyc, or what the consistency rules are among digital objects in
collections ofR and metadata records (riat) are not specified here. Those will be the subject of Chapter
3.

2.5 Example Applications of the 5S Formal Framework: FormalTreatment
of Open Archives and the NDLTD Union Archive
2.5.1 Open Archives Initiative

The following formalizes the Open Archives Intitiative Ryool for Metadata Harvesting [121] (OAI-PMH).

Definition 25 Letdl = (R, Cat, Serv, Soc) be a digital library. The digital library dl can be considete
OAIl complaintif:

1. there are two electronic members of the dl socigfy, hvt} C Soc(1), Soc = di(4), called the data
provider manager and the harvester;

2. there is a servic® AI_Harvesting € dl(3) = Serv whose behavior is defined below; and

"This extended approach also generalizes the notion of lirdctibnality where bi-directional links or non-directial links
correspond just to different ways of traversing the linlg(eSOURCETO_SINK, SINK_.TO_SOURCE, BOTH).
8Note also that libraries can suppserendipityor ‘random links’.
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3. ({dp} x {hvt}, OAI_Harvesting) € Soc(2)

The data provider managép responds to requests of the harvester. Conversations between the har-
vester and the data provider manager constitute the OAkBtNg serviceO AI_Harvesting = {ldentify,
ListMetadataFormatsListSets Listldentifiers ListRecords GetRecord € Serv is a service formally de-
fined below as 6 scenarios:

1. Identify
Goal: Returns general information about the archive (what in @#&hs corresponds to the repository
R along with a metadata cataldg)M, € Cat for someC), in the repository.

Scenaria (e; : p =identify, e; : p = response(identification), wheree; is an event generated by
the harvestehuvt invoking an operation idp of di, e, is the event corresponding to the response from
the data providetip, p : specifies the corresponding operation that is being invo&aadidentifica-
tion is a parameter of the response operation. iteatificationparameter is a descriptive metadata
SpECiﬁC&tiOﬂZ (Gldenta Rident U Lident U Prdents fldent) about the archive, where:

(a) resourcéR ..+ = {id} is a unique identifier for the archive; and

(b) propertiesPrq.nt = {repositoryName, baseURL, protocolVersion, earliestBtatap, delete-
dRecord, granularity

2. ListMetaFormats
Goal: Lists metadata formats supported by the archive as welleaisschema location.

Scenaria (e; : p = ListMetadataFormats,es : p = response(metadata_formats)) and
oai_dec € metadata_formats, meaning the Dublin Core metadata format is mandatory.

3. ListSets
Goal: Provides a hierarchical listing of sets in which recordy i@ organized.

Scenaria (e; : p =ListSets(resumptionToken), es : p= response(archive_sets, resumption-
Token;)) andarchive_sets = {set, sets, ..., sety} where eachet; is a 3-tuple(setSpec;, set Na-
me;, set Description;) and:

(a) setSpec; is a colon [:] separated sequence of strifgg; : stro; : ... : stry;) indicating
the path from the root of the set hierarchy to the respectden Each string in the sequence
must not contain any colons [:]. Since a setSpec forms a endgntifier for the set within the
repository, it must be unique for each set. Flat set orgéiniza have only sets with setSpec that
do not contain any colons [:].

(b) setName; —a short human-readable string namiag;

(c) setDescription; - an set of descriptive metadata specifications abetyt(metadata format not
specified; Dublin Core suggested).

The resumptionToken is a mechanism for flow control whenrn@tg an incomplete list of sets. Its
exact format is not defined by the protocol. The only definezlafsesumptionToken is as follows
[150]:
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resumptionT oken # (), if archivessets list is incomplete

resumptionToken = (), if archivessets list completes a previously received; list
resumptionToken; = resumptionToken;11, whereresumptionT oken;iq

is the resumptionToken used in the next ListSets request@ndnptionT oken;

is the resumptionToken received in the response of theqursviequest.

4. ListRecords
Goal: Retrieves metadata for multiple records.
Scenaria (e; : p =ListRecords(from,until,set,metadataPrefix, resumiden) es:p = response

({oai_recordy, ..., oai_recordy}, resumptionToken;)). Eachoai_record; is a 4-tuple(header;,
metadata;, about;, status;) where:

(@) header; is a 3-tuple(record_id;, datestamp;, sets;):
i. record_id; being a unique identifier for theui_record;,
ii. datestamp;, the date/time of creation, modification or deletion of theard for the purpose
of selective harvesting;
iii. sets; C archive_sets, the set membership of the item for the purpose of selectavedst-
ing.

(b) metadata; € dm;(2) for somedm; € DMc,;

(c) about; is a descriptive metadata specification aboutdderecord;; metadata format not spec-
ified. Common examples of properties includghts statementsind provenancenformation
about the metadata record itself.

(d) status; — an optional status attribute with a value of ‘deleted’ —iéates the withdrawal of
availability of the specified metadata format for the iterapendent on the repository support
for deletions.

For everyoai_record; in the response set, the following set of constraints fatlow

(@) from < datestamp; < until, i.e., datestamp corresponding to the record creation @ifino
cation is within the specified date range.
If omitted the request parametgrom takes the value associated with the earliestDatestamp

property ofidentificationof the archive;

(b) set € sets;;

(c) metadataPrefix metadataformats metadata; conforms with the metadata format defined in
metadataPrefix

(d) andresumptionT oken fits within the sequence limits related to the flow control iempented
by dp as discussed above.

5. Listldentifiers
Goal: Lists all unique handles (in OAl terms, identifiers) copesding to digital objects in the
repository.

Scenaria (e; : p =Listldentifiers(from,until,set,resumptionTokes) : p = response({ record_id;,
..., record_id; }, resumptionT oken;)), where{record_id,, ...,record_id; } is a set of identifiers (or
handles) for OAIl record$oai_record;, ...,oai_record; }. The same set of constraints fostRecords
applies to the.istldentifiersresponse.
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6. GetRecord
Goal: Returns the metadata for a single identifier in the form o©a record.

Scenaria (e; : p =GetRecord(id,metadataPrefjx), : p = response(oai_record;)), id = record_id;;
other constraints apply as above.

2.5.2 NDLTD Union Archive

e Adigital library federation is a seD LF' = {dl;,dls, ..., dl¢} of independent and possibly heteroge-
neous digital libraries (DLs). NDLTD is a digital libraryderation where each independent &}, =
(ETD_Ry, ETD_Caty, ETD_Servg, ETD_Soc). ETD_Ry is a repository having a collection
ETD_Collj, = {etdy i, etdaji, ..., etdy;,} composed of a set of digital objeatsd;;;, correspond-
ing to electronic theses or dissertations (ETDs). The ptessiet of streams of an ETD{d;;,(2),
is normally limited to a small number of standard types (elnicode encoding for the character
set, MPEG for videos) due to preservation concerns and ododical limitations. NDLTD currently
does not enforce (yet) any specific structural metadataTars:but several projects for standardizing
such a structure with XML Schemas and DTDs are under devadapin many locations including
Finland, Germany, and USA. For each E®Rl;;;, € ETD_Collj, there should be at least one
etd_dmijk S ETD—DMjkETD_Colljk' ETD—DMjkETD_Colljk € ETD_Caty, ETD_DM]
being a metadata catalog for the ETD collectio’ D_C'oll ;.

keTD_ Cotly,

e NDLTD promotes ETD-MS as the metadata format for ETD de$iggpmetadata specifications. For
eachdl, in NDLTD, let:

- ETD_IDSk = {hwk‘hlﬂf = 6tdijk(1),€tdik S ETD_Colljk}, NDLTD_ETD_IDs =
Ua,enprrp ETD-IDsy, be the set of the handles of all the ETDs in the NDLTD federatio
collections;

— ETD_Properties = {'title’, ‘creator’, ‘person’, ‘subject’, ‘description’;publisher’, ‘contribu-
tor’, ‘date’, 'type’, ‘format’, ‘identifier’, ‘language’,'coverage’, ‘rights’, ‘degree};
— Degree = {dg;,dgo, ..., dg, } a set of unique labels representing the degree portion offén E

— and Degree_Properties = {'name’, ‘level’, ‘discipline’, ‘grantor’}, a set of properties about
the degree portion of an ETD.

In formal terms, ETD-MS is a metadata form@tzrp— s, deferp—ars) for descriptive metadata
specifications in ETD-MS= (Gerp, Rerp U LErp U PerD, FETD), Where resourceR prp =
(NDLTD_ETD_IDS @] Degree), Verp_—ms =

{ETD_IDs, Degree}, propertiesPrrp = (ETD_Properties U Degree_Properties) and for all
triples (r, p, z) (i.e. resource, property, value):

1. re NDLTD_ETD_IDsiff p e ETD_Properties,
2. r € Degree iff p € Degree_Properties, and
3. defprp(NDLTD_ETD_IDs,‘degree’) = Degree.

e SocietyET D _Socy, of dly, is such thaf Patron, Student, ETDReviewer, ETDCataloguer, ETDSearch-
Manager, ETDWorkflowManager,}.C ET D_Socy(1).

e The NDLTD Union Archive is a tuplé N DLT D _Union,UA_Harvester) whereN DLT D _Union
- UdlkeNDLTD ETD_DMjkETD_Colljk , ETD_Caty, = dl(2),
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ETD_DMJ»;‘CETD_CO”],1c € ETD_Caty, is the union of the metadata catalogs for the ETD collestion
of all NDLTD members and/ A_Harvester is a manager, an electronic member of the NDLTD
society, which participates in an OAIl harvesting servicat {eriodically harvests metadata records
from the NDLTD members.

e Each DLdI; in the union archive includes a data provider manadgey, € dix(4) = ETD_Soc,
which responds to requests from the NDLTD harvesiter Harvester. Conversations between the
UA_Harvesterand dp, are governed by the OAI-PMH and constitute an OAI harvessieiyice as
defined in the previous section.

2.6 Related Work

Formal frameworks, which have supported research and @awent in most computer science subfields
(e.g., programming languages, databases, informatioievel hypermedia), are surprisingly missing in
the digital library literature. One could conjecture thadue to the previously argued complexity of the
field. Wang [220] provides one first attempt to fill this gap.stb-called “hybrid approach” defines a
digital library as a combination of a special purpose datalsnd a hypermedia-based user interface and
builds upon this combination to formalize digital libragian terms of the language Z [197]. Kalinichenko
et al. [110] presented a canonical framework for information ey and a compositional approach that
they applied to provide a partial solution for interopelipin DLs. Castelliet al. [37] have presented the
closest work to ours so far. In the context of a multidimenalaquery language for digital libraries they
have formalized the concepts of documents, based on thensadif views and versions, metadata formats
and specifications, and a first-order logic based languageselrapproaches, clearly incomplete, are, as far
as we know, the only attempts to provide some formalizatooritie digital libraries field.

The flexibility of 5S has been further demonstrated as amunsnt for requirements analysis in DL
development and as a basis for organizing a digital librarphomy. While research in DL requirements
analysis has been underrepresented with only small isbtatse studies (e.qg., [52, 58, 84, 128]), to the best
of our knowledge there is no other comprehensive DL taxonpuabjished in the literature, other than that
presented in [67]. Our taxonomy is an expanded version ofthe.

]
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Chapter 3

Towards a Digital Library Theory: A
Formal Digital Library Ontology

Digital libraries have eluded definitional consensus am#t Egreement on common theories and frame-
works. This makes comparison of DLs extremely hard, promathoc development, and impedes in-
teroperability. In this chapter we propose a formal ontplégr digital libraries (DLs) that defines the
fundamental concepts, relationships, and axiomatic thigsgovern the DL domain, therefore providing a
frame of reference for the discussion of essential conagid. design and construction. The ontology is
an axiomatic, formal treatment of DLs, which distinguislitefsom other approaches that informally define
a number of architectural variants. The process of cortstruof the ontology was guided by 5S, a formal
framework for digital libraries. To test its expressibjlive have used the ontology to create a taxonomy of
DL services and reason about issues of reusability, extiéisiand composability.

3.1 Introduction

Research in digital libraries (DLs) has historically beamywpragmatic. While much attention has been
paid to design and implement systems and architectures 8&855, 199], create collections and services
[149, 41], and improve algorithms and methods [99], veltielihas been done to understand the underlying
fundamental concepts, their relationships, and the axiomales that govern the DL domain, or in other
words, to develop a theory of DLs. The necessity of such thkas long being advocated, from the origins
of the field, illustrated by Licklider's call for a unified Cguater Science (CS)/Library and Information
Science (LIS) model [130], to recent workshops on the futfrdigital libraries [124]. The absence of
such a theory makes comparison of different DL architestared systems extremely hard, promotes ad-hoc
development, and impedes interoperability. Its existanagght enhance our ability to communicate about
and identify new research areas [195].

In Chapter 2, we have presented a partial formal conceptuieln of digital libraries by formally defin-
ing high-level DL concepts such as digital objects, coitew, repositories, services, etc. We proceeded
from basic mathematical concepts such as sets, graphgioisicsequences, and so forth in a bottom-up
manner. However, such conceptualization does not cotesttiDL theory. A theory should make explicit
the implicit relationships that exist among the defined falrDL concepts as well as provide a set of rules
or axioms that precisely define and constrain the semarftimenaepts and relationships in the theory. This
type of formal conceptualization has elsewhere been caltedntology [57]. Ontologies specify relevant
concepts — the types of things and their properties — andetieustic relationships that exist between those
concepts in a particular domain. Formal specifications usaguage with a mathematically well-defined
syntax and semantics to describe such concepts, propenigéselationships precisely.
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In this chapter, we define a formal, axiomatic ontology fayitdil libraries (DLs) that can serve as a
frame of reference for the discussion of essential conagfpBBL design. The process of construction of
such an ontology was guided by 5S, a formal framework fortaidjbraries. We use the resulting ontology
to provide answers for questions such as:

e how should DL services be built from the repository, its edllons and metadata catalogs, and from
the relationships among different societies that pasdiepn the DL?;

e which are the dependencies and consistency rules thatdsfudlolv in a DL theory?;

e which are the fundamental and elementary DL services andchovgervices be built/composed from
other DL services?

This chapter is organized as follows. Section 3.2 summsuwize earlier results by giving a formal defi-
nition of DLs based on the 5S framework. Section 3.3 build¢hencore definitions to create an axiomatic,
formal ontology for digital libraries. Sections 3.4 illustes the expressiveness of the ontology by applying
it to create a taxonomy of DL services and to reason aboutsssiminimality, extensibility, and reusability.

3.2 Background: The 5S Framework for Digital Libraries
In this section, we summarize the results of Chapter 2. Atingly, Let:

e Streams be a set of streams, which are sequences of arbitrary typgs lo@s, characters, pixels,
frames);

e Structs be a set of structures, which are tuplgs, L, ), whereG = (V, E) is a directed graph and
F :(VUE) — Lis alabeling function;

e Sps be a set of spaces each of which can be a measurable, measbahility, topological, metric,
or vector space.

o Scs = {sc1,sca,...,s¢q} Is a set of scenarios where eaelt = (e1,({pix}), e2r ({P2r}), - - -, €a,,
({ra4,, })) is a sequence of events that also can have a number of paramgteEvents represent
changes in computational states; parameters represaificfmEcations in a state and respective val-
ues.

e St? be a set of function® : V x Streams — (N x N) that associate nodes of a structure with a
pair of natural numbergz, b) corresponding to a segment of a stream.

e Coll ={C1,Cs,...,Cy} beasetof DL collections where each DL collectiOp = {do1, doa, . . .,
doy,, } is a set of digital objects. Each digital obje&t, = (hy, Stmiy, Sttar, Q) is a tuple where
Stmy, C Streams, Stty, C Structs, Qi C St?, andhy, is a handle which represents a unique
identifier for the object.

e Cat = {DM¢,,DMc,,...,DMc,} be a set of metadata catalogs tdoll where each metadata
catalogDMc, = {(h,msspi)}, andmssp, = {mspx1, MSpk2, - - ., MShkn,, } 1S @ set of descriptive
metadata specifications. Each descriptive metadata sjaeicifi msy; is a structure with atomic
values (e.g., numbers, dates, strings) associated withsnod

e ArepositoryR = {C;}(i = 1to f) be a set of collections; it is assumed there exist operatons
manipulate them (e.g., get, store, delete) (see Def. 19.) .
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e Serv = {Sey,Sesy,...,Ses} be a set of services where each senieg = {scik,...,scs,, } IS
described by a set of related scenarios.

e Soc = (C, R) whereC be a set of communities arfdl is a set of relationships among communities
SM = {smi,sma,...,sm;}, andAc = {aci,acy,...,ac.} are two such communities where the
former is a set of service managers responsible for runningddvices and the latter is a set of actors
that use those servicés Being basically an electronic entity, a membet,, of SM distinguishes
itself from actors by defining or implementing a set of opera {op1x, opak, - - -, 0ppk} C smy.
Each operatiop;;, of smy, is characterized by a triplew;y, sig;x, imp;r), wheren; is the opera-
tion’s name,sig;, is the operation’s signature (which includes the operaiomput parameters and
output), andimp;; is the operation’s implementation. These operations déffieecapabilities of a
service managesm;,. For example, SearchManagermatch(q:query, C:collectiof)indicates that
a SearchManager defines an operation “match” with two paers)ea query and a collection.

According to the 5S formal framework a digital library is duple (R, Cat, Serv, Soc)

The above definition emphasizes syntactic aspects, i.e. digital library concepts are composed or
built from previously defined concepts. In the next sectiga,will explore semantic relations and rules of
the DL domain.

3.3 Defining a DL Theory Through an Ontological Analysis of the 5S Frame-
work

The crux of our contribution with the 5S framework was, dépgrfrom abstractions of many DL archi-
tectural settings, recognizing and formally defining theeedial participating concepts in the digital library
discourse. In this section, we extend those results to dafibe ontology by specifying the fundamental
collaborations or relations that exist among the DL pastiats and the sets of rules (or axioms) which
constrain the semantics of concepts and relations in treamyt

We organize the presentation and development of the onjt@ogording to 5S. For each S, we list the
concepts and the relations in which they take part. We cendicst intra-S relations, i.e., the relations
that occur only among concepts of the same S, along with tiresfmonding axioms or rules. Afterwards,
relations defined between concepts belonging to differerarg defined representing inter-dependencies.
It should be noticed in the discussion below that some cdacgych as digital objects and indexes are
inherently “cross-S” concepts, i.e., they are defined imgeof concepts belonging to more than one S. For
presentation purposes, we will include those “cross-Stepis within the discussion about the ‘S’ in which
they share most of their relationships.

More formally, a domain is a set of objects of the same DL typ®L type is characterized by a defini-
tion as in Chapter 2. An object is of a typeif its properties (e.g., internal components, organizgtsatisfy
the definition ofX. Examples of DL types include the basic Ss and derivativesdyguch as collections, dig-
ital objects, etc. An ontological concept is a domain. Faregle, the statement € Digital Object says
thatx is a digital object as defined in Chapter 2 and therefore thescr by the ontological concept Digital
Object. An n-ary relation is a subset of the Cartesian prodicx Cs - - - x (), of the domains defined by
the respective DL concepts. L& C A x B be arelation. ThelR~! = {(b,a)|(a,b) € R} C B x Ais
called theinverse relationof R. A predicate is a function from a Cartesian product toBlelean values

!Itis worthwhile to remind the reader that in this dissermative will focus only on the relationships between actorsserdices
managers, which correspond to interactions mediated bipthéNe will not focus on interactions which happen outsidetodf
system.

2To simplify notation, we will represent an operatiop, = (n., sigz, impz) by n. ({p=r}) where{p..} is the set of input
parameters ofp,. The output parameters and implementation can be addedavtudler description of the operation is required.
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true or false A predicatep(z) built over a relation among concepts is true if x is a membehefrelation,
false otherwise. We now proceed to define our meaning of a Dalayy.

Definition 26 An ontology is a tuple (OntaConcepts, OntaRels) where:
1. OntoLConcepts is a family of ontological concepts,

2. OntolLRels is a family of relations.

For notational purposes we will ugmld to designate ontological concepts (or simply, conceptd) an
italics to define the corresponding predicate. We will usedibt “.” notation to denote components of the
definition of concepts, for exampleh specifies the handle of a digital objegtlmgspecifies the image (or
range) of events of scenario y, anapspecifies the set of operations of Service Manager z. We adso m
refer to a component of a tuple-oriented concept by its jwosih the tuple, for example, z(2) specifies the
set of descriptive metadata specifications of a member otadoga Finally, we will represent a relation
R C A x Bby AR B. The notation for 3-tuple relations will use similar varisndepending on the
semantics of the relation.

Below we proceed to define the relations and rules of our Dblogy. The relations were developed
by carefully analyzing all possible pairs of associatiomsrag concepts within the same and between Ss,
and contextual information necessary to define some of tiedsions.

3.3.1 Intra-S Relationships
Streams
e Conceptsy{text, image video, audio}
¢ Relations:

— containsC video x imageU video x audio
Streams define the basic content types over which digitaotdbjare built, the latter being the
ultimate carriers of the information in the DL. However soomnplex types of streams (e.g.,
video) may themselves be associated with simpler typesedisis (e.g., images, audio). This
relation indicates that a video contains a image as one frhitses, or contains a specific audio
recording.

Structures

e Concepts:{do, ms, mss C, DM¢, R}. Key: do = digital object; ms = descriptive metadata specifi-
cation; mss = set of descriptive metadata specificationsg@lection, D M~ = metadata catalog for
collection C,R = repository.

e Relations:

— is_versionof C do x do
Different manifestations of a digital object are versionkjch normally differ structurally or in
terms of their content (e.g., format, encoding, etc.). Télation indicates that a digital object
is a version of another digital object. A digital objecis a slightly different version of digital
objecty in terms of their streams or structures. Note also that iacelles are used as identifiers
of digital objects they should be globally unique, so no twgitdl objects, version or not, share
the same handle.
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Rules.1. Digital object handles are unique. 2. xvsrsionof y for two digital objects x and y

if they differ in the handle component and at least one otberponent, but share at least one
other of their components (e.g., they have the same setezst, set of structures, or set of
structuredstreams).

Symbolic rulesl. Yz, y(do(z) A do(y) A (x.hy = y.hy) = z = y)); 2. Va,y (x is_versionof

y <= do(z) ANdo(y) A (x.h # y.h) A ((z.Stt # y.Stt) V (x.Stm # y.Stm) V (z.Q #

y. Q) A ((x.Stt = y.Stt) V (x.Stm = y.Stm) V (2.Q = y.Q))).

cites/linksto C do x do

Digital objects commonly contains references to othetteeldigital objects in terms of citations
or links. While there are discussions if citations and liflkesre the same semantic meaning
[30, 194] we will treat them likewise, since they ultimatelgnnect documents together.

belongsto € ms x DMa U mssx DM¢

Digital objects can belong to many different collectionsnifarly, descriptive metadata specifi-
cations can belong to many catalogs.

Rule.x belongsto y indicates that a metadata specification x is used to defirdement of the
metadata catalog y.

Symbolic RuleVzx,y(z belongstoy <= (ms(z) A DMc(y) A (Fz € y : x € 2(2))) V
(mss(z) NDMc(y) A (Fz €y :x = 2(2)))

partof CC x CU DM¢g x DMe

Many DL collections and metadata catalogs are built by aggneg smaller subcollections /
subcatalogs. One good example is the National ScienceaDigtirary (NSDL) union catalog
which is basically an amalgamation of the metadata catalbgh the participant projects.
Rule.x partof y indicates that collection x is a subset of collection yywtadata catalog x is a
subset of metadata catalog .

Symbolic RuleYz, y(x partof y < ((C(z)AC(y)Az C y)V (DMc(x)ANDMc(y) Az C
y))

describes” mssx doU DM¢g x C;

A digital object may potentially have many descriptive ndletia specifications, for example, in
standard formats (e.g., Dublin Core, MARC) for sharing jpggs, or based on more detailed,
community-oriented specific formats. Also qualitative gedies of metadata catalogs such as
completeness and consistency can be defined in terms oé&tatonship.

Rules.1. x describes yndicates that a set of descriptive metadata specificatiphgelonging to
some catalog for collectionp, describes the content of a digital objgcivhich belongs to that
collectionp. The set of metadata specificationsan describe only one digital object, therefore
the describes relation between sets of metadata spedfisaind digital objects isfanction
Symbolic rules.1.1Vzx, y(x describegy A mss(z) A do(y) = Ip,q,h : C(p) AN DMc(q) A
((h,z) € @) A (y € p) A (y(1) = h));

1.2Vx,y, z(x describegy A z describes: A mss(z) A do(y) Ado(z) =y = z)

Rules. 2. The relation describe9, (¢,p) € DM x C indicates that a metadata catalog q de-
scribes a specific collection p. A complete catalog has at m@e set of metadata specifications
for each digital object in the collection it describes. Inoasistent catalog, each set of metadata
specifications describes (exactly) one digital object mrdlated collection. In other words, a
completedescribeselationship between a metadata catalog, and a collec#iinasd a surjective
partial function, and a consistent relationship defineda fanction. Also note that it is very
common that different metadata specifications (e.g., aiD@bre and a MARC version) may
describe the same digital object, so in most casedelseribedunction is not injective.
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Spaces

Symbolic Rules. 2.1 Catalog/Collection Consisteney,y, z(C(y) A DMc(x) A mss(z) A
x describegy A z belongsto x = Jp € y : z describey);
2.2 Catalog/Collection Completenesér, y, z(C(y) A DMc(z) A do(z) A = describegy A z €
y = Im : (mss(m) A m belongsto x A m describes:)).

— storesC R x C x DM¢

Captures the fact that a physical linkage exists betweerllecton and the metadata catalog
that describes it in the context of the collection’s repwgit In many DL systems, digital objects
are physically stored with their metadatata specificat@mmaith physical pointers to them (e.g.,
foreign keys, memory address). In our minimal DL, we wereilflexenough to allow a catalog
to exist outside of scope of the collection’s repositoryt, this relationships make the physical
connection explict.

Rule. r stores (x,yindicates that a repositorystores a collection: with the metadata catalag
which describes:.

Symbolic RuleVz, y, z(x stores(y, z) = R(z) A C(y) A DMc(z) A z describesy)

e ConceptsiVec, Pr, Measurable Measure, Metric, Top}. Key: Vec= vector space; Pr = probability
space; Measurable = measurable space; Measure = measoceg Bferic = metric space; Top =
topological space.

e Relations

— is.aC Measure x MeasurableU Pr x MeasureU Metric x Top U Vec x Top.

X is_ay indicates that a space x has all the properties / consdraimperations associated with
the definition of the space y and may include additional pridgs/ constraints / operations. The
is_a relationship is reflexive, transitive, and anti-symmettierefore mathematical spaces that
participate in this relation define a partial order.

Scenarios

e Concepts{Se Sc e}; Key: Se = service; Sc = scenario; e = event.

e Relations:

— containsC Scx e
Makes explicit the relationship that an event belongs toqauesece of some scenario of use of
a DL service. Rulesc; containsey, indicates that an evenf,, = sc(j) is a element of the
image/range of a scenarioy, for somej belonging to the domaifil, 2, . .., dx} of sc;. Recall
that scenario is a sequence of events, i.e., it is a functam hatural numbers to a set of events.
Symbolic RuleVz, y(z containsy A Sc(x) Ae(y) = 35 : (j € z.Dom ANy = z(7)))

— precedesC e x e x S¢ happensheforeC e x e x Sc
A scenario of use represents a temporal sequence of evahis tiser (or another service man-
ager) engages in while interacting with a DL service. Thgxeral ordering of events is captured
by these relations.
Rule 1 x precedes, y indicates that an event x occurs immediately before y inctivgext of
scenario z. »happens_be fore, y indicates that both x and y are elements of sequence z, and x
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Societies

happens some time before vy, i.e., the sequence value of xakkesrthan the sequence value of
y.

Symbolic Rule 1 Vz,y, z(x precedes, y A e(x) A e(y) A Sc(z) = Fi,j : (z containsz A
zeontainsy Az = z(i) ANy = z(j) Ni+ 1 = 7))

Symbolic Rule 2Vz, y, z(x happens_before, yNe(x)Ne(y)ASe(z) = Fi, j : (z containsz A
zeontainsy Az = z(i) Ny = z(j) Ni < j))

reusesC Sex SeU Scx S¢ extendsC Sex SeU Scx Sc

Services exposed by a DL can be classified either as elerjantaomposite. Elementary ser-
vices provide the basic infrastructure for the DL. Examhetude authoring, indexing, rating,
and linking. Composite services can be composed of otheicesr(elementary or composed)
by reusing or extending them. For example, searching anddimg services use indexing
and linking services, a relevance feedback service extdresapabilities of a basic search-
ing service, and a lesson plan building service may usedjreaisting searching, browsing,
and binding services to find and organize relevant resourd@ée problem of composability
of services has gained considerable attention recentliglyna the Web Services community
[33, 50]. However, DL services are restricted to certaircfwetypes with constrained inputs
and outputs, therefore making the problem more manageabl@amenable to domain specific
techniques. Since DL services are described by correlgtnkerally slightly variant scenar-
ios of use, similar notions can be applied to those scenakos example, consider scenario
sc; = (search(q,C),results({(do;,w;)})) for a search service wheterepresents a query,
C a DL collection, do a digital object, andv a weight. The scenariecy = (search(q,C),
results({(do;,w;)}), relevant_docs{do;}, expanded_query(eq,{do;}), search(eq,C), re-
sults({(dog,wy)})) is an extension ofc; representing a relevance feedback search.

Rule 1 Letsc; = (ej,e2,...,e,) be a scenario. A scenari@; = (ez,...,eay) reuses
scenariosc; if it contains all events ofc; in the same order they appear, i.e., if everntrecedes
evente; in scq, the same relationship holds in scenatig, or, in other wordssc, reusessc;
only if s¢; is aconsecutive subsequenaiescs.

Symbolic Rule 1V, y(z reusesyASc(x)ASc(y) = (Vz : e(z)Ay containsz = x containsz) A
(Vp,q : e(p) Ne(q) \pprecede, g = p precedes, q))

Rule 2 A serviceSe; reuses servic8es if it includes all its scenarios, i.e., Bes C Sey.
Symbolic Rule 2vz, y(x reusesy A Se(z) A Se(y) = y C z).

Rule 3 Letsc; = (ej,e2,...,e,) be a scenario. A scenari@; = (es,...,ez,) extends
scenarioscy if it contains all events ofc; in the same relative order they appear, i.e., if event
happens before evenj in sci, the same relationship holds in scenatig, or, in other words,
sco extendssey only if scp is a subsequence 6é;.

Symbolic Rule 3vz, y(z extendg/ASc(z)ASe(y) = (Vz : e(z)Ay containsz = x containsz)A
(Vp,q : e(p) A e(q) A p happens_be fore, ¢ = p happens_before, q)).

Rule 4 A serviceSe; extendsserviceSe; if Se; includes all ofSe;’s scenarios, andes has
new scenarios, i.e., there exist scenario$'#n which are not elements dfe;, or there exist
scenarios obey which extend scenarios 6fes.

Symbolic Rule 4Vz, y(z extendgy A Se(z) A Se(y) = y C z A (x # yV Ip,q : Sc(p) A
Sc(q) ANp € x N q € y A pextendsy)).

e Concepts{SM, Ac, op}; Key: SM = service Manager; Ac = actor; op = operation.
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e Relations

— redefinesC op x op
A common reason to redefine or override an operation is toigeeawnore specific functionality
for a service manager which inherits an operation from aratervice manager (see below).
Rule A redefined operation has the same name, and often (but cessexily) the same signa-
ture, but a different implementation.
Symbolic RuleVz, y(x redefinegy A op(x) A op(y) <= z.n =y.n A z.imp # y.imp).

— includesC SM x SM; inheritsfrom ¢ SM x SM
Aggregation and generalization are two special types aficgiships between service managers
that foster reusability and extensibility. Aggregatioaptured in the includes relation, mod-
els a ‘whole/part’ relationship in which one manager as ale/has other managers as parts,
or, in other words, if service managerincludes service managet, it implies thaty is re-
quired in order to use service manageiGeneralization, captured by tiherits from relation,
means that a manager has all the capabilities defined byemnwoidnager, potentially has addi-
tional ones, and can redefine others (polymorphism). Fanpla LessonPlanBuilding includes
Binding Manager indicates that a service manager LessnBRIkling includes operations of
a Binding Manager. Similarly, RelevanceFeedbackSearchagerinherits from Search Man-
ager indicates that a RelevanceFeedbackSearch Manageelsmsne capabilities as the Search
Manager as well as additional ones (e.g., for query expahsio
Rule 1 x includes yindicates that a service managehas all operations defined in service
managery plus others not defined in
Symbolic Rule Wz, y(z includesy A SM (z) A SM(y) = y.op C z.op A y.op # x.0p).
Rule 2 x inherits from yindicates that a service managehas all operations from the service
managery and defines additional operations,zoredefines some operationsof
Symbolic Rule 2 Vz, y(x inherits fromy A SM(x) A SM(y) = (y.op C z.0p A y.op #
x.0p) V (Vz € y.op — x.op : Jw € z.op : w redefines)).

— invokes:op x op
It is generally useful to specify dependencies betweenabipeis when discussing issues of ex-
tensibility and reusability. For example, seaimilar(do)invokesmatch(qg:query, C:collection)
indicates that a searcsimilar operation invokes a match operation, defined in gi€@Manager
2 or in another manager thatinherits from or includes.
Rule. 1. finvokes gnhdicates that operation f may invoke operation g, namélgt within the
body of operation f there is an expression whose evaluatieokes g (g is a subfunction of
f). The operation f defined in a service manager x may onlykevan operation g, if g also is
defined in x or in another manager that x includes or inheritsf
Symbolic Rule Vf, g(f invokesg A op(f) Aop(g) A (Tp : SM(p) AN f € pAg € p) —
g is a subfunction off <= dfunctionsr,s:g=ro fos

— associationAc x Label x Ac
A generic relationship between actors without a pre-defsegdantics, this one captures generic
societal relationships between communities of actors. éxample, the relation (Professor,
“teaches”, Learner) is self-explanatory.

3.3.2 Inter-S Relationships

In this section, we identify several relations that cross llorders of Ss. Our emphasis here is on the
relationships between the dynamic aspects of the DL, ctaaiaed by societies and scenarios, and the
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more “static” aspects of the DL, characterized by concapthe other Ss. We also further explore other
relationships among the three static Ss.

Scenarios and Societies
e Relations:

— executes_ e x (op)
The changes of computational states which are triggeredvégt® in a scenario are compu-
tationally realized by invoking operations defined on sssvinanagers. Lefop) be the set
of finite sequences from ope; executesop) ; Indicates that the list of operation(sp) i =
(op1j,0p2j, - - -, 0pn,,) is executed as the result of the occurrence of evgnAlso if P, is the
set of event parameters ef and P; is the union of all parameters of all operations(im;),
P; C P,. For example, search(q,@xecutesnatch(q,C) states that an evesgtarchexecutes
an operatiormatch(probably defined in a Searching Manager) between a quangd the set of
digital objects in the collection C.

— recipientCc {SMUAc} x e
In a scenario it is normally useful to identify the societambers that receive events for the pur-
pose of checking consistency, security, etc. For examipéefallowing two relationships specify
recipients of events in a simple searching scenario: Seédertagermecipiert search(q,C); Re-
searcherecipientresults((do;, w;)}).
Rule recipientC {SM U Ac} x e indicates that a specific service manager or actor is the
receiver of an event in a scenario. Any actor can be the recefany event. If the event has an
executerelationship with some operation, the receiver must be gi@&manager which should
have this operation.
Symbolic RuleVz, y, z(x recipienty A y executes A SM (z) A e(y) = Yw € z.Img : w €
x.op).

— participatesin € {SM U Ac} x Sc
This relation makes explicit the societal entities intérarin a scenario.
Rule Indicates that a service manager or actor x participatesspecific scenarig of a DL
service by being a recipient of an eventf scenarioy.
Symbolic RuleYz, y(x participatesin yA(SM (x)VAc(z))ASc(y) = Iz : e(z)Ay containszA
x recipientz)).
For Service Managers, a consequence of the defined relagidimst only operations defined in
the participating managers should be associated with ®edéihe scenarios in the service. This
gives rise to the following consistency rule between a ster@ad a society.
Symbolic RuleVz, y, z, w(Se(x) Ae(y) Aop(z) Ax containsy Ay executesv A z € w.Img =
dp: SM(p) A p partipatesin z A z € p.op).

— usesC Ac x Se

In many real DL settings it is useful to specify that only dfiekinds of Actors may be allowed
to use certain services. For example, while a researchefdshe allowed to use all information
seeking services, services such as ‘lesson plan buildimdy‘dissertation submission approval'.
should be used only by teachers and archivists, respeactivel

Rule Indicates that an Actor is allowed to use a specific serwjcpdsticipating in some of the
services’ scenarios.

Symbolic RuleVz, y(z usesyASe(y)ANAc(x) = Fz : Sc(z)ASM (w)Az € yAx participatesin z).
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— runsc SM x Se

Rule Service Manager runs servicey if all operations executed in all scenariosyare defined
onz or in managers that includes or inherits from.

Symbolic RuleVz, y(z runsy A SM(z) A Se(y) = Vz,p,q,r : (Sc(z) Ae(p) Aop(r) Az €
y A z containsp A p executeg A r € q.Img = r € z.0p).

Structures, Streams and Spaces
e Relations:

—IcCOxVPMx H

LetC € Coll be a collection/I be the set of all handles of digital objects infC;- |, do(4)

be a set of all triples (node, stream, interval) associaietigital objects in the collection, where
interval is a pair of natural numbers (a,b) corresponding fmrtion of the stream (or a sub-
stream) and/ PM = U, crvecuprumetricy SP- AN type of indexIc is a relation that maps
specific substreams associated with nodes of specific ldidijact structures and elements of a
vector, probability, or metric space representing thodestseams to handles of digital objects.
Normally, the elements of these spaces are built by extigistatistical featurege.g., number
of specific text terms, histograms) from the respective tseés. In the case of a probability
space, the elements &f are mapped from a finite set with a discrete measure assigositive
probabilities to elements of that set. If an index fuunctiom defintion 20 of Chpater 2 only
mapped feature singletons to handle singletons, and ifidhexi were thaunion of these pairs,
rather than a set of set of pairs, then the index from Chapter2d be the same as: here.
Symbolic RuleVz(z € Ic, = 3y, 2z : do(y) € Ci Az(1) = y(1) Az = z(2) Az € y(4)).
VC(Coll(C) A (h,s,v) € Ic A (h,s,V") € Ic = v ="1).

Scenarios and (Streams, Structures, Spaces)
e Relations:

— employsC Sex S?; producesc Sex S°

Let S? = StreamsU Structures U Spacesbe the union of all concepts of the respective Ss.
DL services manipulate, transform, and return instanceketoncept types defined &% or
their component parts. For example, the notion of distaasedéfined by a metric space) or
probability (as defined by a probability space) are esdewotservices which need to compute a
similarity measure between objects in the DL or between spatintrinsically vague inform-
ation need and objects in the DL. Examples of services thahaldy employ spaces to compute
these measures include searching, filtering, recommendisgalizing, classifying, and clus-
tering. Also, services exist that transform DL objects itdigobjects, metadata specifications,
structures, streams) into different types of spaces foryrpamposes. Examples include services
such as indexing, which transforms structured streamsedi@ments of a vector or probability
space, rendering or visualizing, which normally takesemibns and transforms into a 2D/3D-
metric space, or customizing, that normally transforms acefe.g., a user interface (Ul) or
a distance function) into another personalized space, @.gustomized Ul or a personalized
distance function [60]).

Due to the complexity and number of possible instances sfréiation, we will postpone the
discussion to the next section, where we will further chizndme the relationships between ser-
vices and the other “static” Ss by making explicit employeduts and produced outputs of
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Figure 3.1: DL ontology

events in these services as well as pre- and post-conditiaonstrain when and how these
services can be evoked and combined.

The resulting ontology is graphically depicted as shownigufe 3.1. Each S is represented as
a circle containing the respective concepts. Normal liepsasent inter-S relations while dotted

lines correspond to inter-S relationships. Arrows linke@ twhole indicate that the relationship

can exist among all concepts in an S.

3.4 Example Application of the Ontology: Expanding the “Minimal DL” to
the “Typical DL": A Taxonomy of DL Services

Our objective in this section is to further explore some @ thost important types of relations in the DL
ontology, namely the “employs” and “produces” relatiomshbetween services and the other static “Ss”
and the “extends” and “reuses” relationships among sesvilstore specifically, in this section we want to
answer guestions such as:

1. Which DL elements are employed or produced by the difteDdnservices?
2. Which are the fundamental DL services?

3. Which kinds of service compositions are possible or alid

4. Which DL services are elementary or composite?

By answering these guestions we make two contributions:
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e we expand the definition of the “minimal digital library” byrmally characterizing a number of
typical digital libraries services, other than the onesrasfiin Chapter 2; and

e we demonstrate how to use these characterizations to raasoimhow DL services can be built from
other DL components such as repositories and societahittens, as well as be composed with other
services by extension or reuse.

Table 3.1 shows a set of activities or services derived frahaatened list of the DL taxonomy’s activ-
ities presented in Chapter 2, along with their informal défins. From that list of activities/services, we
chose only those with explicit “employs/produces” relagbips with some static components of the DL,
thus removing entries which:

¢ had to do with the user’'s mind and perception and did not spoed to any tangible DL service (e.g.,
those under ‘abstracting’);

had to do with pure societal interactions(e.g., ‘collaliogg, ‘publicizing/advertising’)

had to do with evaluation of services (e.g., ‘analyzing Ip@sading focus groups’);

had to do with operational aspects of the DL (e.g., ‘reneWing

had to do with specific implementation or architectural éssaf the DL (e.g., ‘federating’ which deals
with the aspect of distributing queries over a network).

It is very hard to argue for completeness/suficiency of bbéhget of chosen services and their defini-
tions. An argument similar to the one made for the completzioéthe taxonomy in Chapter 2 can be made
regarding the representativeness of this set of servickganost common ones in typical DLs, since those
were driven from the analysis of the DL literature for a nekiy long period of time.

In Tables 3.2, 3.3, and 3.4 each service is characterizeciameters (input, output) of the initial and
final events of the scenarios that compose those sefvasewrell as pre- and post-conditions that should
hold before and after the respective events. Correctnettseaéntries in Tables 3.2, 3.3, and 3.4 can be
assessed in terms of if they correctly capture the semaotitise informal definition of each service in
Table 3.1, asssuming that those are correct. Finally, ilsis worth noticing that we are not extending the
proper concept of ‘Service’ in the ontology, but we argtantitatingor characterizing a number of members
of that concept in the context of the ontology’s relatiopshiAll other previous definitions and keys apply
here. Those definitions are complemented with the follovangs.

Definition 27 A query qis a (possibly structured) representation of a ursirest or information need. The
exact format of a query is left unspecified here since it ilegyslependent.

Definition 28 An annotationann; is a descriptive metadata specification that exists onlefarence to a
digital objectdo;; ans;; = {ann;i, anniz, ... ,ann;; } is a set of annotations describint;.

Definition 29 Hyptxt is a hypertext (see formal definition in Chapter2)claor is a node of a hypertext.

Definition 30 A personal bindebi,; is a subset of some collecti@n € Coll for an actorac, € Ac €
Soc(1).

Definition 31 A log_entry is a descriptive metadata specification about an evkatscenario.

3In fact, some scenarios of a service can have differentlréind final output. In this case it is assumed that the mopt ‘ty
ical’ scenario of a service can be identified and that we cantlus initial and final events of that scenario for the purpase
characterizing the service.
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Definition 32 tfr C S? x Spaces is a function that transforms any element of a conceptimto a space.
Transformers = {tfry,tfre,...,tfr,}is aset of such functions.

Definition 33 Let{do; : i € I = {i1,12,...,i,, } } be a set of digital objects andt = {c;,ca, ..., ¢} be
a set of labels forn categories. A classifietlassc; : {do; : i € I} — 2 is a function that maps a digital
object to a set of categories.

Definition 34 A clusterclu, is a subset of a set of digital objects.
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Service

Informal Definition

—

streams)

Acquiring Takes a set of digital objects, belonging to a collectioninahe DL, and incorporates them into
some collection of the DL

Annotating Incorporates an annotation to a set of annotations of aadligiifect; this set of annotations describes
the digital object

Authoring Creates a digital object and incorporates it into some ctidle of the DL

Binding Incorporates a set of digital objects into a personal binfieome actor

Browsing? Given an anchor of a hypertext returns a set of digital object

Cataloging Incorporates a metadata specification into a set of metagatafications describing a digital objeq

Classifying Takes a digital object and a classifier and assigns a numherssible categories to the object fro
a finite set of possibilities

Clustering Takes a set of digital objects and produces a number of sjliketunion of those subsets should
equal to the original set.

Conserving Takes a collection and produces a similar one, i.e., anatiikrction with all objects of the previou
one.

Converting Takes a digital object and produces a version of it (by changs streams, structures, or structur|

Copying/ Replicat-
ing

Takes a digital object, produces an identical one, and parates it into some collection of the DL|

Crawling (focused)

Given a collection, produces a subset or a copy of that daiec

of a service manager

Training (classifier)

Produces a classifier given a set of digital objects along thi¢ir associated categories

Translating (format/
language)

Produces a version of a digital object by changing its forondanguage

Visualizing

Given a colllection produces a visualization (i.e., a neetpace) for it

#The definition of a browsing service in Chapter 2 includes malner of different outputs for browsing events over a hypeyte

Customizing (inter-| Transforms (using a transformer) the appearance of a ussgfadoe, i.e., transforms a metric space

face) into a different one

Describing Produces a description of a digital object (in terms of a ulet@ specification) and incorporates this
description into the object’s set of metadata specification

Digitizing Produces a new digital object from a hard-copy version

Disseminating Given a set of handles of digital objects in a collectiontynes the respective objects

Evaluating Given a digital object, produces an evaluation (i.e., ameahber) for it

Expanding (query) | Given a query, an index for a collection, and a set of digikg¢ots returned by the original query and
marked as relevant/pertinent to that query by a user, pesdamew, modified query

Extracting (struc-| Given a stream, produces a structured stream from it.

ture)

Filtering Given a set of digital objects, and a query, a threshold (emaaber), and an index, or a category
and a classifier, produces a subset of the original set, inhwthe objects either match the query with
a weight higher than the threshold or belong to the specifiéebory

Harvesting (meta{ Given a set of handles of digital objects, returns the setetfata specifications for those objects

data)

Indexing Given a collection, produces an index for it

Linking Includes a digital object into a hypertext

Logging Produces a log entry from some event from a scenario of somiese

Measuring Produces a measure for a specific digital object

Rating Given a digital object, produces a rate (real number) for it

Recommending Given a collection and an actor, and a set of ratings for d¢bjecthat collection produced by others
or the same actor, recommends (produces a subset of thedtamtl) for that particular actor

Requesting Given a handle of a digital object, returns the respectijeaib

Reviewing (peer) Produces a revision (i.e., a real number or a metadata syaeifi) for a digital object

Searching Given a query, a collection, and an index for that collecti@turns for each object in the collectign
a real number indicating how well the query matches with thjeat

Submitting Either incorporates 1) a new object into the collectionshef DL; 2) a new metadata specification
into the set of metadata specifications of a digital objegtamew operation into the set of operations

including internal structures of digital objects and th&iuctured streams. For the sake of simplicity in this dis@n we will
consider browsing services whose events’s output inclatieaset of digital objects.

Table 3.1: Informglgservices definitions



Service User input Other  Service | Output

Input
Acquiring {do; : i € I} none C;
Annotating do;, annyy, (hi,ansip) (hi, ansiq)
Authoring noné none do;
Binding {do; : i € T}, biym {doj : j € J} biyn
Browsing anchor Huyptat; {do; :i €I}
Cataloging hi, msi (hi, msSip) (hi, mSsiq)
Classifying do; classcy (doj,{cz,...,cy})
Clustering {do; : 1 € I} none {cluy : k € K}
Conserving C; none C
Converting do; none do;
Copying/ Replicating do; none do;
Crawling (focused) C; none Ck
Customizing (interface) | ac; ,tfr SPq sp;
Describing none do; ms;x
Digitizing none® none do;
Disseminating {ha, ..., hy} none {dog, ...,doy }
Evaluating do; none (do;, w;)
Expanding (query) {do; :i €I} Ic, gi,{doj : j € | q

J}
Extracting (structure) stm; none (stj, U;j)

Lo q,t,{do; : i € I'} Ic, {doj : j € J}
Filtering ¢k, {do; ;i eI} classcy {do : k € K}
Harvesting (metadata) {ha, ..., hy} none {(he,mssp k), ..., (hy,mssp )}
Indexing C; none Ic,

Linking do; Hyptat; Hyptat,
Logging none e log_entry;
Measuring do; sp; (do;, w;)
Rating do;, ac; none (do;, acj, rij)
Recommending ac;, C, {(dos,ac;,rij) {doy, : m € M}
iel,jel}
Requesting h; none do;
. do; none (do;, w;)
Reviewing
do; none MS;k
Searching q, C; Ie, {(dog,wqr) : k € K}
do;, C, none C;
Submitting do;, ms;, DM, none DMe,
0Pk, SN none smy
Training (classifier) {do;,i € I} x 2°° none classcy
Translating (format/ lanq do; none do;
guage)
Visualizing C tfry sp;

@User’s mind is outside scope.

bAnalog/Real world items are outside scope.

“In fact, this and some other services that take digital abj@m sets of them, or collections) as inputs could alsoiveatigital
object surrogates such as metadata specifications as ipuisll. For sake of simplicity we chose not to specify thosesfand
leave them as extensions for future work.

Table 3.2: Services inputs and outputs
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Service Pre-conditions Post-conditions
Acquiring AC, ¢ Coll : {do; :i € I} C Cy; C; € Coll;3C, € Coll : CLU{do; : i € I} =
CiNCrN{do;:i €1} =10

Annotating | 3C € Coll : do; € C;h; = do;i(1); | Jy € Cat : (hj,ans;y) € y A anng, € ansig A
dx € Cat : (hj,ans;p) € x ans;q describeslo;

Authoring none AC € Coll : do; € C

Binding 3C € Coll : {do; : i € I} C {doj : | {do; : i € I} Ubiyy = biy, € Coll
j € J} CC;biyy € Coll

Browsing anchore Hyptat; AC € Coll : {do; :i eI} CC

Cataloging | 3C € Coll : do; € C Ndo; : h; = | Jy € Cat : (h;j,mssiq) € y A ms;, € MSSig N
do;(1); 3z € Cat : (hi,mss;p) € x | mss;, describesio;

Classifying | 3C € Coll : do; € C {czs... ey} CCt

Clustering | 3C € Coll : {do; :i € I} C C U cluy, = {do; :i € I'}

Conserving | C; € Coll C; =C e Coll

Converting | 3C € Coll : do; € C dC € Coll : doj € C A do; is_versionof do;

Copying/ 3C € Coll : do; € C AC € Coll : doj € C A do; = do;

Replicating

Crawling C; € Coll C; O Cy € Coll

(focused)

Customizing | sp, € Metric, ac; € Ac; tfry € | sp; € Metric; spj = tfri(spg)

(interface) Transformers

Describing | 3C € Coll : do; € C dr € Cat,y : ybelongstox A ms; € y A

y describesio;
Digitizing none 3C € Coll : do; € C
DisseminatingVh; € {hy,...,hy} : 3do;,C : do; € | Vdo; € {do,...,doy} : (h; = do;(1))

C A hi = dOZ(l)

Evaluating | 3C € Coll : do; € C w; € [a,b] C R
Expanding | 3C € Coll : {do; : i € I} C {do; : | none
(query) j € J} € C; 3wy, op(z), SM(y) :

reyNop(q,C)={do;:iel}

Table 3.3: Services pre- and post-conditions (Part 1)
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Service Pre-conditions Post-conditions
Extracting stm; € Streams st; € Structs; U;; € St?: stm; € V;;.Dom,;
(structure) st;.V € V;;.Dom
aC € Coll : {do; : i € I} C C; | Jz,y,op(x),SM(y) : = € y A op(q,{do; : i €
tela,b CR It) = {(doj,w;) : j € J}; V(dog,wg) €
e {(doj,wj) : j € Jhyw, > t; {doj : j € J} C
Filtering {doi{ ; é n g J
AC € Coll : {do; : i € I} C C; |{doy : k€ K} C{do; :i € I};Vdo € {doy, : k €
cp € Ct K} ¢ € classci(do)
Harvesting | Vh; € {hgy...,hy},3C € | IDM € Cat
(metadata) | Coll,do; € C : h; = do;(1) {(hg,mssp k), ..., (hy,mssp,)} € DM
Indexing C; € Coll none
Linking 3C € Coll : do; € C do; € Hyptat,
Logging Jz,y : Se(z)A\Sc(y)A\y € zAe; € y; | none
Measuring | sp; € Measure w; € Spj
Rating 3C € Coll : do; € C; ac; € Ac rij € [a,b) C R
Recommendingdo; : i € I} € Cy; {acj,j € J} C | {doy, :me M} CCy,
Ac; C, € Coll; 15 € [a,b) C R
Requesting | 3C € Coll : do; € C h; = do;(1)
AC € Coll : do; € C w; € [a,b] C R
Reviewing 3C € Coll : do; € C Jx € Cat,y : ybelongstox A ms;x € y A
y describesio;
Searching | C; € Coll {doy, : k € K} C Cj, wgi, € [a,b] C R
C), € Coll {do;} UC}, = C; € Coll
Submitting DMg; € Cat ms;y, belongsto DMCt € Cat; 3v € DM,
ms;, € x A x describeslo;
sm; € SM opy € smj € SM
Training AC € Coll : {do; :i € I} C C; none
(classifier)
Translating | 3C' € Coll : do; € C 3C € Coll : do; € C A doj is_versionof do;
(for-
mat/language)
Visualizing | C € Coll tfry(C) = sp; € Metric

Table 3.4: Services pre- and post-conditions (Part 2)
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Table 3.5 shows an organized taxonomy of DL services feadiaréables 3.1 through 3.4, derived from
a deep analysis of the entries in that table. The taxonomycreaded by grouping together all services with
similar 1/O behaviour. In the highest level, we make a dafton between Infrastructure and Information
Satisfaction Services. The latter is distinguished froefttmer by always receiving as a user input either an
active, personal item (e.g., a binder, a personal trangiraset of documents considered relevant/pertinent)
or a personal representation of an information need (sept&h@ for a discussion on this) or interest (e.g.,
a query, an anchor, a profile, a handle of a desired objectegag).

Infrastructure services can be further sub-divided intpd®é&ory-Building and Addvalue services.
Repository-Building services are characterized by produas output uniquely the four basic items of the
“minimal DL” related to a Repository: collections, digitabjects, catalogs, and/or metadata specifications.
All Add Value services produce distinct outputs, with the exceptibthe translating services. Preser-
vational services are distinguished from Creational bydpoing outputs that are equal to their inputs or
slightly variations of them, i.e., versions in the case afvesting/translating services, for preservation pur-
poses. Addvalue services either aggregate value/information ta theuts (e.g., annotations, evaluations,
structures, indexes, measures, log entries, rates, reyviganslations, visualizations) or connect objects
together (e.g., by training and classifying, clusterimgieixing, linking).

Infrastructure Services Information
Satisfaction
Services
Repository-Building
Creational Preservational Add Value
Acquiring Conserving Annotating Binding
Authoring Converting Classifying Browsing
Cataloging Copying/Replicating Clustering Customizing
Crawling (focused) Translating (format) Evaluating Disseminating
Describing Extracting Expanding (query)
Digitizing Indexing Filtering
Harvesting Linking Recommending
Submitting Logging Requesting
Measuring Searching
Rating
Reviewing (peer)
Surveying
Training (classifier)
Translating (lan-
guage/format)
Visualizing

Table 3.5: A taxonomy of DL services/activities

In this taxonomy, we further characterizéumdamental service (denoted bigold) as either:

1. one that produces as an output an element of the basicptsrimonging to our minimal definition
of a DL, such as digital objects, metadata specificationdgaimns, and catalogs, without which a

“For for the sake of simplicity, in the tables, for some segisuch as customizing, rating, recommending, we did noemak
an explicit distinction between an actor ancepresentatiorof an actor. Despite being an important distinction, sireises can
only take representations as inputs, those represergatamtake multiple forms (e.g., a simple identifier, a complefile), all
which can in a way or another be represented as some kinductste.
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DL cannot exist;

2. one that belongs to the minimal set of DL services (i.elexing, searching and browsing) proposed
in Chapter 2;

3. one that supports the three former services in terms efeidn or reuse. In case of item 1, this
includes all the Creational services, with the exceptioerafvling and harvesting, which produces
collections and catalogs from existing inputs in the samanather DL.

In case of item 1, this includes all the Creational serviea) the exception of crawling and harvesting,
which produces collections and catalogs from existing iajiuthe same or another DL. In case of item 3,
this includes linking, fundamental to produce an hyperteixich supports the browsing service. Similarly
a compositgdenoted by underliningDL service is one that takes input from some other servisepéa
column 3 of Table 3.2); otherwise the service is called elgarg. For example, it can be seen from Table
3.2 that all Preservational services and all the Creatisaalices but ‘describing’ (which takes a digital
object as an input from another service) are elementary.

One interesting application of the taxonomy is as a tool 1p heason about issues of reuse/extension
of services. Services that produce outputs that can be gatplas input by other services have a high
potential to be (re-)used by the latter and services thag lsawilar behaviors have also a large potential
for reuse/extension. For example, Figure 3.2 graphicatpicts fundamental services, split into Infra-
structure (Creational + Ad¥alue) and Information Satisfaction services. Normal @sgepresent rela-
tionships, where those marked with ‘p’ and ‘e’, denote ‘proeks’ and ‘employs’ relationships respectively.
Dotted arrows represent the transformation of a user isifaméormation need into a representation useful
as an input of a service, in the context of the ‘uses’ relatigm between actors and services. From the figure
is easy to see that: 1) the output of (fundamental) infraestire services is normally the input of either an-
other Creational service or a (fundamental) Informatiotisiection service; and 2) there are many potential
reuse/extend inter-dependencies among the Creationatesr Authoring and digitizing produce digital
objects that when submitted produce DL collections and vdestribed/catalogued produce catalogs. Col-
lections are also produced by acquiring services. An imieservice takes a collection and produces an
index used by searching services while linking servicedyce hypertexts used in browsing services. These
along with requesting services give ultimately accessealibital objects of the DL to the interested actor.

Another example is shown in Figure 3.3 which expands on tit& portion of Figure 3.2 by depicting
input/output interactions (and therefore potential fars@extension) between fundamental and composite
information services and between the latter and some notafuental Addvalue services. Common to
the composite information satisfaction services depigtdte figure is the fact that all of them take a set of
digital objects or a collection as input. Recommending $ake actor’s representation, a collection, and the
output of a rating service (i.e., triples (digital objeattar, rating)), and produces a subset of the original col-
lection [156]. Filtering also takes a user interest repreg@n expressed as a query or a category of interest,
either an index or a classifier (produced by a training sejy@nd a set of objects to produce a subset of the
original set. Similarly, binding takes the output produtgdsearching or browsing services and produces a
new binder which contains (a subset of) those objects. \fisng produces a space out of a collection and
a transformer, while expanding a query takes the originatyjsubmitted to a Searching service, an index
for a collection, and a subset of the response set (i.evami@nd/or non-relevant documents) and produces
a modified query.

Many other possible compositions are possible and can lbelgeanalyzing the entries in Tables 3.1-
3.4 and the similarities implied by the taxonomy. Withoutniiag to be exhaustive at all, some examples
include:

e Recommending, Filtering, Binding, and Expanding querypagothers, produce a set of digital
objects; those sets can be further indexed for searchimgdimg purposes.
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Figure 3.2: Several examples of compositions among imfretstre and information satisfaction DL services
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Figure 3.3: Examples of compositions of services
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e Conserving should be able to reuse a copy/replicating aamiultiple times to produce a copy of a
collection.

e Classifying could be extended to implement filtering, by@irincluding events to check if a specified
category is in the returned set of categories for an object.

e Translating should be able to be re-used by converting forestypes of conversion.

e An advanced searching service may reuse extracting (ste)cand extend a Searching service to
provide support for structured queries [87].

The reader is invited to continue exploring other posgibgi To finalize, one can devise an interesting
practical application for the ontology/taxonomy wherethbbse relatiohsips are materialized in terms of
design patterns/object-oriented hierarchies/compopeals to serve as a backbone for the construction of
the IR/DL systems, therefore promoting reuse of code aneigdvne and money.
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Chapter 4

Language — Declarative Specification of
DLs: the 5SL Language

Digital libraries (DLs) have emerged as an important redeand application area, facilitated by advances in
information technology, especially the Internet and theldvaide Web (WWW). There is strong demand
for new and varied DL systems capable of dealing with all &infl mixed-mode, multimodal, and multi-
media digital content. As hundreds of DLs are created byegeb, universities, associations, and diverse
other organizations to deal with content they create ortid&gi and with local collections of information
from numerous remote sources, strong pressure will beeskégttailor each to special requirements of use
as well as content.

The process of building a digital library involves specifioca of the content to be stored; how that
content is organized, structured, described, and accesgach services are offered by the library (e.g.,
searching, browsing, personalizing, collaborating); hod patrons (and automated agents) ultimately use
those services and interact with each other in the DL enmiemt. Thus, by their own nature, DLs are
complex and inter-disciplinary information systems.

This complexity makes it difficult and expensive to constmiew systems. Nowadays DLs are built
within monolithic, tightly integrated, and generally infible systems — or by assembling disparate compo-
nents in an ad-hoc way, with resulting problems in interapgity and adaptability. Ad hoc construction
is not sufficient to meet that demand. More importantly, emteal modeling, requirements analysis, and
methodological approaches are rarely supported, makiegtiemely difficult and expensive to tailor DL
content and behavior to particular communities’ interests$ needs. The general trend has been to develop
tools to solve small parts of the problem, whereas the rotteproblem — the lack of specific DL patterns,
models, methodologies, formalisms, and languages — isstloomnpletely ignored.

To address these challenges, we propose a novel digitahyilonodeling language for conceptual DL
design, based on 5S, called 5SL. 5SL is a high-level, dorsétific language, which allows declarative
specification of a number of DL features that are often careid in isolation. Domain specific languages
are explicitly designed to address a particular class dblpros by offering specific abstractions and nota-
tions for the domain at hand. Thus, the main contributionghisf chapter are: 1) the raising of the level
of abstraction in digital library specification and modglirthrough a DL design methodology which is
model-driven and use-case based; 2) an illustration of hewarious DL design issues may be combined
in a coherent framework that enriches, extends, and cus&snglassical models for database, hypertext,
information retrieval, and software engineering.

This chapter is organized as follows. Section 4.1 gives amiew of the language and its foundations.
Section 4.2 details and exemplifies the use of each of the fadeis (in 5SL). Section 4.3 compares our
approach to related research.
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4.1 5SL General Organization

5SL is a domain-specific, declarative language with a forseahantics for conceptual modeling of digital

libraries. The formal semantics is understood in terms odasiation of language constructs into the 5S-
formalized framework. Its formal basis provides an unambig and precise DL specification tool, which

can facilitate prototyping, allow proofs of assertions arivalidation of implementations.

With 5SL, the specification of a digital library consists ot&dmplementary perspectives. Figure 4.1
presents a UML-based graphical representation of 384t meta-mode] corresponding to the portion of
the 5S ontology used in the language. A modeling languageeigrasentation of some theory and serves as
a meta-model whose instantiation produces models of sp€Difi) systems. As in normal UML notations,
boxes represent Concepts or classes. Lines with diamoadsodids represent “whole/part” aggregation
relationships (e.g., services are composed of scenariahwahe composed of events) and lines with large
arrowheads pointing to a (parent) class represent a “id-&ffi generalization relatiohsiphs (e.g., actors and
service managers are two kinds of communities). Besidewiagaa “view” of the meta-model which is
more familiar to system designers, this representatiamfap to focus on the parts of the DL ontology uti-
lized in the language. It also shows some relationshipsamesented directly in the ontology, but derivable
from some of its relationships such as ‘employs’, ‘usesd aans’. One example is the dependecy relation-
ships (dashed lines) which show that one class uses anddélssras an argument in their events/operations.

To improve acceptability and interoperability, 5SL maket®asive use of existing standard specification
sublanguages for representing DL concepts, when that twtn® be possible. The need for the integration
of multiple languages is a key aspect of the domain-speafiguage approach [10]. A domain typically
consists of multiple subdomains, each of which may reqtsrewn particular language. This is particularly
true for digital libraries but the aggregative nature of 5&ches this requirement quite well.

5SL utilizes an XML syntax. The abundance of XML supportinfiware tools facilitates the construc-
tion of DL generators (see Chapter 6). Most of the 5SL modiahitives are defined as XML elements,
which can enclose other sublanguages that help to define Btepts. In more detail, MIME types consti-
tute the basis for encoding streams. XML Schema [218] arRIlF Schema [217] are the primary tools for
describing structures. And finally, an adapted and exterdesion of UXF [206], an XML serialization of
UML [25], is used with the Societal and Scenario Models.

4.1.1 Running Example

Throughout this chapter, we employ a simplified running exanfscenario) to illustrate the features and
use of 5SL.

A Networked Digital Library of Theses and Dissertations (NID) digital library manages
collections of electronic theses and dissertations (ETB&)dents produce ETDs as a result of
their graduate studies and are responsible for submittieig work along with metadata. In the
process of creating ETDs, students are encouraged to fuply aew multimedia and hyperme-
dia technologies. The submission service is controlled pikflow process, which includes
a review phase and a cataloguing phase. In the review plesaniversity staff checks ETD
files, the metadata submitted by the student, and paymemipodpriate fees. In the catalogu-
ing phase, MARC, ETD-MS (a metadata standard for ETDs), d@hdranetadata formats are
produced from the workflow process, possibly complemerard,distributed for several other
catalogs. The DL services for patrons include fulltext aegivkord-based searching as well
as browsing by author and department. Optionally othericesMike topical or hierarchical
browsing or recommendations can be offered.
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Figure 4.1: 5SL metamodel for minimal DL
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<streams>

<text name='ETDText>

<content-type>text/xml
<charset>UTF-8</charset>

</content-type>
<content-type>application/pdf</content-type>
<lang>ENG</lang>

</text>

<audio name='ETDAudio>
<content-type>audio/x-aiff</content-type>

</audio>

<video name ='ETDVideo’>
<content-type>video/mpeg</content-type>

</video>

</streams>
Figure 4.2: Stream model example

4.2 5SL Models

4.2.1 Stream Model

The stream model specifies the kinds and formats of multimedntent supported by the digital library.
Preservation concerns and technological limitations amfte the specification of this model. With the
objective of promoting reusability and standardizatiore lrave based this model in the Web standard of
MIME types. A MIME type consists of a type (e.g., text), a sud& (e.g., plain, xml) and, in the case of
textual data, a character set, which corresponds to thedergr@and language. A three-character 239.53
language code (e.g., ENG, JPN) is used to indicate the lgegua

Figure 4.2 shows a subset of the kinds of streams supportaed BWLTD DL. It includes English XML
texts using UTF-8 encoding, PDF files, and several audio atebvformats.

4.2.2 Structural Model

The structural model considers multiple sources for omgion of a digital library. In this model, one
describes the internal structure of digital objects (doents), metadata standards, properties of collections
and catalogs, as well as knowledge organization tools,wiipose organization upon collections, catalogs,
and sets of concepts.

Figure 4.3 presents the portion of the Document Type DeafimitiDTDs) (i.e., context-free grammars
that define the logical structure of acceptable XML docursjefadr the structural model, which shows how
these different aspects of the DL organization are arranmgacdbSL description.

The internal structure of digital objects (or documentgjefined with the use of XML Schema. Simi-
larly, structures for descriptive metadata and knowledgamzation structures can be described either with
XML or RDF Schema. XML Schema, a standard promoted by the W&(S, conceived to improve on the
deficiencies of DTDs.

A typical description of a document is shown in Figure 4.4jchtpresents a skeleton of an ETD docu-
ment specification.

55



<IELEMENT Structure (Document, Metadata,
Collection, Catalog)>

<IELEMENT Metadata (Descriptive,
Administrative?)>

Figure 4.3: DTD for structural model

<document name='ETD’>

<stream_enumeration>
<stream value="ETDText'>
<stream value="ETDAudio’>

</stream_enumeration>
<structured_stream>
%XMLSchema%
<structured_stream>
</document>

Figure 4.4: Document definition example

Documents are defined by imposing structures over (set$regras or by using the structure to provide
some organization among them. In other words, a documertis &s a structural composition of streams.
The set of streams that enter in the composition of the dontsi{as reflected by the relationship between a
document and the entire Stream Model in Figure 4.1) is spelifi the< streamenumeratior subsection.
An XML Schema inside the sectionstructuredstream- defines the internal organization of the document
as a structuring of the streams.

Properties of collections of documents and catalogs of da¢gasuch as name, creator, maintainer,
availability, and semantics are similarly defined in thei&tural Model. Figure 4.5 shows the 5SL encoding
of a NDLTD DL catalog which supports ETD-MS and Dublin Corenastadata formats.

<catalog name='VT-ETDCatalog’>
<creator='fox@vt.edu’ >
<maintainer="mgoncalv@vt.edu’>
<public =‘true’>
<metadata_format = ‘ETD-MS’
schema="http://www.ndltd.org/standards/metadata/
etdms/1.0/etdms.xsd’/>
<metadata_format = ‘dublin_core’
schema="http://www.openarchives.org/OAl/1.1/dc.xsd’ />

</catalog>

Figure 4.5: Catalog definition
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4.2.3 Spatial Model

The Spatial Model specifies a framework for modeling logiegiresentations and operations of several
DL components. In particular, this model gives details &f timderlying DL retrieval models(e.g., use of
vectorial or probability spaces), including detais foremds, and the user interface appearance (i.e., sets of
metric spaces).

<Spatial_Model name='NDLTD_Space_Model'>
<Ul name='NDLTD_UI'>
<Rendering>HTML</Rendering>
</UI>
<IR_Model>
<Retrieval_Space>Vector</Retrieval_Space>
<Index>
<Stemming>Porter</Stemming>
<Stopwords>NDLTDStopWords.txt</Stopwords>
</Index>
</IR_Model>
<Spatial_Model>

Figure 4.6: Spatial model example

Figure 4.6 especifies that the rendering of the NDLTD usariate is HTML-based (instead of Java-
based), that a vector space is used as basis for retriegtééduh of a probability or metric space), that the
Porter’s algorithm is used for stemming (instead of, forregke, a morphological algorithm), and that the
set of utilized stopwords for removal from the index is ltste the specified file.

Currently these properties are described only for docuatiemt purposes and are not being used in the
DL generation process described in Chapter 5, but we intenideé them in the future for configuration of
some of the components that implement these funcionailites

4.2.4 Societal Model

The fundamental concept in the societal model is that of enfoanity’, a set of entities (human or com-
puter) that share the same characteristics and behavitie Bocietal model of 5SL, we are concerned about
identifying the different communities that interact withthe DL environment, the main functionalities as-
sociated with them, and their semantic relationships. Tbdehis based on the classical object-oriented
paradigm, and uses the concepts of attributes, methodsekatidnships.

In 5SL, as in 5S, we distinguish two main types of communitgsvice managers and actors. Service
managers administer DL services while actors explore thesdces to fulfill their information needs. Ser-
vice managers also define and implement basic methods aatapes. The exact behavior and functionality
of the DL services are described in the Scenario Model witluseces of events (and corresponding invo-
cations of operations) representing interactions or bolations between the communities. Note, though,
that the functional description of societies as describethbir operations/methods could be automatically
generated from the Scenarios Model, and their implememtatiso could be generated by forward engi-
neering [25] or algorithmic model transformations [186]e Wave decided to explicitly model at least the
interfaces of those operations/methods in the SocietaleViasl a design choice for consistency purposes,
to aid explicit modeling of relationships and constraimtsg because of its possible impact on the DL gen-
eration process. This decision can be reviewed in the fiaarere gain more insight with the additional
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Figure 4.7: Example of a societal schema for an NDLTD sitetiL)

use of the language. Figure 4.7 shows a simple societal scf@nman ETD site that captures the seman-
tics described in the running example (described with UMtation). This schema consists of four actors
(Patron, Student, ETDReviewer, and ETDCataloger) and taagers, the ETDWorkflowManager and the
ETDConverterManager, and three services, convertingewang, and cataloguing. In particular, the ET-
DConverterManager is responsible for converting ETD fites standard formats as specified in the Stream
Model.

The XML code of Figure 4.8 represents part of the 5SL encodirige societal schema (corresponding
to dark boxes in Figure 4.7).

Core Service Managers Model

The core service managers model is formed by a set of preedefiranagers, whose supported services con-
stitute the minimal functionality that a digital library@ild support. There are five of these core managers,
as shown in Figure 4.1. The InterfaceManager is respongiblidne active aspects of the user interface as
for receiving and passing events for all the appropriateviSerManagers. The SearchManager executes
the search strategy as described in the retrieval modelkdsta query representation and a collection, and
returns documents in the collection along with associatemfts, where the weights specify how well the
document representation matches with (or implies) theyquene BrowsingManager contains operations
to manage hypertexts and to implement run-time navigatibimiges based on the hypertext topology. The
IndexManager is responsible for, given a collection of doents, producing an Index as described in the
Spatial Model. The Repository Manager manages collectmus potentially catalogs (if it stores them).

1We chose to represent services with oval symbols. Besidfesatiate them from the other Societal Concepts it is atstsis-
tent with the representation of UML Use cases, to which $esvare related.
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<Society>
<Actor>
<Community name='Patron' IsAbstract='true'>
<Attribute name='name' type='String' visibility='private'/>
<Attribute name='ID' type='Integer' visibility='private'/>
</Community>
<Community name='Student'>
<Service>Converting</Service>
</Community>
<Community name='ETDReviewer'>
<Service>Reviewing</Service>
</Community>
<Community name='ETDCataloguer'>
<Service>Cataloguing</Service>
</Community>
</Actor>
<Generalization>
<Parent>Patron</Parent>
<Child>Student</Child>
<Child>ETDReviewer</Child>
<Child>ETDCataloguer</Child>
</Generalization>
<Manager>
<Community name='ETDWorkflowManager'>
<Attribute name='ETDFiles' type='set (File)' visibility='private'/>
<Attribute name='MetaRecord' type='ETDMSRecord' visibility='private'/>
<Operation name='getETDFile' visibility='public' returnType='void'/>
<Operation name='getETDMSRecord' visibility='public' returnType='void'/>

<Service>Cataloguing</Service>
<Service>Reviewing</Service>
</Community>
</Manager>
</Society>

Figure 4.8: 5SL-XML societal encoding of the NDLTD schema

Basic operations of the Repository Manager include addialgting, and retrieving documents from a col-
lection. As we will see in Chapter 5, each of this ‘logicalastes are materialized as software components
in our DL component Pool.

425 Scenario Model

The purpose of the Scenario Model is to describe the behafibe DL services. The description is realized
as a set of sequences of events that the actor and managageeagyield an observable result of value to
members of the DL society. UML interaction diagrams prowdeisual tool to help with this description.
5SL provides a specific way to serialize these graphicakssmtations in XML.

Figure 4.9 exemplifies the use of a UML sequence diagram feerdeng a simple scenario of a search-
ing service in an NDLTD DL. A patron searching for ETDs aboutaaticular topic expresses her interests
as a fulltext query. The request is passed through the &ueManager to the SearchManager that executes
a search procedure, according with the strategy describ#tkiretrieval model (see Spatial Model). The
SearchManager then returns a weighted set of ETD identifibese weights specify how well the corre-
sponding ETD representations match with the query. The geesented to the user by the InterfaceManager
as an ordered list of titles, which allows her to scan to jutligen for relevance. She finds a particular title
appealing and requests the ETD. The request is carried opassing the corresponding identifier to the
Repository Manager, which retrieves the particular ETDtli@ researcher.

The corresponding 5SL code for this scenario is shown inrEigul0. The 5S theory describes scenarios
as sets of events, which can be associated with operatiehscamlitions®. The operation associated with

2In Tables 3.3 and 3.4 we have pre- and post-conditions omlghéinitial and final events, but potentially all events teve
associated conditions.
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Patron

’ Interface M ‘ ’ Search M Repository
nterface Manager earc anager Manager
‘ SearchCeriteria(collection, qpery)
Search(collection, query)
Results(WtdSet)
RankedList
Identifier
get(Identifier) -~
ETD
ETD

Figure 4.9: A simple search scenario for an ETD site
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<EVENT>
<SENDER>Patron</SENDER>
<RECEIVER>InterfaceManager

<SERVICE name ='Searching'>
<SCENARIO name='SimpleSearching'>
<NOTE>Simple scenario for an NDLTD

site searching service</NOTE> </RECEIVER>
<EVENT> <PARAMETER>Identifier</PARAMETER>
<SENDER>Patron</SENDER> </EVENT>
<RECEIVER>InterfaceManager</RECEIVER> <EVENT>
<OPERATION name=SearchCriteria/> <SENDER>InterfaceManager
<PARAMETER>collection</PARAMETER> </SENDER>
<PARAMETER>query</PARAMETER> <RECEIVER>Repository
</EVENT> </RECEIVER>
<EVENT> <OPERATION name='get'/>
<SENDER>InterfaceManager</SENDER> <PARAMETER>Identifier
<RECEIVER>SearchManager</RECEIVER> </PARAMETER>
</EVENT>

<OPERATION name='Search'/>
<PARAMETER>collection</PARAMETER>
<PARAMETER>query</PARAMETER>

<EVENT>
<SENDER>Repository</SENDER>

</EVENT> <RECEIVER>InterfaceManager
<EVENT> </RECEIVER>
<SENDER>SearchManager</SENDER> <PARAMETER>ETD</PARAMETER>
<RECEIVER>InterfaceManager</RECEIVER> </EVENT>

<PARAMETER name='Results'>WtdSet <EVENT>

</PARAMETER> <SENDER>InterfaceManager
</EVENT> </SENDER>

<EVENT> <RECEIVER>Patron</RECEIVER>
<SENDER>InterfaceManager</SENDER> <PARAMETER>ETD
<RECEIVER>Patron</RECEIVER> </PARAMETER>
<PARAMETER>RankedList</PARAMETER> </EVENT>

</EVENT> </SCENARIO>

</SERVICE>

Figure 4.10: 5SL-XML serialization of the scenario depicie Figure 4.9

the event, which may result in a change of state, is an edgleuséatement that forms an abstraction of a
computational procedure as defined in the societal mode. XL textual sequence of event descriptions
corresponds to the temporal sequence in the scenario. Idotthat the XML element ‘receiver’ in the code
corresponds to the recipient ontological relationship. demnpleteness and to facilitate generation of code,
we also introduced the ‘sender’ element.

A more complex service description is illustrated in Figdrél. For brevity, we omit events related to
the InterfaceManager. The scenario depicts the GraduatmSgerspective of the ETD Submission service.
The ETD reviewer logs into the system and checks for thedastdomitted ETDs. For each of those ETDs
the reviewer repeats the same process: he chooses an ET\ietw; rhe workflow manager responds with
an ETD review page which lists ETD files, metadata, and optitime reviewer downloads ETD files for
review and verifies the metadata; and finally he checks iftilngesit has returned all forms and has paid all
appropriate fees. The repetition is shown in the picturerbgraclosing box with an associated condition; all
events in the box are repeated if the reviewer chooses teweanother ETD. The reviewer can then choose
to accept the submission, so the ETD goes into the libratgctabn. If the reviewer rejects it, an email goes
to both student and advisor explaining the reasons fortiejedn the picture, the alternatives are presented
by multiple arcs exiting from different boxes representifigtinct states; the first arc carries the condition
that led to the respective state.

Part of the 5SL encoding is shown in Figure 4.12. Two langtsgmpeific constructs were also intro-
duced in the language to faciliate specification of differdows of control and are shown in the figure.
Repetition is captured by theINTERACTION> element. All events defined inside this element are re-
peated according to the order of their definition. Altevegiare defined inside<aBRANCHING> section.
Each<WHEN> subelement with respective condition inside the branchkieines an alternative path of
execution.
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’ ETDReviewer ‘ ’ ETDWorkflowManager ‘ ’ Repository Manager ‘ Graduateschool Student

L
Login(password)

v

CheckSubmittedETDs

ETDList

Identifier [while reviewNextETD=True]

ETDReviewPage

CheckETDFiles

get(Identifier, Submission)

ETD

ETD D

*GetFeesInfo _
Feeslnfo
getDecision

decision R

[decision=accept]
Accepted add(ETD, ETDCollection) R

comunicateStudent

L] - [decision=reject] communicateProblem
Rejected

Figure 4.11: The review scenario for the submission service

A4

A4

<SERVICE name='Submission'>
<SCENARIO name='ETDReview'>

<INTERATION condition='while reviewNextETD=true'>
<EVENT>
<SENDER>ETDReviewer</SENDER>
<RECEIVER>ETDWorkflowManager</RECEIVER>
<OPERATION name='get'>
<PARAMETER>Identifier</PARAMETER>
<PARAMETER>Submission</PARAMETER>
</EVENT>
<BRANCHING>
<WHEN condition='decision=accept'>
<EVENT>
<SENDER>ETDReviewer</SENDER>
<RECEIVER>Repository</RECEIVER>
<OPERATION name='add'/>
<PARAMETER>ETD</PARAMETER>
<PARAMETER>ETDCollection</PARAMETER>
</OPERATION>
</EVENT>
</WHEN>
<WHEN condition='decision=reject'>
</WHEN>
</BRANCHING>
</INTERATION>
</SCENARIO>
</SERVICE>

Figure 4.12: Portion of the 5SL-XML serialization of the sae€o depicted in Figure 4.11
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4.3 Related Work

Recent research, developed mainly in the database andéxytpsymmunities, has been investigating declar-
ative approaches and representations for specific kinadafnation systems, mainly Web and e-commerce
sites. Strudel [62], Tiramisu [6], and Active Views [1], aagamples of systems that have this data-centered
perspective of a Web site. The common objective is to sepdlb site structure, data management, and
page presentation, and to provide some query mechanisniot® mlanipulation of their representations
(normally graph-based).

The hypertext/hypermedia community also has a long t@ditif developing rich abstraction models
and decompositions for hypermedia systems. ExamplesdacROHDM [187], Web2000 [17], and Au-
toweb [71]. An interesting approach close to ours is desdrib [176, 40]. The WebML modeling language
and its supporting tool, Torii, provide powerful abstraos to describe and generate the hypertext and
navigation structure of Web sites.

In comparison, 5SL factors information architectures amerfgranularity, which provides more expres-
siveness as well as more specific DL constructs and absingatiot present in WebML or any of the cited
works.

An even closer approach is described in [238]. The Digitélr&iy Definition Language (DLDL) is
focused on describing external behavior of DLs for purpasesupporting interoperability in terms of
federated searching. A similar approach is defined in [180gse approaches however are limited in scope
and in their ability to cover most of the challenges in thestarction of complex digital libraries.

A remarkable system that shares many objectives with ouroaph is the New Zealand Greenstone
DL system [229, 15]. Greenstone allows the constructionoofiglex DLs and tailoring of many parts of
DLs to specific domains and needs. However to achieve theds Goeenstone utilizes (in early versions)
heterogeneous machinery including Perl modules, pr@pyianarkup languages, and macros, CORBA,
Standard Template Library (STL) in C++, etc In contrast, our approach presents more uniform, high
level, and abstract way to deal with all these aspects witbomnmitting to any particular implementation
or architecture.

In sum, although 5SL shares many of the goals exposed by seang community, none of the im-
plemented methods presents such a comprehensive, honoogeaed integrated DL oriented approach to
cover almost all aspects of digital library design and catsion. Moreover, in contrast with most of the
related work, 5SL is deeply grounded is a rich formal theomydigital libraries.

3The latest version of Greenstone just released uses Java.
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Chapter 5

Visualization — Visual Semantic Modeling of
Digital Libraries: the 55Graph Tool

The current interest from non-experts who wish to build tdigibraries (DLs) is strong worldwide. How-
ever, since DLs are complex systems, it usually takes ceradite time and effort to create and tailor a DL
to satisfy specific needs and requirements of target contresfsiocieties. What is needed is a simplified
modeling process and rapid generation of DLs. To enablelitis can be modeled with descriptive domain-
specific languages as 5SL. In such languages, models areupadelements representing concepts, rules,
and terminology that are part of the domain world, as opptsdide world of code or of generic modeling
languages (e.g., UML [26]). Despite its advantages, dorspétific languages are sometimes hard to learn
and master. A visual tool would be helpful to non-expertstay tmay model a DL without knowing the
theoretical foundations and the syntactic details of thecdptive language. In this chapter, we present
a domain-specific visual DL modeling tool, 5SGraph. It emgpla metamodel that describes DLs using
the 5S theory. 5SGraph presents the metamodel in a strdciooédox, and provides a top-down visual
building environment for designers. The visual proximifytlte metamodel and instance model facilitates
requirements gathering and simplifies the modeling procéke output from 5SGraph is a DL model that
is an instance of the metamodel, expressed in the 5S deésorighguage. Furthermore, 5SGraph maintains
semantic constraints specified by a 5S metamodel and erftirese constraints over the instance model to
ensure semantic consistency and correctness. 5SGrapleenatdel reuse to reduce the time and effort
of designers. 5SGraph also is designed to accommodate tmgildte several other complementary tools
reflecting the interdisciplinary nature of DLs. The 5SGrapdl has been tested with real users and several
modeling tasks in a usability experiment, and its usefidregsl learnability have been demonstrated.

This chapter is organized as follows. Section 5.1 descri&Graph: its design, functionality, key
features, and visualization properties. Section 5.2 pitsséesign, measures, and results of a usability
experiment to evaluate the tool.

5.1 The 5SGraph Modeling Tool

5.1.1 Motivation

With 5SL, a DL designer does not need to be an expert in softeagineering or information science; she
only needs to have a clear conceptual picture of the neededridLbe able to transform the conceptual
picture to 5SL files. This greatly reduces the burden on desgy speeds up the building process, and
increases the quality of the DLs built. However, 5SL haswig problems and limitations:

1. The designer must understand 5SL well enough to be ablet®abSL file and to correctly use it to
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express his/her ideal digital library.

2. The 5SL file, which describes a DL, consists of five sub-reo&tream model, Structural model, Spa-
tial model, Scenarios model, and Societal model). Althoalyjbf the five sub-models are expressed
in XML, they use different sets of concepts and have diffesemantics. Thus, the 5SL specification
is compatible and extensible, because many existing stdridemats can be used within the 5SL
language. Yet, to build one DL, the designer needs to urateighe five or more different semantic
specifications that are required to express the system.

3. When large and complex digital libraries are to be buiilis very hard even for experts to manually
write those XML files without any assistance from a tool.

4. ltis very difficult to obtain the big picture of a DL just fmoa huge set of XML files. This may cause
trouble for maintenance, upgrade, or even understandiag ekisting system.

5. A number of semantic constraints exist between (intedehconstraints) and within (intra-model
constraints) the sub-models. Designers need extra eff@rsure consistency in the whole model.

5.1.2 Requirements

Reflecting on the above mentioned disadvantages of 5SL, wadsr the following four functions of a
modeling tool based on the 5S/5SL framework to be esserttidtelp DL designers to 1) understand 5S
quickly and easily; 2) build their own DLs without difficulty8) transform their models into complete,
correct, and consistent 5SL files automatically; 4) undeist maintain, and upgrade existing DL models
conveniently.

Accordingly, our 5SGraph modeling tool supports thesetions as it provides an easy-to-use graphical
interface. It automatically generates desired 5SL filestlfier designer. Since visualization often helps
people understand complex models, 5SGraph is able to lahdraphically display DL metamodetls The
visual model shows the structure and different conceptsif and the relationship among these concepts.
5SGraph also provides a structured toolbox to let the desiguild a DL by manipulation and composition
of visual components (see Figure 5.1). The structured toofirovides all the visual components of the
metamodel, and shows the relationships among these comigoiiée visualization thus provides guidance
while the designer is building the model. The designer omgds to deal with a graphical interface and
pull visual components together. It is not required to memeothe details of the syntax and semantics of
5SL. Cognitive load is reduced. Typing effort and typingoesrare reduced. Furthermore, correctness and
consistency can be automatically guaranteed by 5SGraph;itlyields correct and consistent 5SL XML
files according to the visual model built by the designer. éshs 5SGraph eliminates the disadvantages of
working with raw 5SL.

The concept of metamodel is very important to assure fleiibiThe metamodel, which is a representa-
tion of the 5S theory, describes a generic DL. The model fgegific DL is an instance of the metamodel,
which in our case is a domain-specific metamodel, i.e., §pdoi the domain of building DLs. Since the
5S framework is still under development, it is expected thate changes and additions will be made in
the future, especially to 5SL. Fortunately, when given a nastamodel, the tool can be used with future
versions of 5SL as well as more application-oriented sgieatéons of it. One example of the latter is the
5S-based metamodel for archaeological DLs currently beééwgloped in the ETANA project [164]

Diffent metamodels can exist. For example, the current mettel can evolve generating new versions or metamodels for
more application-oriented types of digital libraries (eETANA — an archaeological DL) can be created.
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Figure 5.1: 5SGraph sample interface with structured toltibottom part) and workspace (upper part);
figure shows modeling of collections for the CITIDEL projéatww.citidel.org)

5.1.3 Key Features.
Some of the major features of the tool include:

e Flexible and extensible architecture

5SGraph is a domain-specific modeling tool. Thus, the madelade up of elements that are part of
the domain world, not the whole entity world. 5SGraph isota@tl to accommodate a certain domain
metamodel for 5S. Methods that are appropriate only to 5Sbeaunsed to optimize the modeling
process. Reuse in such a specific domain is realistic andeetfibecause the models in that domain
have many characteristics in common.

The 5SL language extensively uses existing standards. €ds®on is that the specification of a DL
involves many sub-domains, and there are various stangaaifisations for each sub-domain. There
also are many well-developed tools for those sub-domaims.ekample, metadata is an important
element in 5S. Several existing metadata editors can betoseiéw and edit metadata. Another
example concerns the scenario part of 5S. A specific scecani®e modeled and described by UML
sequence diagrams, so existing UML modeling tools coulddeel dor this purpose.

The 5SGraph tool should not “re-invent the wheel”. Therefdhe tool is designed to be a super-
tool, which means it provides an infrastructure based onreScalls existing tools as needed. In the
interest of brevity, however, this chapter focuses on ho@sph helps with modeling a DL, rather
than on how 5SGraph calls other tools to create customizegbooents.

e Reuse of sub-models

In 5SGraph, model reusability means that models designedrfe digital library instance can be
saved and reused in other DL models. Reusability saves timdetiort. There are models that are
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common for different DL systems. For example, many DLs stim@esame data formats, and the same
descriptive metadata standards. The models represerteans or metadata can be built once and
reused in different DLs. When a new model is needed, the w&= 1ot need to build a new one from
scratch. He/she loads a similar (sub-)model and spend#/edydess time by making minor changes
to customize it (see Figure 5.2). Of course, not all modetsdasigned to be reusable. A reusable
model should be self-contained and independent.

e Synchronization between the model and the metamodel

There are two views in the tool. One is for the toolbox (metdetp the other is for the user model.
These two views are related through the concept type/iosteglationships between concepts in the
toolbox and instances in the user model. When a user seledtstance in the workspace (user
model), 5SGraph is able to synchronize the view of the tooliyoshowing a visible path from the root
to the corresponding type of selected concept (see Figliyje Bhe convenience of synchronization is
that: 1) the user does not need to manually search all the@oemgs in the toolbox to find the correct
type; and 2) The tool helps the user focus on the most imporgdetionships of the type. The child
parts that can be added to the current component are witkjnreach.

e Enforcing of semantic constraints

Certain inherent semantic constraints exist in the hiéieat structure of 5S. These constraints in 5S
are divided into two categories. Value constraints spabiéyrange of possible values of an element,
while association constraints define the relationshipsranaifferent components. Examples of such
constraints include:

1. The streams used in the definition of a digital object (doent) are predefined in the Stream
Model.

2. A collection consists of different kinds of documents. #atog describes a collection, since
a catalog collects administrative or descriptive metattzah apply to the digital objects in the
collection. A catalog, therefore, is dependent on a catiact

3. The services that the actor (a member of the Society Madel§ or a service manager (another
member of the Society Model) runs can be drawn only from tiheices already defined in the
Scenario Model.

The 5SGraph tool is able to manage these constraints. Fampdgaan actor only can use services
that have been defined in the Scenario Model. For examplecasoin CITIDEL, the declaration of an
actor, Teacher, is shown in Figure 5.3(a). In order to ass®eictors with the services they use, the designer
browses back to the Scenario Model to first define servicetadata search, multi-scheme browsing, profile
filtering, browsing, cataloging, focused crawling, lesptan building, and lesson plan customized browsing
(this one with four scenarios: unordered and ordered brayygiuided path, and slide show - as supported by
the VIADUCT manager). When the designer browses back torActbe Scenario Model in the metamodel,
he/she finds that the created set of services are autonhatachded into the metamodel under the node
‘Actor’ (see Figure 5.3(b), structured toolbox), allowihgn/her to connect the defined services with the
actors that use them. In the example, Learner is conneciatiliot two services (focused crawling, run by
the ‘crawlifier manager, and lesson plan building, used dy teachers).

5.2 Evaluation

We conducted a pilot usability test of 5SGraph. The questtorbe answered were: 1) Is the tool effective
in helping users build DL models based on the 5S theory? 2¥[Eoetool help users efficiently describe
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DL models in the 5S language? 3) Are users satisfied with thi t@articipants of this preliminary test
included seventeen volunteers from a graduate level Irdtiom Storage and Retrieval class, or from the
DL research group of Virginia Tech. We choose patrticipartte Wwave basic knowledge of DLs and have the
motivation to create DLs. These types of people are somedétiget users of the tool. Three representative
tasks with different levels of difficulty were selected:

e Task 1: build a simple model of a Technical Report Digitalraity using reusable sub-models

The difficulty level of this task is low. Its purpose is to heélg participants to get familiar with 5S
and the 5SGraph tool.

e Task 2: finish an existing partial model of CITIDEL (Compugiand Information Technology Inter-
active Digital Educational Library, www.citidel.org)

The difficulty level of this task is medium.

e Task 3: build a model of NDLTD (Networked Digital Library ohiEses and Dissertations, www.ndltd.org)
from scratch.

The difficulty level of this task is high.
The procedures were as follows:

1. the participant was asked to read some background dodsimieout 5S and the modeling methodol-
ogy;

2. the participant was given an introductory presentatio®®Graph;

3. the participant was given a description of task 1 and werdsxl how he/she completed it;

4. after the participant finished each task, he/she was gieenext task description immediately;
5.

after the participant finished all the tasks, he/she wangh questionnaire form to fill out.

5.2.1 Measures

We use the following test measures:
e Effectiveness

— Completion rate: percentage of participants who complaté éask correctly.
— Goal achievement: extent to which each task is achieved lepetyp and correctly.

e Efficiency

— Task time: time to complete each task.
— Closeness to expertise: minimum task time divided by task ti
e Satisfaction Satisfaction is measured using a subjectivealnt bipolar rating scale, where 1 is the
worst rating and 10 is the best rating. After each partidipamshes all three tasks, he/she is given a

questionnaire and asked to rate the overall learnabiffigctveness, and satisfaction based on his/her
observation.
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Task 1 Task 2 Task 3
Completion Rate (%) 100 100 100
Mean Task Time (min) 11.3 11.4 15.1
Mean Closeness to Expertise | 0.483 0.752 0.712
Mean Goal Achievement (%) | 97.4 97.4 98.2

Table 5.1: Overall performance results for three tasks
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Figure 5.4: Task time

5.2.2 Results

e Effectiveness: The high completion rate and the high golalesement rate demonstrate the effec-
tiveness of 5SGraph (see Table 5.1).

e Efficiency: Most participants finish tasks in less than 20utes (see Figure 4); the generated 5SL
files are very accurate.

e Closeness to Expertise reflects the learnability of the (eeé Table 2, Figure 5). There are three
observations, which have been confirmed statisticallysft @& 05).

1. Observation 1: the mean Closeness to Expertise in taski@nigicantly greater than that in task
1.

2. Observation 2: the mean Closeness to Expertise in taski@nigicantly greater than that in task
1.

3. Observation 3: the mean Closeness to Expertise in taskd sgnificantly different from that
in task 2.

The results suggest that the tool is easy to learn and us&ivyarn a simple and short task such as task
1 is enough for users to become familiar with the tool. Usefipiency is quite close to expert performance
level after they use the tool the first time. In fact, there soene participants (#9 and #10) with good
computer skills who achieved a completion speed very closlee expert’s in tasks 2 and 3. Observation 3
indicates that users have similar performance in tasks Bafidhe reason may be that users have become
highly familiar with the tool after task 1. The remainingfdifence between the participants and the expert

71



01 3 ’\A
j\/v\ /V' AL

0.3 A
0.2 4
0.1 4

T T T T T T
— [} e} ~ (o2}

—
-

13
15 |
17

—e&— Taskl
—m— Task2
Task3

Figure 5.5: Closeness to expertise

may be due to other factors, e.qg., familiarity with the tasiping speed, reading speed, and skill in using
computers. The average rating of user satisfaction is Qltlae average rating of tool usefulness is 9.2.
From these numbers, it does appear that our participantatisfied with the tool and consider it useful for
building DLs based on 5S.
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Chapter 6

Generation — (Semi-)Automatic Generation
of Componentized DLs: the 5SGen Tool

In the previous chapters, we have introduced languagesoatsl tb allow customized modeling of DLs.
In this chapter we describe a new generic DL generator basedeo5S framework, focusing on support
for two key aspects of DLs: ‘societies’ and ‘scenarios’ [3%he principal contribution of this work is the
development, implementation, and deployment of a gendrigéherator that can be used by DL designers
to semi-automatically produce tailored DL services frondele of societies and scenarios. By doing this the
generator attempts to bridge the gap between DL models ateisymplementation, i.e., between concept
and execution, therefore partially validating the fornteddry of 5S. We demonstrate the feasibility of this
approach and substantiate our claims by providing two el@srtpat illustrate the features of the generator.
This chapter is organized as follows. Section 6.2 descridpesapproach and development environment.
Section 6.3 is the core of the chapter and details exampiesitecture, and implementation of our digital
library generator. The ‘Examples’ subsection focuses oensibility and reusability. Section 6.4 deals with
related work.

6.1 Summary of the Approach

Our obijective is to cover the whole process of DL developm&nm requirements to analysis, analysis
to design, design to implementation. We aim to generat®rftd’ DL software satisfying the particular
requirements of specific DL societies. The basic idea is t@lde models, languages, and tools able to
capture the rich set of DL requirements and properties dfquéar settings and to automatically convert
these ‘patterns’ into different representations by priypesmpiling, transforming, and mapping models in
different levels and phases of the DL development procdss assumption is that automatic transformations
and mappings diminish the risk of inconsistency and in@eeaeductivity. This view will be supported by:

1. Having a model based approach that allows the DL designéegcribe: 1) the kinds of multimedia
information the DL supports (Stream Model); 2) how that mifation is structured and organized
(Structural Model); 3) different logical and presentadbproperties and operations of DL compo-
nents (Spatial Model); 4) the behavior of the DL (Scenariod®lyy and 5) the different societies of
actors and managers of services that act together to carth@DL behavior (Societal Model). We
have organized and formalized these and other DL notiowstiv 5S (Streams, Structures, Spaces,
Societies, Scenarios) framework. This formal frameworkyjates a foundation for the DL generator.

2. Using a domain-specific language based on 5S, 5SL, foaddisle specification and automatic gener-
ation of DLs. Domain specific languages enable applicatio® programmed with domain abstrac-
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tions, thereby allowing compact, clear, and machine-msaele specifications to replace detailed and
abstruse code [18].

3. Using scenario based design for defining the behavior gé@is1. Scenarios keep design discussion
focused on user activities, more specifically, they keejgdediscussion focused on the level of task
organization that actors experience in their tasks. In %Semvision scenarios as sequences of events
that modify states of a computation in order to accomplismesdunctional requirement. We use
scenarios to describe the behavior of DL services and sbaigéractions.

4. Implementing a code generator that allows a DL designpraeide a modeling specification in terms
of scenarios and societies. This generates implemensgatisimg precise transformations/mappings.
The generated DL makes use of well defined components thatceeiy out key DL functions in-
teracting with one another using lightweight protochlsVe draw heavily upon work with the Open
Archives Initiative Protocol for Metadata Harvesting (GRMH) [150] and Open Digital Libraries
(ODL [199)).

Requirements (1)  Analysis (2)
— 58 DL
Meta 5SLGraph Designer
DL Model
Expert ﬁ
Practitioner
SSL
DL Teacher
Model 7
component ) i
pool Design (3)ﬂ v A
ODLSearch, Researcher
ODLBrowse, .
ODLRate, :> SSLG |:> Tailored >
ODLReview, en Gt
....... ervices
Implementation (4)

Figure 6.1: Overview of the architecture for DL modeling ayaheration

We adopt an approach shown to be highly effective in otheasat computing: develop powerful
theories and (meta)models (i.e., 5S framework); use thedeelop formal specifications (i.e., 5SL), and
generate tailored systems from those specifications (&$hgsen). We explain the approach in the context
of the classical software engineering process (see Figde ®uring requirements gathering (see 1 in
Figure 6.1) the DL designer captures all ‘societal’ comuditi and capabilities to which the DL must conform.
5S provides a common ground terminology and domain modeigh@ose to the DL world and furnishes
precisely defined concepts so that the resulting desanigionderstandable by end users. The role of the
DL expert is to design a metamodel for DLs based on 5S, whidhoeiused for modeling the DL. In the

1An earlier and different tool following similar principldsut targeted towards a monolothical system (MARIAN) basedo
object-oriented class hierarchy was presented in [94, 90]
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analysis phase (see 2 in Figure 6.1), the requirements anally captured in 5SL. The DL designer must
be aware of functional requirements — what services a coritynoeeds and what form of interaction these
services should have with the users of the DL: publishei@,cbers, administrators, etc. Modeling such a
complex system using only an XML-based language requiregat gleal of knowledge of the 5S theory
and language syntax. Accordingly, we introduced 5SGrapiiswal modeling tool that helps designers to
model a DL instance without knowing the theoretical fourmiz and the syntactical details of 5SL. The
focus of the design phase (see 3 in Figure 6.1) is to produakeisithat are closer to the implementation
and the target architecture, but still preserve the straabfithe system as captured by the analysis model.
5SLGen produces design models from 5SL models by transhgrimigher-level 5SL concepts into object-
oriented classes and workflows. This transformation ire®lgcenario analysis and scenario synthesis.
Finally in the implementation phase (see 4 in Figure 6.1),G&n uses the produced design models to
generate running DL services by integrating components fpools, mapping models to specific target
platforms and languages (e.g., Java, Perl), and compifidgopaoducing new components and subsystems.
This digital library generator, 5SLGen, is the focus of tthspter.

6.2 The 5SLGEN Digital Library Generator

6.2.1 The Tool Underlying Model

As argued in Chapter 3, we envision the services exposed lta ik either of the composite or elementary
type. Elementary services provide the basic infrastredirthe DL. Examples include collecting, indexing,
rating, and linking. Composite services can be composedhaf services (elementary or composed) by
reusing or extending them. For example, a relevance fegdimwice extends the capabilities of a basic
search service while a lesson plan building service canlusady existing searching, browsing, and binding
services to find and organize relevant resources. The probleomposability of services has been studied
recently, mainly in the Web community [7, 50]. However, DLngees are restricted to certain specific
types with constrained inputs and outputs, therefore ngaikia problem more manageable and possible to
be treated with domain specific techniques. Figure 6.2 slkroWbL-based (meta-)model for the services
exposed by the tailored DL produced by 5SLGen. The model eefiomposite services recursively as an
aggregation of other services, composite or elementamehtary services do not rely on other services
to fulfill their responsibilities while composite servicast like umbrella structures that bring together other
services, which collaborate to implement certain funaliy The application logic of a composite service
is described by a workflow, i.e., a combination of control aada flows that mirror the behavior defined
in the services scenarios, including invocations of otleevises. Statecharts [26] and Petri nets [167] are
possible notations for formally representing workflows. olr implementations we chose statecharts to
represent the workflow of a service. Statecharts, introdiliseHarel [101], represent a compact way of
describing the dynamic aspects of the system. Statechamtsect events and states. When an event is
received, the system leaves its current state, initiaegadhions specified for the transition and enters a new
state. The next state depends on the current state as wiel agdnt.

The distinct aspects of this model are: 1) the combinatiomroexplicit workflow and service ag-
gregation to support composite services; 2) the emphasss@mario-based modeling of services and the
automatic generation of workflows from them; and 3) the rdlthe service manager (a societal member)
as the binding point for societal relationships, scenameractions, and spatial visualizations. From an
architectural and implementation point of view, point 1 m@es significant, since combining a small set of
basic DL services and managers gathered from a pool of DL ooewis should allow a designer to model
and generate most digital libraries (at least from the bielnalvpoint of view) with a minimum amount of
coding. The only situations when coding is unavoidable Bmegxample, when a specific behavior of a
composite service (e.g., Rocchio based expansion of a guegjevance feedback) is not implemented as
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Figure 6.2: DL service composition pattern

operations by any component in the core pool or cannot bedglasg., due to incompatibility of interfaces).
More importantly, the model also shows how the 5 Ss help wiedimidg all components of a real, imple-
mented DL. Services are implemented as components takentlfi® pool or automatically generated from
the scenarios and their interactions/relationships. iSemanagers define the context or functionality of the
service in terms of its operations and the data it expects aa@m associated with a spatial (presentational)
model of a user interface. It is interesting to notice thenemtions between the service manager roles and
the classical Model-View-Controller (MVC) architecturéuser interfaces [34], which explicitly separates
functionality, behavior, and presentation and has helpetithte the development of user interfaces that are
modular and extensible. Service managers and actors coiteteithrough streams (e.g., protocols) and
structures (e.g., structured streams such as metadatificgimmns and digital objects). Finally the model
provides the basic architectural underpinnings for thataa of DL generators, as described in Section 6.3.

6.2.2 Extensiblity and Reusability

In this section we present examples of two services, a Reteviaeedback Search service and a Lesson Plan
Building service, implemented using 5SLGen. The servieg®sed follow the model explained in Figure
6.2, and illustrate reusability and extensibility. Morerfmlly a service Y reuses a service X if the behavior
of Y incorporates the behavior of X. A service Y extends a ®erX if it subsumes the behavior of X and
potentially includes conditional sub-flows of events. Watstach subsection with the main scenario for the
particular service.

Extensibility: A Relevance Feedback Service

Scenario 1: Relevance feedback is a well known techniquepoave quality of search services. Arelevance
feedback service extends a basic search service by alldhwingser to choose from the results of a search
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the documents that are relevant. The selected relevantrdous are then used by the Relevance Feedback
Manager to construct an expanded query (using the Rocchiboahefor example), which is then run to
retrieve the next set of documents to be presented to thekigere 6.3 shows the relationship between the
relevance feedback service and the search service (l&ftgrat describes the relevance feedback scenario
in terms of a UML sequence diagram (middle part). A sequenagraim focuses on the time ordering of
events between members of societies. These members apmegutize top margin of a dashed line that
represents a timeline. Events can be associated with adfiat the service managers perform to provide
a given functionality. For the sake of brevity we do not show torresponding 5SL modeling in XML.
The ((extend$) relationship specifies that an instance of a relevance &sdbearch service includes the
behavior of search service and adds specific events, subjepecific conditions (e.g., the set of relevant
documents cannot be empty). The scenario shows that allémessassociated with the basic search scenario
occur in the relevance feedback scenario, with the adduiothe expandQuery event and synchronous
response. The statechart for the Relevance Feedback Mamhemgeed from the scenario is shown in the
figure too. There are only two states: the system transifimms the default to the .expanded query. state
after reception of the expandQuery event (if the conditmirie) and immediately transitions back to the
default state where it can receive other requests.

Search | results

Service
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) User Relevance
/Search Service Interface Search  Feedback | Feedback
Extension points Manager  Manager Manager Manager
[relDocs #J] !_SearchCriteria__, ' . State Machine
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Figure 6.3: Relationships between services for relevaeedifack

Reusability: Lesson Plan Building Service

Scenario 2: A lesson plan aggregates specific educationaldate and correlated resources (e.g., papers,
simulations) available in the Computing and Informatiorcfir@ology Interactive Digital Electronic Library
(CITIDEL) into a coherent package useful for some CS teaghutivity. A specific service manager called
VIADUCT supports this service, which can be used only by heas registered with CITIDEL. To build a
lesson plan, the teacher uses the information-seekingcesref CITIDEL (i.e., searching and browsing)
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to look for relevant resources to a specific lesson, chosem@utihose using any subjective criteria (e.g.,
by relevance, by date), assembles a number of the chosaireesdogether using a binding service, and
associates descriptive metadata such as typical DC-bamedli@e author, identifier, language, as well as
specific ones such as topic area, target audience, and tqueee for the whole lesson plan object. The
teacher has to explicitly publish the lesson plan to allowdents to view it. To allow a select group of
people to view the lesson plan, the teacher saves the plamsdo the main VIADUCT user information
page, re-opens the project, and gives the project URL to velvenshe wishes.
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Figure 6.4 shows that the lesson plan building (LPB) servaeses three other services: Searching,
Browsing, and Binding, as well as the main scenario of the kBB®ice. Figure 6.5 presents the statechart
generated from scenario synthesis of the main scenario atlithr related scenarios of this service (not
shown for brevity). The teacher starts the construction néa lesson plan from the main menu (see 1
in Figure 6.5). The lesson plan edit page allows the teach&l but basic metadata about the plan and
organize a number of related resources together (see 2uneF6g5). To locate relevant resource the teacher
can either search or browse (see 3 and 4 in Figure 6.5) thectiolh according to some criteria and sorting
order. Having the results of an initial search/browse #&gtithe user can either: 1) search for a similar
document (see 5 in Figure 6.5); 2) browse a particular emtnydétails (see 6 in Figure 6.5); 3) perform
another search (see 7 in Figure 6.5); or 4) select a numbggrsito put in her binder (see 8 in Figure 6.5).
If the user chooses the latest option the binder is shown l@dan transfers a number of resources from
the binder to the resource set of the current plan (see 9 ur&§5). Once the plan is ready the teacher can
save it and publish to the students (see 10 and 11 in Figuye 6.5

6.3 5SLGen Architecture and Implementation
The architecture of 5SLGen is shown in Figure 6.6. The geéeersystem is organized around the idea of a

clean separation between service managers, that impleperdtions and carry data; views, for displaying
all or a portion of the data; and controllers, for handlingreg that affect the data or the view(s) [34]. In
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Figure 6.5: Statechart diagram of the VIADUCT system

the context of 5SLGen the service managers are either eegkby one or more components in the pool
or are generated from the 5SL-Societies model. The gemesatgice managers may contain skeleton code
for operations and capabilities not defined in any compoagtite pools; this code needs to be provided by
the designer. Our current component pool consists of ODLpmmants that communicate through a family
of lightweight protocols based on OAI [150]. The ODL compoisg originally implemented in Perl, have
been encapsulated through a Java interface, allowing théxm imported by the Java classes for the service
managers. The controller maps onto the workflow of the sysfenerated from the 5SL-Scenarios model.
The view corresponds to the user interface presentation. Dithdesigner binds the presentation elements
with the service managers to complete the implementatidgheofenerated DL services.

This architecture for the generated DL services is achidwexligh the following process: The DL de-
signer captures the structural and behavioral aspects dfdblices through the 5SL-Societies model and
5SL-Scenarios model. 5SL-Societies captures the rekdtipa among actors (those who use services) and
services managers, whereas 5SL-Scenarios capture timaimity interactions. The specifications of the DL
captured in 5SL (- Societies and Scenarios) undergo a s#rtesnsformations (explained below) with the
DL designer providing input at certain stages to generateléiva classes corresponding to the implemen-
tations of the service managers and the workflow of the DL.exthe presentation elements (views) are
coupled with the controller, the generation of the tailoddservice is complete.

6.3.1 Generating Static Contextual Structure

The 5SL-Societies model is realized based on the relatippsimong actors and service managers and
the set of operations that define the services. capabhilitresrder to generate Java classes from the 5SL-
Societies model we have chosen an intermediate step ofdraring (see 2 in Figure 6.6) the 5SL-Societies
XML Model into a XMI [154] representation model (see 3 in Figlw6.6) using the JDOM and XPATH
XML APIs. XMl is an XML based industry standard to enable easygrchange of metadata between
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modeling tools and between tools and metadata repositokilesiy CASE tools serialize UML diagrams
to XMI. Generation of XMI files for the 5SL-Societies modeladtes the exchange of the 5S-Societies
model among various UML modeling tools supporting modeéisgvell as forward and reverse engineering.
Moreover, existing freeware tools (see 4 in Figure 6.6) Entite generation of Java code from the serialized
XMI Model (XMI2Java). We use an open source XMI2Java implatagon to generate Java classes that
implement the service managers (see 5 in Figure 6.6) forehergted DL.

6.3.2 Generating Dynamic Behavior

The 5SL-Scenarios model is used to capture the dynamic lmelafservices (e.g., see figures 6.3 and 6.4)
as scenarios. In order to describe the whole behavior of addlice, a great multitude of scenarios is
required to capture the complete set of possible socigilaations. Scenarios can contain other scenarios
and in many cases are only small variations of others. Thigires an approach for scenario integration in
order to capture the whole behavior of the system. Also, deoto be able to generate an implementation
from the scenarios, the level of abstraction needs to beesbiio a more concrete model in terms of compu-
tational actions and change of states that occur duringasiceexecution. These problems can be addressed
by generating a statechart model (see 8 in Figure 6.6) frensdbnarios (see 6 in Figure 6.6). The mapping
from scenarios to statecharts is performed according tdoll@mving rules: For any object in a sequence
diagram, incoming arrows represent events received byljeeioand they become transitions (see Section
3.1). Outgoing arrows are actions and they become actioniseofransitions leading to the states. The
intervals between events become states. The object stdhs default state specified in the 5SL-Societies
model [208]. This transformation (see 7 in Figure 6.6) isiem#d by parsing the 5SL-Scenarios modeled
in XML with the JDOM and XPATH XML APIs [107, 42] and implemdng the rules mentioned above.
Again, since scenarios represent partial descriptionseo$ystem behavior, an approach for scenarios com-
position is needed to produce a more complete specificafitimrecservice. As each scenario is mapped to
a statechart we synthesize the statecharts derived in¢h@ps step to perform scenario composition. The
statecharts are synthesized (see 9 in Figure 6.6) accaalithg following rules [208]: 1) if a transition is
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common to the two statecharts, it is taken only once into thed Statechart; 2) if at a certain moment in
time either one or another scenario is executed, the statscire combined with sequential (object can be
in only one state) substates within a composite state; aifd\8) scenarios are executed at the same time
they are combined with concurrent substates (object cam im®ie than one state) within a composite state.
A statechart extends traditional a finite-state machind(R8ith notions of hierarchy and concurrency. A
FSM represents a mathematical model of a system that aketmpeduce the model complexity thereby
providing a powerful manner to describe the dynamic behavicystems and components. The synthe-
sized statechart (Figures 6.3 and 6.5) generated usindtwe aules represents the FSM/workflow for the
DL service (see 10 in Figure 6.6). To generate code from thd W8 have extended an open source state
machine compiler (see 11 in Figure 6.6) that compiles thetted FSM to generate code (Java classes
— see 12 in Figure 6.6) for the controller of the DL servicesfdBe compilation the FSM is annotated
by providing component specific implementation details oy DL designer (see Figure 6.6). There are
many techniques of implementing state machines; the mastmn implies some sort of switch or if-else
statements for implementing state dependent behaviorgVeEwvithis solution is not scalable; therefore we
chose to implement FSM using the state design pattern fr@h he state pattern localizes state-specific
behavior in an individual class for each state, and put$albiehavior for that state in a single state object
eliminating the necessity for a set of long, look-alike dtindal statements. In the context of 5SLGen
when the service manager class receives an event, it desetljat request to its state object, which provides
the appropriate state specific behavior. The lesson plddifgiand relevance feedback service have been
implemented using the above generation process. Manwal/érttion is required for: first annotating the
FSM with component specific implementation details and séqooviding the views for the data. For more
detais on implemenation, algorithms, etc., the readerfésnax to [113]

As a proof of concept, 5SGen has been used to create prasotyseveral DLs including CITIDEL,
VIADUCT, the NDLTD Union Archive [113], and the Brazilian Dital Library in Computing [55].

6.4 Related Work

The first work to advocate a goal-oriented requirementsyaizabpproach for digital libraries is [24], but
that work does not propose any development tool or environTéhe closest approach to our DL generator
is the collection services and plug-in architecture of @stene [228]. However their architecture covers
only portions of the Stream and Structural models of 5S wifitle Isupport for modeling and generation of
customized DL services (other than basic searching anddimgyv While much attention has been paid
to digital library architectures and systems, very few vgot&ckle the problem of integrated DL design,
conceptual modeling, and requirements gathering. Exanpllevork on DL architectures and systems
include: monolithic systems (e.g., Greenstone [228], MARI[94], componentized architectures (e.g,
[199], [37]), agent-based architectures (e.g., UMDL [224hd layered architectures (e.g., Alexandria [72]).
Our declarative/generative approach should be geneoidifar any of those systems/architectures by taking
whole or portions of those systems as part of our componesispdhere is no reason why those systems
and their components can not be incorporated in our compquerts, given that they export clear, reusable
software interfaces with accessible entry points. Mostassh done in the area of code generation from
requirements has not been directed towards specific dorsaginsas DLs. Most CASE tools do not address
issues raised by research in scenario-based requirenmalisia and design such as scenario generation,
management of scenario descriptions, analysis and iniegraf scenarios, and bridging the gap between
scenario descriptions and software designs and implet@mtaWWe have attempted to tackle the above
problems and to bridge the model system gap through the &&Wwark.

81



6.4.1 Systems Comparison

Digital Library systems can be compared in many ways. TaldlesBows a comparative analysis of several

systems and DL generators based on the goals and requiseassaiciated with the 5S family of tools.

Feature/ System Greenstone OpenDLib | EPrints Dspace 5S*
Model-based - + - + +
Theory-based - + - + +
Support for Multiple Architectures - - - - +
Graphical Environment for Modeling | +- - - - n
Support for Requirement Analysis + - + - + - + - +
Support for Workflows - + - + - + - +
Reusability + - + - - T
Extensibility + - + - - T
Large User Base + + + + -

Table 6.1: Systems comparison (+ indicates support of arfeat indicates lack of support, + - indicates
partial support)

OpenDLib [37] and DSpace [209] are the only systems with araata model behind them. The former
has a formal model for documents and metadata based on iba nbviews and versions and a proprietary
qguery language; the latter has a simple E-R model based amotiens of communities, collections, and
aggregators. These are the only systems with a theoretis#, kalbeit incomplete. The theoretical model
for OpenDLib supports a set of axioms and constraints foribdiged DLs, while DSpace is based on
OAIS (Open Archival Information System), a non-formal refece model for digital repositories focused
on preservation [175].

The 5S family of tools is the only one with potential to sugpoultiple architectures. This has been
proved by building generators for monolithic [94] as wella@snmponentized architectures. This is due to
the clear separation between the DL model, visualizatiod, @de generation. The same DL model can
be implemented in different systems and architecturesgive corresponding generator. Such a separation
has become a fundamental concept in databases and Webgeeak) but has not been investigated widely
in DL systems.

Greenstone has the best set of graphical interfaces foniaajeon of resources and collections in a
sense that is complementary to the 5S tools discussed iwtis [14]. While the other systems have
simple user interfaces for ingesting and revising resarfm® administrative tasks, and for searching and
browsing, interfaces for support of the complete modeling personalization of all aspects of a digital
library for specific communities do not exist in these system

Requirements analysis and workflow services are only figrsapported by some of these systems.
Eprints (www.eprints.org) and DSpace only allow the configion of fixed workflows for ingesting and
reviewing. OpenDLib is the most flexible in this sense bubalses not support declarative description
of the collective behavior of the DL (elsewhere called “sgg8 choreography [27]"). None of them sup-
ports requirements analysis for different types of sewvicethe form of descriptions of scenarios of use
and automatic generation of workflows based on the integraif these scenarios. For the same reasons,
reusability and extensibility are only partially suppartey Greenstone and OpenDLib, the latter being the
most flexible and configurable of all these systems in ternsepfices.

On the other hand, all the above systems have a larger basesf thhan our tools, due mainly to the
amount of financial and technical support they have.
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Chapter 7

Logging: An XML Log Standard for DLs

Log analysis is a primary source of knowledge about howalijlirary patrons actually use DL systems and
services and how systems behave while trying to supportinfsemation seeking activities. Log recording
and analysis allows evaluation assessment and opens opitied to improvements and enhanced new
services. Indeed, the benefits of logging are numerousudirg improving performance by recording
effective evaluation data [16], helping in designing arslitey of user interfaces [135], and better allocation
of resources [111].

Conventional libraries have a long history of concern favamry [133]. While circulation statistics are
widely available, storage of patron-related informatiemare in such libraries. The introduction of On-Line
Public Access Catalogs (OPACs) has changed the picture llweed some degree of log recording and
analysis to improve library services [31, 180, 111, 158]. r¢/oecently, Web servers and proxy caching
servers have made Web log analysis become common placedireceach and every access to their doc-
uments. These, along with the advance of techniques in Weining, have made possible a number of
new and enhanced services such as customization and perastoa [168].

Digital libraries differ from the Web in many ways. Firstlgigital library collections are explicitly
organized, managed, described, and preserved. Seconellysiés and Web search engines assume very
little about the users, tasks, and data they deal with. 8liiiraries normally have much more knowledge
of their users and tasks since they are built to satisfy ipeweds of interested communities. And thirdly,
the digital objects in DL collections tend to be much morectired than the information presented in the
Web. Therefore, digital library logging should offer mudther information and opportunities. Despite the
fact that many current DL systems do some kind of loggingy tremendously differ in the format in which
they record the information and even the sort of informattwat is recorded. Interoperability, reuse of log
analysis tools, and comparability of log analysis resukésraajor problems.

In this chapter, we propose an XML-based standard digitahty log format based on 5S that cap-
tures a rich, detailed set of system and user behaviors gegpby current digital library services. The
proposed standard is implemented in a generic log compdaehtwhich can be plugged into any digital
library system to produce the specified format. The focusisiwork is on interoperability, reusability, and
completeness. Specifications, implementation detaitseaamples of use are described.

This chapter is organized as follows. Section 7.2 coveededlwork and analyzes associated problems.
Section 7.3 describes the DL log format and motivation fmigle Section 7.4 presents the log tool, its
implementation and some examples. Section 7.5 discussésthementation of a prototype analysis tool.
Section 7.6 shows some examples of real log entries.
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7.1 Related Work

Most current Web servers store log files in the Common Log Bborf@LF)- a simplistic format which
reflects the stateless nature of the HTTP protocol by recgidist individual server events. Apache, perhaps
the most used Web server, uses an extension of CLF called iBechbog Format, which tries to keep some
state information by recording the links between resources

A sample of CLF is given in Figure 7.1 (from the csgrad.cedd. server). The fields are host; rfc931,
i.e., information returned regarding identity of the persotherwise ‘-’; authuser, if a userid is sent for
authentication, otherwise ‘-’; day; month; year; hour; ot#s; seconds; request; the first line of the HTTP
request as sent by the client; ddd, status code returnecelsetiver, otherwise ‘-’; and bbb, the number of
bytes sent (not including the HTTP/1.0 header), otherwise *

bbn-cache-3.cisco.com - - [22/0ct/1998:00:20:21 -0400] " GET
["harley/courses.html HTTP/1.0" 200 1734

bbn-cache-3.cisco.com - - [22/0ct/1998:00:20:22 -0400] " GET
[harley/clip_art/word_icon.gif HTTP/1.0" 200 1050

www4.e-softinc.com - - [22/0ct/1998:00:20:27 -0400] "HEA D

/ HTTP/1.0" 200 0O

user-38ldbam.dialup.mindspring.com - - [22/0ct/1998:00 :20:48 -0400] "GET
I"huang/junior/capehatteras.html HTTP/1.0" 200 328

user-38ldbam.dialup.mindspring.com - - [22/0ct/1998:00 :20:48 -0400] "GET
["Thuang/junior/PB2panforringed.mirror.gif HTTP/1.0" 200 20222

eger-dl0l.agria.hu - - [22/0Oct/1998:00:20:51 -0400] "GET
I"tjohnson/pinouts/ HTTP/1.0" 200 26994

Figure 7.1: Example of Apache log format

Distinct from simple Web servers, which focus primarily orowsing behavior, Web search engines
and digital libraries also record data about search and @tf@mation seeking behaviors. The following
(Figure 7.2) )is a sample (from the VT Web site) of a query geantion submitted through the OpenText
search engine. It shows the search terms and operationa)soutecords a good deal of internal cryptic
information about how the system operates internally.

Digital library systems, most probably for historical reas, usually implement logs that resemble Web
log formats or utilize proprietary formats. As an exampligure 7.3 shows an annotated sample of a portion
of the log of the Greenstone digital library system [228]e@tstone is a comprehensive, open-source digital
library system, which enables logging by setting a speciéig th the configuration file. Each line in the
sample user log contains: (a) the IP address of the user'sutem (b) a timestamp in square brackets; (c)
the CGI arguments in parentheses; and, (d) the name of th'e bemvser (Netscape is called “Mozilla”).

The last CGIl argument, “z”, is an identification code or “ciedkgenerated by the user’'s browser: it
comprises the user’s IP address followed by the timestangniliey first accessed the digital library. The
log file usage.txt is placed in the /etc directory in the Getemne file structure.

Other digital library log formats that we analyzed inclut®se associated with the Dienst protocol
(used by the old NCSTRL-Networked Computer Science Teah®eference Library [122]), and MARIAN
digital library systems [94].

Problems with existing DL logs

A careful analysis of the logs of the Web and DL systems dsetisbove reveals a common set of problems.
These include:
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Mon Sep 28 17:48:42 1998
————— Starting Search -----

Mon Sep 28 17:48:42 1998
{Transaction Begin}

Mon Sep 28 17:48:42 1998
{RankMode Relevancel}

Mon Sep 28 17:48:42 1998
"Bacillus thuringiensis "

Mon Sep 28 17:48:42 1998

PO = "Bacillus thuringiensis "
Mon Sep 28 17:48:42 1998

R = (*D including (*PO0))

Mon Sep 28 17:48:42 1998

R = ((*R rankedby *P0)))

Mon Sep 28 17:48:42 1998

S = (subset.1.10 (*R))

Mon Sep 28 17:48:42 1998
SLO = (region "OTSummary" within.1 (*S))
Mon Sep 28 17:48:42 1998
(*SLO within.1 ( subset.1.1 *S ))
Mon Sep 28 17:48:42 1998
(*SLO within.1 ( subset.2.1 *S ))
Mon Sep 28 17:48:42 1998
{Transaction End}

Mon Sep 28 17:48:42 1998
----- Ending Search -----

Figure 7.2: Example of OpenText log format

ADMINISTRATION 37

[fast-cgi-bin/niupepalibrary

(a) its-wwwl.massey.ac.nz

(b) [Thu Dec 07 23:47:00 NZDT 2000]

(c) (a=p, b=0, bcp=, beu=, c=niupepa, cc=, ccp=0, ccs=0, cl=

cq2=, d=, e=, er=, f=0, fc=1, gc=0, gg=text, gt=0, h=, h2=, hl

hp=, il=l, j=, j2=, k=1, ky=, I=en, m=50, n=, n2=, 0=20, p=hom

pw=, g=, 2=, r=1, s=0, sp=frameset, t=1, ua=, uan=, ug=,
uma=listusers, umc=, umnpwl=, umnpw2=, umpw=, umug=, umun =,
un=, us=invalid, v=0, w=w, x=0, z=130.123.128.4-95064787 1)
(d) "Mozilla/4.08 [en] (Win95; | ;Nav)"

Figure 7.3: Example of Greenstone log format
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1. Disorganization: Barring a few, most of the system logs were very poorly ogeshiand structured.

2. Complexity of analysis: Lack of proper thought in recording the log information maley analysis
a hard problem. Indeed, complex data mining techniquesuarergly needed to extract some useful
information from Web and similar types of logs [196, 140].

3. Incompleteness:Important information that would be necessary for analy&s omitted from some
logs. As an example, most of the logs failed to record thentfestal and email address, information
that is essential in any user-based study of the system. ,Na@ever, that for private reasons, such
information may need to be kept separate, and have restacteess.

4. Incompatibility: Each of the systems had their own log formats, making it diffito use the same
tools to analyze logs from different systems for the samd kirstudy.

5. Ambiguity: Many of the log entries and their semantics were not progaty precisely specified in
the log format itself, which could lead to ambiguity in armhg them.

6. Inflexibility: The logs recorded a good deal of system specific informatibiclwwould not be
applicable to other systems. This information was recomdednjunction with other information that
was system independent.

7. VerbosenessMany of the logs looked just like code dumps used for debugginthe implementers
of the system, rather than containing clear and precisalsskfribing information about system usage
and behavior.

The above problems were found across virtually the wholeoskigs that we analyzed. In the next
section, we present our standardized digital library lognfat design, which attempts to solve many of
those problems.

7.2 The Digital Library Standardized Log Format

As per the previous analysis, current Web and digital liptagging has a number of problems. Our solution
is to propose an XML-based DL standard format which is cotmgmeive, reflective of the actual DL system
behavior, easily readable, precise, flexible to accomneotavarying systems, and succinct enough to be
easily implemented.

7.2.1 DL Log Standard Design

As a first step in creating the DL log format, we collected ateesive, flat set of attributes that we felt
were necessary to be recorded in the DL log. The next stepon@ganize these attributes in a fashion that
was logical and structured and could be easily represemigihgplemented. We chose to produce an XML
Schema [218] to describe the syntax and semantics of our @folanat. XML provides a standard syntax
for the log format; different XML element tags representati&nt semantic attributes to be registered in the
log. As a matter of fact, a similar use of XML to guarantee ctical quality of Web logs is reported in
[199]. XML Schema provides an equivalent to a grammar in XMhtax to specify the structure of the
log format. Also, XML log files produced by our tool can be dalied against the schema for correctness.
Besides that, XML Schema has a rich set of basic types, sutttoss for numbers, dates, and times, which
further contribute to standardization. And finally, the attance of XML parsers and other related software
helps in the construction of analysis tools.

The DL log format had to be reflective of how a generic DL systeghaves. We achieve this goal in
two ways:
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1. By using the 5S framework as guidance for how to organieddty structure and define the semantics
of the DL components whose behavior would be logged.

To be useful, the DL log format has to be reflective of how a gerigl system behaves. Accordingly,
we have designed and organized the log structure in acomedarth our 5S framework. In 5S,
services are composed of scenarios, which describe sdrgltavior through sequences of specific
user and system events. Since we are mostly interested grsiadding user interactions and the
perceived value of responses, we have chosen to record tmliyitial user input and final service
output events along with corresponding parameters (mddeeXML sub-elements of events), and
ignore most of the internal system communications (excdptimistrative information). According
to the 5S philosophy, extensions regarding new servicetgwe to be modeled by analyzing user
inputs and system outputs. Table 7.1 shows the current)(baltlin-development services and input
events supported by the log format.

Service XML log event and sub-
elements

Searching Search (Collection/Catalog,
SearchBy(Field), QueryString)

Browsing Browse(anchor,
DoclInfo(PathName,DocID))

Submitting Update(Addinfo(Doclnfo))

Annotating Annotate ( Annotatelnfo (Annor
tationID, Doclnfo) )

Filtering Filter (criteria (query,category),
userld)

Table 7.1: Current and in-development services in the log&b

2. By having the notion of a “transaction” as the basic umnifyentity of the log format.

Basically everything that occurs in a DL system could be brodown to the level of a transaction,
either as interaction between users and the system or arhengystem components themselves.
Simple examples of a transaction in our format would be ackequery submitted by a user, the
registering of a new user, or the recording of some systenréaiThis may be an isolated transaction
in a system that does not have the notion of an explicit “s@&sbr it might be a part of a group of
transactions that define a session. However, most of therdudi log formats, such as CLF, record
just one or a few kinds of events or transactions. All or mdghe entries in those log files have
similar semantics. Our log format is designed to record abmmof different kinds of transactions.
Examples of distinct transactions are search, browsepsesart, etc.

7.2.2 DL Log format structure

Figure 7.4 shows the higher-level organization of the DLflmgnat. Each DL log file consists of a number
of log entries, each entry representing a type of transactiransactions could be categorized as being
related to session creation, user registration, user astdrayevents associated with the use of DL services,
administration activities, errors, and user-responsesinfortant and essential feature of the format should
be to identify each transaction precisely. To achieve thérecord the timestamp at which it occurred and
also associate a unique ID with each transaction. This IDIghdeally be monotonically increasing across
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one server to provide a logical representation of sucoessansactions. Additionally, in case we are dealing
with a non-session based system, we need a way to identifyséire One way to do this is to associate the
location (IP address) from which the user is interactindhhie system. Each transaction is then associated
with a specific statement. A partial XML Schema of the higtelerganization is shown in Figure 7.5.

LOG

Log Entry

Transaction Statement

Sessionld TimeStamp

Y

Machinelnfo

Figure 7.4: Top level hierarchy

There are basically two kinds of statements: 1) those ilatepecific user and system events associated
to DL services; and 2) general statements related to admaitive and other general activities. In more detall
(Figure 7.6), the following types of statements are defined:

e Sessioninfo: In the case of an explicit session based system, the sesarbausd end times, as well
as the user’s and associated information, need to be retovde also assign a globally unique ID to
each session. Using this ID, it is very easy to group togedhéhe transactions that occur within this
session.

e Reqgistration info: In many session-based systems, users have to registerelvemwith the system
when they use it for the first time. They usually have to sedaaser-1D, password, and possibly pro-
vide their identifying and demographic information. Thigarmation can latter be used to identoify
the user and her patterns of usage of DL services.

e Administration information: Most systems record administration activities like syssgantup, shut-
down, backup start, backup end, etc. This transaction typeovided to record such information.

e Error Information: This elementis related to errors or failures that may ocoytiae in the system.
Invalid query, document not found, etc., are examples afremnd failure information that need to be
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<xsd:complexType name="LogType">
<xsd:element name="LogEntry" minOccurs="0" maxOccurs=" unbounded">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="Transaction">
<xsd:complexType>
<xsd:attribute name="ID" type="xsd:int/>
</xsd:complexType>
</xsd:element>
<xsd:element name="TimeStamp" type="xsd:dateTime"/>
<xsd:element name="Machinelnfo">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="IPAddress" type="xsd:string"/>
<xsd:element name="Port" type="xsd:int" minOccurs="0"/ >
</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="Sessionld" type="xsd:string" minOcc urs="0"/>
<xsd:element name="Statement" type="StatementType"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:complexType>

Figure 7.5: XML schema for log format

Statement

i i l
‘Event ‘ ‘Errorlnfo ‘ ‘ HelpInfo‘

‘ Regist‘erlnfo ‘ ‘ Adm'Info ‘

Figure 7.6: Decomposition of statement into different g/pe
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recorded. If the user forgets to explicitly logout in a sesdiased system the automatic system time
out can be recorded.

Help Information: Some DL systems provide help facilities to aid the user. Usei®feature should
be considered to be separate from the other actions ded@iime. Our log format considers this to
be another type of transaction. It can be an interestingstigetion to find out which kinds of help
are frequently used.

Event: We consider this to be the heart of the DL log format. User stesy events occur as a result
of users performing information seeking activities anchgdiligital library services, or as a system
response to those activities. Each event is associatedanitiction type, which encompasses the
main operations associated with DL services such as segrchiowsing, updating, and recording
of system information related to these three operationch B those actions is performed over a
collection of digital objects or a catalog of metadata. Usemts also have a status code that is based
on the outcome of the action (e.qg., success, failure, étoyr different kinds of actions are currently
defined (Figure 7.7):

1 1 —

‘ SessionInfo ‘ ‘Event ‘ ‘Errorlnfo‘ ‘Helplnfo‘

A

‘ RegisterInfo ‘ ‘ AanInfo

|
v
! } '
Browse ‘ Update ‘ ‘ StoreSysInfo ‘

Figure 7.7: Decomposition of an event into different types

1. Search: Searching is a fundamental DL service. Different systenmgement a number of dif-
ferent query languages and search schemes based on théyimgdestrieval model they use.
Two of the common models are boolean and ranked retrievall[d3]. Each of these systems
also can provide additional features like selection ofeattlbn(s), structure related information
such as which fields the search concerns (author, titlegstjlgtc.), and some contextual inform-
ation such as the duration of activities, or some way to et@ievhether this search operation is
to be performed in the context of a previous, larger searcoe profile or filter. Systems also
can provide options to the users to select how they want tw the results from their queries,
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including sort option and maximum number of results to besg@néed. The details of the search
element are presented in the portion of the Log Schema bé&ligure 7.8).

Specific types of objects can be searched include generitaldidpjects and metadata records.
SearchBy is used in structured queries and covers specifitaffata/structural) fields under
which the query will be performed. The value of SearchTypgetsto persistent if the search is
to be performed over the result of a previous search. Sineeyaqyntax is heavily dependent
on the specific DL system and underlying retrieval model, wlg cecord the exact query string

used. Log analysts will consider this information in the tesih of the particular system for their

studies. It is obvious that here we are considering an egtesdt of of inputs/outputs for the

Searching service events than those considered in Taldle3.48. more specifically metadata
specifications and catalogs, and structured fields (ileeldafor nodes of structures). Here the
goal is completeness and abundance of information whilee thes simplicity, precision, and

correctness. The Presentationinfo includes contextudluaer's preference information such
as presentation format (e.qg., list, threaded, tabularjchvtype of sort to apply (e.g., estimated
relevance, by a specific field), number of results per pagecahoff threshold.

2. Browse: Browsing services can be performed by navigation througts lof search results,
indexes organized by specific fields, and generic hypertértthe browse section we include
identifiers of nodes or anchor’s text for links navigatedgéted documents, and presentation
information.

3. Update: Some systems also provide facilities to allow an admiristrar user to add, modify
or edit some part(s) of collections and/or catalogs residtea repository. This corresponds to
the submitting services in Tables 3.1-3-4.

4. Store information: This action allows us to record the data associated with ¢laech and
browse actions from the point of view of the system. So, ladlgiactions 1, 2 and 3 above
record the user’s data, while this action records the systesaponse data. After any action the
system needs to record some information like number of hyaesferred, response time of the
action, highest and lowest ranked item, etc.

7.3 DL Log Tool and its Implementation

7.3.1 The First Generation

The first version of the DL XML Log Tool was implemented usingngric Java classes and was designed
to be used by any digital library or analysis system. Therseweainly two classes in the log tool imple-
mentation, XMLLogData.java, used for storing data, and XMgManager.java, which provided methods
to write and read log information according to our DL log fatmXMLLogData.java basically provided a
structure to hold private data with Set and Get methods targkget values. For example it had one attribute
String Sessionlinfo for session-based systems and it h&eSsoninfo() and GetSessioninfo() methods to
set and get the value of Sessioninfo. All the read and writthats were synchronized to avoid conflicts
and inconsistences. The most difficult part was how to ptuti€ tool into the target system. That should
be done by calling specific methods of the XMLLogManager wtier a specific type of transaction occurs.
Since this was heavily dependent on the target system actinie and implementation, that should be done
by developers or administrators.

First tests were performed on the MARIAN digital library s3m [94]. MARIAN had a resource man-
agement mechanism, which administered and allocatedeadlytstem resources such as class managers and
searchers. In the MARIAN system, we only had one XMLLogMaragava object in memory, created as
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<xsd:complexType name="SearchType">
<xsd:sequence>
<xsd:element name="Collection"
type= "xsd:string" minOccurs="0"/>
<xsd:element name="MetadataCatalog" type= "xsd:string" minOccurs="0"/>
<xsd:element name="ObjectType">
<xsd:complexType>
<xsd:element name="DigitalObject"
type="xsd:string" minOccurs="0"/>
<xsd:element name="MetadataRecord"
type="xsd:string" minOccurs="0"/>
</xsd:complexType>
</element>
<xsd:element name="SearchBy"
type= "xsd:string" minOccurs="0"/>
<xsd:element name="SearchType">
<xsd:complexType>
<xsd:element name="persistent"
type="xsd:string" minOccurs="0"/>
<xsd:element name="non-persistent"
type="xsd:string" minOccurs="0"/>
</xsd:complexType>
<xsd:element>
<xsd:element name="QueryString"
type= "xsd:string" minOccurs="0"/>
<xsd:element name="TimeOut"
type= "xsd:string" minOccurs="0">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="StartDate" type="xsd:date"/>
<xsd:element name="EndDate" type="xsd:date"/>
</xsd:sequence>
</xsd:complexType>
</element>
<xsd:element name="Presentationinfo"
type= "PresentationinfoType" minOccurs="0"/>
</xsd:sequence>
</xsd:complexType>

Figure 7.8: XML schema for log format (Search)
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l l i |

‘SearchBy‘ ‘QueryString ‘ ‘TimeOut ‘ ‘Presentationlnfo ‘

Collection Catalog

‘For;nat ‘ ‘SortBy‘ ‘NumberOfResults‘ CutOff

Figure 7.9: Search attributes

an attribute of the ResourceClassManager. Whenever iatimmneeded to be logged the client called the
corresponding method of the XMLLogManager instance of thederceManager.

7.3.2 The Second Generation

The first version had a monoalithic architecture, which wasrgjly coupled within the target system. When-
ever DL events needed to be logged, the client invoked thregponding methods of the log tool, since spe-
cific calls had been inserted within the target system. Thgémentation revealed two major drawbacks:
1) small changes in the format required complex changeseoDthlogger code and complete recompila-
tion of the tool and target system, therefore preventingresibility; and 2) the Java-based implementation
and close coupling required a deep understanding of thetté&wgl architecture and caused problems in
connecting the tool with DLs implemented in other langua@geg., Perl), therefore preventing wide-spread
adoption.

Our second generation implementation solved those prablenil) re-implementing the tool with an
OO hierarchical, bottom-up design that mimics the orgditnaof the XML schema of the log format,
therefore making internal communications clearer anatsaj points of communication and modification;
and 2) de-taching the tool from the target DL system by usomnectionless sockets. For socket commu-
nication, we devised a simple, ad-hoc datagram packet torma

7.4 Examples

We have included examples of some log transactions in MARb&Ntured from real use of the system.
In the examples, we use the Dirline collection, a U.S. Naidubrary of Medicine’s online digital library
containing location and descriptive information about a@evvariety of information resources including
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<Transaction ID = "3452">
<Sessionld > 987654usr3 </Sessionld>
<SessionInfo>
<SessionStart> Start </SessionStart>
<LoginInfo>
<Userld> mhabib <Userld>
</LoginInfo>
</Sessioninfo>
<TimeStamp> 2002-05-31T20:10:55.000-05:00 </TimeStamp >
<Machinelnfo>
<IPAddress> 128.173.244.56 <IPAddress>
<Port> 8000 </Port>
</Machinelnfo>
</Transld>

Figure 7.10: XML log entry - example 1

organizations and projects concerned with health and iaime.
1. Login to the System:
2. Query on all Dirline records enties about “low back paimany part of the record.

3. Browse an item of the ranked list returned as a answer éopiavious search.

7.5 Discussion

As expected with any newly proposed standard, evolutiorop® avith results of the early stages of exper-
imentation is expected. Accordingly, our formats and tdw@se evolved to deal with the results of such
experiments. With the interest demonstrated by many DLsrestdutions (e.g., CiteSeer [125], MyLibrary
[141], Daffodil [76]) in adopting the format and tools, wepect soon to release stable versions of both.
Once this phase is achieved, other research issues wilhteetioe focus of future efforts, such as richer
analysis and evaluation, and efficient use of distributedagie.
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<Transaction ID = "3455">
<Sessionld > 987654usr3 </Sessionld>
<TimeStamp> 2002-05-31T20:11:07.000-05:00 </TimeStamp
<Machinelnfo>
<IPAddress> 128.173.244.56 <IPAddress>
<Port> 8000 </Port>
</Machinelnfo>
<Statement>
<Event>
<Action>
<Search>
<Collection>Dirline</Collection>
<ObjectType>CommunityRecord</ObjectType>
<SearchBy>SearchByAnyParts</SearchBy>
<SearchType>NonPersistant</SearchType>
<QueryString>low back pain</QueryString>
<TimeFrame>
<StartTime>2002-05-31T20:11:07.000-05:00</StartTime
<EndTime>2002-05-31T20:11:09.000-05:00</EndTime>
</TimeFrame>
<Presentationinfo>
<Format>List</Format>
<SortBy>ByRank</SortBy>
<NumberOfResults>217</NumberOfResults>
<Cutoff>20</Cutoff>
</Presentationinfo>
</Search>
</Action>
<Statusinfo>successful</Statusinfo>
</Event>
</Statement>
</Transaction>

Figure 7.11: XML log entry - example 2

95



<Transaction ID = "3456">
<Sessionld > 987654usr3 </Sessionld>
<TimeStamp> 2002-05-31T20:11:15.000-05:00 </TimeStamp >
<Machinelnfo>
<IPAddress> 128.173.244.56 <IPAddress>
<Port> 8000 </Port>
</Machinelnfo>
<Statement>
<Event>
<Action>
<Browse>
<DocID> 5114 </DoclID>
<DocName>University of Washington School of
Medicine Multidisciplinary Pain Center ( UWPC )
</DocName>
</Browse>
</Action>
</Event>
</Statement>
</Transaction>

Figure 7.12: XML log entry - example 3
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Chapter 8

Defining a Quality Model for Digital
Libraries

In this chapter, we elaborate on the meaning of quality intalidibraries (DLs) by proposing a quality
model which is deeply grounded in the 5S formal theory foitdidibraries (see Chapters 2-3). We move
the theory one step further to define: “What is a good digitahly?”. For each major DL concept and onto-
logical relationship we can formally define a number of disiens of quality and propose a set of numerical
indicators for those quality dimensions. In particular, seasider key concepts of a minimal DL: catalog,
collection, digital object, metadata specification, réfpog, and services. Regarding quality dimensions,
we consider: accessibility, accuracy, completeness, osaiplity, conformance, consistency, effectiveness,
efficiency, extensibility, impact factor, pertinence, sggevability, relevance, reliability, reusability, sijni
cance, similarity, and timeliness. Regarding measurememniconsider characteristics like: response time
(with regard to efficiency), cost of migration (with respéxipreservability), and number of service failures
(to assess reliability). For key DL concepts, each pair, gliality dimension and its corresponding nu-
merical indicator, can be illustrated through applicatiom number of “real-world” digital libraries such as
the ACM Digital Library [4], the Computing and Informatioredhnology Interactive Digital Educational
Library (CITIDEL) [41], and the Networked Digital Libraryfd@ heses and Dissertations (NDLTD) [144].

We also discuss connections between the proposed dimsengid@i quality and an expanded version
of a workshop’s consensus view of the life cycle of inforraatin digital libraries [28]. Such connections
can be used to determine when and where quality issues caré®ured, assessed, and improved — as
well as how possible quality problems can be preventedctigteand eliminated.

The main contributions of this work are twofold:

1. a proposal of new formalizations for quality dimensiomsl @andicators for digital libraries in the
context of our 5S framework; and

2. acontextualization of these indicators within the DLommhation cycle.

8.1 Introduction

What is a good digital library? As was pointed out by Fuhr ef#], the answer to this question depends on
whom you ask. It can be considered that what differentiatgsoa DL from a not so good one is the quality
of its services and content. Since one of the main goals ofvauk with the 5S formal theory is to try to
answer (at least partially) the question of “What is a diditarary,” our hypothesis in this chapter is that
further development on the theory will allow us to defineicatdimensions and indicators of DL quality. In
contrast to its physical counterpart, the “digital” nataf®Ls allows automatic assessment and enforcement
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of those quality properties, therefore supporting preeanand elimination of quality problems. 5S gives
a standard terminology to discuss these issues in a comraorefork. Moreover, the formal nature of
our DL theory allows us to add precision as we define specifioqDality dimensions and corresponding
numeric indicators.

In this chapter, we will follow the standard terminology dse social science$l1]. We will use the
termcomposite quality indicatot (or in short quality indicator) to refer to the proposed dipres instead of
the stronger termyuality measuresOnly after one has a number of indicators, and they areataitf and
tested for reliability®, can they be composed into reliable “measures”. Despitiapsasts of validity (for
example, through focus groupsthe proposed quality indicators do not qualify as measyegs Also, it
should be stressed that the proposed equations are onlyxapptions of or give quantified indication of a
quality dimension. They should not be interpreted as a cete@pecification of a quality dimension, since
more factors/variables can enter in their compositionsctviwvere not specified here. We will, however,
reserve the right to use the term “measure” when talking tst@mndard measures that have long been used
by the CS /LIS communities. The distinction should be clearantext.

Table 8.1 shows a summary of candidate dimensions of qualitgome of the most important DL
concepts and factors affecting the measurement of thespmneling quality dimensions. Most of these
dimensions of quality can be characterized in the contexseuéral DL semantic relationships defined in
our Digital Library Ontology (see Chapter 3). Table 8.2 se@®me of the S concepts and ontological
relationships involved in the definition of quality dimemss and indicators. The following subsections
explain these indicators in detail by:

1. motivating them and discussing their meaning/utilai
2. formally defining them and specifying their correspogditumerical computation; and

3. illustrating their use by applying the indicators/megrin the context of some “real-world” DLs (e.g.,
ACM, CITIDEL, NDLTD).

This chapter is organized as follows. Sections 8.2 throu§hp8esent all the dimensions of quality,
the proposed indicators, and their applications to thee@sg DL concepts. Section 8.6 deals with the
connections between the proposed dimensions and Borgnarsdhformation Life Cycle [28]. Section
8.7 covers related work and Section 8.8 concludes the ahapte

8.2 Digital Objects

8.2.1 Accessibility

A digital object is accessible by a DL actor or patron, if ii®s in the collections of the DL, the reposi-
tory is able to retrieve the object, and: 1) an overly restecrights management property of a metadata
specification does not exist for that object; or 2) if suctsexithe property does not restrict access for the
particular society to which the actor belongs or to that@ict@articular. A quality indicator for calculating
accessibility is a function, which depends on all thosediacand the granularity of the rules (e.g., entire

*An indicator composed of two or more simpler indicators aiatales.

2pccording to [11], validity refers to the extent to which aesjfic measurement provides data that relate to commonbpaed
meanings of a particular concept. There are numerous yeksi$or d etermining validity: face validity, criterionalidity, content
validity, and construct validity.

3Also according to [11], reliability refers to the likelihddhat a given measurement procedure will yield the samerigéisn
of a given phenomena if that measurement is repeated.

“A type of face validity.

SEach S in which the DL concept in the first column is inserte & involved.
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DL Concept Dimension of | Factors/Variables in Measuring
Quality
Accessibility Collection, # of structured streams, righitanagemen
metadata, communities
Pertinence Context, information, information need
Preservability Fidelity (lossiness), migration cost,i@dibobject com-
plexity, stream formats
Digital object Relevance Term (feature) frequency, inverse documentiémay,
document size, document structure, query size, col
tion size
Similarity Same as in relevance, citation/link patterns
Significance Citation/link patterns
Timeliness Age, time of latest citation, collection freska
Accuracy Accurate attributes, # of attributes in the record
Metadata Speciy Completeness Missing attributes, schema size
fication Conformance Conformant attributes, schema size

lec-

Completeness

Collection size; size of the ‘ideal collattio

Collection Impact Factor Size of the collection; number of citations
Completeness # of digital objects without a set of metadagaifica-
Catalog tions; size of the described collection
Consistency # of sets of metadata specifications per digifjalct
Completeness # of collections
Repository Consistency # of collections in repository; Catalog/Cdien pair-
wise consistency
Composability Extensibility, reusability
Efficiency Response time
Effectiviness Precision/recall (search); F1 measuresstiaation)
. Extensibility # of extended services; # of services in the, Blof.
Services . .
lines of code per service manager
Reusability # of reused services; # of services in the DL; #inefs
of code per service manager
Reliability # of service failures; # of accesses
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DL Concept Dimension of | Some ‘S’ Concepts and Relationships Involved
quality
Accessibility Societies(actor), Structures (metadatec#jation),
Streams + Structures (structured streams)
Pertinence Societies (actor), Scenarios (task)
Preservability Streams, Structures (structural metydda®aenarios
. . (process (e.g., migration))
Digital object Relevance Streams + Structures (structured streams)ctSts
(query), Spaces (Metric, Probabilistic, Vector)
Similarity Same as in relevance, Structures (citatiok/patterns)
Significance Structures (citation/link patterns)
Timeliness Streams (time), Structures (citation/linki@as)
Accuracy Structure (properties, values)
Metadata Specii Completeness Structure (properties, schema)
fication Conformance Structure (properties, schema)

Completeness

none

Collection Impact Factor Structure (citation/link patterns)

Catalog Completeness Structure (descr_ibes(CoIIeclion))
Consistency Structure (describes(Collection))

Repository Completeness Structure (descr_ibes(Collection)) _
Consistency Structure (describes(Catalog, Collection))
Composability see Extensibility, reusability
Efficiency Streams (time), Spaces (operations, conthaints

Services Effectiv_in_e_ss see Pertinence, Relevance _ . _
Extensibility Societies + Scenarios (extends, inhefritsn, redefines)
Reusability Societies + Scenarios (includes, reuses)
Reliability Societies + Scenarios (uses, executes, irsjoke

Table 8.2: Dimensions of quality and Ss involved in their migfins
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object; structured streams). It should be noted that diglgect accessibility as defined here is different
from the common view of “Web site accessibility”, which isno@rned with creating better ways to provide
Web content to users with disabilities [202, 174].

Let access constrairtbe a property of some metadata specification of a digitalobbje, whose values
include the sets of communities that have the right to acgjessific (structured) streams within the object.
Also let struct_streams(dos) = Uyeqo, (1)t De the set of structured streamsdaf,. The accessibility
acc(doy, acy) of a digital objectdo, to an actorc, is:

e 0, if there is no collectiorC in the DL such thatlo, € C,

e otherwiseacc = (> r.(acy))/|struct_streams(do,)|, where:

zestruct_streams(doz)

— r.(acy) is a rights management rule defined as an indicator function:
* 1, if
-z has no access constraints; or
- z has access constraints ang € cm., wherecm, € Soc(1) is a community that has
the right to access z; and
x 0, otherwise

Example of application. Virginia Tech’s Digital Library of Electronic Theses andd3ertations.

At Virginia Tech, a student can choose, at the moment of ss&kion, to allow her electronic thesis or dis-
sertation to be viewed worldwide, by the originating unsigt, or not at all. The “mixed” case occurs when
some portions (e.g., particular chapters or multimedia)fiteave restricted access while others are more
widely available. The majority of Virginia Tech studentsoolse their documents to be viewable worldwide
[69] — but some initially choose not to grant worldwide as;dsecause of concerns regarding patents or
publication of results in journals/conferences. To adsltbg concern, there are ongoing discussions with
publishers to help them understand the goals and benefit®bT N (http://www.ndltd.org/publshrs/). An
additional concern is faculty advisors. Author exit suwveéydicate that many of the authors who chose
to restrict access based their decisions on the advice inffleellty committee. Anecdotal evidence indi-
cates that committee chairs feel very protective of thesgduacademicians and are concerned about their
chances of publishing in other venues.

Therefore the accessibilitycc(etd, , ac,) of a Virginia Tech ETDetd,, is:

e 0, if etd, does not belong to the VT-ETD collection;

e otherwise(}’ (etd) T=(acy))/|struct_streams(etd, )|, where:

z€struct_streams

— r.(acy) is a rights management rule defined as an indicator function:
x 1, if
- etd, is marked as “worldwide access” or
- etd, is marked as “VT only” andic, € V1iy,,, WhereVT,,,,, is the community of
Virginia Tech ID holders accessingthrough a computer with a Virginia Tech regis-
tered IP address.
x 0, otherwise

Table 8.3 shows the number of unrestricted (worldwide, ssibdity = 1 to everybody), restricted to VT
campus (accessibility = 0 worldwide, 1 to member¥at.,,..,,), mixed, along with the degree of accessibility
acc(etdy, ac,) of the mixed ETDs for noi*1,,,,, membersic,, as of March 25, 2003. For example, five
out of the six chapters (structured streams) of the thirceohixTD under the letter A were available only to
VT. The rights management rule therefore is 0 for all thosgptdrs, thus making its overall acessibility to
non-VT actors 1/6 or 0.167.
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First letter of author's | Unrestricted | Restricted Mixed Degree of accessibility for users not in the VT
name community

A 164 50 5 mix(0.5, 0.5, 0.167, 0.1875, 0.6)

B 286 102 3 mix(0.5,0.5, 0.13)

C 231 108 7 mix (0.11, 0.5, 0.5, 0.5, 0.33, 0.09, 0.33)

D 159 54 2 mix(0.875, 0.666)

E 67 26 1 mix(0.5)

F 88 39 2 mix(0.375, 0.09)

G 166 72 2 mix(0.666,0.5)

H 225 91 3 mix(0.66, 0.5, 0.235)

I 20 8 1 mix(0.5)

J 84 36 2 mix(0.5, 0.6)

K 166 69 2 mix(0.5, 0.5)

L 189 68 6 mix(0.153, 0.33, 0.5, 0.5, 0.94)

M 299 115 9 mix(0.5, 0.5, 0.5, 0.041, 0.5, 0.5, 0.5,0.117, 0.5
N 74 16 1 mix(0.8)

@) 45 19 2 mix(0.5, 0.125)

P 172 71 3 mix(0, 0, 0.33)

Q 13 6 0 mix = none

R 158 71 3 mix(0.66, 0.5, 0.5)

S 398 159 8 mix(0.66, 0.5, 0.5, 0.6, 0.33, 0.66, 0.33, 0.6)
T 111 49 1 mix(0.13)

U 9 7 0 mix = none

\Y, 63 20 0 mix = none

w 191 81 5 mix (0.5, 0.22, 0.38, 0.875, 0.5)

X 11 5 0 mix = none

Y 38 9 3 mix(0.5, 0.5, 0.125)

z 47 17 2 mix(0.5, 0.5)

All 3474 1368 73

Table 8.3: Accessibility of VT-ETDs (first column correspinto the first letter of author’'s name)
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8.2.2 Pertinence

Pertinence is one of the most “social” quality indicatonscsiit is a relation between the information car-
ried by a digital object and an actor's information need, degends heavily on the actor’'s knowledge,
background, current task, etc.

Let In.f(do;) represent the “information? (not physical) carried by a digital object or any of its (meta
data) descriptiond, N (ac;) be the information neetlof an actor and’ontext;;, be an amalgam of societal
factors which can impact the judgment of pertinencd®fby ac; at timek. These include, among others,
task, time, place, the actor’s history of interaction, andraye of other factors that are not given explicitly
but are implicit in the interaction and ambient environmeftcomplete formalization of context is out of
the scope of this work. The reader is referred to a recent shaqk on “Context in Information Retrieval”
for a number of papers on the subject [105].

Also, let’'s define two sub-communities of actousersandexternal-judges_ Ac, as:

e users set of actors with an information need who use DL servicdsytto fulfill/satisfy that need

e external-judgesset of actors responsible for determining the relevanee §ection 8.2.4) of a docu-
ment to a query. Let’s also constrain that a member of extgudges can not judge the relevance of
a document to a query representing her own information rieedat the same point in timesers N
external-judges= (.

The pertinence of a digital objedb; to a usewc; at atimek is an indicator functiot Pertinence(do;, ac;) :
Inf(do;) x IN(acj) x Context;, defined as:

e 1,if Inf(do;) is judged byac; to be informative with regards tbV (ac;) in contextContext i,
e 0, otherwise.

Since pertinence is an implicit, subjective judgment magl@ bserin a particular context it can ulti-
mately only be assessed by the user herself.

Example of use. We will use pertinence as a quality indicator to evaluatectfiectiveness of information
satisfaction services (see Section 8.5.1).

8.2.3 Preservability

Preservability is a quality property of a digital object wiireflects a state of the object that can vary due
to changes in hardware (e.g., new recording technologsediware (e.g., release of a new version of the
software used to create/display the object), represent&btrmats (e.g., new image standard such as JPEG
2000), and processes to which the object is submitted (aigration).

The four main technical approaches to digital preservedien

1. Migration: transforming from one digital format to anetiformat, normally a successive subsequent
one (e.g., from JPEG to JPEG 2000) [48]

®Information and information need, by themselves, are hatibns to formally define. One comprehensive attempt isquriesi
in [138].

"Certain authors such as Taylor [210] and Mizzaro [139] matiisénction between the “real” and the “perceived” infotina
need. We will not make this distinction here, in the inteddirevity.

8Voorhees [214], Greisdorf [98], and others argue for namabj pertinence/relevance functions. We will leave sudbresions
for future work.
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2. Emulation: re-creating the original operating envir@minby saving the original programs and or
creating new programs that can emulate the old environni&i3]

3. Wrapping: packaging the object to be preserved with emdwgnan readable metadata to allow it to
be decoded in the future [223];

4. Refreshing: copying the stream of bits from one locatmartother, whether the physical medium is
the same or not [127].

Note that here we are not considering physical deteriaraifdhe medium in which the object is stored
since this is a property of the medium itself, not the objeetowever we acknowledge that this is an
important problem, for which “refreshing” is the normallgad approach [8].

For cost, operational, and technical reasons, migratidheisnost widely used of the three techniques
mentioned above [223]. However the ideal solution shoulds@m®e combination of all the techniques
[223, 107]. One example which applies such a combinatiomei$tvC-based approach [131]. Nonetheless,
for the purpose of the discussion below we will concentratenggration issues.

A digital object’'s preservability can be affected by its olescence and the fidelity of the migration
process (see Figure 8.1). Obsolescence reflects the faet tieay obsolete object is really hard and costly
to migrate, given the difficulty of finding appropriate mitjoa tools and the right expertise. Fidelity reflects
the differences between the original and the migrated tbjedn other words, reflects the distortion or the
loss of information inherent in the migration process teabsorbed by the object. The more obsolete and
the less faithful the migration process, the lower the diggreservability. Preservability also is affected by
contextual issues of specific DLs. For example, while it siiddle to always use the most faithful migration
process, a DL may not have sufficient resources (money,gapopersonnel) to apply it to its digital objects
during migration. Based on the above discussion and on thdffat these two factors are orthogonal, we
can define the preservability of a digital objelet in a digital librarydl as a tuple:

preservability(do;, dl) = (fidelity of migratingdo;, format,, format,), obsolescence(do;,dl)). (8.1)

As mentioned before, obsolescence is a complex notion tuiEgpthat depends on many contextual
factors. Since the choice of how to deal with obsolescennergdly depends on resources at the disposal of
the DL, one possible idea is to approximate its value by tieahcost of migrating the object [181]. While
a complete cost model for preservability/obsolescenceysiid the scope of this work, we recognize many
factors that can impact the cost, including:

e Capital direct costs

— Software development/acquiring or license updating feveresersions
— Hardware (for preservation processing or storage)

¢ Indirect Operating Costs

Identifing candidate digital objects

Evaluating/examining/negotiating intellectual progassues and rights
Process

Storage
— Staff training (on software / procedures)
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Figure 8.1: Factors in preservability

Obsolescence then can be defined as obsolesdencél) = cost of converting/migrating the digital object
within the context of the specific dl.

The fidelity of the migration procegsof a digital objectdo; from format, to format, can be defined
as the inverse of the distortion or noise introduced by tloegssp, i.e., fidelity(do;, format,, format,)
= distortion(p(form}m7f0rmatw))+0_5. Distortion can be computed in a number of ways depending®type
of object and transformation [184]. One very common measunen converting between similar formats,
is themean squared error (mse)n the case of a digital objectsecan be defined as follows. Lét:,}
be a stream of a digital objedb; and {y,,} be the converted/migrated stream; the mean squared error
mse({zn}, {yn}) = % * SN (#, — yn)?, whereN is the size of the streams. The mean square error for

the whole objectlo; can be calculated as the averagensiefor all its streams.

Example of Use. Let’s consider the following scenario adapted from [104].2D04, a librarian receives
an email notifying her that a special collecti®rof 1,000 digital images, stored in TIFF version 5.0, is in
danger of becoming obsolete, due to the fact that the lagesion of the display software no longer supports
TIFF 5.0. The librarian decides to migrate all digital pfoto JPEG 2000 which now has become diee
factoimage preservation standard, recommended by the Reseilrelniés Group (RLG).

The librarian does a small search for possible migratiofmooptand finds a tool, costing $500, which
converts TIFF 5.0 directly to JPEG 2000. Let’s consider thatamount of time taken by the librarian and
the system administrator to order the software, instdik#rn it, and apply it to all digital images combined
takes 20 hours. Assume also that the hourly rate in this DI6&@&per hour per employé&. In order to

Preservation of a collection, instead of a digital objetsoamay involve preserving all the structures (e.g., cfasgion
schemes, etc.) imposed on the collection.

191800 is the number of hours in a work-year (37.5 hrs/wk * 48 Aujsand $110,000 the total annual cost of an employee
working for this DL, based on salary, benefits, expenses, etc
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save space, the librarian chooses to use in the migratiomaression rate which produces an averagge
of 9 per image. In this scenario, the preservability of edgftal image would correspond to: preservability
(image-TIFF 5.04l) = (1/9, ($500 + $66.6 * 20) /1000) = (0.11, $1.83).

8.2.4 Relevance

A digital object isrelevant[182] in the context of an expression of an information nezd.( a query) or
interest (e.g., profile) and a service (e.g., searchingqymaeending). A role of an information satisfaction
service is to provide ways to find the most relevant infororator the user, which in case of DLs is carried
by digital objects and their metadata specifications.

The relevance of a digital object to a query is an indicatocfion Relevance(do;, q) defined as:

e 1,if do; is judged by axternal-judgeo be relevant tg;
e 0 otherwise

The most common measures for relevance estimates/poeticie based on statistical properties of the
streams of the digital object such as term (feature) frequand the collection (e.g., collection size, inverse
document frequency). For example, to estimate the relevaacel(do;, ¢) of a documentio; to a queryy
in the vector space model (see Chapter 2), the cosine of tfle batween the vectors representing the two
entities is normally used. Therefore

do;” x q—

T'el(dOi, q) = W

(8.2)

Note that differently from pertinence, relevance is a retabetween aepresentation of a document
and arepresentation of an information need (i.e., query). Also, it is supposebédan objective, public, and
social notion that can be established by a general consam#ius field, not a subjective, private judgment
between the actor and her information need [64, 115].

Example of use. Examples can be found in any information retrieval work ggime vector space model
[178, 13]. There are literally thousands of these, the masihment being published in the annual ACM
SIGIR conference proceedings and in journals such as the A@ksactions on Information Systems.

8.2.5 Significance

Significance of a digital object can be viewed from two pectipes — relative to its relevance to a user need
(as in Section 8.2.4) or in absolute terms, irrespectiveadiiqular user requirements. Absolute significance
can be calculated based m@aw citedness- the number of times a documett; is cited, or the frequency of
occurence of citations whose targetiig. Other factors may play a role in the significance of a documen
such as the prestige of the journal publishing the work, s&sia courses, awards given, etc., but these are
very hard to quantify/measure.

Example of Use. The ACM Digital Library

We used 98,000 documents from ACM DL, which correspondegpoaximately 1,093,700 (outgoing)
citations (average of 11.53 citations per document). Ta&8bleshows the top 9 documents in the ACM
collection with the highest values of significance while Wi 8.2 shows the distribution of significance
values in the same collection.
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Document

Publication

Year

Significance

Computer programming as art

CACM

1974

279

A generalized processor sharing approach to flow qoleEE/ACM Transactions on Nett 1993 | 138
trol in integrated services networks: the single-nad&orking (TON)

case

The entity-relationship model — toward a unified viewACM Transactions on Databasel976 | 130
of data Systems

A relational model of data for large shared data bankSACM 1970 | 121
Revised report on the algorithmic language scheme ACM SIGPLAN Notices 1986 | 116
Parallel discrete event simulation CACM 1990 | 108
Can programming be liberated from the von Neumarm@ACM 1994 | 107
style?: a functional style and its algebra of ...

A case for redundant arrays of inexpensive disk&CM SIGMOD Record 1988 | 107
(RAID)

Time, clocks, and the ordering of events in a disSACM 1978 | 105

tributed system

Table 8.4: Documents with highest degree of significance
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Figure 8.2: Significanc

Documents

e in the ACM Digital Library
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8.2.6 Similarity

Similarity metrics reflect the relatedness between two orenaligital objects. Similarity can be measured
based on the digital object’s content (streams) (e.qg., nddéraquency of words), the digital object’s internal
organization (structures), or citations/linking patgerfror example, similarity between two documents can
be calculated using a similar idea as for relevance estsnat8ection 8.2.4, where a document vector (and
its term frequency vector) substitutes for the query vedibrs idea can be expanded to calculate similarity
between corresponding structured streams of documeits (sing their title and abstract texts). Other
measures can be used to calculate similarity as well. Asmyiagain that documents are represented as
vectors of terms or features, two such measures are “bagyafs” and Okapi, both defined below. For
vectorsd; andd;, d; N d; is the set of terms that are components of both andd;. |d;| means the
dimension of the vectat; (number of terms in the document).

Bag-of-word$d;, dj) =|d; N dj|/|dj| (8.3)

Okapi(di,dj) = Y 3xtf(t,d;) log Y= WOF05 e 4y (8.4

len(d;) .
e, 05 + 1.5 % oot df (t) + 0.5

In Equation 8.4¢f(¢,d) is the frequency of termin documentd anddf (¢) is the document frequency
of the termt in the whole collection.N is the number of documents in the whole collectitin (d) is the
length of documentl, andlen,,, is the average length of all documents in the collection.eNbat both
measures are asymetric.

Similarity measures also may use link or citation informatio compute the relatedeness of two objects.
Among the most popular citation-based measures of sittyilare: co-citation, bibliographic coupling, and
the Amsler measure, all of which we explain below.

Co-citation was first proposed by Small [193]. Two documemésco-cited if a third paper has citations
to both of them. This reflects the assumption that the auth@soientific paper will cite only papers related
to his own work. The extension for digital objects and hyijp&d is straightforward. More formally, let;
be a digital object and lePd; be the set of documents that cite or linkdg called the parents af;. The
co-citation similaritycocit(d;, d;) between two documents andd; is defined as:

) - |Pd; N de|
cocit(d;, doj) = “marl P (8.5)
wheremax|P| is the maximum number of parents for any object in the wholéection. If both Pd;
and Pd; are empty, we define the co-citation similarity as zero. EqnaB.5 tells us that, the more par-
entsd; andd; have in common, the more similar they are. However, coioitals a measure between
pairs of digital objects. The absolute degree of co-citatid documentd; in collection C' is defined as
ZdjeC—{di} cocit(d;, d;).

Also with the goal of determining how related two documemés Kessler [116] introduced the measure
of bibliographic coupling. Two documents share one unit ibfibgraphic coupling if both cite a same
document. The idea is based on the notion that authors whio evothe same subject tend to cite the same
documents. More formally, lef; be a digital object. We defin€'d; as the set of documents thtlinks
to, also called the children af;. Bibliographic couplingbibcoup(d;, d;) between two pages; andd; is
defined as Cd; 0 Cd|

. o 1 J
bibcoup(d;, d;) = W (8.6)
wheremax|C| is the maximum value of children for any object in the wholdlemdion. According to
Equation 8.6, the more children in common documérttas with document;, the more related they are.
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This value is normalized by the total set of children, to fitdmen 0 and 1. If botld'd; andC'd; are empty,
we define the bibliographic coupling similarity as zero. Hisolute degree of bibliographic coupling of a
documentd; in collectionC'is defined a$ " <14, bibcoup(d;, d;).

Finally, in order to take advantage of both types of infoliorat Amsler proposed a measure that com-
bines co-citation and bibliographic coupling. AccordimgAmsler, two documentg; andd; are related if
(1) d; andd; are cited by the same document, )andd; cite the same document, or (3) cites a third
documentd,, that citesd;. Thus, letPd; be the set of parents df, and letC'd; be the set of children af;.
The Amsler similarity between two pagésandd; is defined as:

|(Pd; UCd;) N (de U Cdj)|
max(|P U Cd|)

Amsler(d;, dj) = (8.7)
Eq. 8.7 tells us that, the more links (either parents or ohil)id; andd; have in common, the more they are
related. The absolute Amsler degree of a docunigintcollectionC'is defined agdjec_{di} Amsler(d;, d;).

Examples of use. The ACM Digital Library and Automatic Classification

First, we illustrate the use of the citation-based sintjameasures. Tables 8.5, 8.6, and 8.7 show the top
9 documents in the ACM collection with the highest absol#ki@s of co-citation, bibliographic coupling,
and Amsler, respectively.

Document Publication Year Cocit
A unified lattice model for static analysis of programgth ACM SIGACT-SIGPLAN 1977 37.97
by construction or approximation of fixpoints

Active messages: a mechanism for integrated commlOth annual int. symposium on1992 36.92
nication and computation Computer architecture

Improving direct-mapped cache performance by thErth Annual Int. Symposium on 1990 31.12
addition of a small fully-associative cache and prefetadBomputer Architecture

buffers

Computer programming as an art CACM 1974 30.07
The SPLASH-2 programs: characterization gné2nd Annual Int. symposium on 1995 29.36
methodological considerations Computer architecture

ATOM: a system for building customized progranACM SIGPLAN '94 1994 27.90
analysis tools

Analysis of pointers and structures Proceedings of the conference ¢ri990 27.53

Programming language design and
implementation
Revised report on the algorithmic language scheme ACM SIGPLAN Notices (Issue) 1986 25.99
The directory-based cache coherence protocol for|th&th annual international sympg-1990 25.87
DASH multiprocessor sium on Computer Architecture

Table 8.5: Documents with highest absolute degree of atiait

Figures 8.2(a), (b), (c) show the distribution of absolwtigs (sorted by decreasing magnitude) of co-
citation, bibliographic coupling, and Amsler in the ACM Dbltection. It can be seen, as expected, that the
values for Amsler and bibliographic coupling are highemtfar co-citation due to the fact that documents
cite more than they are cited. It also can be seen that thewvalwp really quickly in all measures.

Similarity measures can be used within a number of DL sesvié@ne example is automatic classifi-
cation. Table 8.8 shows the performance of several classbised on the nearest neighbor approach and
different types of similarity, using the macro-F1 measwsee(Section 8.5.1). The collection utilized was

Macro-F1 is computed by averaging the F1 value obtained dyléssifiers for each candidate category.
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Document Publication Year Bibcoup

Query evaluation techniques for large databases | CSUR 1993 70.49

Compiler transformations for high-performance comeSUR 1994 63.82

puting

On randomization in sequential and distributed alg&zSUR 1994 47.77

rithms

External memory algorithms and data structures: de@@SUR 2001 45.29

ing with massive data

A schema for interprocedural modification side-effecCEOPLAS 2001 44.69

analysis with pointer aliasing

Complexity and expressive power of logic programeSUR 2001 44.39

ming

Computational geometry: a retrospective ACM symposium on Theory of 1994 41.29
computing

Research directions in object-oriented database syscM SIGACT-SIGMOD-SIGART | 1990 40.17

tems symposium

Cache coherence in large-scale shared-memory mu@iSUR 1993 35.07

processors: issues and comparisons

Table 8.6: Documents with highest absolute degree of Ilgjdiohic coupling

Document Publication Year Amsler

Computer programming as an art CACM 1974 69.15

Compiler transformations for high-performance comcSUR 1994 64.31

puting

Analysis of pointers and structures Prog. language design and imple1990 62.56
mentation

Query evaluation techniques for large databases | CSUR 1993 59.81

A schema for interprocedural modification side-effecEOPLAS 2001 57.90

analysis with pointer aliasing

Context-sensitive interprocedural points-to analysis IRCM SIGPLAN '94 1994 56.59

the presence of function pointers

Efficient flow-sensitive interprocedural computation|o20th ACM SIGPLAN-SIGACT 1993 55.72

pointer-induced aliases and side effect

Efficiently computing static single assignment fornTOPLAS 1991 54.50

and the control dependence graph

Extensibility safety and performance in the SPIN gpACM Symp. Operating systems1995 53.84

erating system principles

Table 8.7: Documents with highest absolute Amsler degree
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a subset of the ACM digital library (approximately 30,00@cdments, in particular those classified under
only one category of the ACM classification scheme (firstlle& categories), with 30% of the collection
used for training and the remainder for testing. These iflassassign a category label to a test document
based on the categories attributed to the k most similarrdeats in the training. The most widely used
algorithm was introduced by Yang and is referred td&&8l [232]. ThekNN algorithm was chosen since it
is simple and makes direct use of similarity informationtHakNN algorithm, to a given test documedht

is assigned a score associatifygvith each candidate category This score is defined as

Z similarity(d;, d') * f(c,d’) (8.8)
d'€Nk(d;)

whereNk(d;) are thek nearest neighbors @f (the most similar documents in the training set) gtid d’)
is an indicator function that returns 1 if document d’ belerig categocy, and 0 otherwise. For the
similarity function we used 10 different measures:

1. similarity based on the bag-of-words method using ongytitte of the document (tibag),
. similarity based on the cosine method using only the ditidne document (ticos),

. similarity based on the Okapi measure using only theditkhe document (tibkapi),

. similarity based on the cosine method using only the atistf the document (ab=os),

2
3
4. similarity based on the bag-of-words method using ondyahstract of the document (abag),
5
6. similarity based on the Okapi measure using only the attstf the document (abskapi),

7

. similarity based on the three citation-based measures.

Evidence Macro
F1(30%)
AbstractBagOfWords | 0.195
Co-citation 0.273
AbstractOkapi 0.339
AbstractCosine 0.343
Bib_Coup 0.347
Amsler 0.412
Title_BagOfWords 0.492
Title_Cosine 0.525
Title_Okapi 0.525

Table 8.8: Macro F1 on individual evidence

From Table 8.8 it can be seen that, for this collection, thet bienilarity measures for use in the kNN al-
gorithm are the title-based ones, followed by the Amslersaea Surprisingly, for this task, these measures
are significantly better than the measures based on alsstract
8.2.7 Timeliness
Timeliness of a digital object is the extent to which it isfeéntly up-to-date for the task at hand [159]. It
can be a function of the time when the digital object was eghattored, accessed, or cited.
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Since the timeliness of an object is directly related to tiermation it carries, which can still be timely
even if the object is “old”, a good quality indicator of thigajity dimension is the time of the latest citation,
since it's a measure that:

1. captures the fact that the information carried by theaihgestill relevant by the time the citing object
was published;

2. is independent from the actor that receives the objectlatime the object is delivered:;
3. reflects the overall importance of the object inside itmcwnity of interest.

As it is known that many documents are never cited, an aligene to consider the age of the object
itself. Therefore the timeliness of a digital objefet; can be defined as:

e (current time or time of last freshening) - time of the lat@ition, if object is ever cited

e age = (current time or time of last freshening) - (creatiometior publication time), if object is never
cited.

Time of last freshening, which is defined as the time of thattwa/publication of the most recent object
in the collection to whichio; belongs, may be used instead of current time if the colledsmot updated
frequently.

Example of use. ACM Digital library

Figure 8.5 shows the distribution of degree of timelinesshf@ugh 10) for documents in the ACM
Digital Library with citations. Time of last freshness isGZ) representing years. It can be seen, discounting
the first set of values (timeliness=0), that there is a irveetation between timeliness/size of the set of
documents with that value: the smaller the value, the bigeset, meaning that as time passes there is less
chance that a document will be cited.

8.3 Metadata Specifications and Metadata Format

Three main dimensions of quality can be associated with dagdaspecifications and metadata formats:
accuracy, completeness, and conformance.

8.3.1 Accuracy

Accuracy is defined in terms of properties of a metadata Bpatibn of a digital object. Accuracy of a
triple (r, p,v) (i.e., (resource, property'?, value)) refers to the nearness of the value some value’ in

the attribute domain which is considered as the correct onéhe pair: resource and propertyp [166].

A metadata specification for a digital object is completetguaate with respect to a digital object if all
the triples are accurate, assuming some appropriate agcinreshold. The degree of accuracy of attribute
att,, can be defined as an indicator function or with specific rubesaf particular schema/catalog. It is
dependent on several factors, including the attributeraalo, intended use, etc. Examples are given below.
Thus, the degree of accuraeyc(ms, ) of a metadata specifications, can be defined as

2_vattributeatt,, of ms, 9€gree of accuracy aftt,,
total number of attributes ofis,,

acc(msy) = (8.9)

2In this work we will use the terms ‘metadata property’, ‘nkita attribute’, and ‘metadata field’ interchangeably.
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Figure 8.4: Timeliness in the ACM Digital Library

Example of Use. OCLC'’s WebCat

To illustrate the application of such a indicator we used @GLWebCat Union. We chose Webcat
because of its numerous problems regarding metadata agcotaserved while creating a collection for
filtering experiments [234]. For example, author inforraatis very commonly found in the title field (e.qg.,
“The concept of the church in the thought of Rudolf Bultmary-Paul E. Stambach.”) and sometimes the
abstract contains all kinds of information (see below) laitthe thesis/dissertation’s summary. We defined
the following rules for the dc.authd®, dc.title, and dc.abstract fields:

e Degree of accuracy of dc.title for OCLC = 1, if it does not @ntauthor information; 0.5 otherwise.

e Degree of accuracy of dc.abstract = (humber of abstractsfieldvhich the field corresponds to the
thesis or dissertation’s summary)/ (number of dc.absfiglds). The decision of whether a dc.abstract
field corresponds to a summary or not was based on the size t#thand a number of heuristics, for
example: 1) if dc.abstract is equal to “Thesis” or “Disstofal’, it is not a summary; 2) if dc.abstract
contains phrases like “Title from *” (e.qg., “Title from firgiage of PDF file”); “Document format-
ted into pages”, “Includes bibliographical referencedVjote of access”, among others, it is not a
summary.

Using these two rules the average OCLC accuracy for all itadata records (approx. 14,000 records, in
September 2008 was calculated as around 0.79, assuming a maximum of 1.

3The author field in the Dublin Core standard
Ypapproximately 129K in Sept. 2004
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8.3.2 Completeness

Completeness is a pervasive quality dimension which iscéessol with many of the DL concepts (as can
be seen in Table 8.1). The general notion of completenesbecdrfined as: number of units of a particular
concept / ideal number of units of that concept. This notian be adapted or instantiated to specific DL
concepts.

Completeness of metadata specifications refers to theelegrehich values are present in the descrip-
tion, according to a metadata standard. As far as an indiligdtoperty is concerned, only two situations
are possible: either a value is assigned to the propertyastoun, or not. The degree of completeness of a
metadata specificatioms, can be defined a3

no. of missing attributes ims,
total no. of attributes of the schema to whiets, conforms

Completeness(ms,) = 1 (8.10)

Example of application. OCLC NDLTD Union Catalog

Figure 8.5 shows the average of completeness of all metagatifications (records) of the NDLTD
Union Archive administered by OCLC as of February 23, 20@garding to the Dublin Core metadata
standard (15 attributes). Table 8.9 shows the correspgndstitution and number of metadata records per
institution.
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Figure 8.5: Average completeness of catalogs in NDLTD (esetiruary 2004)

8.3.3 Conformance

The conformance of a metadata specification to a metadatdastiformat/schema has been formally de-
fined in Chapter 2, Definition 14. In that definition a value ofadtribute is conformant to its schema if it
belongs to the defined domain of the attribute (e.g., stidiage, number, etc.). That definition can be ex-
tended to include cardinality (i.e., considering manddtptional fields) and multiplicity (i.e., considering
repeatable fields) issues.

A metadata specificatioms,, is cardinally conformanto a metadata format if:

1. it conforms with its schema in terms of the domain of itsilates according to Definition 14 in
Chapter 2;

BAccording to definition of conformance in Chapter 2
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Institution # of records | Institution # of records | Institution # of records
GWUD 8 PITT 200 MUENCHEN 181
LSU 646 HKU 9243 UTENN 3751
VTETD 4711 HUMBOLT 346 CCsD 59
MIT 8686 OCLC 14160 WATERLOO 154
UBC 3 BGMYU 76 NSYSU 502
PHYSNET 224 DRESDEN 4 LAVAL 2
VTINDIV 23 VIENNA 261 UPSALLA 1218
VANDERBILT | 43 GATECH 482 CALTECH 802
NCSU 1473 ETSU 367 UCL 30
USASK 64 USF 212 WagUniv 2837
TOTAL 50768

Table 8.9: Institutions in the OCLC NDLTD Union Catalog witbrresponding number of records (as of
February 2004)

2. each attributett,, of ms, appears at least onceuift ., is marked as mandatory in the schema; and
3. att,, does not appear more than once if it is not marked as repedtatiie schema.

From now on, we will use conformance to refer to the strongdindtion of cardinally conformant Dif-
ferently from completeness, an attribute may be missingrétard, but still can be considered conformant,
if it is not marked as mandatory. The degree of conformaneensétadata specifications, can be defined

as
> v attributear... of ms. deégree of conformance att,,
Conformancéms,) = zy @

total number of attributes (8.11)

The degree of conformance aft,, is an indicator function defined as 1dtt,, obeys all conditions
specified in the above definition; 0 otherwise.

Example of use. The ETD Union Archive

Figure 8.6 shows the average conformance of the metadatalsio the NDLTD Union Archive, related
to the ETD-MS metadata standard for electronic theses asedations. ETD-MS, differently from Dublin
Core in which all fields are optional, defines six mandatorld$iedc.title, dc.creator, dc.subject, dc.date,
dc.type, dc.identifier. Also the domain for the dc.type ifirdel as the sef'Collection’, ‘Dataset’, ‘Event’,
‘Image’, ‘InteractiveResource’, ‘Software’, ‘Sound’, ékt’, ‘PhysicalObject’, ‘Stilllmage’, ‘Movinglm-
age’, ‘Electronic Thesis or Dissertatign’If any value other than these words is used for the attrjbute
defined as non-conformant.

8.4 Collection, Metadata Catalog, and Repository

8.4.1 Collection Completeness

A complete DL collection is one which contains all the exigtdigital objects that it should hold. Measuring
completeness of a collection can be extremely hard or Wytiimpossible in many cases when there is
no way to determine the ideal real-world collection suchrathé Web or in hidden databases. Advanced
judicious sampling or probing of alternative repositondsse completeness has been established manually
can give crude estimates [142, 106]. An example could bepmapmate a measure of the completeness of a
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Figure 8.6: Average conformance of catalogs in NDLTD

computer science collection of papers on a specific topiabypting the ACM or IEEE-CS digital libraries,
DBLP, and some other commercial publishers’ on-line databa In other cases such as for harvested or
mirrored collections those estimates are easier to estalMore formally, Completeness{) of a collection

C,, can be defined as the ratio between the sizé,0dnd the ideal real-world collection, i.e.,

|Ca
lideal collection

Completeness(Cy) = (8.12)

Example of use. Computing collections

The ACM Guide is a collection of bibliographic referencesl astracts of works published by ACM
and other publishers. Statistics on the number of entrid$ygoes of works are shown in Tables 8.10 and 8.11
(as of March 28, 2004). The Guide can be considered a goodxéppation of an ideal computing collection
for a number of reasons including the fact that it containstned the different types of computing-related
literature and for each type it can be considered fairly deiep For example, the set of theses in the Guide
comes from Proquest-UMI, which receives copies of almddlissertations defended in USA or Canada;
the number of tech reports is close to that of NCSTRL (htypuid.ncstrl.org), the largest repository of
CS technical reports, and it contains large numbers of dsclbpom many of the most important publishers
in computer science (see Table 8.11). Table 8.12 shows tireel®f completeness of several CS-related
collections!® when compared with the Guide.

8.4.2 Catalog Completeness and Consistency

Catalog completeness and consistency have been formdiheden Chapter 3 (in the context of thue-
scribesrelationship). The degree of completeness of a catéléd~ can be defined accordingly as

no. of do’s without a metadata specification

C let DMH)=1— - - -
ompleteness( o) size of the described collection

(8.13)

Consistency, on the other hand, is an indicator functiomddfas:
e 0, if there is at least one set of metadata specificationgrassito more than one digital object;

e 1, otherwise.

18All subsets of the Guide.
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ACM Guide: Types of Works No. of entries
Journal (articles) 256527
Proceeding (papers) 299850
Book(chapters) 107870
Theses/Dissertations 46098

Tech. Reports 25081
Bibliography 2

Play 1

Total 735429

Table 8.10: ACM Guide partitioned by genre.

IEEE J(29,018)|| Springer J(3,524) || ACM J(4,017) || Elsevier J(7,549) || Kluwer J(17,253)
123,844 | P(90,760)| 108,193 P(96,203)| 107,887 P(96,203)| 87,777 P(76,335)| 27,320 | P(3,756)
B(2,071) B(7,886) B(7,886) B(1,527) B(3,532)
SIAM J(12,321)[| Wiley J(5,569) || Pergamon J(9,170) || MIT J(3,252)
15,032 | P(1,627) || 14,486 P(367) 11,482 P(1,419) || 9,593 P(1,770)
B(7) B(7,271) B(70) B(4,179)

Table 8.11: ACM Guide sizes of subsets partitioned by gekeg: (J= journal; P = proceedings, B = book )
and publisher.

Collection Degree of Com-
pleteness

ACM Guide 1

DBLP 0.652

CITIDEL(DBLP(partial) + ACM(partial) + NCSTRL + NDLTD-CS) 0.467

IEEE-DL 0.168

ACM-DL 0.146

Table 8.12: Completeness of several collections
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Example of Use. In April 2004, the NDLTD Union catalog administered by OCLi@&¢ to harvest data
from the Brazilian Digital Library of Electronic Theses abdssertations (BDTD). Because of problems
in BDTD’s implementation of the OAI protocol and problemsttwihe Latin character set handling by
OCLC, only 103 records were harvested from the repositong BDTD collection contained 4446 records.
Therefore the completeness of the harvested catalog foiBDTOCLC would be completeness(BDTD in
OCLC Union Catalog) = 1 - (4446 - 103)/4446 = 0.023

8.4.3 Repository Completeness and Consistency

A repository is complete if it contains all collections itahd have. The degree of completeness of a
repositoryRep is defined as

o ot (R) number of collections in the repository
ompleteness == " "
b ideal number of collections

(8.14)

If the repositorystorescollections with their respective metadata catalogs,dtsistency can be defined in
terms of these two components. Therefore, repository stergiy is an indicator function defined as:

e 1, if the consistency of all catalogs with respect to thesadied collections is 1;

e 0, otherwise.

Example of use. CITIDEL

We will use the ACM Guide as the ideal collection. Not consiug the Bibliography and Play sub-
collections of the Guide and considering each publisher different sub-collection, the completeness of
CITIDEL can be calculated as 4 (ACM + IEEE + NCTRL + NDLTD-CS)Y (total number of collections)
or 0.36.

8.4.4 Collection Impact Factor

Building upon an analogy between DL collections and jowsniddeimpact factorCIF of a DL collectionC
can be measured as the number of citations or links to digfijakcts inC' 17. The absolute external collection
impact factor eCIF is a variant which does not count seHtns, i.e., citations/links from digital objects
in C' to other objects i’ are not counted.

Example of use. ACM and DBLP

As an example, we applied this metric to the ACM digital lityrand the DBLP collection, both of which
are partially covered by CITIDEL. Table 8.13 shows the CIFAGM and DBLP (which covers ACM) and
eCIF for DBLP alone (removing ACM). Considering that theatatumber of citations in ACM used in this
computation was 1,094,108, it is worth noticing that the @IFACM implies that approximately 20.4% of
all citations in ACM point to ACM itself. That fact along witthe eCIF of DBLP (Approximately 13.48%),
which includes many other CS collections like IEEE and thedS\series, reinforce the high importance of
the ACM collection in the computer science domain.

8.5 DL Services

Dimensions of quality for DL services can be classified agreel or internal [219]. The external view
is related to information satisfaction services and is eomed with the use and perceived value of these

171f known, this value can be normalized by the total numberitattions in the DL.
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ACM DBLP
CIF 223,198 369,557
eCIF none 146,359

Table 8.13: Impact Factor for the ACM DL and DBLP

services from the point of view of societies of end users. ifternal view addresses the construction and
operation necessary to attain the required functionalitgrga set of requirements that reflect the external
view. Issues in system construction, operation, desigthjraplementation should be considered here.

8.5.1 Effectiveness and Efficiency

The two most obvious external quality indicators of DL seed, as perceived by end users, are efficiency
and effectiveness. Efficiency is most commonly measureérimg of speed, i.e., the difference between
request and response time. Infrastructure services alyobmaubject to specific efficiency metrics, for
example, speed and space saving for indexing. More formatly(e) be the time of an event and lete;,
andey, be the initial and the final events of servige,. The efficiency of servicee, is defined adé:

Efficiency(se,) = t(efs) — t(eir) (8.15)

Effectiveness is normally related to information satiitat services and can be measured by batch
experiments with test collections or through experimenith weal users. Different types of information
services can use different metrics, the most common oneg pegcision and recall [13], extensively used to
assess quality of searching or filtering services.|C&te the size of a collection arda query expressing a
patron’s information need. A searching service procegsesl returns a document sét Let| A| be the size
of this set. Moreover, lelz, be the set of all documents relevantgtan C' (as judged by external-judges),
or pertinent to the information need represented by theyg(s judged by a user), afda = A N R,.
PrecisionP is the fraction of the relevant/pertinent documents reéteby q, i.e.,P = |Ral|/|A|. Itis
useful as an indication of how accurate the service is whigievang the answers to the user’s query. Recall
R is the percentage of all the relevant/pertinent items thexewetrieved, i.e.R = |Ra|/|Rq|. It indicates
if the system is able to retrieve all of the relevant/pertinéems. High recall is especially useful when
the user needs to be certain that all relevant/pertineotrimdtion will be found. These two measures can
be combined into a single value providing a simple way of watihg the service’s overall effectiveness,
for example the F1 measure combines precision and recdil egjual weights and is defined &8 =
2PR/(P + R). More recently, other quality criteria indicators such epasability and connectivity have
been proposed for information satisfaction services sadmage retrieval and recommendation [51, 137].

Example of use. Effectiveness: CITIDEL and Structured Queries

Table 8.14 shows the effectiveness of a pure vector spacehseagine, ESSEX, which implements
searching services for CITIDEL and PlanetMath, and a matjiggperimental version of the system. In its
basic form, ESSEX takes queries as a simple bag of words. ydters is also able to handle structured or
fielded queries (e.g., author:fox abstract:digital, lilgs). The experimental version is able to automatically
find a suitable set of structured queries from the originab4of-words’ version, ranked by the probability
they better represent the user’s information need [87].s&Hellowing results are based on an experiment
conducted using the CITIDEL collection (then with approx04€00 records), with 20 subjectd each

BHere, the smaller the value (i.e., the faster), the moreieffi@ service is.
1%Since subjects evaluated items returned by queries refiiegeheir own information need, it is reasonable to say tha
pertinence view was used here.
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issuing 5 bag-of-words queries, with half of them also hgvimissue manually structured versions of the
gueries. More details on this experiment and results caouraifin [87]. The third row in Table 8.14 reports
the performance of the best of the top 5 automatically streckt queries. To present the results, besides F1,
we also consider two forms of precision: 10-precision angr&zision. The 10-precision measure indicates
the precision for the first 10 items retrieved by the systerhis Theasure is important in practice since it
is known that users tend to only look at the top results in &edranswer set. The R-precision measure
indicates the precision when all relevant/pertinent dosuois were retrieved (recall=1). It is a measure
of how many spurious results the user has to look at beforeelgVant/pertinent results are seen. Both
measures are useful in determining not only if the systerblesta show relevant/pertinent results at the top
of the list of retrieved items, but also if it can discoverrallevant/pertinent information while still keeping
the noise level to a minimum.

Average F1 10-precision R-precision
Bag of words 28.9 31.1 29.4
Manually structured query 55.6 72.5 70.2

Best of the top 5 automatically 59.8 83.4 84.7
structured queries

Table 8.14: Effectiveness of structured queries

Example of Use. Efficiency: The WISE search engine

Table 8.15 shows efficiency figures for indexing and seagclsgrvices provided by an experimental
search engine — WISE (Web Intelligent Search Engine) [233]t to provide a plataform for experiments
with adaptive ranking functions.

WISE
Indexing 0.40 Gigabytes/hour
Searching 1.2 seconds/query

Table 8.15: Efficiency of indexing and searching services séarch engine

8.5.2 Extensibility and Reusability

Regarding design and implementation of DL services, thexdveo main classes of quality properties: 1)
those regarding composability of services; and 2) thosardigg qualitative aspects of the models and im-
plementations. The latter include issues such as completegonsistency, correctness, and soundness. In
this work we will concentrate on composability aspects baiasknowledge the importance and complexity
of the latter issues.

Composability can be defined in terms of reusability andresitality, both properties being formally
defined in terms of DL relationships in Chapter 3. In shortermvise Y reuses a service X if the behavior
of Y incorporates the behavior of X. A service Y extends aiserX if it subsumes the behavior of X and
potentially includes conditional subflows of events. A casgd service either extends or reuses another
service. A composable service has to satisfy a number ofreagants including exporting clear interfaces,
providing mechanisms/protocols for connections and pgssi parameters, offering gateway or mediator
services to convert between disparate document formatpmtdcols [61], and satisfying circumstantial
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conditions such as satisfaction of any pre-condition basethe service’s current state and input values to
any called service. All of these make it very hard to quarttily composability of a service. However, even
if an indicator of composability can be determined, a serigcstill only potentially reusable and extensible.
One more pragmatic indicator of the actual composabilittoisheck from a set of services and service
managers that run or implement those services, which manage actually inherited from or included by
others. Therefore given a set of servicgs v and a set of service manage¥d/ that run those services,
two quality indicators of extensibility and reusabilityrche defined.

. e Sery €Ttended(se; _ _
e Macro-Extensibility(Serv) -Z“Zes”geijn cdloe ), whereServ is the set of services of the DL and

extended(se;) is an indicator function defined as :

— 1, if dsej € Serv : se; extendss;,
— 0, otherwise.

. ; e 5ure LOC(smy)vextended(se;
e Micro-Extensibility(Serv) -Z”L’”ESM"“@ZZES*””’SM L(gsgzsjn)ex ended(se ), where LOC corresponds to the
sme

number of lines of code of all operations of a service managdsm, runs se;.

e Since reuse/inclusion has a different semantics of exdanseusability can accordingly be defined as
d(se; . - . .
revsedise ), wherereused(se;) is an indicator function defined

se; EServ
|Serv|

Macro-Reusability(Serv) >2
as:

— 1,if dse; € Serv : se; reusess;;
— 0, otherwise.

smg€SM,se;€Serv LOC(smz)*reused(sei)

. - >
° Mlcro-Reusablllty(Serv) S csn LOCGm) , Wwhere LOC corresponds to the num-
ber of lines of code of all operations of a service managersangdruns se;.

Example of use. ETANA-DL services

Table 8.16 shows the lines of code (LOC) needed to implemamwice managers which run several
services in the ETANA archaeological digital library. lefissume a 1:1 cardinality between the set of
services and set of service managers. Reused servicen@nded service managers) are implemented as
ODL components [199]. These services are searching, aimmpteecommending, and (union) cataloging.

The wrapping services, the ones that really reuse and mahiel services offered by the DL compo-
nents, are necessary in order to deal with issues such dgngvoperations, parsing results, and interfacing
with other components (like the user interface). However,additional code for those wrappers is only a
very small percentage of the total lines of code requiredrfgplementing the components. In the current
ETANA-DL prototype, only a few important services are comentized and therefore reused (Macro-
Reusability(ETANA DL Services) = 4/16 = 0.25. However, MieReusability = 3630/11910 = 0.304 makes
it clear that we can re-use a very significant percentage of@le by implementing common DL services
as components. Moreover, as more service managers get nented, more code and managers are
potentially inherited from/included by more DLs.

8.5.3 Reliability

Regarding operation, the most important quality criteigreliability. Service reliability can be defined as
the probability that the service will not fail during a givpariod of time [100]. We define the reliability of

a servicese, as: f fail
no. of failures
eliability(sez) no. of accesses ( )
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Service Component LOC for im- | LOC reused | Total
Based plementing ser- | from compo- | LOC
vice nent
Searching . Back-end Yes - 1650 1650
Search Wrapping No 100 - 100
Recommending Yes - 700 700
Recommend Wrapping No 200 - 200
Annotating . Back-end Yes 50 600 600
Annotate Wrapping No 50 - 50
Union Catalog Yes - 680 680
User Interface Service No 1800 - 1600
Browsing No 1390 - 1390
Comparing (objects) No 650 - 650
Marking Items No 550 - 550
Items of Interest No 480 - 480
Recent Searches/Discussions | No 230 - 230
Collections Description No 250 - 250
User Management No 600 - 600
Framework Code No 2000 - 2000
Total 8280 3630 11910

Table 8.16: Analysis of prototype using the metric of LinéS€ode

A failure is characterized as an event that:

1. was supposed to happen in a scenario but did not; or

2. did happen but did not execute some of its operations; or

3. did happen, where the operations were executed, butshts@vere not the expected ones.

Example of use. CITIDEL services

Table 8.17 shows reliability figures for the most populavieess of CITIDEL, according to alog analysis
done on April 1, 2004. The low reliability for th&tructured searchingervice can be explained by the fact
that it was an experimental one, which ran only for a shoriogenf time. However, entry points and links
to this service were not removed after the experiments, aadsikept using it without getting answers. This

also shows how flaws in design can be found with such quatignted analysis.

CITIDEL service No. of failures/No. of accesses| Reliability
searching 73/14370 0.994
browsing 4130/153369 0.973
requesting (getobject) 1569/318036 0.995
structured searching 2147752 0.66
contributing 0/980 1

Table 8.17: Reliability of CITIDEL services
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8.6 Quality and the Information Life Cycle

Given the fact that information in digital libraries is dad by digital objects and their respective metadata
specifications, the proposed dimensions of quality forehe® concepts can be connected to the life cycle
of information in digital libraries [28]. Such connectionan be used to determine when and where quality

issues can be measured, assessed, and improved — as wallgassthle quality problems can be prevented,
detected, and eliminated.
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Figure 8.7: Information Life Cycle (adapted from [28]) withspective dimensions of quality added for each
major phase and related activities.

The connections are shown in Figure 8.7. The cycle (see poréion) has four major phases: inform-
ation creation, distribution, discovery, and utilizatiorhe outer arrows show in which stage information is
active, semi-active, or inactive with regard to the pha&ssh major phase (see next inner portion) is con-
nected to a number of activities or services. Finally (sderaing), each dimension of quality is associated
with the corresponding set of activities/services.

Similarity to other digital objects or versions can be assdsat time of creation and modification.
Preservability and timeliness (in relation to modificaipralso are related to this phase. The next sub-
phase in the cycle deals with metadata creation and infewmatrganization and description; therefore
all quality dimensions associated with metadata spedificsitare located here. Special metadata quality
processes such as enforcing filling out of mandatory fieldsuse of specific formats (e.g., for dates) as well

schema validations, should be applied to related actvibguarantee quality (e.g., accuracy, completeness,
conformance).
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In the next phase of archiving and distribution, the aspettaccessibility and preservability (e.qg.,
means of storage, format, position in an organizationakis@) etc.) should be taken into consideration.
In the discovery (e.g., searching) phase, relevance ofnrdton as returned by the several information
satisfaction services can be measured. Finally most ofithertsions associated with the perceived value
of the information (pertinence, significance) can be asskdaring the utilization phase.

8.7 Evaluation: Focus Group

In order to assess the potential practical utility of thegmsed quality model in the library and information
science (LIS) world, we conducted a focus group with thrbeatians with experience in practical library
work and digital libraries.

This focus group meeting included a presentation of apprately 60 minutes duration about 5S and
the proposed quality indicators (with examples) by the aedeers /moderators followed by a 30-minute
discussion. Questions, comments, and discussions wereealduring the presentation. In particular, the
discussions were focused around these questions:

Are you able to understand the 5S model?

How does it relate to (your) library world?

How do the proposed indicators relate to your practiceserlibtary?

Would you be willing to apply these measures to your (dipiiararies?

8.7.1 Presentation — Discussions

Discussions during the presentation centered around BB &sd the utility of the quality model. The
discussion started with the raising of the basic questiofat's a DL?” by one of the participants. The
moderator emphasized that to precisely define DLs was orteeghain goals of the work.

When first confronted with 5S, some of the participants fleitt tthe framework made sense but the
concepts of scenarios and spaces were the least intuitiegarBing streams, it was felt that intuitively
they seem active and dynamic but the ones used in this wor& mere static, which was a bit counter-
intuitive. One of the participants also said that she hadrd time seeing how the 5S terminology maps
to the concepts normally used in the library world. A mappofgconventional LIS terms into the 5S
framework was suggested. For example, another participésed the question of “what a database means
in this framework?”. After learning that for that particifaa database means a storage of documents, we
concluded that it corresponded to their notions of coltettiand repositories.

One of the most discussed aspects was the “minimalist” aghrave took in this work. It was almost
consensus that this was the right way to go. One of the paaitits suggested to add “reference service” —
essential in the library world — to the minimal DL. This raiseoncerns that we were dealing with DLs as
something outside of the library: “shouldn’t the DL be pdrtlee library?” asked one of the participants. It
was explained why in a field with so many constructs we coulthbee elegant and precise to clarify terms
with our approach. In the end it was the consensus that theefs@rk was OK, if the focus is on DLs, not
(conventional) libraries. It was agreed that it would bellemging to do a metamodel for (conventional)
libraries. Another participant also raised concerns alioeithigher level constructs being understandable
by the general public and librarians. Finally some of thatrehships among the services (e.g., between
indexing and searching) and additional (traditional) Dikvems were discussed. The moderator did not
present the taxonomy of DLs services to the participantberstides. When it was shown that portions of
the dissertation dealt with such issues, they felt happyttiimwas being covered.
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In the second phase of the presentation, discussion coatshiaround the quality model. One of the
first questions raised was the difference between pertinend relevance. The explanation was accepted by
the participants. Another question which drove part of tiseussion was “what do you mean by ‘good’?”
and “by good you mean only from the user perspective’?’ Thited the presentation to the connections
between the proposed quality indicators and the severalshaf the information cycle.

The discussion now shifted to each proposed quality indicdarticipants seemed to agree with most
of the dimensions and definitions. First concerns were daisgarding the “timeliness” indicator for digital
objects. One participant argued that in some instancedniiiessible to find the age of every object. It was
proposed to have a category for “ageless” objects — thoss neviewed, reviewed in 5 years, etc. The issue
of the age of digital objects which are surrogates of realavartifacts also was discussed. In the context of
collection-related indicators, a participant suggeskted $ome of these quality measures could be used for
collection management mainly as selection criteria to fgeof things” in her own words. It was consensus
that practical aspects of dealing with storage space aritetimesources are rarely discussed in the field.

The strongest reactions were generated by the issues ¢bgatad collection completeness. It was
thought that in some cases, like for example, catalogs basdaublin Core (15 attributes) this indicator
made sense, but in the case of MARC (hundreds of attributesduld not. It was felt that the context
in which those measures would be more applicable should e etaborated and that these indicators in
some cases had more theoretical value than practical apphc In the particular case study presented
(i.e., OCLC NDLTD Union Catalog), it was conjectured if tlmeM values for completeness of one catalog —
MIT — were due to the fact that objects in the respective ctibée were scanned, not born digital. Finally
since we had many indicators for each concept, one argued ieally did need several indicators to get
something meaningful.

8.7.2 Post-Presentation Discussion

The post-presentation discussion started with one of traenators encouraging the participants to think out
aloud about how they felt about the whole thing. One of théi@pants started by expressing his view that
the two pieces of the presentation were a bit disconneciked hie felt that the quality model was not very
much associated with 5S. He suggested that if the discus&isiviewed like a novel, he would think that the
“5S” character had disappeared when quality was considéed direct consequence of this criticism, we
added Table 8.2. The same participant expressed his vieéwéhaere proposing two kinds of indicators: 1)
some measures against a perfect thing that can not alwaymbelor defined; and others which are highly
specific, arguably useful. In the real world, something itbween would be the ideal. But the criticism
was not restricted to our study, but also applies to mosti@iratudies and other types of quality measures
he knows and applies in the library in his work. It was sugggshat expressing the contexts where these
indicators would be more or less useful would help in theozbn.

Another important question was raised by another partitiphn her own words: “What do | do with
these measures?”. It was agreed that the goal is to promgt®wements and make things better. It also
was suggested that these could be used somehow in traindigitafl librarians and DL administrators.

One of the moderators shifted the discussion to the broadestigns of “Which ideas apply to LIS?
Which to DL? Which to both?” The first reaction was that DL idyoa part of the library; some things can
not be digitized. Another participant said that it helpedhéar about our minimalist focus — it would help
to be more acceptable to LIS. The same participant expreabsedersonal opinion that 5S would not be
much use to him but it might be very helpful to IT people inwrwvith (digital) library issues; impact on
LIS was uncertain. Another suggested a study to correla@esaisfaction with the quality indicators. For
the explanation of the indicators themselves it was sugdedkiat the application of all of them in a running
example would be really helpful. Regarding the proposeditguaolkit, one participant felt more work on
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services, including infra-structure services and pres@m, was necessafy. We needed to go beyond the
minimal DL for this work to be practical and useful.

In the end, everybody felt the work was very interesting asefful, with potential to help the field of
digital libraries. In the words of one of the participants who wadgtke Ibit familiar with the 5S framework:
“you have come a long way with 5S and that is extremely impresbut more needs to be done before this
thing gets widely accepted and practically used”.

8.8 Related Work

The Informetrics and Bibliometrics subfields of Library &ute utilize quantitative analysis and statistics
to describe patterns of publication within a given field odpof literature. More specificallgvaluative
link/citation analysisis a subfield of Bibliometrics which uses link/citation aaots as indicators or mea-
surements of the level of quality, importance, influencepenformance of individual documents, people,
journals, groups, domains, or nations [30]. In computezrsme, much of the related work has considered the
issue of data quality within the database community (el$6] 219, 142, 159]). A comprehensive survey
of data quality research [221] has determined that mostefabrk in data quality has been done in: 1)
analysis and design of the data quality aspects of data pisid2) design of data manufacturing systems
that incorporate data quality aspects; and 3) definitionabé duality dimensions and the measurement of
their values. The work proposed here touches several offtieraentioned aspects but is for the digital
libraries field, for which this a type of study, mainly one ttimbased on a formal theoretical foundation,
is necessary but has been missing. Indeed, the data/ifformguality field has mostly defined quality
measures/indicators such as completeness in generaljamifgd terms, such as “the extent to which data
is not missing and is of sufficient breadth and depth for tsk & hand” [159]. Dhyani et al. [56] present
an extensive survey of Web metrics. While many of the suggedfeb metrics can be used or adapted to
the DL context (and have been), we have seen that DLs difben the Web in many ways and therefore a
specific study of DL quality dimensions and metrics is neagss

DL quality and evaluation is a very underrepresented rebeaea in the digital library literature. Sara-
sevic [183] was one of the first to consider the problem. Heesghat any evaluation has to consider a
number of issues such as the context of evaluation, theiarithhe measures/indicators, and the method-
ology. However, in his analysis, it is concluded that theer@ clear agreements regarding the elements
of criteria, measures/indicators, and methodologies foreRaluation. In an attempt to fill some gaps in
this area, Fuhr et al. [75] propose a description scheme lieriased on four dimensions: data/collection,
system/technology, users, and usage. We see the work piposhis dissertation regarding DL quality
issues and evaluation as a next, complementary step inras@ne that is based on a sound, formal theory
for DLs.

Finally, works in a recent workshop on “Evaluation of Digjit#braries” have touched some of the issues
discussed here. Quoting one of the papers in the proceedirigat workshop [5]: “thus it could be worth
discussing whether the 5S is an appropriate model for fatisgkind of (evaluation) issues and whether it
could further a better understanding in this research fieltiiat is exactly what we have tried to do in this
chapter.

8.9 Discussion

It is almost impossible to argue for the completeness of¢hefsquality indicators here presented, defined,
and formalized. While the same argument of being literaimogivated helps, it does not close the matter.

2Again, the taxonomy of DL services was not presented to ttigg
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For example, it is very easy to see that in this work we took rg ggstem-orientedview of the quality
problem, and, as a self-criticism, we partially neglectsdisagedimension (as represented by the ‘uses’,
‘participatesin’, and ‘recipient’ relationships of the ontology) whehetiog analysis could be further benef-
ical. Measures/indicators such as popularity of scenaralsdigital objects, correctness of scenario models,
usability of services, educational potential of resouf@e3], etc. could be defined under this dimension.
However, as is exemplified by the complexities of Tables Bdtugh 3.4, there are many ways that users
can interact with services and with the static componentse@DL through those services. We leave this

for future work.

129



Chapter 9

Conclusions and Future Work

9.1 Conclusions

Motivated by the almost forty-year-old unanswered chajéefiom Licklider to construct a unified Computer
Science (CS)/ Library and Information Science (LIS) theovg have, in this dissertation, developed and
presented the first comprehensive formal framework fortaidibraries — the 5S framework of Streams,
Structures, Spaces, Scenarios, and Societies. We shofetimat definitions allow the 5S framework to be
precisely described and make it possible to clearly anddtlyndefine a minimal digital library. Ontological
relationships complement the initial conceptualizatiorcompose our theory/framework for DLs. Using
that framework we demonstrate its utility: to discuss thenteology found in the digital library literature,
to describe a representative digital library and the Opeshiées Initiative, to formally define a set of DL
constructs and settings in the context of the NDLTD Unionhvre, to formally characterize the most typical
DL services, and, from that characterization, arrange anamy of services which helps to reason about
issues of composability in DLs.

Moreover, we demonstrated how to move from theory to pradiicapplying the framework to the prob-
lems of modeling, generating, and evaluating (by loggindj@ssessing the quality of) digital libraries. Each
of these applications is materialized in a number of formeluiding: declarative specification languages,
visualization and generation tools, standardized XMLelbal®g formats, and formal DL quality models.
Throughout this dissertation, we have explained thesaagtigins and evaluated them (e.g., through usabil-
ity studies, focus groups, prototyping, etc).

In summary, this dissertation has made theoretical andipahcontributions to the digital library field,
which in our opinion are timely and have the potential to leadignificantly positive impact on the future
of the field. Yet, much still needs to, and can be done. Thisasstibject of the next section.

9.2 Future Work

Each of the facets of research in this dissertation couldubiadr studied and developed through future
work. We will cover some possibilities in the next sectiofidlowing the organization of the dissertation
itself.

9.2.1 Theory

As correctly argued in [97], an external review of the 5S T@per, the most effective test for 5S is to
examine its ability to describe other DL systems. Accorblinge intend to use 5S to formally specify and
compare some of the most used (and heterogeneous) exidtiagsiems. Initially, we plan to perform such
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a task for the three following systems: Fedora [198], SOD#6]1and Greenstone, for the exact reasons
just mentioned. The reduction of the different charadieg<f these systems to our formal framework will
allow formal comparisons, emphasize strengths and wea&aes the systems, and ultimately help to point
out where more work is necessary in the DL field as a whole.

Another obvious extension regarding theory is to compldtaraal definition for all services in Tables
3.1-3.4 in a way similar to that done for searching, browsamgd indexing in Chapter 2. The idea is to
further specify additional events and properties for themwices. Such definitions will help us to continue
exploring issues of reusability/extensibility of sensca a finer level of granularity.

One other possible extension is to load a knowledge basersysith the axioms of the ontology. This
can serve to:

¢ find any inconsistencies that may exist in the ontology tevel

e latter find any inconsistencies within specific DL models {lanslating 5SL models to rules in the
knowledge base system)

9.2.2 Application/Tools
Language

5SL has already been shown to be useful to describe and ¢gemecdotype systems (e.g., for CITIDEL,
NDLTD, BDBComp [55]). However the versions of the languagerently used in 5SGraph and 5SGen
have some incompatibilities. These versions need to be mnaitem. Other extensions also can make the
language more useful and powerful. For example, METS (Metaincoding and Transmission Standard
(METS)) [129], a new standard proposed by the Library of Gesg to encode descriptive, administrative,
and structural metadata regarding objects within a didjibaary, expressed using the XML Schema lan-
guage, is a perfect choice to be used in the structural m@ddsb the scenario and societal models could
be made less complex by increasing the level of abstractidmr@moving unnecessary details. Finally, we
want to make use of some features of the spatial model in therggon process, mainly regarding aspects
of the retrieval model and the user interface.

Regarding meta-models, a line of investigation that isaalyebeing pursued is the development of new
meta-models for “application-oriented” digital librasieThe one developed in this dissertation was based
on a minimal set of DL concepts. Currently other meta-moft@sarchaelogical digital libraries [63] are
being developed and others for “educational” digital liea are being considered [66].

Visualization

For the current version of 5SGraph, there are a number oflpessxtensions. First, we need to integrate
5SGraph with other modeling tools. Many conceptual comptmi the 5S framework and language are
based on existing models, which have their own modeling ditohg tools. One obvious example is for the
modeling of scenarios as sequence diagrams. 5SGraph dimaldle to associate conceptual components
of its meta-model with other existing tools. The result ofdaling with those tools should be integrated
into 5SGraph and included in the final 5SL file.

Second, in this same direction, 5SGraph needs to be bettgrated with 5SGen. As discussed above,
the two current implementations of the tools use differatijost incompatible versions of 5SL. One idea
would to go one step further and have a better integratediramwment” based on a “Wizard-of-Oz” phi-
losophy. This environment, working as a “meta-tool”, woalshtrol the whole process of modeling and
generating DLs, by invoking the appropriate tools at therajppate phases in the DL development cycle,
thus guaranteeing integration and correctness of the mmgdgéneration process. A new improved 5SL
version would help the communication among the tools in tivirenment.
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A third category of extensions concerns the visualizatiamctionalities. 5SGraph currently displays
the model tree in a truncated way, which simplifies the laywablem and helps users focus on the present
context. However, a complete view of the entire tree also bealgelpful and useful because sometimes the
user would like to see an overview of the entire tree. In @oldita print capability could be added to provide
documentation of a completed model. Further, 5SGraph ptlgssipports two cardinality indicators. More
indicators can be added to enrich the syntax/semantics.

Fourth, we have seen how 5SGraph has helped users to betenstand 5S and consequently better
appreciate digital libraries. A natural future applicatioould be to employ the tool as an educational
resource for teaching about digital libraries and to furthaluate learnability.

Fifth, we need more tests, mainly including more librariagsur participants. We had only one librarian
in our study of 5SGraph, who had the slowest speed in complatie experiment, but showed the best
improvement in the understanding of the 5S theory. Bettaluation tests also should be added. These
should only give participants some general descriptionthefrequirements. Participants then could be
asked to create a model from scratch, without step-by-sigpuictions. 5SGraph also could be testesitu
so as to allow digital library designers to benefit from itpatailities.

Sixth, once new meta-models are developed for new areaplicaton, we should be able to load them
in the tool and test them with target audiences.

Generation

5SGen is based on two principles: integration of multipldatied) scenarios for (semi-) automatic gener-
ation of service implementations, and reuse of softwarepmorants, more specifically ODL components.
Several extensions of the tool are possible, including:

e Use of Web Services

The ODL components use XOAI, a locally developed extensfdheOpen Archives Initiative Pro-
tocol for Metadata Harvesting (OAI-PMH), for componenteintommunication. While OAI-PMH
is standard, XOAlI is a non-official extension, which comale&s interoperability with other systems.
One idea is to extend the tool to support Web services, angametrend to help promote systematic
and extensible service-to-service interactions using Stehdards such as SOAP, UDDI, and WSDL
as basis for interoperability. Besides enforcing stanidatibn and promoting interoperability, such
extensions offer the possibility of using Web Services tged by others to construct our new pro-
totypes.

e Incorporation of Native XML repositories as the basis farage

The ODL components used relational databases (e.g., My&®#&)basis for the storage of data and
indexes for services such as searching and browsing. Ormhegs that could be investigated is
whether XML native repositories offer a more scalable afidieht alternative for building DL com-
ponents, since XML is the ‘de facto’ language of represamtah digital libraries. More specifically,
we intend to investigate the use of FEDORA, system that djredfers support for Web Services at
the repository level, and XIR-QL [73] which offers a mixed/D®B functionalities for XML docu-
ments

e Improvement of the Scenario Integration Algorithms

The current 5SGen’s algorithms, despite being innovafweduce a unique object responsible for
managing all the integrated and generated services, whiglesrthe tool suffer from scalability prob-
lems. We intend to investigate a more scalable architegtitremultiple (personal) interaction man-
agers [157]. Such an architecture also will serve as a bassfsiture investigation of personalization
issues in DLs.
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Logging

Future work will proceed on several fronts regarding ougiag efforts. We will be using our log format
to allow evaluations of several of our projects, collecsioand systems, including those in the context of
the Networked Digital Library of Theses and DissertatioN®TD, www.ndltd.org) and the Computing
and Information Technology Interactive Digital Educatibhibrary (CITIDEL, www.citidel.org). Since
CITIDEL is a part of the National Science (technology, eeginng, and mathematics) education Digital
Library (NSDL, www.nsdl.org), we will advocate use of theglformat and tools throughout NSDL. We
will test the log tool with other DL systems. A major concefraay comprehensive log format such as ours
should be user privacy. We should allow users to choose Yieedédetail they want the system to log about
their activities. Ideally, user information should be leggand maintained at the client side [36] so that users
can use that information as they desire, for example, toigeoportions of the data to personalization tools
in order to get personalization services.

The current XML format can be very verbose. We intend to itigate efficient compression techniques
to allow scalable analysis of our DL logs. Also, we will camhesi the application and possible extensions of
our XML format and tools to support new actions. These exbessshould follow the guidance of Tables
3.1-3.4. Finally, our log proposal needs to be discussedeated to standards and framework activities
like OAIS [175].

9.2.3 Quality

Several extensions are possible in the quality portion f dissertation. First and more obvious is the
definition and formalization of new quality measures. Thasuees that were proposed here are, in a sense,
too system-oriented. We could envision the definition of sueas more focused on the actuahgeof the
DL. Here the role of the XML Log format would be essential. @&, we could materialize the proposed
guality model in a new Quality tool — 5SQual.

Besides implementing all the proposed measures 5SQuatiiank few interesting features such as:

e extensive use of the XML Log standard
The tool would take log entries in our XML log format, as wedl@her kinds of information such as
XML schemas, consistency rules, etc., and produce statisti the quality of the several DL parts.
A specific sub-module would provide visual aids for DL marrag® help mapping between their
internal log format and our proposed standard.

e Visualization
Visualization facilities to produce graphs and charts a&sahes shown in Chapter 8, would also be
incorporated into the tool

e Decomposition according to the life cycle

As was discussed in Chapter 8, quality indicators should éasored/assessed at different phases of
the information life cycle. Accordingly 5SQual should becdmposed into different modules to be
used in each of these different phases.

9.2.4 Others
Personalization
We have already experimented using a combination of 5SLifsgmns and PIPE, a personalization en-

gine, to customize some aspects of DLs. One possible ititegespplication is to build a theory of per-
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sonalizable DLs using 5S. For example, DLs could be persmmthbver all 5 S dimensions. More concrete
examples include:

e a DL should present/transmit only streams supported by se€uenviroment in terms of network
speed, hardware, etc.;

e the DL content could be re-organized in terms of personamiggtional structures representing users’
interests;

e retrieval spaces could be specialized to support persdieasfor geographical preferences (e.g., only
retrieve information within my home town) or user interfa@®uld be customized for specific prefer-
ences;

e non-useful scenarios could be removed to reduce the coitypteiinteraction or could be added to
allow more personal interactions;

e particular communities of the DL society should be only bke db use services and view content to
which they have the appropriate rights.

We think that formalizing DL personalization according t® &nd developing these notions into tools,
languages, methods, etc. would be a very interesting futork.
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APPENDIX

Mathematical Preliminaries

Here, we briefly review the mathematical foundations nexmgs®r the development of the following dis-
cussion. Since the goal is complete precision, all termd uséhe other definitions must be carefully and
unambiguously defined. Authors’ definitions of terms evemasic as “function” often disagree, so (for
completeness) we begin at the most fundamental level, witinatations, relations, functions, sequences,
tuples, strings, graphs, and grammars [46]. Readers &amiiith these concepts can skip this section or
simply refer to it as needed when some of the concepts areiusgider definitions.

Formally,setand < (“element of”) are taken as undefined terms in the axiomstahsery. We remark
that a set cannot contain itself and the “set of all sets” datxist. That: is an element of sef is denoted
x € S. There is an “empty” set}j. The notationS = {z|P(z)} defines a se$ of precisely those objects
x for which the logical propositior () is true. Standard operations between setnd B include union:
AUB = {z|x € Aorx € B}, intersectioniAN B = {z|z € Aandz € B}, and Cartesian product:
Ax B = {(a,b)la € Aandb € B} where(a,b) is called arordered pair A is called asubsebf B, denoted
by A C B, if z € Aimpliesz € B. The set of all subsets of sét(including ()) exists, is called theower
setof S, and is denoted®.

Appendix Definition 1 A binary relation R on setsA and B is a subset ofA x B. We sometimes write
(a,b) € R asaRb. Ann-ary relation R on setsA, As, ..., A, is a subset of the Cartesian produdf x
Ay X ... X A,

Appendix Definition 2 Given two setsl and B, afunction f is a binary relation ond x B such that for
each ac A there existd € B such that(a,b) € f, and if(a,b) € f and(a,c) € f thenb = c. The setd

is called the domain of and the sef3 is called the codomain of. This is shown ag : A — B. We write
b = f(a) as a common notation fdw, b) € f. The sef f(a)|a € A} is called the range of f.

Appendix Definition 3 A sequencas a function f whose domain is the set of natural numbers or some
initial subset{1, 2, ...,n} of the natural numbers and whose codomain is any set.

Appendix Definition 4 A tupleis a finite sequence that is often denoted by listing the ramadges of the
function as(f(1), f(2), ..., f(n)).

Appendix Definition 5 A string is a finite sequence of characters or symbols drawn from afget with
at least two elements, called afphabet A string is often denoted by concatenating range valudsourt
punctuation. Let be an alphabetX* denotes the set of all strings froly including the empty string (an
empty sequencg. Alanguageis a subset oE*.

Appendix Definition 6 Agraph G is a pair (V, E'), whereV is a nonempty set (whose elements are called
verticed and E is a set of two-item sets of verticds, v}, u,v € V, callededges A directed graph(or
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digraph) G is a pair (V, E), whereV is a nonempty set of vertices (or nodes) dnds a set of edges (or
arcs) where each edge is an ordered pair of distinct vertieesv; ), withv;, v; € V andv; # v;. The edge
(vi,v;) is said to beincident on verticesy; and v;, in which casey; is adjacent tov;, andv; is adjacent
from v;.

Several additional concepts are associated with graphsvalk in graph G is a sequence of not-
necessarily distinct vertices such that for every adjapaimt;, v; 1, 1 < i < n, inthe sequencéy;, v;+1) €
E. We callv; the origin of the walk and,, the terminus. Théength of the walk is the number of edges
that it contains. If the edges of the walk are distinct, thékwsatrail . If the vertices are distinct, the walk
is apath. A walk is closedif v; = v,, and the walk has positive length. &cleis a closed walk where the
origin and non-terminal vertices are distinct. A graplaéyclic if it has no cycles. A graph isonnected
if there is a path from any vertex to any other vertex in theobraA tree is a connected, acyclic graph. A
directed tree or (DAG) is a connected, directed graph where one vertexed#he root - is adjacent from
no vertices and all other vertices are adjacent from exacityvertex. A graple’ = (V’, E’) is asubgraph
of G=(V,E),if V CVandE' C E.

Appendix Definition 7 A context-free grammaris a quadruple(V, X, R, so) where V is a finite set of
symbols called non-terminalg; is an alphabet of terminal symbols, R is a finite set of ruled anis a
distinguished element of V called thtart symbol.

A rule, also called a production, is an element of thelset (V U X)*. Each production is of the form
A — awhereA is a non-terminal and: is a string of symbols (terminals and/or non-terminals).

Appendix Definition 8 A deterministic finite automatons a 5-tuple(Q, qo, 4, 3, 6) whereQ is a finite
set of symbols called stateg, € () is thestart automaton stated C @ is a distinguished set of accepting
states,X. is an alphabet (defining what set of input strings the automaiperates on), and is a function
fromQ x X into @, called the transition function of the automaton.

The finite automaton begins in stajg and reads characters of an input string one at a time. If after
reading the string the automaton is in a state A the string isaccepted

Appendix Definition 9 Let X be a set. As-algebrais a collectionB of subsets ofX that satisfies the
following conditions:

1. every union of a countable collection of set®iis again inB, i.e., ifA; e B (: = 1,2,3,...), then
UiZi Ai € B;

2. if A € B, thenA € B, whereA is the complement of with respect taX.

One consequence of the definitionwfalgebra is that the intersection of a countable collectibgets
in B is again inB.

Appendix Definition 10 A measurable spacks a tuple(X,B) consisting of a seX and ac-algebraB of
subsets ofX.

A subsetA of X is calledmeasurable(or measurable with respect ) if A € B. A measureu
on measurable spadeX,B) is a nonnegative real-valued function defined for all set® siuch that the
following conditions are satisfied:

1. u(@) =0 where)is the empty set, and
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2. p(Ui2y Ai) =32, u(4;) for any sequencel; of pairwise disjoint measurable sets.

Appendix Definition 11 Ameasure spacéX,B, 1) is a measurable spadeX, B), with measure. defined
onB.

Appendix Definition 12 A probability spaces a measure spadeX, B, 1), such that measure(X) = 1.

Appendix Definition 13 A vector spacés a setV’ (whose elements are callegctord together with a field
of “scalars” * with an addition operation- : V' x V' — V and a multiplication operatios : S x V — V
such that ifx, y, z are inV anda and 3 are in S then:

. there is a unique vectdr € V' such thatz + 0 = z for all x € V' (additive identity);
. for each vector € V there exists a vectorz € V such thatr + (—z) = 0 (additive inverse);

. (x+y)+ 2=z + (y+ 2) (associativity oft);

1
2
3
4. x +y = y + x (commutativity oft);
5. 1%z = z (identity);

6. (a* () *xx = ax* (0 xx) (associativity of«);

7. (a+ B) xx = a*xx+ [ *z (distributivity ofx over+, right); and
8

. ax(r+y) = axx+ axy (distributivity ofx over +, left).

Appendix Definition 14 A topological spacés a pair (X, 7 ) consisting of a seX and a familyZ c 2%
of subsets of X such that:

1. ) (the empty sety¥ 7 and X € 7;

2. for any collection of sets iff, {A; € T|i € I}, Ujes A; is also in7, and if the index sef is finite,
ﬁie[Ai isinT.

7T is said to be a topology for X, and elementsofare calledopensets. The complement of an open
set is called @losedset.

LIn this context, the field of real numbers.
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