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Les bibliothéques électroniques sont des systémes d’information complexes et avan-
cés qui peuvent étre considérées comme complémentaires des bibliothéques tradition-
nelles; elles complétent les services et les ressources proposées par ces derniéres, et
rendent possible le développement de solutions nouvelles pour les problémes posés par
les utilisateurs. Elles apportent de plus deux avantages trés recherchés par la société de
I'information dans laquelle nous vivons aujourd’hui : des supports économiques pour des
grandes quantités d’'information et la possibilité d’un accés massif & cette information
pour des grandes quantités d’utilisateurs. Les ressources des bibliotheques électroniques
ne sont pas sujettes 4 l'usure comparativement a leur équivalentes traditionnelles, ce qui
évite d’en restreindre ’accés pour préserver leur intégrité. Enfin, I'utilisateur ne doit pas
se déplacer physiquement 14 ol se trouvent les bibliothéques; il peut accéder a distance
a leurs services avec des outils d’usage courants comme les navigateurs Web.

Ces avantages s’accompagnent souvent d’une complexité qui peut malgré tout étre
synonyme de richesse : les bibliothéques électroniques sont souvent multidisciplinaires,
les données qu’elles contiennent souvent hétérogénes dans leur nature, format, etc. et
les applications utilisées le sont souvent également.

Parler des bibliothéques électroniques revient en définitive a parler de domaines
d’intérét aussi variés que la recherche d’information, le filtrage de 'information, la dis-
tribution des ressources et/ou des applications, ’hétérogeénéité, la manipulation de I’in-
formation et des documents, I'interaction homme-machine ou les aspects liés a la sécurité
et aux droits légaux liés a l'accés aux ressources.

Les fonctionnalités d’une bibliothéque électronique se matérialisent sous la forme
d’une série de services. Parmi ceux-ci I’on peut répertorier des services de base, comme
la recherche (qui permet de chercher des documents qui contiennent des termes clés) et
la récupération des documents. Des services avancés complétent également cette liste, ce
qui transforme les bibliothéques électroniques en systémes élaborés permettant & leurs
utilisateurs de classer les documents et/ou les résultats des requétes, de manipuler les
documents et créer de nouveaux documents, etc.

Dans cette thése nous nous intéressons aux bibliothéques qui permettent d’accéder
a des documents hétérogenes, dans lesquelles il est possible de recourir & I'information
sur les relations entre les documents, et qui permettent 3 1'utilisateur de s’abstraire ou
non, selon les circonstances, de ’existence des multiples versions d’un méme document.
L’utilisateur doit obtenir au final la version du document qu’il & sollicitée ainsi que
I'information demandée sur ses relations avec les autres documents. Nous nous donnons
également comme contrainte que les services ci-dessus décrits fonctionnent de concert
avec les services de base de la bibliothéque.

Hétérogénéité dans les documents

Une bibliothéque électronique peut contenir des données hétérogénes dans leur for-
mat ou dans leur nature. Les documents de la bibliothéque peuvent ainsi étre séparés
en documents structurés (composés d’éléments bien délimités entre lesquels il existe
une hiérarchie d’inclusion) et en documents non structurés. Les documents structurés
peuvent eux-mémes appartenir a plusieurs classes, les types des éléments permis et la
hiérarchie d’inclusion entre ces éléments différant d’une classe a une autre.

L’hétérogénéité dans les documents structurés peut trouver son origine dans la na-
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ture de l'information qu’ils contiennent, ou simplement étre due & des structures diffé-
rentes [66] introduites de fagon artificielle de maniére & faciliter leur manipulation. Ces
structures ont le désavantage de trés souvent cacher les divisions sémantiques propres a
Uentité abstraite que le document digital représente [65]. Pouvoir disposer de la struc-
ture sémantique! des documents présente par contre de grands avantages, comme nous
le montrerons au cours de ce travail dans les chapitres qui traitent de l’accés aux frag-
ments des documents, de la détection des références et de la modélisation et de Pex-
ploitation des relations entre documents. Cet aspect n’a pas été suffisamment valorisé
jusqu’a présent. En effet, dans nombre de bibliothéques la structure des documents est
directement déterminée par l'utilisation du format HTML [114] comme format stan-
dard de représentation des documents. Etant donné que ce format ne permet pas de
représenter les structures sémantiques, ces derniéres deviennent alors inaccessibles (voir
[81, 80, 78, 74]). 11 faut noter que I'utilisation généralisée d’un tel format a répondu
avant tout & 'urgence de faciliter I’accés massif aux documents. Cette démarche a ce-
pendant repoussé indirectement au second plan les besoins liés & la sémantique et la
manipulation des documents. Il faut également noter que d’autres formats tels que XML
[120] ou SGML [75] peuvent servir de support pour décrire la structure sémantique des
documents : ceux-ci, tout comme HTML, fonctionnent selon un principe de balisage des
documents, mais ils permettent de définir des balises sémantiques.

Les relations entre documents

Les services de requéte et récupération des documents sont des services génériques
qu’on peut trouver dans toutes les bibliothéques électroniques. Les services plus avancés
sont définis en fonction des besoins particuliers de chaque bibliothéque. La classification
des résultats en est un exemple. La navigation guidée par les collections de la biblio-
théque en est un autre. Cette derniére fonctionnalité est incorporée dans beaucoup des
bibliothéques : 'utilisateur commence son exploration dans un document guide, dont les
références sont classées en collections, qui peuvent &tre elles mémes subdivisées en plu-
sieurs sous-collections. Les méthodes de classification des documents décrites ci-dessus
refletent P’existence de relations sémantiques entre les documents qui font partie de la
méme catégorie : documents avec méme sujet, documents créés a la méme date, docu-
ments référencés par les mémes auteurs, etc.

La facon d’exprimer les relations la plus communément utilisée consiste & insérer
manuellement des liens hypertextes dans les documents [26]. Les possibilités d’extraire
Pinformation implicite des documents se voient limitées par ce choix. En effet, comme
P'unique fagon de consulter ces liens hypertextes est la navigation, charge reste donc &
I'utilisateur d’accomplir les processus mentaux qui lui permettront de tirer des conclu-
sions adéquates de cette navigation. Les solutions permettant de consulter les relations
entre documents en se passant de la navigation ne sont pas fréquentes. La détection
automatique des relations reste peu exploitée 4 ce jour. Il en va de méme pour l'ex-
ploitation automatique de ces derniéres qui offre pourtant d’intéressantes possibilités
d’extraction sémantique.

'Nous utilisons le terme "sémantique” de maniére trés générale, pour désigner des structures impli-
citernent liées au contenu des documents, par opposition avec celles qui sont introduites artificiellement
pour faciliter leur manipulation, leur présentation, etc.



La manipulation des documents

Les documents d’une bibliothéque peuvent étre réutilisés pour la création de nou-
veaux documents. Une simple transformation de format peut étre considérée comme
un exemple élémentaire de réutilisation (ex. obtention de pages HTML & partir des
documents sources afin de générer la présentation finale des documents a I'utilisateur).
La composition d’'un magazine & partir d’articles existants est un autre exemple plus
significatif de réutilisation. Dans ce dernier cas, la réutilisation peut étre exprimée par
les relations établies entre le document principal et ceux qui vont y étre inclus [111].

Si la réutilisation ne concerne pas que les documents complets, mais s’étend aussi
aux fragments des documents, les possibilités de génération de nouveaux documents
s’étendent de concert. L’accés aux fragments des documents nécessite cependant de
pouvoir les caractériser, ce qui n’est possible que dans le cas ol les documents sont
structurés.

Les versions des documents

Les documents peuvent étre modifiés historiquement, ce qui méne 4 l’existence de
nouvelles versions du document modifié, ou versions historiques. Les versions historiques
coincident partiellement dans leur contenu, tout en conservant des différences dans les
parties affectées par les modifications. Il peut étre important pour un utilisateur de
disposer de toutes les versions d’un document. Cela arrive souvent avec les lois dans le
domaine juridique. Quand ’on cherche & comprendre une jurisprudence, il faut disposer
du texte des lois qui y sont citées tels qu’elles se présentaient au moment de la rédaction
de la jurisprudence. Dans certains cas, particuliérement dans le domaine juridique, des
indications de modification peuvent également apparaitre dans le corps d’'un document.
Ces indications renvoient & un autre texte et indiquent comment ce dernier doit étre
modifié par le texte du document courant. Cette situation peut entrainer la coexistence
de versions : la version originale du document (celle qui doit étre modifiée), la version
modifiée, et le document qui contient la modification.

L’existence de plusieurs versions d’'un document implique une relation entre ces
versions. Le traitement de cette relation peut étre considéré comme un probléme de mise
a jour des bases de documents et des liens entre les différentes versions de documents
[38]. La difficulté principale concerne la mise a jour des liens : chaque lien qui affecte
un document est en effet candidat a affecter toutes les versions du document.

L’architecture des bibliothéques électroniques

L’architecture d’une bibliothéque électronique se définit par rapport aux fonction-
nalités que ’on désire y trouver. Elle doit avant tout faciliter la distribution des taches
entre les services qui réalisent ces fonctionnalités. Il est possible de trouver des mo-
déles de référence pour les services classiques : requéte et récupération des documents.
Il existe également des propositions de modéles pour les services qui considérent les
relations : détection des relations sémantiques de type citation [67], gestion et mise &
jour des liens [32, 99], autres services facilitant la création des liens [33]. L’intégration
des services suppose un protocole qui régle l'interaction entre ceux-ci. L’incorporation
d’un nouveau service oblige alors & enrichir le protocole.
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Les services dédiés a la manipulation et a ’exploitation des relations entre docu-
ments ne sont que peu répandus dans les bibliothéques électroniques et ils se dédient
majoritairement 4 la gestion des liens, ou & la détection des références. L'exploitation des
relations et la manipulation des documents sont intégrées dans un nombre trés restreint
de bibliothéques ou de protocoles pour les bibliothéques.

1.1 Objectifs

Les objectifs de cette thése incluent 'extraction d’information sur les relations entre
les documents, ainsi que l'utilisation de cette information dans les processus de géné-
ration de nouveaux documents, et plus spécifiquement de versions de documents. Nous
proposons 'incorporation & une bibliothéque électronique de services orientés par les re-
lations. Chaque service doit étre accessible par une série d’interfaces qui prennent place
dans le protocole d’interaction entre ces services et le reste des services de la biblio-
théque. Nous choisirons de partir d'un modéle de référence pour les services basiques, et
d’y intégrer nos propositions, sans néanmoins affecter les services existants. Nous consi-
dérons également qu’il est nécessaire de pouvoir disposer de documents structurés de
maniére & pouvoir réutiliser leurs fragments pour composer de nouveaux documents. De
plus, pour obtenir des services avancés qui donnent en résultat des documents sémanti-
quement cohérents, il est indispensable que la structure des documents manipulés refléte
fidelement la structure sémantique de I’entité abstraite correspondante (document abs-
trait). Ce n’est qu’avec une telle structure de document qu’il sera possible d’exploiter
les relations entre les documents dans toute leur granularité, ainsi que de créer des do-
cuments qui reflétent fidélement les modifications historiques. Nous proposerons donc
un mécanisme automatique d’identification d’'une telle structure & partir du document
brut. Ce mécanisme d’identification s’inspire de celui qu’utiliserait un lecteur lors une
lecture séquentielle du document.

Nous pensons qu’il n'est pas nécessaire de stocker toutes les copies correspondant
aux différentes versions d'un document, mais, qu’au contraire, il est possible de géné-
rer automatiquement les versions si les relations de modification ont été représentées
convenablement. La possibilité d’obtention de copies adéquates pour gérer les relations
entre les documents et leurs fragments, en particulier les relations de modification, est,
comme nous l'avons déja mentionné, trés dépendante de la disponibilité de la struc-
ture des documents : une représentation précise de cette structure permet d’établir la
relation entre les fragments dont ’on parle dans les textes originaux et les fragments
qui font partie des documents stockés. De plus, s’il est possible d’adresser ces frag-
ments, il devient également possible de conserver I'intégrité du document qui contient
les modifications, de méme que de réutiliser les fragments dans un nombre quelconques
de traitements différents. Nous pensons également que la génération des versions par
composition de fragments peut étre réalisée en déduisant les régles de composition pen-
dant la génération, donc sans étre obligé de les exprimer explicitement. L hypothése ici
est qu’il est possible de faire un parcours sur le graphe qui représente la structure du
document et les modifications qui I'affectent durant lequel la nouvelle version soit crée
progressivement.



6 Prototype d’implémentation

1.2 Prototype d'implémentation

L’exploitation des relations et ’accés a des versions multiples d’un document repré-
sentent des besoins particuliérement cruciaux dans certains domaines, domaines dans
lesquels les documents se caractérisent par des structures sémantiques fortement défi-
nies. Tel est le cas du domaine juridique, qui posséde toutes les caractéristiques qui nous
intéressent : les documents y sont fortement structurés et ils présentent de nombreuses
relations. De plus, ’accés aux versions des documents (par exemple, des lois) tels qu'ils
étaient valides & un moment donné est nécessaire pour les juristes. Enfin, les différences
entre les versions consistent en des modifications partielles du contenu du document et
la succession historique de ces modifications résulte dans des versions historiques.

Le prototype choisi pour l'implémentation est une bibliothéque électronique qui
contient de l'information législative. Cet environnement se caractérise par une particu-
larité intéressante concernant les modifications : elles sont exprimées dans le texte des
documents, de fagon & ce que, le fragment 4 modifier soit d’abord cité, et que cette
citation soit suivie du type de modification & appliquer.

1.3 Le travail effectué

D’un point de vue chronologique, cette theése a débuté avec ’étape de définition des
objectifs. Cette définition a été guidée par les besoins des services d’un environnement
comme celui du prototype qui a été développé. C’est de cette facon qu’on a vu surgir le
besoin d’accéder aux différentes versions d’'un document, d’exploiter les relations entre
documents et de disposer d’une copie structurée sémantiquement de n’importe quel
document pour lequel on souhaite une gestion automatique des versions. A partir de 14,
le travail a suivi une série d’étapes qui correspondent de maniére quasi unidirectionnelle
& organisations des chapitres de ce manuscrit :

— L’étape qui a suivi la définition des objectifs, a été ’expression des besoins comme
un ensemble de services. Ces services, et c’est un point fondamental, doivent pou-
voir s’intégrer dans une bibilothéque, & fin d’enrichir les fonctionnalités de celle-ci.

- Ensuite, nous avons cherché un moyen de représenter la structure sémantique d’un
document. Cette structure doit, par example, permettre 'accés a des fragments
du document en question. Le résultat de cette étape a été le développement d’un
algorithme qui permet d’obtenir, & partir d’'une copie d’'un document, sa répre-
sentation “logique et sémantique”.

— Une fois les documents structurés de maniére pertinente, il a été question de re-
présenter les modifications et les relations hétérogénes. L'information associée est
stockée dans une “base de liens”, & partir de laquelle on peut reconstituer le graphe
nécessaire a la génération de nouveaux documents. Un algorithme de génération
de versions est chargé de parcourir ce graphe, en construisant progressivement la
nouvelle version & chaque étape parcourue.

- Finalement, nous avons implémenté dans le prototype la détection automatique
des relations, en s’appuyant sur le fait que ces relations sont détectables en tant
que références entre documents. Ce principe est appliqué directement dans la
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détection de références entre plusieurs documents juridiques.

1.4 Plan de la thése

Les chapitres de la thése allant de 2 & 4 s’organisent de la fagon générale suivante :
chaque chapitre commence avec I’état de I’art du sujet traité dans le chapitre, il continue
avec notre proposition, et il se termine par une partie qui contient la comparaison de
notre solution avec celles considérées dans 1’état de lart, ainsi que par P'analyse des
aspects plus pertinents de notre proposition.

Le chapitre 2 se focalise sur les documents. La proposition principale qui en émerge
est un algorithme permettant d’obtenir des copies électroniques des documents qui
reflétent la structure sémantique du document abstrait. Les documents structurés, qui
seront ceux utilisables dans la manipulation de relations du chapitre suivant, centrent
notre attention dans ce chapitre.

Dans le chapitre 3 nous nous intéressons aux relations entre les documents : relations
structurales entre les fragments des documents, relations référentielles et relations de
modification. Nous proposons d’exploiter le graphe qui modélise ces relations pour la
consultation et pour la génération des versions.

Une bréve révision des fonctionnalités demandées aux bibliothéques électroniques,
les services qui les implémentent, et leur liaison avec l'architecture et les protocoles
utilisés constitue le début du chapitre 4. L’architecture que nous proposons dans ce
chapitre intégre les services classiques des bibliothéques électroniques avec des services
qui considérent les liens entre documents. Les algorithmes qui servent ces développer
ces services sont le sujet des chapitres suivants.

Le chapitre 5 décrit le prototype. Les bases de documents juridiques qui sont utilisées
pour l'expérimentation y sont également présentées.

Finalement, le chapitre 6 résume la thése et met en lumiére les apports qui nous
semblent importants.



Plan de la thése
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10 Etat de art

Les documents sont les éléments centraux des bibliothéques électroniques. Il n’existe
cependant pas de définition preécise de la notion de document. Il est donc nécessaire
d’établir une différence claire entre le document abstrait, ou entité intellectuelle consi-
déré par un utilisateur, et, les documents physiques, ou copies électroniques, stockés
sous la forme de fichiers dans une bibliothéque électronique. Il n’existe pas de corres-
pondance bijective entre documents physiques et documents abstraits : un document
physique représente en général la copie plus ou moins fidéle d’'un document abstrait ;
de plus, un document abstrait peut posséder différentes copies électroniques dont la
forme varie selon le type d’utilisation recherchée. Les documents abstraits sont dit for-
tement structurés s’ils possédent implicitement des divisions sémantiques parfaitement
définies. Les documents possédant des structures similaires forment alors une méme
classe de documents.

Ce sont plus particuliérement les documents structurés qui retiennent l'attention de
ce chapitre. Aprés une courte description de la notion de document structuré, nous éta-
blissons la proposition centrale de ce chapitre, & savoir la mise en place d’un algorithme
permettant de restaurer la structure logico-sémantique du document abstrait & partir
d’une de ses copies électroniques. La nouvelle copie générée par cet algorithme reflétera
le plus fidelement possible les divisions sémantiques du document abstrait référent. La
génération d’une telle copie représente une condition nécessaire pour mener a bien les
taches d’obtention et d’exploitation des liens sémantiques considérés dans les chapitres

qui suivent.

2.1 Etat de l'art

Il est possible d’identifier deux types de structure dans un document {7, 59, 108] :

- La structure logique, qui concerne la hiérarchie d’inclusion entre les divisions

logiques.

- La structure physique, qui divise la représentation visible sous forme de régions

physiques, comme par exemple, des pages.

Certaines structures logiques peuvent cependant étre considérées comme orientées
par le format ou l’aspect physique que prendront les documents au moment de leur
visualisation. Des exemples courant de telles structures sont ceux engendrées par le
langage HTML.

La reconnaissance de la structure logique des documents peut étre basée sur 1'iden-
tification d’une grammaire commune inhérente & une classe de documents (cette gram-
maire peut étre représentée par une DTD! [] dans les documents SGML et XML) [108].
Une telle reconnaissance peut également reposer sur l'identification d’une hiérarchie
d’inclusions prédéfinie entre les éléments [83]. Elle peut enfin reposer sur 'identification
de concepts jouant le role de marqueurs logico-sémantiques dans les documents [104].

' Document Type Définition
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2.1.1 Classes des documents

Les documents possédant des structures logiques similaires constituent une classe.
Les régles qui définissent les éléments permis dans chaque instance de la classe, de méme
que la hiérarchie d’inclusion acceptée, sont décrites par des gramimaires, ou encore par
I'intermédiaire de représentations arborescentes. Quelques exemples, relatifs aux classes
“article scientifique” et “texte normatif espagnol”, apparaissent dans la partie 5.3.1 du
document de thése.

Les intéréts de disposer de la grammaire d’une classe sont multiples. Un des plus
important est celui de permettre de dissocier la partie sémantique des documents des
aspects concernant leur format, ainsi que, parallélement, de permettre d’associer & l’en-
semble d'une classe de documents les instructions qui permettront de formater un quel-
conque de ses documents.

2.1.2 Des standards pour des documents structurés : SGML et XML

SGML ([75] est un standard pour la représentation des textes électroniques dont
le principe est de garantir la portabilité de représentation. Un document SGML méle
contenu et balisage; le balisage consiste & englober le contenu d’un élément par des
balises d’ouverture et fermeture délimitant, par 13-méme, son commencement et sa fin.
La liste des balises utilisables n’est pas limitée. Les régles d’utilisation du balisage,
définies par une grammaire ou DTD, définissent alors une classe de documents. La plus
populaire des DTD SGML est HTML [114].

XML [120] est une simplification de SGML, qui en respecte les principes généraux,
mais qui en élimine en partie la flexibilité de maniére & éviter certains problémes liés a
I’apparition de balisages irréguliers (les régles syntaxiques d’XML sont plus strictes que
celle de SGML). La norme XML a donc été créée pour produire des documents lisibles,
simples et analysables par une application automatique, et, de maniére plus générale,
pour garantir l'interopérabilité des données.

2.1.3 Documents dans le domaine juridique

Les documents juridiques sont fortement structurés : les lois ou la jurisprudence
sont subdivisés en éléments sémantiques bien définis. Cette structure sémantique est
également celle utilisée dans les références que ces documents font 3 des documents
similaires.

Les standards SGML, XML ont été fréquemment utilisés pour décrire les documents
juridiques. De fait, plusieurs DTD ont été définies expressément pour ce type de do-
cuments [65, 55, 14]; L’adaptation des DTD générales par 'incorporation d’éléments
nouveaux permettant de prendre en compte les particularités de I'information juridique
a également été considérée [56).
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2.2 Proposition pour la capture de la structure logico-
sémantique

L’algorithme présenté dans cette section part d’une copie de document abstrait,
sans structure sémantique prédéfinie, pour générer une nouvelle copie dont la structure
logique correspond a la structure sémantique du document abstrait.

La reconnaissance de la structure sémantique s'opére & partir du vocabulaire du
texte du document, de la méme fagon qu’un lecteur pourrait lui-méme 'opérer. Cette
structure de haut niveau est complétée par les éléments situés dans les niveaux inférieurs
de D'arbre associé a la structure logique de la copie originelle. De fait, dans une repré-
sentation arborescente de la copie obtenue en sortie, les niveaux inférieurs (feuilles ou
ascendants directes) correspondent & des éléments non sémantiques, ou & des éléments
sémantiques non reconnus, préservés tel qu’ils apparaissent dans la copie d’entrée; de
méme que les niveaux supérieurs (noeuds internes, dans le chemin entre la racine et
un élément non sémantique) correspondent aux éléments sémantiques créés a partir du
contenu du document.

La copie générée est un document XML, et I'implémentation de I'algorithme repose
sur un parser XML.

2.2.1 Entrées de I'algorithme

Les entrées de l'algorithme de traduction sont triples : un document source (qui
représente une copie de document abstrait), I'information sur la hiérarchie d’inclusion
de la classe & laquelle appartiendra la copie créée, et 'information sur les équivalences
entre le vocabulaire utilisé dans le texte du document et les éléments associés dans la
classe de sortie.

Le document source

Le document source est balisé, mais sa structure logique ne correspond pas avec la

structure sémantique du document abstrait référent.

Les contraintes suivantes, dont les justifications sont fournies dans la discussion du

chapitre, sont également imposées :

— Tout le texte de contenu (i.e. hors balises) du document source apparait dans le
document abstrait.

— Le texte contient nécessairement un ensemble d’expressions ou de termes per-
mettant de reconnaitre le début d’un élément lors d’une lecture séquentielle du
document.

~ Le début d’'un élément sémantique signifie la fin de tous les éléments sémantiques
situés, dans la hiérarchie d’imbrication, & des niveaux inférieurs ou égaux a celui
de I'élément qui commence.

— Le balisage du document d’entrée peut étre de n’'importe quel type, la seule condi-
tion étant qu’il soit bien balanceé.

— Le niveau d’imbrication entre les éléments source est limité aux éléments non
sémantiques ; aucun élément sémantique ne peut donc appaitre & l'intérieur d’un
élément non sémantique.
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Le vocabulaire

Il y a équivalence de vocabulaire entre les expressions textuelles qui signalent le
début d’un élément sémantique dans la copie source et les types des éléments associés
dans la DTD de sortie.

La hiérarchie

La hiérarchie fait partie de I'information contenue dans la grammaire (DTD) de
sortie. Celle-ci est telle qu’un élément ne peut contenir des éléments de niveau supérieur
ou égal au sien.

2.2.2 Le document de sortie de 'algorithme

La sortie de ’algorithme est une copie du document abstrait qui respecte les pro-
priétés suivantes :
— Le contenu est exactement le méme que dans la copie source de la traduction.
— C’est un document XML bien formé.
—~ Sa structure logique suit les régles exprimées dans la hiérarchie utilisée comme
guide pendant la traduction.

2.2.3 Un exemple

Un exemple de traduction est explicité dans la partie 7?7 du document du thése. Le
document source est une version bréve et simplifiée d'un texte normatif espagnol, qui
contient un chapitre et trois articles. Le texte s’organise en une série des paragraphes,
que l'on doit retrouver a 'identique dans la copie de sortie.

La structure de la copie de sortie refléte la division sémantique dont il a été fait
mention précédemment (voir figures 2.8 et 2.9).

Les régles de la hiérarchie sont celles de la classe “texte normatif espagnol” (figure
2.10) et les équivalences entre le vocabulaire du texte et les éléments de la DTD utilisé
dans cet exemple sont explicitées dans le tableau 2.1.

2.3 Fonctionnement de l'algorithme

L’algorithme de traduction recoit ses entrées d’un analyseur XML qui parcoure
le document source. Ces entrées représentent des événements appartenant & un des
types suivant : STARTDOC (début du document), ENDDOC (fin du document), STARTTAG
(début d’un élément), ENDTAG (fin d’un élément), TEXT (texte). Ces trois derniers
événements sont retournés en association avec la chaine de caractére qui a été trouvée
par ’analyseur.

La réaction & l'entrée recue figure parmi les suivantes :

— STARTDOC : la copie de sortie est initialisée.

— ENDDOC : la copie de sortie est terminée.
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— STARTTAG : la balise reque en entrée est conservée jusqu’a obtenir une information
supplémentaire permettant de décider, soit de I'ignorer, soit de la copier en sortie.

— ENDTAG : la décision dépend de Popération effectuée sur la balise d’ouverture
équivalente. Si cette derniére a été ignorée, alors celle-ci le sera aussi ; si elle a été
copiée en sortie, alors celle-ci le sera également.

— TEXT : le texte couramment regu est concaténé a celui recu antérieurement et qui
n'a pas encore été analysé. La chaine résultante globale obtenue est alors utilisée
pour orienter la décision. Si ¢’est un début du mot clé, elle est conservée en attente.
Si elle forme une clé compléte, 1’élément sémantique correspondant est ouvert en
sortie (s’il le faut, les éléments de niveau inférieur ou égal seront fermés). Enfin,
s’il s’agit de texte appartenant au contenu d’un document, celui-ci est directement
transféré en sortie.

L’algorithme est présenté de maniére synthétique a la figure 2.11 et dans le com-

mentaire qui la suit. Une version plus détaillée en est fournie des pages 33 & 35.

2.4 Discussion

La plupart des efforts dédiés a 'identification de la structure logique des documents
s’orientent vers la détermination d’une grammaire permettant d’identifier des classes de
documents. Notre thése part du principe que la grammaire de sortie est déja connue, et
se focalise donc sur ’obtention de la structure logico-sémantique d'une instance de classe
de document, en utilisant comme guide dans ce processus la connaissance structurelle
associée 4 la description de la classe.

Les approches qui présentent certaines similarités avec la ndtre sont celle de Smith
et Lopez [104], ainsi que celle de Lim et Ng. [83]. [104] utilise comme guide les élé-
ments du document source, pour y identifier des concepts prédéfinis. [83] cherche de
son coté & identifier la hiérarchie du document source, ce qui revient a dire que, pour
cette derniére approche, la grammaire d’entrée est la méme que la grammaire de sortie.
Comparativement, dans notre proposition seule la grammaire de sortie est considérée
comme connue, la grammaire d’entrée étant considérée comme indifférente. De plus, la
reconnaissance des éléments sémantiques n’est pas guidée par 'existence de concepts,
mais par la présence de vocabulaire spécifique.

Comme il n’était pas possible d’obtenir un algorithme général, qui fonctionne sur
n’importe quel type d’entrée, sans restrictions syntaxiques, nous avons donc choisi de
restreindre les caractéristiques des entrées en tenant compte des caractéristiques de
notre domaine d’application, a savoir le domaine juridique.

Ces restrictions s’expriment donc comme suit :

— Le niveau d’imbrication entre les éléments sémantiques est interdit, ceci pour
éviter des confusions entre les débuts d’élément et les références & d’autres docu-
ments, vu que le vocabulaire utilisé dans ces deux cas est le méme.

— Le balisage des niveaux inférieurs de la source (paragraphes, titres, etc.) est pré-
servé, vu qu'il n’est pas possible de reconnaitre ces divisions a partir du contenu. Il
aurait d’ailleurs été pénalisant d’éliminer complétement le balisage du document
source vu qu'il peut étre utilisé & profit pour déterminer les références aux autres
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documents apparaissant dans la source.
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18 Etat de art

Ce chapitre traite de maniére générale des relations, ou liens, entre documents, en
s'attachant a la fois & décrire les problémes liés & leur modélisation et ceux liés a leur
exploitation.

L’état de l'art aborde plus particuliérement la typologie des relations entre docu-
ments, ainsi que les méthodes d’exploitation des graphes relationnels. Il inclut également
une étude sur la gestion des versions de documents.

Les relations considérées comme centrales dans ce chapitre sont celles qui pro-
viennent de références explicites, ou citations, entre documents. Ces derniéres doivent
étre nécessairement extraites par une analyse automatique des documents de la biblio-
théque. Deux formes intéressantes et complémentaires d’exploitation du graphe formé
par ces relations, de nature hétérogéne, sont mises en évidence : l'interrogation basée
sur les relations, et la génération des documents nouveaux (des versions historiques)
s’appuyant sur cette interrogation.

Le point focal de ce chapitre concerne ainsi la mise en place d’un algorithme de
génération automatique des versions basé sur ’exploitation du graphe relationnel des
documents. Pour générer une nouvelle version de document l'algorithme s’appuie sur
la structure logico-sémantique de la version source du document construite selon la
méthodologie décrite au chapitre précédent.

La justification de la construction d’une base de liens pour I'exploitation opération-
nelle des relations est également abordée 4 la fin de ce chapitre.

3.1 Etat de lI'art

Plusieurs classifications des relations entre documents peuvent étre envisagées (47,
93, 4, 110]. La classification décrite ci-aprés est assez générale. Les relations qui seront
ultérieurement considérées dans notre proposition y trouvent par conséquent leur place.

Plusieurs documents peuvent étre liés si :

— Il existe des relations sémantiques entre eux. C’est le cas si les documents ont
en commun auteur ou théme, s’ils sont inclus dans les mémes catalogues, etc.
Ce genre de relation peut étre difficile & détecter, méme par un humain. La plu-
part des approches visant a détecter ces relations se basent sur des processus de
classification [67, 68, 110, 71, 46, 23, 21].

— Un document référence (cite) un autre document. C’est une relation évidente
pour un humain, méme si sa détection automatique peut s’avérer trés complexe,
ceci quel que soit le langage utilisé dans le document incriminé. Les références
bibliographiques dans les articles scientifiques [67, 68, 31, 20] et les références entre
documents juridiques [124] représentent de bons exemples de telles relations.

— Il y existe des liens explicites entre les documents. Ces liens ont été inclus par les
auteurs au moment de la création de documents, et les raisons de leur existence
peut étre relativement diverses. Souvent, la nature de la relation exprimée n’est
d’ailleurs pas reflétée dans le lien, et, seul son créateur en est conscient. Les liens
HTML représentent des bons exemples de telles relations.

La maniére la plus populaire aujourd’hui d’utiliser et d’exploiter les relations entre

les document est la création d’hypertextes, dédiés a la navigation [39, 26].
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3.1.1 Liens et graphes de liens

Les liens hypertextes ont les caractéristiques suivantes [110] :

— Un lien & une origine et une destination.

- Un lien est utilise pour activer une action de navigation qui mene de l'origine &

la destination du lien.

- Un lien représente une relation entre son origine et sa destination.

Les graphes de liens obtenus & partir de liens typés sont des graphes orientés (les arcs
vont de origine & la destination du lien) et étiquetés (1'étiquette représente le type de
lien). Il est alors possible d’en extraire des sous-graphes, ou graphes partiels, en utilisant
comme critére le type de lien recherché.

Granularité dans le graphe : documents structurés

Dans le cas de documents structurés, il est possible de discerner les éléments impli-
quées dans une relation avec plus de précision. Dans ce cas, les noeuds du graphe ne
représentent pas des documents complets, mais plutot des fragments [53, 29]. Ces élé-
ments, ou fragments, peuvent étre sélectionnés grace & des langages adéquats [40, 117],
ce qui permet de composer de nouveaux documents {111, 105] ou de générer des requétes
qui les concernent [49].

3.1.2 Versions de documents

L’existence de différentes versions d’'un document a principalement deux causes [47] :

- Des traductions du document en plusieurs langues. Les versions ont la méme struc-
ture logique, mais ont des contenus entiérement différents, bien que conservant une
sémantique similaire.

— Des versions historiques du document, causées par des modifications partielles de
son contenu et/ou de sa structure. Dans ce cas, la sémantique peut par contre
sensiblement différer entre les versions.

Les versions historiques posent le probléme de l'accés par l'utilisateur & une quel-
conque des versions. La solution la plus évidente semble le stockage de toutes les versions
[124, 38|, mais celle-ci pose des problémes, trés complexes & résoudre, de mise a jour
des liens. Une autre forme de besoin peut étre liée a la consultation de I’histoire d’un
document (modifications, date de ces modifications, ...). Une solution pour y surseoir
peut étre I’annotation des éléments affectés par les modifications [36].

3.1.3 Modélisation des relations basée sur les standards de représentation
des documents structurés

Il existe une série de standards associés & XML qui servent & modéliser les relations
entre les documents structurés : XLink [122] fournit les outils nécessaires pour la modé-
lisation des relations et de leurs attributs (ressources impliquées, type, ou métadonnées
sur la relation). XPointer [118] est un langage qui permet d’adresser des éléments &
l'intérieur des documents ; il étend XPath [117], qui se base sur la structure logique des
documents. Une description de ces standards est donnée & la section 3.3 et dans [86].
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3.1.4 Relations et versions historiques dans le domaine juridique

Les documents juridiques présentent de nombreuses relations et soufrent des modi-
fications fréquentes, ce qui induit I'apparition de nombreuses versions.

L’hypertexte a jusqu’ici été accepté communément comme la solution la plus im-
médiate pour ce gérer ce type d’information [3, 62]. De maniére générale, trois types
de solutions sont généralement proposés pour la gestion des versions des documents
juridiques :

1. Garder en simultané les différentes versions d’un document [38, 103] et les connec-

ter par des liens.

2. Modéliser les relations par des attributs; le choix de valeurs d’attribut est opérée
par l'utilisateur lui-méme pour Pobtention de la version désirée [56].

3. Conserver les régles de génération pour chaque version [13].

3.2 Modélisation des citations et des modifications par I'in-
termédiaire de liens typés

Deux types de relations se joignent aux relations structurelles pour constituer le
graphe que nous allons considérer dans notre travail :

— Citations entre documents. Elles ne modifient aucunes des ressources qui parti-

cipent & la relation.

— Modifications. Un document contient I'information sur la fagon de modifier un

autre document.

Les modifications que nous considérons sont détectables dans le texte d’un docu-
ment, lequel cite le document qui doit étre modifié, ainsi que la fagon dont il doit 1’étre.
Cette situation est représentative du cas ou deux liens différents qui coexistent (la ci-
tation et la modification) partagent la méme destination (le document ou fragment
cité ou modifié), mais différent dans leurs origines (des fragments différents du méme
document).

Les modifications peuvent étre de trois types : insertions, éliminations ou substitu-
tions. Cependant, toutes peuvent étre réduites & des substitutions, si la considération
suivante est prise en compte : une insertion est la substitution de I’élément vide par
un élément non vide, de méme qu’une élimination est la substitution d’un élément non
vide par ’élément vide.

3.2.1 Le graphe des relations

Dans le graphe résultant, les liens entre les fragments de documents sont étiquetés
en fonction de la nature de la relation représentée (citation, modification, structurelle).
Les noeuds du graphe, qui représentent les fragments du document, peuvent partici-
per & plusieurs liens, qui peuvent étre de nature hétérogéne, comme dans le cas des
modifications. Un exemple est donné a la figure 3.8.

Trois graphes partiels peuvent étre obtenus a partir de ce graphe :
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- L’ensemble des arbres des documents, correspondant & leurs structures logico-
sémantique.
- Le graphe des modifications, auquel participent ces arbres précédents, ainsi que
les liens de modification.
- Le graphe des références, qui inclut les liens structurels et les liens de citation.
A partir du graphe exemple décrit a la figure 3.8 sont obtenus les trois graphes
(structurel, de modifications et de références) décrits a la figure 3.9.

3.3 Génération de versions en utilisant des liens

L’algorithme que nous présentons dans cette section génére une nouvelle version de
document & partir de la version stockée dans la bibliothéque et 'information tirée du
graphe de modifications, et en tenant compte de la date de la version demandée. Pour
répondre & une demande de génération de version d'un document D, il est premiérement
nécessaire d’extraire le sous-graphe formant le graphe structurel correspondant a la
version disponible de D, ainsi que d’extraire les liens de modification qui arrivent au
noeuds de ce graphe structurel, liens datés dans la période comprise entre la date de la
version source et celle de la version demandée. Nous nommons ce graphe, le graphe des
versions (versioning graphe).

L’algorithme consiste en un parcours récursif de l'arbre structurel de la version source
du document, en tenant compte du fait que, dans le cas de documents structurés, les
relations (modifications et citations) qui affectent un noeud du graphe structurel associé
au document, affectent en réalité le sous-arbre dont ce noeud est la racine (par exemple,
la substitution d’un chapitre par un autre chapitre suppose le remplacement de tous ses
descendants : articles, paragraphes, figures, etc.). Pour chaque noeud, il est possible de
trouver deux situations différentes :

- Il n'y a pas de modifications qui affectent ce noeud (il n’est la destination d’aucun
lien de modification). Le parcours doit alors continuer vers ses descendants, qui
pourraient &tre la destination d’une modification.

- Le noeud est la destination (racine) d’un lien de modification. La modification
s’applique opérant la substitution du sous-arbre associé au noeud par la source
du lien.

La fin des appels récursifs se produit quand :

— Le noeud en cours est le noeud null. Ce qui signifie que le plus bas niveau dans
la hiérarchie du document (le contenu) a été atteint.

— Le noeud en cours est affecté par une modification. L’application de la modification
suppose la substitution du sous-arbre dont il est la racine, ce en quoi il n’est plus
nécessaire de chercher des modification qui touchent des noeuds déja remplacés.

Un exemple est présenté a la figure 3.12. La seule modification considérée concerne
le premier élément de type articulo du document source, ce qui veut dire que son
application se traduit par la substitution de cet élément et tous ses descendants. Les
autres éléments du document ne sont pas modifiés.
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3.3.1 Les versions de noeuds

Les modifications qui affectent un noeud peuvent étre diverses. De plus, il peut
exister des recouvrements et/ou des chalnages transitifs entre les modifications. En
conséquence, dans 'application des modifications sur un noeud, il faut considérer les
trois éventualités suivantes :

~ Cas simple. Le noeud est affecté par un seul lien. La résolution se limite alors a
la substitution par l'origine du lien.

— Modifications transitives. Il existe une séquence de modifications historiques, qui
implique que P'origine de la modification qui affecte le noeud en cours, est elle-
méme affecté par une autre modification, autrement dit qu’elle est elle-méme la
destination d’un lien de modification). Cette situation peut se répéter transiti-
vement sur les différentes origines des liens. Dans un tel cas, la résolution de
la. modification suppose I’application de la séquence de modifications historiques
représentées par la chaine des liens de modifications (voir figure 3.17).

—~ Modifications recouvrantes
Il est possible de distinguer :

— Des recouvrements totaux. Deux, ou plus, modifications coincident exactement
dans leurs destinations (méme sous-arbre destination). La modification & appli-
quer est la plus récente (le lien résolu est celui dont la date est la plus récente).

— Des recouvrement partiels. Dans ce cas, les destinations sont telles qu'un sous-
arbre inclue I'autre. La décision & appliquer dépend donc des dates des liens.
Dans le cas ou le lien qui référence ’arbre englobant a la date la plus récente, il
est appliqué, et 'autre modification est annulée. L’autre cas, c’est & dire celui
ou le lien qui touche I’arbre englobé a la date la plus récente, peut figurer une
incohérence dans les modifications. Comme il n’est pas automatisable de décider
s’il y a ou non incohérence, un tel cas n’est pas traité : la modification n’est pas
appliquée, et elle est inclue dans une liste des conflits irrésolus, qui sera rendue
en sortie.

L’algorithme général 2, décrit dans ce chapitre, géneére la version d’un document D,
relativement a la date regue dans ses arguments d’entrée. 11 utilise ’algorithme spécifique
exposé ci-avant 3 pour le traitement associé a chaque noeud.

3.3.2 Application aux documents juridiques

Les documents juridiques contiennent fréquemment des citations et des modifica-
tions. Les modifications concernant un document se trouvent dans d’autres documents
législatifs on le document & modifier est cité, et o le type de modification a appliquer est
également mentionné. Ces relations peuvent &tre modélisées sous la forme d'un graphe
de liens. En exploitant ce graphe a ’aide d’'un algorithme du type de celui que nous
avons proposé dans cette section, il devient donc possible de générer automatiquement
les différentes versions historiques de documents juridiques.

Un exemple de modifications et de citations est donné & la section 3.8 du document
de thése.
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3.4 Implémentation du graphe par une base de liens

L'information associée & un lien peut étre répartie en plusieurs champs : l'origine
du lien (document et fragment), la date du document origine (qui est la date du lien),
la classe du document origine, le type du lien, et l'identificateur de la destination (do-
cument et adresse du fragment concerné).

Les spécifications propres & la mise de la base de liens sont les suivantes :

- qu'il soit possible d’adresser les fragments internes

— qu'il soit possible d’opérer & des requétes sur les relations

— que les requétes puissent étre multidirectionnelles : pouvoir demander les docu-

ments cités par un document, de méme que pouvoir demander dans quels docu-
ments est cité un document donné

— que les relations puisse étre accessibles indépendamment des documents concernés,

seule fagon d’exploiter convenablement la multidirectionnalité et l’étiquetage du
graphe.

Toutes ces spécifications sont prises en compte par les standards XLink et XPointer.
En conséquence, nous utilisons une base de type Xlink.

3.5 Discussion

Les graphes considérés dans notre approche ne se limitent pas a ’hypertexte de navi-
gation usuellement considéré pour modéliser les relations entre documents. Les relations
considérés comme centrales dans ce chapitre sont celles qui proviennent de références ex-
plicites, ou citations, entre documents. L’exploitation de ces relations nous a permis de
proposer un mécanisme original de génération automatique de versions de documents.

La génération automatique des versions élimine les problémes de mise a jour des
liens, quand il coexiste plusieurs versions du méme document dans les bases de la bi-
bliothéque. Nous n’avons pu identifier qu’une proposition, en dehors de la notre, concer-
nant la génération automatique de versions [13]. Cependant ’approche proposée traite
les versions individuellement et ne s’appuie pas sur les relations entre documents. Nous
pensons que ['utilisation des relations & comme avantage supplémentaire que celles-ci
peuvent étre utilisées indépendamment de la génération de versions pour répondre &
des requétes élaborées concernant les documents.

Le choix de gérer les modifications en passant des liens stockés de maniére indé-
pendante des documents a l'avantage de faciliter les requétes sur les relations et ainsi
que la gestion des modifications en évitant la lourde prise en charge d’un graphe de
modifications prédéfini.

Nous pourrons finalement faire remarquer que la méthode d’exploitation des mo-
difications que nous proposons, du fait qu’elle prend en compte la structure logico-
sémantique des documents, permet de gérer des relations qui n’affectent que partielle-
ment la structure des documents. Cette méthode tient également compte du fait que les
modifications & appliquer & un document donné font partie du contenu d’autres docu-
ments. Ces derniers documents, générateurs des modifications, représentent des entités
a part entiére de la bibliothéque, et n’ont, de fait, normalement pas & étre fragmentés.
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Du fait du processus de génération dyamique des versions, 'intégrité des documents
générateur des modifications est donc préservée sans pour autant dupliquer d’informa-
tion, ou introduire dans la bibliothéque de nouveaux items d’information (fragments de
modification) qui ne pourraient y étre considérés comme des entités & part entiére.

L’algorithme générateur de versions que nous proposons ne prend pas en compte les
cas de modifications historiques incohérentes. La résolution de ce probléme passerait
par lintervention de l'utilisateur qui aurait & charge d’indiquer & I'application quels
sont les modifications a considérer et quelles sont celles qui doivent étre refusées.

Finalement, le traitement des relations serait complet s’il pouvait prendre en compte
la détection automatique des citations. Malheureusement, une solution globale pour
cette détection n’est pas encore disponible, bien qu’il existe cependant des solutions
opérationnelles dans des domaines dans lesquels les citations respectent une syntaxe
stricte et un vocabulaire limité [124].



Une architecture pour
I’'exploitation des relations

Sommaire

41 Etatdelart. ... ... ... ... it iiinennn. 26
4.1.1 Modéle élémentaire d’architecture de bibliothéque électronique 26

4.1.2 Modéle d’architecture permettant de gérer les références entre
documents . . . ... ... 26
4.1.3 Modéle d’architecture pour la manipulation des documents . 27
4.1.4 Protocoles de recherche et de récupération d’information . . . 27
4.1.5 Protocoles multi-service . . . . ... ... ... .. ...... 27
4.2 Proposition de services d’exploitations de liens . . . .. .. 28
4.3 Présentation des scénarios et des services . . . . . .. . ... 28
4.3.1 Recherche par mots-clés . . . ... ... ... ... ...... 29
4.3.2 Requétes sur lesrelations . . . . .. ... ... ... ... .. 29
4.3.3 Insertion des documents . . . . .. ... ... ... ...... 29
434 Détectiondesliens . . .. ... ... ... ... ........ 29
4.3.5 Générationdes versions . . . .. .. ... ... ... 29
436 Lesservices . . . . . . ... 29
44 Composants . . . . . . v it i s e e e e e e e 30
4.5 Architecture desdonnées. . . . .. ... ... ... ...... 31
4.5.1 Meétadonnées . . . . . .. ... 31
4.5.2 Structure des documents . . . . .. ... L L. L. 31
453 Lesliens. ... .. .. . . 31
4.6 DIiSCUSSION . . . . v v v i v i i e e e e e e e e e e e 31

25



26 Etat de I'art

La mise en place d’une bibliothéque électronique implique nécessairement un choix
précis d’architecture ainsi que la définition des protocoles qui régleront l'interaction
entre les différentes fonctionnalités de la bibliothéque, généralement implémentées sous
la forme de services. Le chapitre 4 traite plus particuliérement de ce sujet. Aprés un
état de ’art sur les modéles d’architectures et de protocoles existants, nous proposons
notre propre modéle d’architecture incluant des fonctionnalités nouvelles qui permettent
d’exploiter les liens entre les documents de la bibliothéque. Ces fonctionnalités peuvent
étre considérées comme complémentaires des fonctionnalités classiques des bibliothéques
électroniques, ce qui permet leur intégration dans des bibliothéques existantes.

4.1 Etat de l'art
4.1.1 Modeéle élémentaire d'architecture de bibliothéque électronique

Le modeéle élémentaire d’architecture de bibliothéque électronique comprend ’en-
semble minimal des fonctionnalités nécessaires au bon fonctionnement d’une telle bi-
bliothéque, a savoir : gestion de requétes, récupération des documents et navigation
guidée par les collections. Ces fonctionnalités sont elles-mémes prise en charge par un
ensemble minimal de services[10, 11] :

~ Des services d’accés aux répertoires de données, qui permettent la récupération
des objets qui y sont conservés.

- Des services d’interface utilisateur.

— Des services de gestion de requéte, qui permettent génération des requétes, ainsi
que la récupération des documents contenant les termes présents dans lesdites
requétes.

— Des services de gestion de noms (naming services), qui permettent aux utilisateurs
de s’abstraire de I'implantation physique des éléments qui constituent la biblio-
théque, en faisant références aux travaux intellectuels qu’ils connaissent, et non
pas directement aux fichiers correspondants.

Dans le cas ot la bibliothéque contient des données hétérogénes viennent alors éga-

lement s’ajouter des services de traduction [100, 102, 92].
La figure 4.1 décrit un modéle élémentaire de bibliothéque électronique.

4.1.2 Modéle d'architecture permettant de gérer les références entre do-
cuments

Un modeéle d’architecture spécifique(figure 4.2) permet de décrire la plupart des
systémes qui gérent les relations dérivées des références entre documents [31]. La tache
principale de ces systémes est celle de résoudre l’équivalence entre les identificateurs
utilisés par les utilisateurs dans les documents et les équivalents physiques des objets
identifiés. Pour ce faire, trois types de bases de données sont utilisées : la base des lo-
calisations (Location database) qui contient les métadonnées mises a disposition par les
fournisseurs d’information, la base des références (Reference database) contient les mé-
tadonnées utilisées pour la résolution des identificateurs, et la base de contenu (Content
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database) qui contient les documents.
4.1.3 Modéle d’architecture pour la manipulation des documents

Arnold-Moore et al. [15] proposent une architecture dédiée a la manipulation éla-
borée des documents, représentée a la figure 4.3. L’architecture décrit un modéle col-
laboratif mettant en jeu des composants multiples. Parmi ceux-ci l'on trouve, entre
autres, un gestionnaire de versions des documents, et, un outil de recherche, qui gére
les requétes, Paccés au contenu et la structure des documents, et enfin, la composition
de nouveaux documents. En support & ces composants, un parser XML est utilisé pour
valider les documents, manipuler leurs structures, et les comparer.

4.1.4 Protocoles de recherche et de récupération d’'information

Les protocoles de recherche et de récupération d’information réglent l’interaction
entre des clients et des serveurs. Leur apport le plus important se situe donc dans
le domaine prospectif de l'interopérabilité sémantique [96]. Ces protocoles proposent
principalement des ensembles d’attributs susceptibles d’étre utilisés pour la description
des données et des requétes. Le plus utilisé d’entre eux est Z39.50 [127], un standard
ANSI/NISO!, employé pour 'accés aux catalogues publics (OPAC). Les services les plus
représentatifs de ce protocole sont les suivants :

~ Initialisation.

— Finalisation.

~ Recherche (Search).

- Récupération.

— Acces aux métadonnées (Ezplain).

4.1.5 Protocoles multi-service

Des protocoles postérieurs aux précédents prennent en charge 'intégration des ser-
vices avancés dans les bibliothéques électroniques avec les services élémentaires de re-
cherche et de récupération d’information.

Dienst

Dienst [43, 82, 77] est le protocole utilisé dans la bibliothéque NCSTRL et dans celle
d’ERCIM. Les services que régle ce protocole sont les suivants :

— Services d’interface utilisateur.

— Services d’acceés aux répertoires de données.

— Services d’indice.

— Services d’accés aux collections.

- Services de désignation.

! American National Standards Institute / National Information Standards Organization
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Stanford InfoBus

Le projet de bibliothéque électronique de Stanford inclut des protocoles ayant pour
but de gérer des services hétérogeénes. L’ensemble de ces services prend le nom de Stan-
ford InfoBus [100]. Les services considérés permettent, entre autres, de découvrir de
nouvelles ressources ([64]), de gérer des interfaces utilisateur (DLITE [107], SenseMaker
[17]), de faire des recherches et des traductions. Les protocoles qui réglent leur interac-
tion se regroupent en cing couches :

1. Des protocoles pour manipuler des items et des collections (SDLIP).
2. Des protocoles pour réaliser des requétes (STARTS).

3. Des protocoles pour travailler avec des métadonnées (SMA).

4

. Des protocoles pour réaliser d’autres services, comme la régulation des droits
d’acces aux documents (FIRM).

4.2 Proposition de services d’exploitations de liens

L’exploitation des relations entre les documents que nous proposons répond aux
objectifs suivants :

~ Realiser des requétes sur les relations.

— Générer automatiquement des versions des documents.

— Détecter des relations entre les documents.

Les services nécessaires pour exploiter les relations s’intégrent avec des services clas-
siques qui gérent 'accés aux documents, la recherche sur les documents, 'insertion des
nouveaux documents et ’administration de la bibliothéque, et qui permettent l'incor-
poration de nouvelles collections, données et services.

L’architecture et le protocole que nous proposons pour intégrer des services d’ex-
ploitation des liens dans les bibliothéques électroniques sont décrits par un ensemble
de vues qui illustrent successivement les fonctionnalités du systéme, le flux de données,
et P'architecture des données. Les spécifications fonctionnelles sont expliquées par des
scénarios. Un apergu des avantages obtenus termine notre proposition.

Les fonctionnalités que l'on considére, a l'origine des scénarios décrits dans ce cha-
pitre, sont :

-~ Récupération des documents.

- Recherche des clés dans les documents.

Requétes sur les relations entre documents.
— Détection des relations et génération des liens conséquents.
Génération des versions des documents.

|

4.3 Présentation des scénarios et des services

Les scénarios présentés dans la partie 4.2.2 du document de la thése conduisent
naturellement & la définition d'une série des services devant permettre de réaliser les
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fonctionnalités demandées. Dans tous ces scénarios I’on a figuré une situation ou un uti-
lisateur dialogue avec le systéme, méme que la présence de ce dernier n’est pas toujours
strictement nécessaire.

4.3.1 Recherche par mots-clés

Dans ce scénario un utilisateur introduit dans le systeéme une requéte avec l'intention
d’obtenir en résultat la liste des identificateurs des documents qui répondent 4 cette
requéte. L’évolution des taches associée & ce scénario est illustrée a la figure 4.5.

4.3.2 Requétes sur les relations

Dans cette situation l'utilisateur qui pose la requéte veut obtenir en réponse les
documents qui sont liés, de quelque fagon que ce soit, avec un document donné. La
requéte n’inclut donc pas de termes de recherche, mais uniquement !'identification d’un
document : dans ce cas de figure, les requétes adresseront la base de liens, et non pas
celle des documents. La figure 4.6 illustre I’évolution des taches associée & ce scénario.

4.3.3 Insertion des documents

L’insertion des documents est opérée par un auteur, qui indique dans quelles collec-
tions 'on doit les insérer. L’évolution des tiches associée & ce scénario est illustrée a la
figure 4.7.

4.3.4 Deétection des liens

Dans cette situation, un document source, D, est analysé pour y trouver des références
vers d’autres documents. Ce processus conduit & la génération d’un ensemble des liens,
qui seront insérés dans les bases de la bibliothéque. L’évolution des taches associée a ce
scénario est illustrée & la figure 4.8.

4.3.5 Geénération des versions

Ce scénario illustre les processus de génération d’une version historique d’un docu-
ment (figure 4.9), dont il n’y a aucune copie stockée dans les bases des documents de la
bibliothéque. La version originale du document doit donc étre actualisée grace aux liens
qui indiquent quels sont les documents qui contiennent les actualisations qui doivent
étre faites sur cette version.

4.3.6 Les services

A partir des scénarios ci-dessus présentés, il est possible de conclure que les services
nécessaires dans la bibliothéque sont les suivants :

— Manipulation des documents.

- Recherche (dans les documents et dans les liens).

- Génération des liens.
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Composants

— Interface.

- Traduction (des requétes et documents).

- Administration.

— Répertoires de données (des documents et des liens).

— Désignation.

Les scénarios peuvent étre expliqués par l'interaction entre ces services, qui s’in-
voquent mutuellement par leurs méthodes (Uses view) et qui générent également des
flux mutuels de données ( Data flow). Les graphiques illustrant ces phénomeénes et concer-

nant

4.4

chaque scénario sont représentés par les figures allant de 4.15 & 4.16.

Composants

La phase de développement de la bibliothéque conduit finalement, suivant le schéma
que nous avons établi, 4 un ensemble de composants architecturaux qui collaborent pour
implémenter les services de la bibliotheéque. Certains composants participent aux taches
liées a l'exploitation des relations, d’autres non. Nous avons donc choisi de les présenter

dans

cet ordre.

Composants participant a ’exploitation des liens

- Serveur des documents
Son réle est celui de fournir des documents. Il participe a 'implémentation des
services de manipulation et de recherche de documents

~ Outil pour la recherche de liens
Il implémente le services de recherche de liens et utilise les services de traduction
des requétes.

— Générateur des liens
I crée des liens a partir des résultats de 'analyse du document source. Il im-
plemente le service de détection des liens.

- Traducteur des documents
11 normalise les documents qui arrivent dans la bibliothéque vers un format qui
garanti 'interopérabilité des données dans la bibliothéque. Il implémente donc
le service de traduction des documents.

D’autres composants

— Outil de recherche dans les documents
Il garantit I'indexation des documents et la recherche dans ces derniers. Il utilise,
si nécessaire, le service de traduction de documents.

- Traducteur des requétes
Il implémente le service de traduction des requétes.

- Interface utilisateur
Ce composant fourni Uinterface qui permet l'interaction entre 'utilisateur et la
bibliothéque.

- Agent d’actualisation des bases de données
Il gére les processus d'insertion des documents et de génération des liens qui
aboutissent a l'actualisation des bases de données concernées.
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- Customizer
Il permet d’enrichir le systéme grace & ’ajout de nouveaux services et de nou-
velles classes de documents.
Finalement, les bases de données manipulées par la bibliothéque sont les suivantes :
~ Base de métadonnées du systéme
- Bases de documents
- Bases de liens
Une vision globale de l'interaction des composants est donnée par les figures 4.17
(calls view) et 4.18 (data flow). La description des scénarios en terme des composants
se trouve dans la partie 4.2.7 du document de thése.

4.5 Architecture des données

Il y trois catégories principales des données dans la bibliothéque : métadonnées,
documents, et liens.

4.5.1 Meétadonnées

Les métadonnées du systéme sont déduites des besoins propres aux services :

— Liste des services du systéme.

— Liste des classes de documents dans le systéme.

- Pour chaque classe de documents, l’équivalence entre le vocabulaire utilisé dans
les références présentes dans les textes et 'ontologie propre & la bibliothéque, en
ce qui concerne la caractérisation des documents et de leurs fragments.

- Dans chaque bases de données, les métadonnées qui la décrivent.

— La structure (champs) des liens.

4.5.2 Structure des documents

Un document est une agrégation de trois types d’information : son contenu, les
métadonnées qui le décrivent et les liens qui lui sont attachés. Une description plus
précise de la structure des document peut étre trouvée dans la partie 4.2.8 du document
de thése.
4.5.3 Les liens

Les liens seront décrits en détail dans le chapitre 3.

4.6 Discussion

Les services qui sont apportés par cette thése sont liés & la manipulation et 'exploi-
tation des relations (implémentées par des liens) entre documents, en prenant en compte
la sémantique des liens et celle des documents. La description du systéme résultant &
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I’aide de vues met en valeur les aspects qui ont été considérés comme les plus importants
lors de la conception : la structure des données, leur flux, ainsi que l'interaction entre
les services.

Les qualités du systéme que nous avons privilégiées sont l'intégrabilité et 'inter-
opérabilité, par contraste avec la priorité donnée a Vefficacité dans la proposition de
manipulation des documents présentée dans la partie
refArnold-Moore-architecture.

Jusqu’a aujourd’hui les relations entre documents occupaient le role secondaire de
simples outils de navigation dans une bibliothéque électronique. Une des caractéristiques
principales de cette thése est celle de s’intéresser a la modélisation des relations qui ne
sont pas insérés explicitement a 'intérieur des documents. La possibilité de construction
de requéte basée sur ce type de relations, ainsi que leur exploitation pour des traitements
avancés, comme la génération des versions, ouvre la voie 4 une véritable exploitation en
profondeur de la sémantique des documents. La gestion de la coexistence de versions est
également un des aspects des plus intéressants des bibliothéques électroniques, mais elle
n’'avait pas jusqu'ici fait 'objet de beaucoup attention. Le traitement de ce probléme
est également un des point focal de cette thése. Nous proposons en effet un mécanisme
de génération dynamique de versions, qui contraste avec le parti pris, présent dans la
plupart des propositions que nous avons pu analyser, de gérer la coexistence de copies
associées aux différentes versions du document qui ont pu étre générées. Comparati-
vement & ces derniéres approches, notre approche présente donc 'avantage primordial
d’éviter les problémes de maintenance des versions et des liens attachés.

Notons que la faisabilité de notre systéme dépend directement d’'un des services
apportés : la traduction des documents relativement a leur divisions sémantiques. Notons
également que qualité de notre approche est également dépendante de la finesse des
services de désignation des documents, ainsi que de 'exploitation en profondeur des
travaux liés 4 'analyse des références entre documents.

Finalement, les qualités de l'architecture décrite peuvent &tre complétées par la
possibilité d’une future distribution de ses composants. La distribution ne supposerait
pas la modification de notre architecture, mais plutot sa complétion avec des éléments
nouveaux qui prendraient en charge les aspects de distribution.
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34 Interfaces des composants

Les propriétés des documents juridiques les rendent idéaux pour tester les proposi-
tions de cette thése. Ils ont des structures sémantiques stables, ils sont fortement liés
par des références croisées qui figurent un graphe de relations complexes, et enfin, ils
subissent des modifications fréquentes. De plus, le fait de pouvoir disposer d’une ver-
sion spécifique d’un document & tout moment est particuliérement important pour les
juristes.

Nous avons donc choisi de tester et valider les propositions de cette thése en met-
tant en place un prototype de bibliothéque électronique de documents juridiques. Les
composants architecturaux nécessaires réaliser les services présentés dans les chapitres
2 et 3 sont implémentés dans ce prototype.

Nous avons choisi le langage XML (et ses standards associés) pour modéliser ’en-
semble des informations manipulées. En effet, ce langage 4 I’avantage de fournir 4 la fois
les moyens formels de répondre aux spécificités de notre approche (accés aux fragments
des documents structurés, balisage extensible, possibilité de modéliser et manipuler les
liens), ainsi qu’une batterie d’outils adaptés (parsers, interfaces standard, des langages
de manipulation, etc.).

Dans notre prototype, nous avons plus particuliérement testé les mécanismes d’iden-
tification de la structure logico-sémantique des documents, ainsi que la création et 1’ex-
ploitation de bases des liens dénotant des relations de référencement simple ou de mo-
dification entre documents.

5.1 Interfaces des composants

Les composants du prototype comprennent & la fois les composants originaux que
nous avons proposés et quelques composants “ externes “ & notre travail, comme les
parsers XML. Le niveau d’abstraction de description de l'interface des composants est
moins élevé que dans le cas de l'interface des services, ce qui nous permet de mettre
en évidence les types de données utilisés. Les données qui transitent dans le systéme
sont des données au format XML, autorisant une interopérabilité maximale. Ainsi, en
partant de ce format, la forme finale des documents fournis par le prototype pourra donc
étre celle de pages HTML, compatibles avec les navigateurs, majoritairement utilisés
pour consulter les bibliothéques électroniques.

Les interfaces des composants peuvent étre examines dans la section 5.1.

{3

5.2 Reévision des scénarios

Les scénarios sont révisés, en prenant en compte les composants “ externes “ utilisés.
Chaque scénario illustre l'interaction entre ces composants et les composants originaux
de notre approche.
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5.3 Les bases de documents

Les documents juridiques utilisés appartiennent a quatre classes différentes. Celles-
ci refletent la classification sémantique faite par les juristes qui dissocient : les textes
normatifs, la jurisprudence, les dossiers (des résumés crées par des spécialistes juri-
diques) et les commentaires (crées également par des spécialistes). Les deux premiéres
classes de documents sont les plus intéressantes d’un point de vue sémantique, car elles
ont des structures sémantiques stables, structures pour lesquelles nous avons défini des
DTD spécifiques. Les deux derniéres classes sont beaucoup plus flexibles dans les divi-
sions admises, comme dans les types des éléments acceptés, ainsi que dans la hiérarchie
d’inclusion. Cette flexibilité rend préférable P'utilisation de DTD standards, capables
de fournir des éléments et des attributs nécessaires pour cette flexibilité et la richesse
descriptive que I’auteur puisse demander, comme la TEI [48].

Les grammaires que nous avons définies pour les textes normatifs et la jurispru-
dence sont décrites aux figures 5.6 et 5.8; les arbres qui représentent la hiérarchie des
inclusions permises dans les deux classes sont décrites aux figures 5.7 et 5.9.

5.4 La traduction des documents

La traduction des documents a été testée sur un ensemble de textes normatifs pro-
venant de serveurs législatifs publics. Les documents se présentaient sous la forme de
pages HTML standards. Nous en avons, de maniére préliminaire, éliminé les éléments
sans portée sémantique pour notre approche (des indices, des liens internes, etc). Nous
avons finalement obtenu une copie logico-sémantique équivalente a ces documents dans
95% des cas. Aprés analyse, nous avons pu constater que les 5% d’erreur étaient dus
A la présence de tableaux, d’entités ou d’éléments qui ne répondaient pas aux normes
d’un document XML bien formé.

5.5 Les relations et les liens dans le prototype

Comme nous 'avons préalablement fait remarquer, les documents juridiques pré-
sentent de nombreuses relations, ce qui figure un graphe de référencement et de modi-
fication trés riche.

5.5.1 Les attributs des liens XLink

L’équivalence entre les champs nécessaires a la modélisation les liens et les attributs
effectivement utilisés dans les liens Xlink est donnée dans le tableau 5.1. Le document et
sa partie interne affectés par un lien sont adressés dans le champ x1link :href, le type
de la relation est modélisé par 'attribut x1ink :role. Les champs spécifiques de notre
travail sont modélisés par des attributs spécifiques (doctype et date). Les attributs
utilisés dans la DTD spécifique aux liens sont explicités dans les tableaux allant de 5.2
a 5.4. La figure 5.14 décrit un exemple de lien obtenu.
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5.6 La génération des versions

La génération des versions a été spécifiquement testée avec la classe des textes nor-
matifs. En effet, ces textes représentent la classe de documents qui subit les modifications
les plus fréquentes. Cette génération commence par une phase préliminaire durant la-
quelle les liens impliqués dans la génération d’une version sont extraits, de maniére a
constituer le graphe des versions, puis s’achéve par 'application de ’algorithme, pré-
senté au chapitre 3, qui parcourt ledit graphe.
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6.1 Conclusion

Notre thése a pour domaine d’application le domaine des bibliothéques électroniques.
Elle a pour vocation d’apporter & ces bibliothéques de nouveaux services basés sur
I’exploitation des relations sémantiques présentes dans les documents. Les principaux
services que nous avons proposés concernent la génération automatique de versions de
documents et 'interrogation basée sur les relations inter-documents. La mise en place
de ces services nous a également amené & élaborer des services de traduction des do-
cuments sous forme structurée. La priorité qui a été choisie a été celle de privilégier
I'interopérabilité de maniére & permettre a ces nouveaux services de s’intégrer harmo-
nieusement avec les autres services déja disponibles dans les bibliothéques. Nous avons
choisi comme domaine d’expérimentation celui des bibliothéques électroniques de docu-
ments juridiques.

Les relations considérées comme centrales dans notre thése sont celles qui impliquent
des références implicites provenant de citations, entre documents, par opposition aux re-
lations prédéfinies, de type lien hypertexte, couramment rencontrées dans les documents
HTML. Les relations de citations peuvent étre 4 la source de modifications & opérer sur
les documents cités : le document source de la citation cite le document qui doit &tre
modifié, puis décrit la fagon dont ce dernier doit étre modifié. Ce cas, qui se rencontre
couramment dans le domaine juridique, met en évidence la nécessité de construction de
versions historiques de documents.

Une caractéristique importante des citations est celle de pouvoir adresser des parties
de document en les référencant par leur position dans la structure sémantique associée
au document cité. Le traitement des citations implique donc de pouvoir disposer de
copies électroniques de documents dont la structure logique reflete le plus fidélement
possible la structure sémantique utilisée dans les documents originaux. Dés lors que
de telles copies ont pu étre élaborées, il est alors possible d’exploiter les relations de
citations pour générer automatiquement des versions historiques de documents. Nous
avons montré que cette tache se voit facilitée si 'on exprime les relations de citations
par des liens, ces derniers étant susceptibles d’étre stockés dans une base de liens. La
génération automatique des versions historiques peut alors, d’un point de vue pratique,
s’appuyer sur des mécanismes de requétes sur la base de liens. D’un point de vue plus
formel, le principe de la méthode de génération automatique de versions que nous avons
proposée est celui de déduire les régles de composition de document & partir de 'in-
formation obtenue en parcourant le graphe des relations sémantiques entre documents.
Notre méthode tient également compte du fait que les modifications & appliquer & un
document donné font partie du contenu d’autres documents. Ces derniers documents,
générateurs des modifications, représentent des entités & part entiére de la bibliothéque,
et n’ont, de fait, normalement pas & étre fragmentés. Du fait du processus de généra-
tion dynamique des versions, I'intégrité des documents générateurs des modifications est
donc préservée sans pour autant dupliquer d’information, ou introduire dans la biblio-
théque de nouveaux items d’information (fragments de modification) qui ne pourraient
y étre considérés comme des entités & part entiére. Selon notre approche, un document
doit é&tre considéré comme ’agrégation de trois éléments autonomes d’information : les
métadonnées qui le décrivent, son contenu et les liens qui le concernent. Cette autono-
mie de représentation des composants présente plusieurs avantages. Premiérement, le
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contenu du document peut étre manipulé sans affecter, ni les liens, ni les métadonnées
qui lui sont associés. Deuxiémement, les liens et les métadonnées peuvent étre consultés
séparément du contenu. Finalement, les liens deviennent accessibles aussi bien & partir
de leur origine que de leur destination, le graphe de relations pouvant ainsi étre exploité
de maniére multidirectionelle.

Notre approche réhabilite les liens. Elle montre en effet que ceux-ci doivent étre
considérés comme des objets de premiére importance, et sortir ainsi des roles secondaires
qu’on leur attribue usuellement. Ils contiennent en effet des informations cruciales, qui
peuvent contribuer 4 améliorer notablement 1’exploitation sémantique des bibliothéques.

Dans notre travail, les versions des documents ont été le sujet d’une attention spé-
ciale. Nous avons mis en lumiére trois aspects importants concernant la gestion des
versions : la détection des changements, leur représentation et les requétes sur l'infor-
mation qu’elles contiennent,

6.2 Perspectives

Notre proposition de traitement automatique des relations entre documents serait
compléte si la détection des citations et la génération d’identificateurs de documents
pouvait étre entiérement automatisées. Des expériences de génération automatique
d’identificateurs de documents, qui ont été récemment menées avec succés dans le do-
maine des revues scientifiques, montrent que ce type de traitement est de mieux en
mieux maitrisé. Intégrer les résultats de ces expériences nous permettrait d’appliquer
notre proposition & d’autres domaines que le domaine juridique, domaine ou la struc-
turation trés stricte des citations nous a jusqu’ici permis de travailler plus simplement.

L’architecture des services proposée au chapitre 3 pourrait étre étendue pour prendre
en compte de nouveaux services permettant d’exploiter de maniére plus approfondie
I'information présente dans les relations, comme, par exemple, pour la fourniture de
données statistiques sur les citations.

L’algorithme de capture de la structure sémantique d’'un document ne permet pas
de traiter n'importe quel type de document du fait qu’il impose des restrictions sur leur
structure. Il pourrait donc étre rendu plus flexible en utilisant des techniques permettant
de diftérencier, dans le contenu d’un document, un début d’élément des citations &
d’autres éléments du méme type.

La génération de versions que nous avons proposée ne permet pas de résoudre le
cas de modifications conflictuelles. Une interaction avec 'utilisateur qui prendrait place
dans le cadre des services d’interface devrait par contre permettre de surseoir a ce
probléme.

Finalement, les propositions que nous avons faites pour des documents stockés dans
des bibliothéque électronique nous semblent extensibles des environnements documen-
taires plus large, comme I'Internet, susceptibles de partager beaucoup de propriétés et
de solutions avec les librairies électroniques.



40

Perspectives



Dynamic exploitation of relationships
between documents in digital libraries:
application to legal documents.

Submitted in candidacy for the degree of Doctor of the Institute National Polytechnique de
Lorraine by

Maria Mercedes Martinez Gonzalez






Contents

1 Introduction
1.1 Motivation and alms . . . . . . . .. ...
1.2 Theproposal . ... ... . . ... ... ...
1.3 Implementation Prototype . . . . . . . . . .. ... ... ... ... ...
1.4 Evolution of thework . . . . . . . . . . . . ... . ...
1.5 Organisation of the thesis . . . . . . . ... ... ... ... .......

2 Documents in digital libraries

2.1 Documents . . ... .. ...
2.1.1 Abstract document, document copies and document versions
2.1.2  The Document logical identifier . . . . . . .. ... ... .. ...

2.2 Structured documents . . . . .. ...
2.2.1 Document structures . . . . . ... ... ..o
2.2.2  Capturing the logical structure of documents . . . . .. ... ..
223 Document classes . . . . .. . ... Lo
2.2.4 Standards for structured documents . . .. ... ... ... ...

2.3 Documents in the legal domain . . . . .. .. ... .. 000
2.3.1 Abstract document, document copies and document versions
2.3.2 Structured documents . . . . ... ..o
2.3.3 Standards for structured documents in the legal domain . . . . .

2.4 Proposal for content-based semantic logic structure capture . . . . . ..
2.4.1 Inputs to the algorithm . . . . .. .. ... ... . 0.
242 Output . .. ...
243 Anexample . . . . .. L
2.4.4 The extraction algorithm . . . . . .. ... ... ... ... ...

2.5 Application to legal documents . . . . .. ... ...

2.6 Discussion . . . . .. ..

3 Relationships between documents
3.1 Classes of relationships between documents in digital libraries . . . . . .
3.2 Links. . . ...
3.2.1 Linkgraphs . . . . .. . ...
3.3 Linking with standards for structured documents . . . . . .. ... ...
331 XLink . . ...
3.3.2  Addressing internal document fragments: XPointer, XPath.

~N - Ut =

11
12
13
13
15
16
19
21
21
22
22
23
24
26
26
28
37
37

41
42
44
44
46
47
48



CONTENTS

3.4 Document versions . . . . . . . . ..o e 49
3.5 Linking and versioning in the legal domain . . . . . . .. ... ... ... 50
3.5.1 Relationships . . . . . .. ... 50
3.5.2 Versioning . . . . . . ... 51
3.6 Modelling of citations and modifications with typed links. . . . . . . .. 52
3.6.1 The relationships modelled . . . . .. ... ... ... ... ... 52
3.6.2 The resulting link graph . . . . . ... ... ... ... ... 53
3.7 A proposal to generate document versions using links . . . .. . ... .. 55
3.7.1 The output version tree . . . . ... ... 59
3.7.2 Versioning graphs . . . . . .. ... L0 L 62
3.7.3 The document version generation process . .. . ... ... ... 62
3.74 Nodewversioning . . . . . . . . . . ... . 63
3.7.5 Input and output documents in version generation . . ... ... 68
3.7.6  Modelling the graph with a links database . . . . . ... . ... . 68
3.8 Application to legal documents . . . . .. ... ... L. 69
3.9 Discussion . . . . ... 70
Link-oriented architecture 75
4.1 Protocols and architectures in digital libraries . . . . . . . .. ... ... 76
4.1.1 Basic reference model for a digital library . . . .. .. ... ... 77
4.1.2 Citation-linking architecture . . . . . . . ... ... ... ... .. 78
4.1.3 Document manipulation architecture . . . . . ... ... ... . . 79
4.1.4 Query and retrieval protocols . . . .. . ... ... ... ... 80
4.1.5 Multi-service oriented protocols . . . . . . .. ... ... L. 81
4.2 A proposal for linking-oriented services . . . . . . ... ... ... 83
421 Overview . .. . . . . . . e 83
4.2.2 A brief presentation of some scenarios . . . ... ... ... ... 86
4.2.3 System Services . . . . . . ... 88
424 Services interaction . . . . . . .. ... oL 91
4.2.5 Services interfaces . . . . ... ... oL 94
4.2.6 System components . . . .. . ... 98
4.2.7 Components interaction . . . . .. . .. ... ... ... ... 101
4.2.8 Data architecture . . . . . . .. ..o 104
4.2.9 System qualities . . . . . ... Lo 107
4.3 Discussion . . . . . ... e e 109
The prototype 113
5.1 Component interfaces . . . . . . . . . ... o o 114
5.2 A revision of the scenarios . . . . . . . ... oL 117
5.2.1 Document Retrieval . . . . ... ... ... .. ... ... ... 118
5.2.2 Get Document Version . . . . . .. ... .. ... ... 118
5.2.3 Querying relationships . . . . . .. ..o 121
52.4 Document search . . . . . . .. .. oo 121
5.3 The document databases . . . . . . .. ... L L. 121
5.3.1 Classes of documents in the legal information library . . . . . . . 121

5.3.2 Translating documents . . . . . . . ... ... L. 125



CONTENTS

5.4 Relationships and links in the prototype . . . . ... . .. ... ... ..
5.4.1 Mapping of link fields to XLink attributes . . . . . ... ... ..
5.4.2 The influence of document type on document relationships . . . .
54.3 An example

5.5 Version generation
5.5.1 Data types in the generation process
5.5.2 Complete substitution algorithm

5.6 Discussion

6 Conclusions
6.1 Contributions
6.2 Related work . . .. .. ..
6.3 The prototype and the technology . . . . . ... .. .. ... .. ... .
6.4 Future work

A Logical structure capture evolution on an example

il



v

CONTENTS



List of Figures

21
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21

4.1

Logical structure of a scientific article. . . . . .. .. ... ... .. ...
Two different logical structures for the same Spanish rule. . . . .. . ..
General logical structure for the “scientific article” document class.

Grammar corresponding to Spanish rules. . . .. ... ... ... .. ..
Class tree for the “Spanish rules” document class. . . . . . .. ... ...
A DTD fragment extracted from the “Spanish rule” class DTD. . . . ..
An input document to the extraction algorithm . . .. .. ... ... ..
Output document in the logical structure capture example. . . . . . ..
Output tree resulting in the logical structure capture example.. . . . . .
Inclusion hierarchy used in the logical structure capture example. . . . .
Structure extraction algorithm evolution at every input event. . . . . . .
Source document for the algorithm evolution example. . . . . . . .. ..

An example of navigational graph in hypertext. . . . . . . ... ... ..
Citation linking. Anexample. . . . . . ... ... .. ... ... .
A simple link. . . . . ...
Anextended link. . . . . . ...
Example of use of XPath. . . . . .. ... .. ... ... . ... . ...,
Atypedlink. . . .. ... L
A link graph with three heterogeneous links. . . . . . . .. ... ... ..
Link graph with heterogeneous links. . . . .. ... ... ... ... ...
Partial graphs obtained from graph in figure 3.8. . . . . . . .. .. ...
Documents in the version generation process. . . . .. .. ... ... ..
Version generation. Input and output documents. . . . . . . .. . .. ..
Element substitution, based on links. . . . . .. .. .. ... ... ... .
“Substitution” link. . . . . ... o
Versioning graph. . . . . . . . ...
Transitive modifications. . . . . . .. ... Lo
Transitive modifications. e1, Cegg. . . . . .. . . . ... L.
Transitive modification in version generation. . . . . . .. ... .. ...
Exact overlapping; all targets match. . . . . . . ... ... ... ...
Modifications overlapping. €1, Ce€gp.. o . . . o L
Modifications overlapping. . . . . . . . . ... Lo
Data in the generation process . . . . .. ... . ... ... ... ... .

Basic services in digital libraries. . . . . . .. .. ... ..o

vii



viii

4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
417
4.18
4.19
4.20
4.21
4.22

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17

LIST OF FIGURES

A components model for reference linking in journal articles. . . . . . . . 79
An architecture for a document management system. . . . . . . ... .. 80
The NCSTRL services model. . . . . . . ... .. ... ... ... .... 82
Keyword searching; a first draft of the scenario. . . . . . . ... ... .. 86
Querying about relations; a first draft of the scenario. . . .. .. .. .. 87
Insertion of new documents; a first draft of the scenario. . . . . . . ... 87
Link generation; a first draft of the scenario. . . . . .. .. ... ... .. 88
Document version generation; a first draft of the scenario. . . . . . . .. 89
Keyword searching. Services interaction. . . . . . . .. ... .. ... .. 92
Qerying relationships. Services interaction.. . . . . .. .. ... ... .. 92
Inserting documents. Services interaction. . . . . . .. ... ... ... . 93
Link generation. Services interaction. . . . . . . . . ... ... ... ... 93
Document version generation. Services interaction. . . . .. .. ... .. 94
Services interaction. Global view. . . . . .. ... . ... ... ... ... 95
Data flow between services. Global view. . . . . . . ... ... ... ... 95
Components interaction. "Calls" view. . . . . . ... ... ... ... .. 100
Data flow between components. . . . . . . .. ... ... L. 102
Querying relations. Components interaction. . . . . . .. .. .. .. ... 102
Link generation. Components interaction. . . . . ... .. ... ... .. 103
Document version generation. Components interaction. . . . . . . . . .. 104
Document architecture. . . . . . . .. ... L oL 107
Components interaction. . . . . . . . .. ... L 115
Scenario for document retrieval, . . . . .. ... o000 119
Scenario for generation of a document version. . . . . . . ... ... ... 120
Scenario for querying of relationships. . . . . .. . . ... ... ... 122
Scenario for searching in documents. . . . . . ... ... ... L. 123
Grammar for Spanish rules. . . . . . . .. .. oL 125
Inclusion hierarchy between elements in Spanish rules. . . . .. ... .. 125
Grammar for jurisprudence. . . . . . . ... 126
Inclusion hierarchy between elements in Spanish jurisprudence. . . . . . 126
Grammar for metadata. . . . . ... . o oL 126
Version generation. Input and output documents. . . . . . ... ... .. 131
Element substitution, based on links. . . . . . . .. ... ... ... ... 131
‘Substitution” link. . . . . . . .. L 132
Text for the example link. . . . . . .. ... ... . 0oL, 132
Virtual document generation. . . . . . . .. ... ... L 133
Elements in link variables. . . . . .. .. . ... ... 134

Variations in citations found in Spanish rules. . . . . . ... ... .. .. 136



List of Tables

2.1 Vocabulary mapping used in the logical structure capture example. . . . 29
4.1 Logical Document Identifiers. . . . . ... .. .. ... ... ... .... 108
5.1 Mapping of link fields to XLink attributes. . . . . . . . .. .. ... ... 127
5.2 Origin attributes. . . . . . . . ... 128
5.3 Target attributes. . . . . . . . . ... 128

54 Arc attributes.

ix



LIST OF TABLES



Introduction

Contents
1.1 Motivation and aims . . .
1.2 The proposal .. ......

1.3 Implementation Prototype
1.4 Evolution of the work . . .
1.5 Organisation of the thesis

....................

--------------------

--------------------

b B B =~ <L S




2 Motivation and aims

1.1 Motivation and aims

Digital libraries are advanced, complex information systems that complement tra-
ditional libraries; they provide more resources and services and make the development
of new solutions to users’ problems possible. In addition they have two very highly
valued advantages in the information society: A cheap support for large quantities of
information and the possibility of easy access for all to the information. They provide
access to their resources for a wide range of users, who would not otherwise possess the
ability to gain access to the said resources. The resources of a digital library do not
suffer the greatly feared "wear and tear" that their physical counterparts suffer and it
is not necessary therefore to restrict access to the resources in order to preserve them.
In addition, access to a digital library does not require the user to physically go to the
place where the library is; it is, rather, the library which “moves” to where the user
is, offering its resources via interfaces, in some cases so popular as that of the Web
navigators.

However, these advantages hide an intriguing complexity: digital libraries are mul-
tidisciplinary, the data they store being heterogeneous in nature, format, type, etc., and
the applications used as supports are also generally heterogeneous. To speak of digital
libraries is to speak of such diverse fields of interest as information searching or filter-
ing, the distribution of resources and/or applications, heterogeneity, manipulation of
information and documents, the interaction between man and machine, or the aspects
related to security and legal rights of access to the resources offered. Thus they share
some of their problems and solutions with that enormous source of information available
in Internet, and this contributes to increased interest in them and activity around them.

The documents stored in a digital library can be accessed by the user through
a series of services. Some are “classical”, such as search -which allows users to locate
documents containing one or more key terms- and retrieval of documents. Other services
complement these, thus turning them into advanced systems that can classify documents
and/or the results of queries according to one or more criteria specified by the user. The
user can also manipulate documents and generate other new ones, as well as interact
with the library to “improve” his/her knowledge of the library and viceversa.

Of the possible desirable qualities in a library, the following receive special attention in
this thesis: firstly, the capacity of the library to offer access to heterogeneous documents
through its services, which allows additional information about them to be discovered
(for example, relationships between them), and secondly, that the user should be able
to ignore the existence of multiple versions of the same document or not (as required
by the circumstances). That is, library documents are normally related one with the
other and this information should be accessible, able to be manipulated automatically,
and of benefit to the user and the applications. In addition, the library should be able
to provide users with any version of a document. All this should be possible without
reducing the basic functionality of any library, which means that the new services must
be able to be integrated in a “classical” library.
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Heterogeneity in documents

In addition to the variety and complexity of the services offered to users, the heteroge-
neity of the information is characteristic in digital libraries. A digital library may contain
heterogeneous data at a structural level (structured, semi-structured, non-structured in-
formation), according to its nature (text, video, audio, ...), its format (.doc, .tex, .fm,
...), etc. Concentrating on the documents, they can be subdivided into structured (made
up of well defined elements between which there is an inclusion hierarchy) and unstruc-
tured documents. Even structured documents can be of different classes: as does the
inclusion hierarchy between them.

However, heterogeneity in structured documents may be due to the diversity of
structures|[66], or to the nature of the information they contain. The structures intro-
duced artificially by the information manipulators adequately satisfy the purpose for
which they were designed, but they have the disadvantage of hiding information about
its semantics! (and even making it inaccessible) [65]. The possibilities of having access
to digital documents whose structure accurately reflects the semantic structure of the
associated abstract entity are many. Some will be presented when access to internal
fragments, the detection of citations and the modelisation and exploitation of these re-
lationships are commented on. This aspect has, up to now, been undervalued in many
of the implementations of existing digital libraries. Formats and structures where re-
levance is given to the document’s presentation (for example HTML [112]) have been
widely used in these implementations, thus leaving the semantic structure of the do-
cument hidden (see [81, 80, 78, 74]). This problem is not so much due to the lack of
technology to support it (both SGML [75], initially, and XML [117] later, allow struc-
tures and labelling to be defined at will), as to the fact that, as far as documents are
concerned, the urgency of enabling mass access has relegated the aspects related to its
semantics, structure and manipulation to a secondary level.

Relationships between documents

The generic services that can be found in any library are those that allow the search
and retrieval of documents, while the advanced services are defined, in each case, with
respect to the needs or possibilities of each particular library. The classification of the
query results according to similarity of topic, origin, author or other criterium are some
examples. Another desirable aspect incorporated in many libraries is the possibility of
“navigating” the collections: the user starts the exploration in a guide document which
has document references grouped into collections which can, in turn, be subdivided
into smaller collections. Any of the mentioned classifications (the collections are the
result of a classification process) is a reflection of the existence of semantic relationships
between the documents grouped in the same category: documents with the same topic,
documents created on the same date, documents cited by the same authors, etc.

In most libraries these relationships are expressed through links created manually
[26] and those cases where some type of automatic detection of relationships of any kind
have been achieved are very scarce. This in itself is a limitation but, in addition, the

'We use the adjectif "semantic” in a general way, to designate information that is implicit in docu-
ment content, here included information about what an item 'is’ as well as information about what it
does ’mean’, to differentiate it from information about how to present them or how to manipulate it.
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possibilities of extracting the information implicit in the relationships are restricted by
the way in which they are modelled. The most frequently used options are: the already
mentioned one consisting of modelling relationships as links inserted manually in the
document, or as metainformation associated to documents [23]. The insertion of links
in the documents gives rise to hypertext, and this means that the way of “querying” the
relationships is to navigate through it. Some kind of querying that does not require this
navigation has only been considered in very few cases, and implemented in even fewer:
It can therefore be concluded that the relationships between documents has been, up to
now, a little exploited aspect. However, it is in the metainformation (the relationships
are a particular kind of metainformation) where the possibilities to advance towards a
better semantic use of digital libraries is to be found. This is one of the challenges for
the future and it is in this field where a great deal of the professional and research effort
will be centred.

Manipulating documents

Documents present in a library can be reused to create new documents. The manipu-
lation of documents can consist of a format conversion, so that a copy with the same
content but different format is obtained; for example, the generation of HTML pages
for the final presentation in a user interface is a format conversion. Another example is
the composition of collections, series or journals by the inclusion of articles. This reuse
is really a composition of documents that can be expressed as a set of links between
the framework document and its fragments [109]. Even more interesting is the reuse of
fragments of documents instead of complete documents. The manipulation of fragments
requires the characterisation and access to the fragments of other documents, which is
possible if the work documents are structured.

Document versions

Over time, documents can be modified, which gives rise to new versions of the modified
document. These historical versions, which owe their name to the temporal factor of the
changes, coincide partially in their content, the part affected by the modification being
different. In some cases it is interesting to have (or be able to obtain) all the versions
of a document; this is the case, for example, for the historical versions of the preceptive
documents in the legal sphere, which must be read exactly as they were at the time a
sentance was given for it to be understandable. Also, in some cases, authors describe
these modifications as a new document or part of another document, so the original
version, the modified version, and the document containing the modification (which is
a separate document with its own identity) coexist. For each modification, the author
cites the document fragment in question and indicates how the said fragment could be
modified (eliminating it, substituting it, ...).

The existence of multiple versions of a particular work implies a relationship bet-
ween them, and this has been dealt with as a question of maintaining the database
and the links between the different versions of the same document stored [38]. The
difficulties of this approach arise from the risk of an explosion in size in the database if
the modifications are frequent or if the documents with different versions are very large;
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while for the maintenance of the links, each link that affects a document can affect all
its different versions.

The architecture of digital libraries

The architecture of a digital library is defined according to the functionalities required
in it. It should facilitate the distribution of tasks among the services of the library. It is
possible to extract a reference model for the basic functionalities: queries, document re-
trieval and navigation?. There are also proposals which concentrate on services oriented
to the treatment of relationships: detecting semantic relationships of the type citation
[?], management and maintenance of the library links [32, 97], and others which enable
users to create links [33]. The integration of databases and services requires a protocol
to regulate the interaction between the services participating in each operation. The
incorporation of new services supposes a modification of the system: its interaction with
the existing services means the protocol must be enriched.

Once the implementation phase is reached, in practically any library, it is possible
to find indexing and search components, as well as a user interface to implement the
basic services, alongside the databases (documents, metadata, others). In the case of
heterogeneous (and/or distributed) libraries, there are also “integrating” components®.
Finally, the fact that the documents (or data in general) that make up the library
can, in turn, be distributed among different elements and databases should be taken
into account, as this means that the architecture of the data must be considered. The
incorporation of a new service supposes the incorporation or substitution of a component
or set of components, whose cooperation implements the whole group of services of the
library: the new service and those existing previously.

The services designed for the manipulation and exploitation of relationships are
scarce and mainly concentrate on the management of the links [33] or the above men-
tioned citation detection. The exploitation of relationships and manipulation of docu-
ments have not yet been integrated into many libraries or protocols.

1.2 The proposal

The objectives outlined in the previous section include the extraction of information
in the documental libraries on the relationships between documents and the use of some
of this information as part of the generation process of new documents (to be precise
versions of documents). The incorporation in a digital library of services “oriented to
relationships” is considered, so that each service can be accessed through a series of
interfaces which form part of the interaction protocol between these services and the
other services present in the library. It would seem feasible to get an architecture based
on a basic services model, so that the new proposals can be integrated without affecting
the existing services. It is assumed that it is the structured documents which allow

*Navigation is a later addition than the services of search and retrieval of documents, but because
of its widespread use in libraries (in degrees of variable sophistication) and the fact that the libraries
created in recent years incorporate some kind of navigation, it can be considered a classic functionality.

3These components can also be refered to as “mediators”.
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fragments to be reused in the composition of new documents. However, to obtain really
advanced services and semantically coherent documents in document generation, it is
essential that the structure of the digital documents stored in the databases of the library
accurately reflect the semantic structure of the abstract entity that the digital copy
represents. Only if the logical structure associated to the abstract document is taken
into account, is it possible to obtain a digital copy so as to be able to model and exploit
the relationships between documents, with a maximum level of granularity, as well as
create new documents where the historical modifications suffered will be reflected. Given
its semantic origin, the necessary structure is obtained from the document content.
The most adequate way of achieving this would seem to be the most natural: the same
method that allows a reader to create a mental image of the said structure while reading
any copy of the document from start to finish.

It is not considered necessary to store the copies corresponding to the different
versions of a document: it is possible to generate them, provided the modification
relationships between documents have been adequately represented. The possibility
of obtaining an adequate representation for the relationships between documents and
their fragments, and the (prior) detection of these modifications are closely linked to the
availability of the document structure. An adequate representation of the said structure
allows the link between the fragments mentioned in the texts and the fragments that
are part of the stored documents to be established. In addition, if it is possible to
address the said fragments, the integrity of the document in which they are located can
be maintained, while, at the same time, the fragments can also be reused in as many
operations as necessary. It would seem possible to generate the versions by deducing
the rules of composition of the virtual document being created, instead of storing the
composition rules directly. The initial hypothesis is that, given a graph containing the
information on the structure of a document and the modifications that affect it, it is
possible to consider a traversal of this graph in such a way that the new version is
created during the traversal of the said graph.

1.3 Implementation Prototype

The exploitation of the relationships and access to multiple versions of a document
are necessities which are especially relevant in certain environments where the manipu-
lated documents have a rigid semantic structure. This is the case with legal documents,
that include all the characteristics of interest in this thesis: they are highly structured,
closely interrelated one with another and a jurist needs to have access to the version
of a document (for example, a law) as it was at a particular moment in time. The
differences between different versions are due to partial modifications to the content of
the document, in such a way that each modification gives rise to a new version. Given
their temporal nature, they are considered to be historical modifications.

The prototype where the theoretical proposals of this thesis are implemented is a
legislative digital library. It is a specially interesting environment, with the additional
peculiarity that the modifications are expressed as part of the content of a document
where the affected document is cited, in order to then include the modification.
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1.4 Evolution of the work

This thesis began by defining the aims, influenced by the needs as far as functio-
nalities are concerned. These aims are then considered in an environment such as that
of the prototype. Thus the need arose to gain access to the versions of a document,
to exploit the relationships between documents and to have a semantically structured
copy of any document that is to be automatically versioned. From this starting point,
the work continued in a series of stages that correspond, almost unidirectionally, to the
organisation in chapters of this memory:

o The stage following the definition of the aims was the expression of these requisites
as a set of services. The principal initial requisite was to consider them as services
which could be incorporated into a library, thus enriching its functionalities.

e The possibility of having some means to express the semantic structure of a do-
cument was then investigated: to obtain a copy of the document that reflects
the said structure and allows access to its fragments. The result of this stage
was an algorithm to obtain a copy of a document whose logical structure reflects
the semantic divisions of the abstract document. Entry to the said algorithm is
through one of the copies of the document whose logical structure does not reflect
the semantic divisions. The algorithm analyses the content of the document to
detect the semantic divisions.

e Once the properly structured documents were available, the representation of
the modifications and relationships as heterogeneous links was considered. The
associated information was stored in a labelled links database, from which the
graph needed for generating new documents could be recomposed. An algorithm
for the generation of versions traverses this graph, using the structural tree of the
versioned document as support, and progressively constructing the new version
with each step on the traversal.

¢ Finally, the automatic detection of the relationships was implemented in the pro-
totype, on the basis that the said relationships are detectable as citations between
documents and that positive experiences exist in the detection of citations in legal
documents.

1.5 Organisation of the thesis

Chapters 2 to 4 deal with the first three points mentioned in the previous section.
Each chapter includes a review of the state of the art in that field, the proposal and a
final section where it is compared to other previous proposals and the relevant aspects
of the proposal presented are analysed.

Chapter 2 introduces the differences and similarities between the abstract docu-
ment as an entity and its corresponding digital copies: those with the same content
but different formats, etc. It is thus possible to state the proposition of the chapter:
An algorithm to obtain a digital copy of a document whose logical structure accurately



8 Organisation of the thesis

reflects the semantic structure implicit in the conceptual document. Given that struc-
tured documents are the only ones able to exploit the relationships of interest in this
thesis (those affecting parts of a document and not only entire documents), attention is
focused on this aspect and an algorithm that allows a semantically structured document
to be obtained from one whose structure does not comply with the semantic criteria
is considered. The use of XML is proposed as the ideal standard for modelling the
logical structure of a document, and the implementation of the convertor algorithm on
a tool for manipulating XML documents is considered, as this would simplify the lexical
analysis.

The existence of many types of relationships between documents gives rise to a la-
belled graph in which the vertices are not mere documents, but fragments of documents
affected by the relationship. The exploitation of this graph, obtaining partial graphs
and subgraphs from the original, and querying the said graph allow new documents to
be generated. Chapter 3 looks at some types of relationships: structural, citations and
modifications. The structural relationships were obtained in the previous chapter, as
they are hierarchical relationships in the tree associated to the logical structure of the
document. An algorithm for generating historical versions is considered. It is based on
a recursive treatment of the versioning graph obtained from the tree associated with a
structured document and the links that represent the modifications which affect frag-
ments of the said tree. The information on this graph can be stored as a links database,
in such a way that the traversals on the graph become queries to the links database. The
implementation of this algorithm also allows the languages provided by XML to address
the subtrees in the documents (XPath [115]) to be used, as well as its contributions to
links modelling (XLink [119], XPointer [116]).

Chapter 4 gives a brief review of the most usual services in digital libraries and an
update on the functionalities offered in some digital libraries, their expression as services
and their impact on the architecture and protocols used. In this chapter, an architecture
is proposed in which classical services are incorporated into digital libraries alongside
the new services dealt with in this thesis: that is, the exploitation of relationships, the
manipulation of documents and querying relationships. Document translation services
are also integrated, thus allowing a structured document to be obtained through its
semantic structure. The services proposed in this chapter correspond th the algorithms
described in previous chapters.

Chapter 5 is dedicated to the prototype. The document databases on which the
above proposals have been tested are presented. The chosen documents are heteroge-
neous with respect to the type, some of them being highly structured. They are thus
the preferred candidates for experimentation on the algorithms presented in chapters
2 and 3. The possibility of automatically detecting some of the relationships used in
chapter 3 is also commented on, as this would enable the relationships considered to
be dealt with completely automatically. However, this kind of detection is itself an area
of research, thus restricting its inclusion in this work to the feasibility of the said au-
tomization in certain fields with well defined conditions, as is the case of the prototype
considered here.

Finally, chapter 6 summarises the conclusions arrived at in this thesis.
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Documents are the main elements in digital libraries. However, the definition of such
a concept is not precise and when used, there is only a general understanding of what a
document could be in the context the term is used. This derives from the fact that the
mental representation of what a document is can differ from one community of users
to another. As digital libraries offer services to various communities, one such service
is retrieval of documents. When a user asks for a document, he/she has an abstract
entity in mind that may not match exactly any (digital) document in the library, or it
may match more than one document. In these cases, the required document has to be
composed on demand to deliver it to the user, or the user is asked to select a copy from
the set of candidate document copies. If the document to be delivered to the user is
obtained by composing fragments from several documents, it is easier to accomplish this
task if working with structured documents. Different document structures may be asso-
ciated with a unique document. These structures can describe the document content,
the document’s physical aspect or how the document can be obtained by composition
of document fragments.

Documents made by composing well-delimited pieces of content (that can present an
inclusion hierarchy between them) are said to have a logical structure. Sets of documents
that have similar logical structures (they share the set of division types allowed, as
well as the inclusion rules permitted between components) constitute a document class.
Such classes have grammars that define what elements can be found in any document
of the class, as well as the inclusion rules between them. These grammars, as well as
the documents themselves, can be described by means of specially designed standards.
Hereafter, attention is centered on the XML standard. XML is well suited for structured
documents, and provides its users with tools that facilitate their description. It also
facilitates their manipulation, taking advantage of their structure {(this aspect is dealt
with in the next chapter).

As the concept of what a document is can differ from one community to another, this
can also happen with the idea of which document components are permitted in a class of
documents. That is, a document can have different logical structures, depending on the
author that created it. One of the most interesting structures to have available is the
abstract structure implicit in the document content semantics (that exists even before
any physical copy of the document entity is created), due to its inherent semantics and
the possibilities it offers for treatments that exploit it. Given that, at the moment of
copy creation, the criteria used by authors to structure the digital document are mostly
formatting considerations instead of the semantic division of the abstract document,
there is a need for an algorithm able to capture the semantic structure of a document,
and to create a document copy whose logical structure accurately reflects the abstract
document semantic structure: a semantically structured representative. The input to
such an algorithm would be one of those document copies that do have arbitrary (non-
semantic) structures.

There are three possibilities to consider about existing document copies: the input
copy is tagged and its DTD is known, the input copy is tagged and there is no knowledge
about its DTD and, lastly, the input document is not tagged. The case considered
in this chapter’s proposal is the second one: input documents that are tagged, but
whose DTD is not known. Tagged documents become more and more frequent with the
expansion of markup languages, which makes this situation more probable. The first
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case , that where the input DTD is known, is the one considered when talking about
DTD transformations [27]. And the third one (the input document is not tagged) will
be discussed in section 2.6 as a simplification of the situation considered by this thesis
proposal.

The semantic structure will be valuable -as explained in chapter 3- for detecting
references between documents, and for exploiting them. Legal document databases are
good examples of documents with a precise semantic document structure, associated to
the abstract document, which can be extracted from whatever copy of the document.

2.1 Documents
2.1.1 Abstract document, document copies and document versions

There is no precise definition of the concept document as used in computer science.
According to the Spanish Diccionario de la Real Academia de la Lengua a document
is algo que da testimonio de algo (something that gives proof of something). This
definition is not very suitable when speaking about a digital library that has documents,
considering one of the properties required in a digital library (presented in chapter
4): digital library users want intellectual works; that is, they access the library with
the aim of manipulating intellectual documents, not digital files. The idea of what a
document is can be different in various communities. For example, a document can be
an abstract entity for a user of the library, and a physical file or web page for the library
administrator. Moreover, the abstract entity of the user may match several copies in
the library, or correspond to the composition of fragments coming from several library
documents.

A similar idea can be found in the IFLA report [72]!, which specifies the difference
between work, copy, and manifestation:

A work is an abstract entity; there is no single material object one can point
to as the work. We recognise the work through individual realizations or
expressions of the work, but the work itself exists only in the commonality
of content between the various ezpressions of the work. When we speak of
Homer’s Iliad as a work, our point of reference is not a particular recitation
or text of the work, but the intellectual creation that lies behind all the
various expressions of the work.

Similar considerations have been taken into account in some different digital library
contexts. The NCSTRL [42] digital library architecture (presented in chapter 4) design
includes the date architecture, to reflect the fact that a document may have several
copies corresponding to different formats. They hide this information during all the user
search process, only informing the user of the existence of such copies at the moment
of document retrieval in order to ask him/her which one to retrieve. Other authors

! An equivalent classification was made in Europe under by the indecs (interoperability of data in
e-commerce systems) [73] initiative.
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[14] make the difference between copies -different formats- and renditions, which are
versions of a document where the content has suffered modifications.

Given that throughout this chapter we will talk about documents, we adapt the def-
initions that are fundamental to understanding the rest of this manuscript. An abstract
document is the abstract entity an author or user has in mind; it corresponds to the
work. Similarly, a document may have several copies corresponding to different formats
(.doc, .pdf, plain text, .xml, etc.). All document copies share the same content; their
only difference is in formatting aspects. The application of modifications to a document
content results in document versions -note that they would be named ezpressions in the
IFLA ontology-.

Example 1. Modifications originating different versions are frequently made of songs,
theatre plays, technical books, course notes from one year to the next, laws, and others.
O

Example 2. Legal documents, as for example rules, are entities that exist independently
of the presence of copies of such documents. Moreover, the aspect (paper, electronic
version, fragmentation of text in pages) of such copies is irrelevant, as the valuable
information of these documents is in their content. O

2.1.2 The Document logical identifier

In the previous section it was explained that there can be several copies and versions
of a given document. The question now is: “ What does a user refer to when interacting
with a digital library: the abstract document, the copy, the version?. How are these ver-
sions managed in o digital library? Are the properties of a copy or version different from
the properties of the abstract document? And, if not, how does the system differentiate
them?’.

A first set of properties of a document can be distinguished that are proper to
the intellectual object, and thus shared by all its versions or copies. These properties
are metadata that provide additional information about the object or document. For
example, the author of a novel is a valuable piece of information about the document.

When a user talks about a document, the intellectual object is normally identified
first (the Bible, the lliad, the LRU law, ... ). This description is usually sufficient to
identify the object. Only in some cases is it of interest to specify the version (version of
the LRU at the present moment) or the copy (the postscript file, the ascii copy, ... ).

Document identifiers should have some properties to facilitate the manipulation of
the metainformation and objects associated to a given document. The permanence of
these identifiers, which make for easy maintenance, should also be guaranteed. The
first requisite is that there is a unique identifier associated to a document and all its
copies/versions. The benefits of such a policy are many: more user-friendly identifiers,
location-independent identifiers, etc.; a detailed explanation that completes our argu-
mentation can be found in [31]. Properties of such identifiers include unigqueness and
multiple resolution. Unigueness guarantees that an identifier is unique in its names-
pace. If namespaces are well managed, uniqueness will be preserved in larger universes
by adding the namespace identifier to the document identifier. Multiple resolution deals
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with potential access to all versions/copies of a document from the document identifier.
There can be several copies of a given book (for example, the Bible). These copies can
be in different formats, and may even be fragmented in several files. Nonetheless, when
a user requires a copy of the Bible, this identifier clearly designates a unique work, of
which several copies can be offered. That is, there is a Document Logical Identifier,
associated to the work or abstract document.

The question of identifiers is of great interest in the reference linking 2 domain [31].
Multiple definitions of what an identifier is and work to try to discover, treat or resolve
identifiers in the most appropriate way, have emerged in this area. The Serial Item and
Contribution Identifier (SICI) [87] standard provides rules for calculating identifiers for
journal articles. The Digital Object Identifier (DOI) [94]. This standard defines a stan-
dard way to characterize an abstract work. This identifier is an implementation of a
Uniform Resource Name, and it establishes a series of fields that inform an applica-
tion about document copies, their location in the library collections, the provider, and
some more information that could be useful for some applications. Other identifiers
used in reference linking are the ISSN (International Standard Serial Number), with an
internal article identifier that discerns articles in the publication. Metadata about the
documents is, therefore, related to the document identifier.

2.2 Structured documents
2.2.1 Document structures

Several types of structures can be associated to a document [7, 5, 59]. Classification
varies from one author to another [66, 30, 106]. In any case, there is general agree-
ment about the two main types of structures: physical or layout structure, and logical
structure. The logical structure of a document shows it as the composition of abstract
objects. The layout structure is associated to the physical placement of text on a page.
A third type of structure is considered by some authors [106]: the content structure,
which describes the purely semantic relationship within documents.

The layout structure divides a visible representation of the document into rectangu-
lar areas. It is the structure found in graphic formats.

The logical structure characterizes a document by the hierarchy obtained from the
containment relationships between abstract objects; relationships such as those formed
by references in the text do not form part of the logical structure. Parts of a structured
document have type [58]. For example, an article or a book may have parts of type
chapter, section, etc. The logical structure can be represented as a tree, where relations
between nodes in the tree represent the inclusion hierarchy between document compo-
nents. Document contents are always placed at the lowest level of the tree hierarchy.
Documents that have a logical structure are called structured documents, in contrast to
those where information is found as a chunk of text.

2 Reference linking is the general term for links from one information object to another. It is mainly
concerned with relationships derived from citations, which is why it is also referred to as Citation
linking.
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| authorl Iahslmcll [ inuoductinnl I matherials & methodsl lresultsl lconclusionl acknowledgments| | references
L]

Figure 2.1: Logical structure of a scientific article. The lowest levels (paragraphs and content) are
not represented, to keep the figure clear.

Example 3. Figure 2.1 shows the logical structure of a scientific article. This article
is composed of a title, author information, an abstract that summarizes the content,
an introduction, the presentation of material & methods used for experimentation, the
results obtained, a discussion explaining the results, acknowledgements and references
cited in the article. The Results include a table providing a visual overview. O

Logical structures can be classified as content-oriented or layout-oriented [106]. A
logical structure is more content-oriented than another if its definition relies more heavily
on internal content semantics; a more layout-oriented structure has a definition that
relies more heavily on visual presentation (this means that some authors consider them
as layout structures, even if they do have an associated tree that other layout structures
do not have). Content-oriented structures require linguistic cues, as their structure is, in
most cases, embedded in the content of the document [106]. Layout-oriented structures
make automatic searching in documents difficult, as searches are commonly done with
semantic criteria, not formatting. A well known example of layout-oriented structure is
that of HTML pages, where document components are defined according to their final
aspect in a browser.

Example 4. The article in example 3 could be found as an HTML page. In this case
the content would be exactly the same, but the fragments would not be the ones in
figure 2.1. They could be something like a sequence of h4, h3, p, and other HTML
elements. (]

The advantages of having the structure of a document are many. Access to document
components allows them to be reused to compose new documents {14, 96]. Linking is
improved when accessing the part of a document of interest [121, 109, 53], thus also
improving navigation [40], and queries about documents can be refined to make sure
that a search term is only of interest if it appears in a concrete part [1] of the document.
The use made for linking and link querying in this thesis will be shown in chapter 3.

Multiplicity of structures for a document

The logical structure of a document divides and subdivides it into items meaningful to
the human author or reader; since the logical structure is based on the “meaning” of
the document parts, there is no single, unique, logical structure for a given abstract
document.

Example 5. The trees in figure 2.2 are two different representations for the same

Spanish rule, which could be found in different collections. As can be seen, they are very
similar, but some subtleties, that do not affect their content, differentiate them. The
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Figure 2.2: Two different logical structures for the same Spanish rule. The content (not shown in
the figure) is the same, but the organization into logical parts is slightly different.

leftmost structure considers the document divided into two main elements: preambulo
and capitulo. To the right, there is a division of the document into an element of
type p and a capitulo. Yet more interesting is to see how the articulo elements are
obtained in each case. When considering all the text of an articulo to be enclosed in
an element p in the left option, the hierarchy to the right differentiates two elements
in every articulo element: a title, and a p. Despite this difference in structure, the
content is exactly the same in both cases. That is, we can state that it is the same
document with two different structures. O

One common source of multiplicity in structures for a document is due to docu-
ment copies created with formatting criteria in mind (layout-oriented logical structures).
These structures are poor from a semantic point of view and difficult to exploit for re-
trieval or document manipulation purposes.

2.2.2 Capturing the logical structure of documents

The advantages of knowing the structure of a document, make this an active research
field. The structure of documents is not always directly accessible from the available
document copy. Sometimes input documents are images [19, 70]. When the input
consists of files where the information has been stored according to layout criteria [123,
107}, the document logical structure can be recognised by using layout cues or content
information; a revision of this problem and aspects related to it can be found in [106].
There are other cases where the input are markup documents [102, 83].

The problem that has been generally dealt with is the discovering of the grammar
that describes the logical structure. There is no knowledge of the target grammar, so
layout cues are used to deduce the logical structure of the document. This being a
difficult process, it is helped either by the availability of a subset of documents whose
structure has been extracted manually [123], or by analysing the document in several
steps such that each step adds some information until the complete structure has been
recognised {107, 38].

There are other cases where the problem is centered in a single document: the
goal is to discover a document logical structure (the class grammar is known or it
is not meagninful). The utility proposed in [83] takes HTML documents as input and
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discovers the containment relationships between HTML elements reached from the input
document. It is a hierarchy discovery; the elements in the output graph are the same as
they were in the input document, but the previously unknown containment relationships
between them are now known. A second approach is presented in [102]; they use content
cues to detect the presence of concept components inside a document, whose division into
components is known. They divide the input document into contexts that are analysed,
searching for the appearance of concepts; these concepts belong to a known collection of
input concepts. Morphological cues, some knowledge of relationships present between
input document contexts and concepts searched for, as well as concept taxonomies help
them to recognise the presence and limits of the searched concepts inside input contexts.
The problem dealt with in this thesis, to “find” a document logical structure, can be
included in this last group. The comparison with these approaches will be done in
section 2.6.

2.2.3 Document classes

What is a document class?

Documents that have a similar structure form a class, to which a generic logical structure
can be associated. This structure is defined by a set of rules common to all documents
in the class: types of elements that can appear within an instance of the class, which
are the allowed containment relationships between these elements and properties that
characterize each type of element (content type and -optionally- additional attributes).
If there is a document that does not comply with some of the conditions attributed to
the document class, it is not an element of the class.

These hierarchy properties, common to a set of structured documents, can be de-
fined by using contezt-free [69, 37] grammars, or by a tree-like document model [59].
Generic logical structures describe how the documents of the class are constructed. A
class general logical structure contains definitions of objects, while a document contains
instances of these objects. The tree representation provides a quick visual idea of what
the composition hierarchy between components is.

Example 6. Scientific articles are divided into parts. Besides #itle and author infor-
mation, there is an abstract that provides a general idea of the subject to be developed
in the article. The abstract is followed by an introduction about the state of the art in
the working area, and the presentation of objectives. Next, there is a description of the
material and methods used in experiments. Following that, there is an enumeration of
results obtained with each technique. Interpretation and comments on the results is the
part called conclusion. Actually, this part is optional, as it can appear as an indepen-
dent object, or be embedded inside the results. Acknowledgements and bibliographical
references close the article.

This generic structure (the matching tree can be seen in figure 2.3) is common to any
scientific article, no matter the subject it deals with. Some articles may have one figure,
others may have several figures, others only a table; but all of them share the same basic
rules governing their structure described above. Consequently, scientific articles are a
class of documents, characterized by sharing this common basic structure. Variations
such as those described (number of elements of a given type, further subdivisions) are
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[aumor‘ {absu'acq (introduclio‘nl [mat.herials&methods{ results [ conclusion] lacknowledgments} Lreferences]

conclusion

Figure 2.3: General logical structure for the “scientific article” document class. The lowest level
(paragraphs) is not represented, to keep the figure clear. The example in figure 2.1 is
an instance of this class.

particular to every instance of the class (to every particular article). O

Example 7.  Spanish rules have an implicit and accurate grammar that describes
any rule as the possible composition of a certain set of components. Hierarchy rules
restrict what components may appear inside other components, as not all components
are permitted to appear inside another element. These restrictions can be expressed
with the grammar in figure 2.4. The tree in figure 2.5 also shows this hierarchy between
Spanish rule elements.

All rules may have a first part of text, followed by a sequence of some elements
(libro, titulo, capitulo, seccion, articulo), whose presence is optional. For
every type of element, there is a subset of elements that may appear inside it. For
example, an element of type 1ibro may be composed of several elements of type titulo,
capitulo, seccion, or articulo. This hierarchy continues to the last level in the
hierarchy, where the text is found, organised in paragraphs (elements of type p). The
most relevant quality of this hierarchy is that it is strictly forbidden for an element of
an upper level to appear inside an element in an inferior level (for example, there can
never be a capitulo inside an articulo); this property can clearly be seen in the class
tree of figure 2.5. O

<norma > = < p>"(<libro >|< titulo >|
< capitulo >|< seccion >|< articulo >)*

< disposicion >"

<libro> = < title >7(< titulo >|< capitulo >|< seccion >|
< articulo >)*
< titulo > == < title >7(< capitulo >|< seccion >|< articulo >)T
< capitulo > = < title >7(< seccion >|< articulo >)*

< title >? < articulo >+
< articulo > < title >?7< p>*
< disposicion > = < title >7<p >t

< seccron >

Figure 2.4: Grammar corresponding to Spanish rules.
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I articulol ‘ disposicion

Figure 2.5: Partial representation of the tree for the Spanish rules document class. The contain-
ment hierarchy between components is mapped to the tree nodes’ descendant hierarchy.
Wherever a node of a given type X appears, the subtree with X at the root should appear
in a complete tree representation.

Benefits of having the document class generic logical structure

Structured documents are widely appreciated in document manipulation applications
like editing, formatting, and document composition. The availability of a generic struc-
ture together with documents that conform to it offers the possibility to improve such
applications.

Formatters can use a declaration of formatting instructions for each generic element
in the document class; there is no need to relate each document to all kinds of formatting
directives, since they can be defined once for all the documents in the class. Translators
can follow general conversion rules, applicable to all documents in the class, using a
transformation grammar [76, 58|. Editors take advantage of the structure not only for
the presentation but also to manage the inclusion and elimination of elements by the
user [28, 84, 85]. It is also possible to transform a document instance to another one
matching a different logical structure[60]; knowledge of input and target classes allows
a series of transformation rules to be established between the two classes? (28, 84].
Querying documents can be done on structure; the query needs a document to be
retrieved only if the search term appears inside a certain element. Documents can be
composed [57, 6], assembling pieces extracted from documents, by declaring the rules
that express how to assemble those pieces.

3When it is concerned with SGML or XML -explained in subsection 2.2.4- this is known as DTD
transformation.
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2.2.4 Standards for structured documents

A document’s structure is additional information about it that has been stored in
different ways at different times. In general, the approaches are: to store the structure
separately from the document content, or it to store with the document content. Initial
works with structured documents tended to store it separately, as there was no simple
way to do it otherwise [3, 99]. Markup languages came with a solution to keep together
structure and content, and therefore, ease structured document manipulation. SGML
and XML are the most popular markup standards. They also have some valuable
properties as data interoperability, semantic data description and legibility.

SGML and XML

The Standard Generalised Markup Language (SGML) [75] is an international standard
for the definition of device-independent, system-independent methods for representing
texts in electronic form. SGML provides the syntax to describe the logical structure
of documents. It allows a structured document to be modelled, interspersing markup
elements within document content. Markup consists of opening and closing tags, that
surround pieces of text. In other words, the markup establishes where a document
element starts and where it ends. SGML appeared in 1986, and since then its most
popular application has been the HyperText Markup Language (HTML) [112], widely
used in the Internet.

The Extensible Markup Language (XML) {117], which is a simplification of SGML,
was defined to solve some problems (most of them syntactic ambiguities that an au-
tomated application is unable to resolve?) detected from the experience with SGML
and HTML. XML is supported by the World Wide Web Consortium (W3C), and the
current recommendation dates from February 1998. XML documents have more restric-
tive syntactic rules than SGML documents. The minimal set of characteristics that a
document has to comply with to be XML-conforming (that is, to be processed by an
XML application) is reduced and simpler.

XML is eztensible: it allows tag names to be created. Element names in an XML
document are chosen by the document creator, permitting tag names to be chosen
derived from the semantics in the document, and not from its format. This characteristic
is the crucial one of XML, as it is the one behind descriptive markup: the tags around a
chunk of text do not tell how to format it, or what to do with the document; they just
say what it is. This is a major difference between XML and HTML: XML decouples
the document from its presentation. While in HTML the name of the element is more
related with the aspect the element will have when the document is presented to the
user, in XML it is possible to use completely semantic tag names, and describe later
formatting rules with stylesheets (CSS [110} and XSL [111}).

XML was created with the aim of being easily understood, easy to use, and to provide
interoperability. It frees applications from formatting clues and -yet more important-
it is possible to define namespaces [114] to treat semantic interoperability, for example,
when exchanging data. Any document claiming to be XML conforming can be treated
by an XML processor that will parse it and reject it if this is not the case; the problem

“See reference [29] for a comparison of SGML and XML.
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of poorly tagged documents, which often occurs when using HTML and may cause an
application crash is eliminated.

There are standards associated to XML, ruling how to add format to document
classes (CSS and XSL), how to model links between XML documents (XLink {119],
XPointer [116], XPath [115]). There are also tools to describe metadata (RDF [118]),
and others that can be found in the W3C XML page®.

The aspect of XML documents

Logical items in a marked-up document are referred to as elements. Each element is
introduced by a start-tag and terminated by an end-tfag. The content of the element
is between the element tags and may contain further tags corresponding to nested
elements. Elements may have properties, represented with attributes. Attributes are
specified in the start tag of an element. Documents may also contain entities which
reference external files, or that are abbreviations for constant strings.

An XML document is said to be well-formed if

o All tags are there.

e The begin and end tags match (with the possible exception of empty elements).
¢ All the attribute values are quoted.

e All the entities are declared.

An XML document is valid if it is well-formed and there is a document class general
logical structure® it conforms with. This structure is described by means of a Document
Type Definition (DTD). A well-formed XML document can be treated by an XML

pI‘OCQSSOI‘7.

The Document Type Definition

Both SGML and XML allow a DTD to be attached to a document. DTDs describe
which elements are allowed in a document class, and the permitted inclusion relation-
ships among them. DTDs are the formalism provided by SGML (and XML) to model
document class grammar rules in such a way that they can be treated by an application:
all documents in a class conform to the same DTD. Attributes and entities must be de-
fined in the DTD, which may be included in the same file as the document instance, or
reside in a separate file.

Example 8. Figure 2.6 is a fragment of the DTD for Spanish rules. It includes an
entity definition: 1ibro.mdl that is used later in the DTD, when declaring the element
libro. If the content of the entity is replaced in the element declaration, the result is an
element of type libro composed of an optional element title, followed by a sequence
of one or more elements of any of the types articulo, capitulo, seccion, titulo.

Shttp://www.w3c.org/xml

5The general logical structure specifies which are the elements allowed and the allowed relationships
between them.

"This is a main difference with SGML, where all documents must conform to some DTD.
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The only attribute of an element libro is an identifier that uniquely distinguishes the
element from all other elements in the document. The attribute type is declared to be
IMPLIED; that is, the attribute is of optional appearance in elements and there is not
default value for it. O

<!'ENTITY % libro.mdl
"articulolcapitulol|seccion|titulo">

<{ELEMENT libro (title?, (libro.mdl;)+)>
<YATTLIST libro id ID #IMPLIED>

Figure 2.6: A DTD fragment extracted from the “Spanish rule” class DTD.

The most popular DTD in SGML is HTML. HTML has been widely used to create
Web pages. This has contributed to SGML popularity, but at the same time, the
flexibility in HTML has given rise to lots of poorly structured pages, from which it is
difficult -or even impossible- to extract semantic information. For example, searches of
document abstracts, when these documents are HTML pages, are not evident as there
is no tag in the DTD HTML to express such semantic concepts. That is, with HTML,
documents are modelled according to formatting criteria. Now, there are proposals
for HTML conforming to XML, called XHTML [113], that will facilitate the syntactic
treatment of these documents, even if the semantic problem persists.

There are also DTDs whose purpose is to describe the general structure of docu-
ments. DocBook [120] is an SGML DTD maintained by the DocBook Technical Com-
mittee of OASIS. It is mainly oriented for use with books and papers about computer
hardware and software. One more DTD in the SGML environment is the TEI [103].
The Text Encoding Initiative (TEI) is “an international project to develop guidelines for
the preparation and interchange of electronic texts for scholarly research”. Work on this
DTD began in 1987, when XML had not even been proposed. So, in its origin, it is an
SGML DTD, while there is now an XML version. Its aim is to be general enough to al-
low modelling as many types of documents as possible, while permitting elements in the
document to be characterized with attributes giving semantic information. This DTD
has lent some important things to XML -such as XPointers-, which, in part, explains
why activity around this DTD has declined while XML has gained acceptance.

2.3 Documents in the legal domain
2.3.1 Abstract document, document copies and document versions
Legal documents exist independently of the way they are stored in a computer

system [3]. For example, when talking about a given rule, everybody identifies the rule
immediately despite whether the document is presented in one system or another, or
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whether it is possible to access the complete text.

There may be several copies of a document with different formats. This is common to
any document that is digitalized. However, concerning “official” documents in particular
(laws, decrees, etc.), these documents are of a type that suffers several modifications
during their life, resulting in different versions of the document.

2.3.2 Structured documents

Legal documents, such as rules and jurisprudence, are very well structured docu-
ments. They have a semantic structure that is fixed and strictly kept in every new
document produced. That structure is useful for professionals to locate internal parts
in large documents (for example, some rules take up tens of pages), and to find the por-
tion of the document of interest at any moment. Indeed, references inside documents
to other legal documents are in many cases references to internal fragments. Moreover,
as they are used to take advantage of such structures, jurists, being conservative, tend
to maintain these structures.

So, this is a domain where it seems an interesting thing to have a document repre-
sentative where the semantic structure of the abstract document is somehow reflected
[14, 56]. This would permit some manipulation of legal information to be automated,
give jurists the possibility of profitting from utilities that help them in their daily work,
and-also ease access to these -sometimes difficult- texts for common people. Given that
legal documents are of a certain class (rules, jurisprudence, ...), the structure of a given
document and all its copies conform to the same set of rules (general logical structure).
Actually, even if the document is modified, there will be little difference between the
structure of two versions of the same document. The tree structure will be very similar.

Among the advantages of structured documents in general, it is of note that the
structure of legal documents is intensively exploited in document references. It is also
of great usefulness for composing documents [14] and obtaining navigation hypertext

[3].
2.3.3 Standards for structured documents in the legal domain

The way to store the structure of documents in the legal domain has evolved with
the appearance of new standards applicable to structured documents. Those approaches
where the structure is kept separately from the document content [38, 3], have given
way to those where the structure forms part of the text of the document [56, 12, 65,
55]. XML allows a document to be tagged according to its semantic structure, and
provides additional standards and utilities to access (XPath) and manipulate document
components in XML documents (XSLT).

The standards used for structured documents have been applied in the legal domain.
SGML has been the object of several propositions and implementations. Some proposi-
tions consist of DTDs designed on formatting criteria [86, 51]. The clear disadvantage
of such proposals is that it is not possible to automate access to the semantic structure
of the document.

There are, however, more DTDs for legal documents, whose aim is to be as gené—
ral as possible. That is, the grammar implicit in the DTD has to describe as many
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different types of legal documents as possible [101]. The intention here is to provide
access to documentation coming from several European Union countries, and to facili-
tate comparison between those documents. With this goal in mind, the Legis project
[65] proposes to include the metainformation about the legal document in the digital
version. Of course, to achieve such generality, the description of the structure has to
stop at a high abstraction level (top levels in the class tree); more precision about the
components of every document depends on the document class at its origin (the internal
structure of one with Spanish rules is not the same as a French one, despite similarities).
Another attempt -in the development phase- to provide common structure to legislation
in the European Union is the Eulegis [55] European project.

A different option is the one taken by some people who have tried to apply standard
DTDs to legislative documents. D. Finke [56] proposes extensions to the TEI DTD
for legal documents. The extensions include the addition of new attributes and new
elements. These new elements should reflect the particular structure of legal documents.
Legal information has a good semantic structure where components are of a given type,
defined in the legal domain. Without such extensions, the structure of legal information
would have to be simulated with element attributes (for example, with type attributes).
This solution, being a little artificial, is, in addition, not appreciated by legal specialists,
who prefer to work with documents where they can directly recognise the structure with

“a first glance at the document (it is easier for a reader to recognise tag names than tag
attributes).

Example 9. The following example shows what has been said. In both cases the tag
marks the beginning of a semantic element of type articulo. The first tag corresponds
to a modelisation of a Spanish rule with the TEI DTD. The tag name div2 has been
chosen among the available ones in this DTD, and the semantic type of the element
is modelled in the type attribute (it is by no means more relevant than other element
attributes, even if it contains the main semantics of the element). In the second case,
the DTD has been defined expressly for this class of documents; the natural consequence
is that the tag name is semantically expressive, which guarantees that it will emerge
naturally over the element attributes.

<divl id="’14/198722" type="’articulo’’> (1)
<articulo id="'14/198722""> (2)

2.4 Proposal for content-based semantic logic structure
capture

The conversion algorithm presented in this section generates the semantically-tagged
representative digital copy of a markup input document from another document copy
tagged with different criteria. It obtains the logical structure of a document from
its text, thereby showing that it is possible to translate a document from one copy
where the semantic structure is hidden, to another document copy where the semantic
structure is reflected in the document logical structure. This process is taken on by
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the document translator component in part 4.2.6 of chapter 4. The resulting copy
is thereby normalised, and can be used by any system component. To have such a
representative will be crucial to be able to exploit relations between internal document
fragments; this aspect is developed in chapter 3 about relationships.

The semantic structure of the document can be obtained from its content. Well-
structured documents present a set of keywords inside their text that help the reader
to recognise the start of document components. The presence of a keyword in the text
marks the start of a semantic component. These components are the ones referred to as
"semantic", as they come from content criteria, with no presentation aspects involved
in their definition.

The input document to the algorithm is a tagged document copy, whose logical
structure does not correspond to the abstract document semantic structure. The input
document copy structure is, in most cases, based on formatting aspects (as is the well
known case of HTML documents), hiding the semantic structure that is lost inside the
input components content.

Structure recognition that allows the document copy to be obtained with a logical
structure that matches the semantic document structure is content-based, guided by the
target DTD; aspects present in the source copy structure and common to the abstract
document, that cannot be discovered from the document content, are kept in the output
copy. Decisions to create elements in the output are made from the content when
possible. When the text does not provide information about logical divisions (lowest
levels of divisions, that are indeed layout divisions, as for example paragraphs), they will
be transferred from the source document, trusting its correctness as far as formatting
aspects are concerned.

The output is a structured copy of the input document, with the same content,
but with a different logical structure: the semantic one. This structure is reflected in
the representative markup (the output is an XML document). While main divisions
in the output document are created from input content, the highest granularity level
-paragraphs and similar divisions that cannot be inferred from content- are preserved,
as they come in the input document.

Considering the target document with a tree and focusing on elements (abstract-
ing from text and attributes), it can be said that internal nodes are generated from
document content, while leaves either come from the input document structure, or are
generated using information from content and input markup.

The example in section 2.4.3 illustrates the output document obtained from a
layout-oriented tagged document.

2.4.1 Inputs to the algorithm

In every application of the algorithm there are three inputs: a document d, a hie-
rarchy h, and a vocabulary mapping v.

The input document

The input document, d, is a tagged copy of a document, with a logical structure that
does not reflect the semantic document structure.
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Every input document d to the algorithm complies with some assumptions (condi-
tions), listed below:

e The input document is text, where there is content and markup.

o All text that is not markup is relevant. That is, it is also in the abstract document.
There are no pieces of content dependent on the copy used as input.

o The text has keywords (in v) inside it that can guide the generation of elements in
the output. The presence of every keyword marks the start of a semantic element.

e The start of one of these semantic elements, signals the end of all semantic ele-
ments, of inferior or equal level -as defined in the semantic components inclusion
hierarchy-. For example, the start of a chapter in a book, implies that previous
chapters are finished.

e Markup can be of any type. But there is a guarantee that all open tags are closed,
and all closed tags were previously opened. This condition guarantees that pre-
sentation markup recovered from the input is reflected in convenient presentation
elements in the output (there is no other way to recognise the limits of these
elements).

e Lowest divisions in the output document tree cannot be characterized from text
alone. They are layout divisions that also appear in the abstract document, or
layout elements whose presence is always associated to a semantic element (semi-
formatting elements).

¢ Granularity in the source document markup reaches the minimum paragraph level.
This condition guarantees the presence in the output of layout divisions mentioned
in previous conditions.

e Nesting in the input markup is limited to presentation elements. This condition
guarantees the correct transfer of closing presentation tags. Nesting interspersed
semantic elements inside presentation elements would break the granularity con-
dition and obstruct the acquisition of element titles (semi-formatting elements).

The vocabulary mapping

A vocabulary mapping (v) guides the generation of markup in the output document.
v is the equivalence between keywords that can be found in the document content,
and elements in the target DTD. It is defined according to the target document class
(semantic structure).

The target components inclusion hierarchy

h is information about inclusion rules in the target DTD. These inclusion rules are
expressed as a level hierarchy of elements in the target DTD, such that if an element
type el is in a lower level than another element type e2, elements of type el may contain
elements of type e2, but elements of type e2 cannot contain elements of type el. If two
element types are at the same level in the hierarchy, inclusions between them -in any
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direction- are forbidden. This hierarchy concerns semantic elements in the target DTD:
elements that are created from the vocabulary in the source content.

2.4.2 Output

The output of the algorithm is a tagged document str with the following characte-
ristics:

e str content is the same as the content in the input document d

e str is the semantic representative (copy) of d, tagged according to the abstract
document structure

e sir is XML well-formed

str is tagged according to rules given in h and v

The nesting of elements in str conforms to inclusion rules in A

Internal nodes in the associated tree are semantic elements, while leaves are cre-
ated on presentation criteria.

2.4.3 An example

Input document

The document in figure 2.7 is a simplified fragment extracted from a Spanish rule.

<doc>

<p>Ley 1.</p>

<h4><a>CAPITULO I.</a> DEL REFERENDUM.</h4>
<p><a>Articulo Primero.</a></p>

<p> Texto del articulo primero.</p>
<p><a>Articulo Segundo.</a></p>

<p>Texto del articulo segundo.</p>
<p><b>Articulo Tercero.</b></p>

<p>Texto del articulo tercero.</p>

</doc>

Figure 2.7: An input document to the extraction algorithm

A reading of the text -ignoring the markup- shows that the document has a chapter
(Capitulo), which in turn contains three articles (Articulo). A second look considering
markup, refines the information in the following way:

e There is a paragraph (Ley 1.), which is not inside any document subdivision.
e The chapter has a title: CAPITULO I. DEL REFERENDUM.

e The text inside the first Articulo is a paragraph: Texto del articulo primero.
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e The text inside the second Articulo continues until the beginning of the next
Articulo.

e The text of the third Articulo expands to the end of the document.

Output document

The output document from the algorithm is in figure 2.8 and its associated tree in
figure 2.9. Markup in the output reflects the division recognised when reading the input
content, by contrast with the input document, where the markup did not correspond
to it. There are three articulo elements placed inside a capitulo element. These are
internal nodes in the document tree. Element titles have been recognised with the help
of input markup. Presentation elements (paragraphs in the figure) are preserved from
the input document. They are leaves.

<doc>

<p>Ley 1.</p>

<capitulo><title>CAPITULO I. DEL REFERENDUM.</title>
<articulo><title>Articulo Primero.</title>
<p> Texto del articulo primero.</p>
</articulo>

<articulo><title>Articulo Segundo.</title>
<p>Texto del articulo segundo.</p>
</articulo>

<articulo><title>Articulo Tercero.</title>
<p>Texto del articulo tercero.</p>
</articulo>

</capitulo>

</doc>

Figure 2.8: Output document resuiting from the application of the extraction algorithm to the do-
cument in figure 2.7.

GPRVLO L DEL REFERENDUM.

Articwlo Primero.  Texto del articudo primero.  Articulo segunda. Tewa del articulo segundo. _Articulo Teveero.  Tewo del artlculo tercero,

Figure 2.9: Tree for the output document when transforming the document in figure 2.7. Internal
nodes are semantic elements; couloured leaves are obtained by using information from
input content and markup, and uncoloured leaves are formatting elements transferred
from the input document.
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Hierarchy

Information about the target DTD (Rules DTD) needed by the algorithm is the hierar-
chy in figure 2.10. The tree expresses inclusion permitted between semantic elements
in the target DTD grammar explained in the example in section 2.2.3. The tree is com-
pletely expanded in its leftmost branch. The subtree formed by an element and their
descendants is always the same, wherever the element appears in the tree. For example,
a capitulo element can contain elements of type seccion or articulo as children or
descendants. But an element of these two types could never have a capitulo element
inside.

Every element type has an associated level in the hierarchy, which is the lowest
tree level where the element can appear in a top-down tree traversal (the depth of the
node). A capitulo element is therefore from level 3, a seccion element from level
4, and elements of articulo type are from level 5; elements of level & may contain
elements from levels 4 and higher, but the inverse inclusion is not possible.

During the generation of the output document in figure 2.8, the hierarchy is queried
to close semantic elements of equal or higher levels before opening new ones. Thus, when
a new capitulo begins, all articulo, seccion and capitulo elements open up to this
point, are closed before opening this new capitulo.

0 doc
N

1 libro titulo capitulo seccion articulo disposicion

2 titwlo  capitulo  seccion articulo

3 capitulo  seccion  articulo

4 seccion  articulo

5 articulo

Figure 2.10: Inclusion hierarchy between semantic elements in a Spanish rule. Partial representation
(the tree is completely expanded in its leftmost branch).

Vocabulary mapping

The fragment of the vocabulary mapping used in this example is in table 2.1. The
semantic elements created are capitulo and articulo. A capitulo element starts
where the string Capitulo appears in the input document, while articulo elements are
recognised by the presence of the Articulo string.

2.4.4 The extraction algorithm
The algorithm behaviour simulates the way a human being recognises a document

logical structure during reading. ITmplicit knowledge about the desired structure enables -
a reader to extract a document structure from its text, while reading. Some vocabulary
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f Text vocabu/ary—l DTD element

Capitulo capitulo

Articulo articulo

Table 2.1: Fragment extracted from the vocabulary mapping of Spanish rules, used during the ap-
plication of the transformation algorithm to the input document in figure 2.7.

in the text indicates when a new element begins (thus, ending another one). For ex-
ample, a reader knows a chapter is finished because there is a new chapter that starts.
That allows the reader to construct in his/her mind a logical structure of the document
(how many chapters the book has, how many sections there are in every chapter, etc.).
Linear traversal of the source preserves the order of the text in the output document.

There are two information elements that give information about the target document
class logical structure and how to apply it:

1. The mapping of vocabulary in source content to markup in the output repre-
sentative (mapping of document content domain ontology to system ontology),
.

2. The inclusion hierarchy between semantic components (grammar expressing the
semantic component inclusions), h.

Definition 2.1 The extraction algorithm is a function 6 : D x V x H — STR, where
o D: set of XML well-formed documents
o V: set of vocabulary-mappings
e H: set of hierarchies
e STR: set of XML semantically-tagged documents.
Each application of the algorithm is given by d(d,v, h) = str, where:
e d: a document from D, where terms from the vocabulary v are found

e v: the vocabulary-mapping between keywords in d and markup in the output docu-
ment

e h: the containment hierarchy between elements in the output document

e str: the output document, marked according to d, v and h.

Conjecture 2.1 In each application of the algorithm, d, v and h are matching entries
in the sense that: vocabulary in d and v are the same, and element types in v and h are
the same.

A mismatching between d and v would cause the algorithm to transfer the source do-
cument as it is to the output. A mismatch between v and h would cause the algorithm

to end in an abnormal state.
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Creation of target tree

Types of nodes
The output document copy is well-structured and can be represented by a tree, as was
explained in section 2.2.1.

There are two types of nodes in the output document tree:

o Semantic nodes (or elements). These are nodes created from content. They are
internal nodes in the tree.

o Formatting nodes. These nodes are created using source markup. They are leaves
in the document tree.
If the source document has redundant markup, it can still be said that these nodes
are either leaves, or placed at the bottom levels of the tree in such a way that any
ancestor of a semantic element can be a formatting node. In a top-down look at
the output tree, the lowest levels in the output tree come from the input markup
and the top level elements are generated from the document content. From now
on, an optimistic view will be taken and they will be referred to as leaves®

Creation of nodes
The generation of internal nodes is done from vocabulary in the input document. The
generation of leaves in the target tree is done according to the following criteria:

o Leaves generated by a combination of knowledge from the content and markup.
These are in most cases element titles. Each text fragment, that will be placed in
a leaf in the output, is enclosed by a non delimited number of open and close tags.
Open tags precede the text, forming a sequence of consecutive tags. By contrast,
matching close tags can be found interspersed with text; the last of them marks
the end of the output element.

o Leaves imported from the origin. These nodes have text where there is no keyword
that could guide the element generation. We can therefore presume that the
tagging enclosing such text was placed there on a presentation criteria, and that
it could be worth preserving this lowest level of fragmentation. So, it is written
with no modification to the output.

Example 10. Figure 2.9 is the output tree obtained by the application of the algorithm
to the example in part 2.4.3. Internal nodes (in blue in the figure) are semantic
elements; leaves coloured in red are obtained by using information from the input content
and markup, and uncoloured leaves are formatting elements transferred from the input
document. [J

8In an ideal situation, there is no redundant markup in the input document. That is, there
are no fragments of content -with no keywords to guide element generation- surrounded by sev-
eral levels of tags. For example, there are no paragraphs with the aspect <p><p><p> This is a
paragraph.</p></p></p>.
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Creation of the target text

The target document is a structured document. Document content is transferred as it
comes from the source. Concerning markup, the algorithm opens a new element in the
target document in the following cases:

e When it encounters a keyword from v in the input content. The equivalent element
is open in the output document. In this case, it creates a semantic element. For
example, a new capitulo element is created in the example in part 2.4.3 when
the keyword Capitulo is found in the text.

input vocabulary mapping output
<any-tag> keywordl text ... keywordl T1 <T1> keywordl text ...

o When it finds a piece of text in the input after an input tag, and there is no
keyword in the text. This is a presentation element, that will be transferred
untouched to the output. This is, for example, the case of paragraphs.

input output

<any-tag> text <any-tag> text ...

Elements are closed in the output document when:

¢ A new semantic element is open. For example, the start of a new chapter implies
the end of the previous one. The closing tag will precede the input tag of the new
element.

input vocabulary mapping output
<any-tag> keywordl text ... keywordl T1 </TI><T1> keywordl text ...

e The closing tag of a presentation element is found.

input output
..</any-tag> ..</any-tag>

Algorithm functioning

The algorithm (in figure 2.11) is designed to work on top of another application (an
XML parser in the implementation) that provides it with inputs, containing pieces of
text from the source document. As there is no direct control of the algorithm on how
the words sent to it are created, the algorithm tries to generalise and considers the
possibility of receiving a content keyword fragmented in several pieces.
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Inputs to the algorithm come from the application it is implemented on top of.

The input alphabet received from the application is a collection of events: STARTDOC,
ENDDOC, STARTTAG, ENDTAG, TEXT.

STARTTAG, ENDTAG, TEXT events are accompanied by a string that is the element

name or text recognised by the application. STARTDOC and ENDDOC are events that
come alone, without additional information.

Reactions to inputs are explained below:

e STARTDOC: A STARTDOC in the source document provokes the opening of the
target document. It can be a simple action like that, or any kind of action to be
done every time a new document is created (for example, inserting a header at
the start of the document).

ENDDOC: The end of the source document advises the algorithm that it has to
close the target document. Before closing the file, all open elements in the output
not yet closed, are closed in an ordered fashion. This guarantees that the algorithm
ends correctly and that the file it creates is also correct®.

STARTTAG: An open tag in the source document is not by itself sufficient to take
a decision on what to write on the target document. Actually, the source tag may
be a tag to preserve in the target (it opens a “formatting” element) or a tag to be
ignored when writing to the target (the element in the source open with this tag
contains keywords in its text, that will actually guide the markup in the output).
It is not possible to know what kind of tag we are on at the moment, until we
advance to its enclosed text. So, the tag is kept as a candidate to be preserved or
to be ignored.

ENDTAG: When we get to a close tag in the source, what to do with it depends
on what we have previously done with its corresponding open tag. If we have
written its partner tag to the output, we will also write this closing one. If we
have ignored the open tag, the closing tag is also ignored.

The text (TEXT) is the crucial information to decide how to markup the target
document. Every time a piece of text is obtained from the source document, a
decision is taken by examining a portion of input text. This text can be the string
received, or a string composed by concatenating this one with other text fragments
received before. At the moment, it is enough to continue with the explanation
to know that there is a text fragment to be analysed; the selection of text to be
examined will be explained later. There are three possibilities: the input has the
start of some keyword, the input contains a complete keyword and the input does
not have any keyword or any start of keyword.

— If the current item is the start of some keyword (a keyword in v does not solely
have to map one of the tokens returned by the parser to the application),
this fragment is kept, to verify, in the next event, if it completes the keyword
or not.

®XML well-formed and “semantically” valid.
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switch input do
STARTDOC: opens the output document
ENDDOC: ends the output document
STARTAG:  keeps the tag until text is found
ENDTAG: if the tag closes an element with no content
then ignores it
or else
if it closes a formatting element
then closes the element in the output
or else ignores the tag
fi
TEXT: s = string to analyse®
switch s do
start of keyword: keeps it till the next input comes®;
complete keyword: opens a semantic element in the output;
no-keyword: if it is at the start of a formatting element
then
opens the element in the output
or else /* inside text of an element */
writes s to the output
fi

end

®s can be the string received with the input, or be the result of concatenating the input string with
a start of keyword kept from the previous iteration.

*If the next input is also text, it will be concatenated with this string to obtain the string s to be
analysed in that iteration.

Figure 2.11: Structure extraction algorithm evolution at every input event.

— If the input contains a complete keyword, it marks the beginning of a semantic
element which is open in the target and the input text is written. If there
are elements of equal or lower levels than the one just opened in the target
document, they are closed before starting this one.

— The last possibility is a text fragment that does not contain any keyword, and
nor is it possible to start one. This may be due to one of two exclusive reasons:
it is at the beginning of an element to transfer to the target document as it
is, or the text is in the middle of one element content. If it is the beginning
of a formatting element, the element is opened and the content is written. If
it is text in the middle of the element, it is just written to the target.

The string to be examined in every iteration is either the input text, or formed by
the concatenation of the input text to some start of keyword kept from previous
iterations.

Proposition 2.1 The scanning algorithm always ends.

Proof: The sequential traversal of the input document guarantees that its end will
always be reached.
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Proposition 2.2 The output document, h, is well-formed and its logical structure is
semantically correct.

Proof: Well-formedness is obtained by construction: semantic elements are guaranteed
to be opened and closed in the correct order, since the start of a semantic element is
always preceded by the closing of all semantic elements of equal or lower level. Correct
nesting is guaranteed because the track of open elements in the target is done using a
LIFO structure (stack). At the end of the execution, all elements not yet closed, are
closed.

Lemma 2.1 At the end of the document, all elements will be closed.

Proof: Elements not yet closed in the target document when the end of the source
document is found are kept in the open (target) elements stack. The algorithm does
not end until this stack is empty.

Proposition 2.3 Non-semantic elements are always placed at the bottom tree levels.

Proof: For elements directly imported from the source, it is self-proving: such elements
are opened and closed as they appear in the source. Given that the source is well-formed,
there is a guarantee that they will be closed before another element starts. For elements
obtained from the content and source markup, the argument is: an element of this kind
starts with a sequence of open tags in the source document. Well-formedness in the
source ensures that the end of all elements is found; thus, the end of the element created
in the target is found when the outer tag in the source is closed. Moreover, as this is
the last element open in the target (the last one entering the open elements stack), it
will be correctly closed.

A detailed version of the algorithm

The version of the algorithm, where complex sentences are expanded, is on pages 35
to 36. Here, concepts such as keeping a variable mean that data structures are used.

The main algorithm loop continues until the end of the input document is found.
At this moment, the output document is closed in a correct manner (closing all input
tags) and the algorithm ends. The code shows action in each iteration.

Two data structures are used to keep the memory in evolution. A stack ORIGEN tracks
what has been done with open tags in the source. This is useful to know what to
do with matching closing tags. If the open tag was ignored, it will be ignored. If the
matching open tag was translated -because it was associated to a presentation element-,
the closing tag will also be closed in the target document.

A stack ABIERTOS keeps track of open elements in the target document. This stack
can be inspected when a semantic element is to be opened, to know if there are elements
to close before opening the current one. Every time a new semantic element starts in
the output, all elements of equal or inferior level are popped from the stack and written
to the output. Correct nesting in the output is guaranteed by the way of introducing
and taking elements from the stack.
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Algorithm 1 Structure extraction algorithm.
INPUTS: SourceDoc: D, DTDmapping: V, DTDhierarchy: H
OutpuTs: TargetDoc: STR

while there are inputs from SourceDoc do
switch input do
BEGINDOC:

open(target)
write-header(target)
searching-keyword « false

ENDDOC:
while not empty(ABIERTOS) do
ele «+- pop(ABIERTOS)
close(ele)
end while

STARTTAG:
push(ORIGEN, 'candidata’)

ENDTAG:
if top(ORIGEN) = 'candidata’ then {empty element}
ele «+ pop(ORIGEN) {ignore empty elements}
else
if top(ORIGEN) # 'ignorada’ then {it closes a formatting element}
close(pop(ABIERTOS)) {close the element in the output}
else {top(ORIGEN) = 'ignorada’}
ele + pop(ORIGEN) {ignore the closing tag}
if top(ORIGEN) # 'ignorada’ then {it marks the end of a semi-semantic (title) element}
write(pop(ABIERTOS))
end if
end if
end if

TEXT:
if searching-keyword then
s « concat(keycandidate text)
else

S + text
end if

if startkeyword(s) then
searching-keyword - true
split(s,s1,keycandidate) {keycandidate = start of some keyword}
if sl is not null then
write(s1) {it is certain that the text fragment preceeding the possible start of the semantic element
belongs to a previous element}
end if
end if
if completekeyword(s) then
split(s,s1,keycandidate)
if s1 then
write(sl) {fragment text before the candidate start of semantic element. belongs to some other
element with certainty}
end if {replace the top sequence of ‘candidata’ in ORIGEN by ‘ignorada’}
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while top(ORIGEN)="candidata’ do
ele +~ pop(ORIGEN)
push(AUXILIAR, 'ignorada’)
end while
while not(empty(AUXILIAR) do
push(ORIGEN, pop(AUXILIAR))
end while{candidate tags have been ignored}
outputtag + eqtag(keycandidate, DTDmapping) {obtain the equivalent tag from the vocabulary map-
ping}
if in(outputtag, ABIERTOS) then
while top(ABIERTOS) < outputtag do {close hierarchically lower or equal elements}
ele < pop(ABIERTOS)
close(ele)
end while
end if
open{outputtag)
push(ABIERTOS, outputtag)
write(keycandidate)
searching-keyword + false
keycandidate + null
end if

if notkeyword(s) then
if top(ORIGEN)="candidata’ then {start of a formatting element}
while top(ORIGEN) = 'candidata’ do
push(AUXILIAR, pop(ORIGEN))
end while
while not(empty(AUXILIAR)}) do
ele < pop(AUXILIAR)
push(ABIERTOS, ele.tag)
open(ele.tag)
end while{candidate tags are open in the target document in an ordered manner: text can be written}
write(s)
searching-keyword «+ false
keycandidate « null
else {in the middle of the text of some element}
write(s)
end if
end if

end switch
end while

Algorithm evolution on an example

The document in figure 2.12 is a very simple document extracted from a document in
the prototype that will be presented in chapter 5, that has been input to the algorithm
(the example has been simplified to be included here). The evolution of the creation of
the target document copy and stacks is shown. Every state shows the output document,
the content of the stack that keeps track of the tags open in the output (ABIERTOS)
and the content of the stack that keeps tags found in the input until document content
allows a decision to be taken to ignore or to transfer them (ORIGEN).

Transitions through states are labelled with the input event and the associated string
received from the parser. Some transitions have a note on the right (in bold italic) to
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indicate decision factors that complement information in the input event and text. The
evolution can be followed in annexe A.

<doc>

<p>Ley 1.</p>

<h4><a>CAPITULD I.</a> DEL REFERENDUM.</h4>

<p><a>Articulo Primero.</a></p>

<p> Texto del articulo primero.</p>

<p><a>Articulo Segundo.</a></p>

<p>Texto del articulo segundo, previo a una disposicidén</p>
<p><b>Disposicién final.</b></p>

<p>Texto de esta disposicién.</p>

</doc>

Figure 2.12: Source document for the algorithm evolution example.

2.5 Application of the content-based semantic structure ex-
traction to legal documents

Documents in the digital library used in this prototype are Spanish rules, jurispru-
dence, and other documents that complete this information. The grammars of these
classes can be found in the chapter that describes the prototype (chapter 5). The
extraction algorithm is used here to obtain the semantic representative of official do-
cuments, coming from public Web servers. The obtained document representative are
XML documents, where the structure (and, therefore, the DTD) agrees with the seman-
tic structure of the documents. The example in subsection 2.4.3 shows the application
of the algorithm to a Spanish rule. The grammar for Spanish rules is in figure 2.4 and
the containment hierarchy derived from this grammar is the one in figure 2.10.

2.6 Discussion

The majority of work related with documents logical structure is concerned with
discovering the grammar associated to a class of documents. This is a different problem
from the one of discovering the logical structure of an instance of the class. Two works
that can be included in this last category are those from Smith and Lopez [102] and Lim
and Ng. [83], commented in subsection 2.2.2. The utility proposed in [83] discovers
the containment hierarchy in HTML elements. Smith and Lopez use content cues to
infer the existence of “concepts” inside a structured document; these concepts represent
semantic fragments in the document. The important goal in this case is to discover the
concepts, as opposed to Lim and Ng., who already know what the elements are and
focus on the hierarchy.

The algorithm presented in this chapter extracts the semantic logical structure of
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a document instance, using the target DTD to do so; it is not the discovery of a class
grammar. The knowledge of the input document copy is that it has a logical structure,
that nesting levels in markup are correct, and that there are content keywords that
signal the start of semantic elements. There is no knowledge of the types of elements
in the input: if they can be ignored, they are; and when they cannot be ignored they
are simply transmitted to the output with no further analysis of these tags. This is a
difference from [83], where knowledge of the input DTD guides the algorithm evolution.
On the other hand, the semantic element limits in this algorithm are determined by the
start of a new semantic element, which can be done on the basis of the presence of some
vocabulary in the content. The vocabulary is well-defined and the abstract documents
treated are well-structured: semantic element limits are accurately determined by the
presence of this vocabulary. This determines a completely different way of working from
[102]: first, there is no knowledge of divisions in the input document copy (as in {83}),
and second, there is no need to explore inside input regions that have a good guiding
vocabulary.

The algorithm in section 2.4 simulates the way a human being recognises the struc-
ture in this type of documents: during a sequential reading, a document part ends where
another part begins. It aims to extract the semantic logical structure of a document
instance. The input is a tagged document. No attempt is made to obtain the grammar
of a class, as there is one already. Neither is it the aim of this thesis to transform DTDs;
in this case,the input DTD should be available, and that is not the case either. The
advantage of the proposal here is that knowledge of the input document structure is
minimal: basically, that it is a well-nested tagged document. The algorithm profits from
knowledge of the abstract document class general structure to guide the extraction of
the instance logical structure: the output grammar inclusion rules serve to determine
the inclusion hierarchy between semantic elements, and the vocabulary mapping of the
document class allows their limits to be recognised.

One of the advantages of having a semantically tagged document copy is to be able
to dissociate the presentation from the document content, associating a stylesheet to
the document class that will be applied to the document at the very last moment of
interaction with the user (Interface service in subsection 4.2.3 of chapter 4).

It is not possible to obtain a general algorithm that extracts the semantic structure
of any document. Lack of knowledge of tagging and inclusion hierarchy in document
copies input to the algorithm forces some decisions to be taken that restrict the al-
gorithm’s generality; decisions taken have been influenced by the prototype domain
and the origin of documents used in the prototype. The fact that the initial data to
the prototype implementation were HTML pages from different servers was considered
at several points. Semi-formatting elements are the consequence of realising that se-
mantic element titles were always formatted differently from the rest of the element.
The nesting of semantic elements has not been considered. There were two exclusive
possibilities:

e To allow it: to recognise semantic elements that start inside another one, with
no sorrounding tagging; this would suppose a risk of confusing a citation of ano-
ther document element with the start of a semantic element. inside the current
document, which would be an error.
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e Not to recognise semantic elements that start inside an element content (not
tagged around).

Documents in the prototype frequently use the same vocabulary to cite a document
element and to mark the start of a document element inside the current document; this
fact was decisive for choosing the first possibility.

Another consideration is that part of the format tagging in input documents should
also appear in the output documents. This is the case of paragraph subdivisions. This
means that the prior elimination of all input document markup cannot be considered
before applying the algorithm. In that case, the paragraphing divisions would have
been lost, as they are not semantic. Moreover, this level of division is frequently used
in citations (indeed, it is widely used in legal documents). Tables and figures -that
are not considered in this thesis, but should be in future work- are also the same
case as paragraphs; their divisioning cannot be extracted by text semantic recognition
algorithms, which makes them better for preserving as they are in the inputs.

Possibilities to expand the algorithm’s range of application are in documents with
more flexible language variations to mark the start of semantic elements and in do-
cuments not tagged at all. An increase in language flexibility means a need for an
elaborated analysis of document content. These processes should be used at the mo-
ment the vocabulary mapping is done, and should adapt, as is already the case, to the
target document class vocabulary peculiarities.

The case of documents with no tagging is a simplification with respect to documents
now considered: it is enough to recognise the start of elements, without worrying about
preserving tags or not. Considerations to be made about it are the same as those
explained some paragraphs before when justifying the decision taken not to consider an
elimination of all markup in input documents before application of the algorithm.

The main advantage of the proposed algorithm is that it allows a document digital
copy to be obtained that is “formatted” in such a way that its logical structure is an
exact digital copy of the abstract document logical structure. The semantics inherent
in the abstract document entity is also in the digital copy. But preserving semantics is
not only important for itself. The semantic structure is used in citations; therefore, it
is extremely beneficial to have this structure available in the digital copy to address the
internal document fragments cited, which, in some cases, are also the fragments affected
by the modifications presented in the next chapter.
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This chapter deals with relationships between documents and how these relations
can be exploited to obtain advanced digital library functionalities. The objectives of the
chapter are: to show how it is possible to model citations and modifications between
documents as links, and to show how to exploit these relations. Two ways to exploit
them are devised: to query the links in order to ask user questions about relations, and
to generate document versions due to modifications that update document content.

Relationships between documents can have varied causes and meanings: they can be
semantic and/or, for example, they can be explicit links. The relationships considered
in this thesis derive from references in documents to other documents. In all cases,
relationships can be represented by a link graph, where the resources are the related
items and the links represent the relationships. If there are heterogeneous relationships,
links can have type that represent the nature of the relationship [108]. The more general
use of this graph has been the creation of hypertext that users can navigate through
[39]. But the graph can be used with more purposes; for example, relationships can
be queried [49], as is done in this thesis. Moreover, when working with structured
documents, resources in the link can be document fragments, which allows relationships
to be represented accurately to indicate solely the fragment that is really affected by
the relationship.

Besides just querying relationships, there is another interesting problem related to
working with documents: versions of documents. Document versions are variations of
the same abstract document, which may affect the document logical structure (this con-
cept was presented in chapter 2). Versions of the same document are obviously related
[93, 121], which leads to the problem of expressing these relationships and maintaining
them [34, 38, 101]. In this thesis the problem is considered in a different manner: ins-
tead of maintaining versions, or discovering the relationships between them (comparing
documents to find if they are the same copy of a document) [36], they are generated.
The idea is that versions are due, in many cases, to modifications made to previous
versions (they are called historical versions), which in the end is just another type of
relationship. So, if it is possible to query relationships and to work with the associated
link graph, it must be possible to generate versions with a traversal of this graph. The
algorithm that does this traversal, generating new versions, is presented in section 3.7.

Finally, the manner to store the link graph is presented: a link database (which is one
of the architectural components presented in chapter 4). Associated XML standards,
XLink [119] and XPointer [116], provide the tools to model a link graph with flexibility:
multidirectionality, the degree of the graph, etc. and also seems the most convenient
way to do so when documents are modelled with XML, as this continues to guarantee
the interoperability inherent in XML data using links.

3.1 Classes of relationships between documents in digital
libraries

Documents may be related for many reasons: two or more documents may be created
by the same author, they may have the same subject, a document may cite another
document or documents, a document contains an explicit link to another document,
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etc. These relationships constitute an important piece of information that may in some
cases be as important as the documents themselves [52].

Taxonomies to classify relationships are various, depending on the author’s interest
[108]. Most of them come from the area of hypertext [92, 47, 4]. From this work
point of view, it is interesting to differentiate relationships because of the nature of the
relationship and how it can be detected. Thus, two or more documents can be related:

e Because there are semantic relationships between them. This is the case when
documents share some metainformation (author, subject, etc.), or when they are
included in the same catalogues, with keyword linking [68], etc. This type of
relationship may not be evident even for humans (for example, the criteria used
during cataloguing may be as various and complicated as cataloguers themselves)
and discovering them can be an arduous process, usually based on some kind of
document classification process [67, 68, 108, 71, 46, 23, 21].

e Because there are references in a document to another document (the first one
cites the second one). The relationship is clear for a human being -who directly
detects it during document reading-, but not for software applications, which -at
least at the moment- are not able to process such references correctly. They can
be as difficult to detect as natural language expressions can be complex. This kind
of relationships has been studied mostly in the Reference linking domain [67, 68,
31, 20], an area that deals with links between documents derived from citations
between them, mostly citation linking between electronic journals [31, 68]; these
links improve electronic journals, for example, by sharing objects (such as figures)
from different sources. Another good example of documents where citations are
very frequent and may be the crucial information to access documents whose
reading allows a correct interpretation of the citing text are legal documents [121];
in this environment, it is impossible to understand a (tribunal) sentence if the text
of the rule (or rules) and jurisprudence that justify decisions in the sentence is
not available. Citations give the clues to obtain them and complete the reader
information, who obtains a semantically complete document by assembling all
document contents (his/her information about the sentence is complete).

e Because there are ezplicit links from one document to another, embedded in the
document by its author during document creation. This is the case of HTML
link tags, that are included inside the document. They may represent semantic
relationships, but the difference with the first group is that here the document
comes with relationships explicited inside, in contrast to previous cases, where it
is necessary to analyse the document to detect the existence of such relationships.
The semantics of the relationship that the author took into consideration when
inserting the link has been lost, thus only the information about the fact that the
two documents are related is all that can be seen from the document, but not why
they are related.

There is a fourth group of relationships that completes this classification: struc-
tural relationships [108]. They relate pieces of content whose aggregation results in a
structured or composite document [109, 68]. The aggregated pieces can be complete do-
cuments or elements taken from structured documents; in this last case the relationship
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is the containment hierarchy reflected in the document tree (see section 2.2 of chapter
2).

All these relationships can be exploited in several ways. One of the most popular is
the creation of navigational hypertext, where related documents or objects are linked
to make a new document that can be read in a discontinual manner [39, 26].

3.2 Links

Relationships between documents can be modeled as links. The most popular links
between documents are those present in hypertext, created for navigational purposes:
the user starts his/her navigation in a document, from which he/she can pass to other
document following links in the current one, and this process can go on following links
in documents. In hypertext, a link has the following properties [108]:

e It has (specifies) a source and destination.

e It is used to activate (specify) a navigation action at the source which consequently
reaches the target.

e It represents some relationship (semantics) between the source and destination.
3.2.1 Link graphs

The set of relationships between documents modeled as links results in a link graph,
where the links can be directed, and also typed'. Vertices in the link graph are the
documents linked and the edges or arcs are the links [39].

Citation and explicit links are directed: they have an origin (the document that cites
or holds the link) and a target (the document cited or pointed to by the link). Semantic
links can be directed or not, depending on the nature of the relationship. Vertices in
the matching graph are connected by arcs that go from the origin of the link to the
target of the link. The type of a link is the label of the associated arc in the graph.
Hypertext graphs [39] are the most popular (there is an example in figure 3.1).

Selecting a subset of links of a certain type results in a partial graph with the same
nodes and only a subset of the original arcs. The degree of a link vertex is the degree
of the associated node in the graph: the number of arcs (links) that have the node as
an endpoint.

Example 11.  Revision links [93, 47| can be arcs from a document to its revision
(version), or from the revision to the original document; directed arcs between the two
vertex documents show simultaneously the relationship and the time ordering sequence
of document versions (time ordering is implicit in the direction of the typed arc). OJ

IThe type of a link is a label that indicates the nature of the relation between the linked nodes.
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Figure 3.1: An example of a navigational graph in hypertext. Document A links to documents B
and C. These two documents have links to D, which links in turn to A. A navigation
starting at A could traverse B (or C), pass through D and finish by returning to A.

Linking structured documents: granularity in the link graph

Structured documents introduce a vision of a document that is not the vision of single,
indivisible units; a structured document is a set of nodes (document fragments) that
are structured in an inclusion hierarchy represented by a tree of nodes (see chapter 2).
Structured documents have the advantage that linking internal document fragments is
facilitated by the availability of the document structure.

This vision of the document gives rise to a link graph with more granularity than
when referring just to a complete document {53, 29| -as the number of nodes in the
graph is greater than in one where the documents are considered to be the minimun
unit-, and where the hierarchy allows different subsets of the same document tree, made
up of the set of nodes that form a document portion, to be selected by using query
language expressions [40, 115]. Document trees that represent the inclusion hierarchy
in structured documents are partial graphs that contribute to the typed link graph
with structural links. Links can be queried [49] and manipulated to obtain composite
documents [109, 103]. Moreover, the hierarchy in structured documents can also be
queried {1, 2, 49, 50].

Example 12. Annotations are typical examples of links that affect document fragments.
For example, annotations made to pieces of theatre are commonly related to some
concrete scene or act and not to the whole work (in which case they would not be
considered annotations, but comments on the work). OO

The following definition for link graphs, to which the algorithms presented thereafter
apply, takes into account the considerations about granularity in structured documents.

Definition 3.1 In the context of structured documents, and restricted to relationships
that result in directed links, a link graph is a labelled directed graph G = (N, E) composed
of two finite sets: a set of nodes N and a set of arcs E. Nodes in N are document
fragments. Fach arc uw = ((1,7),t) € E is a tuple where:
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Linking Electronic Journals:
Lessons from the Open Journal ...

.. (see [1])...
Steve Hitchcock.

[1) S. Hitckeock. Linking Electronic Joumals: citation

Lessons from the Open Journal Project. D-Lib
Magazine, December 1998. b

Figure 3.2: Citation linking: document on the left cites the one on the right. The direction of the
arcs illustrates the direction of citations.

e (i,7) is an ordered pair of nodes where ¢ is the origin of the link and j is the target
of the link,

e t, the label of the arc, is the type of the link.

Each arc u corresponds to a typed link.

Example 13. Citation linking is mostly concerned with linking on-line journal articles.
In this domain, bibliographic citations are the most important type of link worth ma-
naging. Figure 3.2 shows a simple link graph where each node represents a document.
The arc between them has the following semantics: two documents are linked if one of
them cites the second one (thus the citation label). The arc is directed, meaning that
the document pointed to by the arc (the link’s target) is the one cited, while the other
(the link’s origin) is the one that cites. [

3.3 Linking with standards for structured documents

XML has associated standards that allow relationships between documents to be
modelled. Relationships are modelled as links, represented as XML documents. These
standards have capabilities that supersede traditional hypertext links (namely, HTML
links).

Linking with XML includes rules to link resources (XLink) and to address internal
fragments inside linking resources (XPointer)?.

The XML Linking Language (XLink ) [119] allows elements to be inserted into
XML documents to create and describe links between resources. In XLink , a link is a
relationship between two or more resources or portions of resources, made explicit by an
XLink linking element. This does not map with the notion of arc in the linking graph
introduced in section 3.2. Indeed, an “XML link” (zlink) is the union of one or several
arcs that have “something” (the semantics of the relationship) in common.

XLink allows traditional .unidirectional links embedded inside a document, but also
more complex links. This means that with XLink it is possible:

2They are not yet stable W3C recommendations.
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Paco home page
( “This is a link to Paco’s page"

s.xml

Figure 3.3: A simple link.

e To assert linking relationships between more than two resources (n-ary links)
e To associate metadata with a link

e To create link databases that reside in a location separate from the linked re-
sources.

Xlinks are a means to model graph information: vertices are resources (documents,
images, etc.), arcs in the graph are arcs inside an xlink, arc labels are modelled with
role attributes and other metadata about arcs or vertices can be joined as (resources
or arc) attributes.

3.3.1 XLink

The version of XLink referred to in this section is the one used for the implementation
of this thesis prototype: the working draft is dated February, 21st, 2000 [119].

There are two main types of xlinks: simple links and eztended links. Simple links
offer a short form for a common kind of link: the two-ended inline link. The source link
vertex is in the document where the link resides, while the target vertex is a remote
resource. They are similar to the well-known HTML link elements (a elements).

Example 14. The simple link below corresponds to the link in figure 3.3. The source
link content is the content of the linking element, and the link target is designated by
the x1ink:href attribute value.

<simplelink xlink:type="simple" xlink:href="http://www.bla.bla/paco.html">
This is a link to Paco’s page
</simplelink>

a

Extended links offer full XLink functionality, such as out-of-line, multidirectional
links and links that have more than two participating resources (n-ary links). They
can be inline or out-of-line. They are the only ones that can be used with n-ary links
and to link resources found in external documents (for example, resources found in
documents that cannot be written to include the inline link). Extended links are the
most interesting ones, as they allow linking graph structures to be expressed in as
complex a manner as desired (which cannot be done with simple links or HTML links)
and to traverse the link in whatever direction is desired in each link resolution.
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sl.xml s2.xml

s3.xml s4.xml

Figure 3.4: An extended link.

Xlink element attributes can come from a set of attributes specified in the standard
or they may be created by link authors. XLink provides attributes to indicate the type
of an xlink element, its role in the relationship and to address participating resources
(href)®. For extended links -that can associate N resources and an arbitrary number
of arcs (see figure 3.4)-, there is a special type of element to represent an arc between
two given nodes. Elements inside an extended link are merely the nodes of the graph;
arcs between these elements have to be represented to completely describe the links
graph. These arcs are represented with elements that present the value arc in the type
attribute, thus indicating that the element content is not a node but an arc.

3.3.2 Addressing internal document fragments: XPointer, XPath.

While XLink addresses documents, XPointer [116] addresses internal fragments (a
point, a set of nodes, or an interval) of XML documents. That is, internal document
locators for portions of documents are constructed with XPointer. Inside an x1ink:href
attribute, the XPointer is the argument to the xpointer () function, always placed after
the document URI. The character *#’ marks the separation between the document URI
and the XPointer.

XPointer is built on top of the XML Path Language (XPath). Many XPointers
are location paths, built from location steps. Each location step specifies a point in
the targeted document, generally relative to some other point, such as the start of the
document or another location step. This reference point is called the context node.
In general, a location step has three parts: the axis, the node test, and an optional
predicate.

azis::node-test/predicate]

The azis tells us in what direction to search from the context node. The node-test
tells us which nodes to consider along the axis. The predicate is a boolean expression
that tests each node in the node-set. Only nodes that comply with the three conditions
at the same time are selected.

3More attributes can be found in the XLink specification.
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Example 15. The addressing of document elements can be done with XPath location
paths, as in the example in figure 3.5, where the XPointer addresses the first element
articulo inside the first element disposicion of document 113-1986.xml. There are
two location steps in this example:

1. descendant::disposicion[1]

The axis in the example selects all descendant nodes of the context node. The
node-set indicates that only descendants of type disposicion should be consid-
ered. The predicate tells us to select the first element disposicion from all
descendants.

2. articulo[1]

In this location step there is no axis; by default, all children of the current context
node (the first element disposicion from all descendants) are considered. Among
them, elements of type articulo are considered. Again, the first one is selected.

113-1986. xml#xpointer (descendant: :disposicion(l])/articulo(1])
L }

XPath

I 11 |
document URL XPointer

Figure 3.5: Value of an xlink:href attribute. Internal locator is an XPointer that has an XPath inside.
The path addresses the first element articulo inside the first element disposicion of the
document /13-1986.xml.

3.4 Document versions

Document versions are presented as follows: given an abstract document, D, there
can be several versions of the document, corresponding to modifications applied to D.
All versions of D have a high degree of content similarity, but never one hundred per
cent similarity. The document version problem could be stated as follows: “given an
abstract document D and the collection of versions of D (also abstract entities), is it
possible to access any version of D, allowing at the same time for users to ignore (or
not) the existence of several versions of D depending on their preferences?”.

DeRose [47] distinguishes two kinds of versioning:

e Historical versions, which correspond to modifications to document content in
time. Historical versions may also suffer variations in the logical structure, but
share a significant percentage of document content (and logical structure).

e Translation versions, that share the logical structure, but have significantly diffe-
rent content.

Historical versions pose some interesting questions: Is it suitable to keep all versions?
How to model the modifications? How to detect them? The answer to these questions
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depends greatly on the objective of the system implemented in the context in which
it works. Most of the effort related to document versioning is concerned with the
simultaneous maintenance of versions in the document database. Three approaches
have been used for this purpose:

1. To link related versions. These links were named revision links by Parunak in 1990
[93]. Two databases are kept simultaneously: the document database and the link
database. This approach has been followed by Wilson [121] and Choquette et al.
[38]. The main problem with this approach is to keep the revision links database
[34, 38, 101] up to date.

2. To consider different stamps of the database and to compare them in order to
detect changes that reflect the fact that an object has been versioned {34]. This
solution is used with object databases, and therefore can be considered when
modelling documents as objects. In this approach the link database disappears
and document changes are represented indirectly as the difference between two
database states [36]. It is applicable to historical versions, but not to translation
versions.

3. A third approach comes from the area of semistructured data. Chawathe et al.
[36, 35] model changes to hierarchically structured data (which is the case of
structured documents) as changes to nodes in the document tree. They represent
changes as annotations (attributes) to the affected nodes, facilitating queries about
its “history”. The detection of versions is done by tree comparisons. In contrast to
the previous ones, this is the first solution where document structure is considered,
thereby associating changes to document fragments instead of to whole documents.

This idea of annotating document nodes with attributes that contain information
about these changes can be found in some public servers [79], where document
elements are qualified with attributes that indicate they have been modified later.

3.5 Linking and versioning in the legal domain

Legal information has some special characteristics that makes it well-suited for illus-
trating the importance that linking between documents may have. It is also a domain
where document versioning emerges as a crucial problem; good access to document ver-
sions facilitates specialists’ work, while no access to these versions can be the obstacle
that makes such work impossible.

3.5.1 Relationships

Legal documents are intensely related. Besides semantic relationships (documents
of the same category, with the same court provenance, etc.), there are many citations
between documents. Any document may contain several citations to previous rules,
jurisprudence, etc. and, in the other direction, it can be referenced in many other
documents. For example, some rules are indeed a collection of amendments to previous
rules; every amendment is a reference to the modified rule.
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Access to the information that provides these relationships can be valuable for any
lawyer [121], for example during the preparation of a case. To interpret a tribunal
sentence it is necessary, in addition, to have the text of the rules that guided the
decision cited in the sentence. It is worth noting that exploiting these relationships in
both senses is a requisite: it is as important to know about the jurisprudence related
to a certain rule as to know which rules are related to a given sentence. That is, it is a
requisite for the legal information graph to be traversable in both path directions.

Modelling relationships

The evolution of the manner of modelling relationships for legal documents is parallel
to the evolution of standards related to structured documents. Solutions prior to the
emergence of XML kept the content, structure and relationships in separate databases.
Document structure was modelled as structural links [3, 38]. Solutions based on SGML
or XML do not need to look at structural links, which are implicit in the document
tagging. Most of these solutions choose to model relationships within one of the docu-
ments involved [65, 56]; this choice is influenced, if not in all in most cases, by the use
of HTML hypertext, where links are explicitly typed [79].

Hypertext has been generally accepted as an ideal model for these documents [3, 62],
where relationships are represented by hyperlinks. The user navigates through these
hyperlinks to obtain related documents in each navigation step.

3.5.2 Versioning

Another particularity of legal documents is that these documents (for example, rules)
are the object of several partial historical modifications. That is, a given rule can be
the target of a temporal sequence of amendments that result in different versions of the
document valid during the period of time between two modifications. Once more, to
be able to access the version of a document as it was at a certain moment is crucial
for analysing some other documents [121]. For example, to analyse a sentence, it is
necessary to read the rules that justify it as they were at the moment the sentence was
made; niether previous versions of the rule, nor later versions can be used.

The document versioning problem has been treated in legislative digital libraries in
three ways:

1. Maintaining simultaneously all versions as individual documents in system
databases [38, 101]. Versions of the same document are linked by revision links.
Its main difficulty is to keep these links up to date, as well as links that affect
documents (which may, in consequence, affect all the versions of the involved
document).

2. Modelling modifications as attributes. This solution is, however, compatible with
the previous solution. These attributes are considered as “links”, whose resolution
(obtaining the link’s target) is left to the user [56]. Its main aim is to facilitate
queries about the “history” of a document (changes made to it): the user can know
the document has been changed and where to find the changes; however, it is up
to the user to obtain the versions if this is his/her wish.
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structure as typed links. A subgraph will be used for the generation of each individual
document version, called the versioning graph.

There are three main aspects related to document versions that can be considered:
detecting changes, representing changes and querying changes. Detecting changes can
be done by comparing documents [36] or from citations inside documents [121, 68]; the
approach used in this thesis is the second one: versions are due to modifications de-
tectable from citations. There are two possibilities to represent changes aside from the
one chosen in this thesis: storing all versions caused by a change and linking them [38]
and representing changes as annotations [36, 35]. The problems caused by storing all
versions have been commented in section 3.4, and moreover, this approach presupposes
that someone has taken care of generating the different version. This fact is not always
guaranteed, which is the case when modifications that cause different versions to appear
come from citations: the documents that should be used to obtain every version are
available, but the different versions must be composed by users following the modifi-
cations and applying them. As for representing changes as annotations, this facilitates
queries about the history of a document, but it is not the most appropiate choice to
facilitate version generation. The information about relationships does not appear as
a link that can make part of a graph, but as attributes of nodes. In the end, these
attributes express a relationship between two nodes. So, the decision in this thesis has
been to model this type of relationship as any other type of relationship: with typed
links, and to generate versions exploiting the relationship graph.

So, the aim of the proposal presented in this section is to be able to offer a copy
of a document in its state at a certain date. Every version of a document should show
the resulting document version after applying all modifications made to the document
in the time interval from document creation and requested version date to the original
version. The presumption is that the initial version of the document is available, as well
as documents that hold modifications to it. Also, it is proposed to “store” modifications
in a link database that contains the information about the relationships graph that
involves all documents needed. Obtaining document versions from modifications should
be done on demand, by applying modifications expressed in links to the original versions.

The proposed algorithm -subsection 3.7.3- works on structured documents, in which
modifications concern document fragments whose limits can be specified in terms of
the document structure. Another characteristic is that modifications are commonly
included in some other document, but are not available as complete documents. That
is, a document is modified by the replacement of some of its fragments by fragments
coming from other documents. With structured documents, it is feasible to have a
modifications graph whose vertices are node sets -as explained in section 3.6.2- that
allows the version generation to be tackled as a graph problem. Modifications to be
applied are filtered from the total set of modifications using request parameters (for
historical versions the filter criteria is the date).

From the architectural point of view, the algorithim explained here is implemented
as a method of the document management service, and the scenario where it fits is the
version generation scenario in chapter 4. Figure 3.10 shows documents that participate
in this process. At the user’s request, documents and links are combined to create a
virtual document: the-required version. This one is obtained by applying modifications
to a document copy already in the collection: the source document, D. Modifications to
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Source

document
D)

Figure 3.10: Documents in the version generation process. Inputs documents are a document to
modify and modifier documents.

D are extracted from some other documents: the modifiers.
3.7.1 The output version tree

A document is considered as a tree with elements. The output document, produced
as a result of the update process, belongs to the same document class as the original
version, but may have a somewhat different logical structure.

The tree is basically the same as the initial one, where some nodes have been re-
placed, deleted or inserted. Nodes in the source document not affected by any modifi-
cation (nodes that are not the target of a link) remain untouched in the output version.
Structural links and modification links are used to produce the new graph.

Example 18. An example extracted from the legal documents library illustrates the

problem.
Input documents to the updating process are the rules shown in figure 3.11:

e A source document, 102-1980.xml, whose first element articulo has to be replaced.
Its source text is in figure 3.11(a).

e A modifier document, 113-1986. xml, which contains the element that will replace
the first element articulo in 102-2980.xml. The replacing element is the first
articulo inside the first element disposicion. The source text 3.11(b).

The output document of the modification process -which can be seen in figure
3.11(c)- is a new version of the source document, where the first node-set that cons-
titutes the element articulo has been replaced by the first element articulo inside the
first element disposicion in document 113-1986.xml and the rest is unchanged. Figure
3.12 shows the effect of the process in the document tree. The link that models the
modification can be seen in figure 3.13. O
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<?xml version="1.0" encoding="1S0—-8859—1"7>

<doc>

<articulo id="al"><title>Articulo Primero. </title>

<p>El referendum en sus distintas modalidades, se celebrard de
acuerdo con las condiciones y procedimientos regulados en la
presente Ley Organica.</p>

< [articulo>

<articulo id="a2"> <title>Articulo Segundo. </title>

<p>Uno. La autorizacién para la convocatoria de consultas populares
por via de referendum en cualquiera de sus modalidades, es competencia
exclusiva del Estado.</p>

</articulo>

</doc>

(a) Source document for the example: lo2-1980.zml

<7xml version="1.0" encoding="1S0—-8859—-1"7>

<doc>

<p>Lley 13/1986, de 14 de Abril de 1986, de Fomento y Coordinacion
General de la Investigacion Cientifica y Técnica</p>

<p>Don Juan Carlos I,Rey de Espafia.</p>

<disposicion id="da"><title>DISPOSICIONES ADICIONALES. </title>
<p><a>Undécima.</a>

1. Quedan modificados los articulos 1.°,4.° y 8.° de la Ley
Organica 2/1980, de 30 de abril , que quedaran redactados en la
forma siguiente:</p>

<articulo id="dal11l"><title>Articulo 1.</title>

<p>Con la denominacidn de Instituto de Astrofisica de Canarias se crea
un Consorcio Piblico de Gestién, cuya finalidad es la investigacién
astrofisica .</p>

<p>E! Instituto de Astrofisica de Canarias estard integrado por la
Administracién del Estado, la Comunidad Auténoma de Canarias la
Universidad de La Laguna y el Consejo Superior de Investigaciones
Cientificas .</p>

< /articulo>

<articulo id="dal12"><title>Articulo 4.</title>

<p>El Consejo Rector estara integrado por el Ministro de Educacién y
Ciencia, que actuard como Presidente; un Vocal en representacién de la
Administracién del Estado, que ser4 nombrado a propuesta del
Ministerio de la Presidencia, y tres Vocales mas en representacion de
cada una de las restantes Administraciones piblicas y Organismos que
se relacionan en el articulo 1.° Formara parte del Consejo Rector,
asimismo, el Director del Instituto , que serd miembro nato.</p>
</articulo>

< /disposicion>

</doc>

(b) Modifier document for the example: [15-1986.zml
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<™xml version="1.0" encoding="1S0—8859-1"7>

<doc>

<articulo id="dalll"><title>Articulo 1.</title>

<p>Con la denominacidn de Instituto de Astrofisica de Canarias se crea
un Consorcio Piblico de Gestién, cuya finalidad es la investigacién
astrofisica .</p>

<p>El Instituto de Astrofisica de Canarias estard integrado por la
Administracién del Estado, la Comunidad Auténoma de Canarias la
Universidad de La Laguna y el Consejo Superior de Investigaciones
Cientificas .</p>

</articulo>

<articulo id="a2"><title>Articulo Segundo. </title>

<p>Uno. La autorizacién para la convocatoria de consultas populares
por via de referendum en cualquiera de sus modalidades, es competencia
exclusiva del Estado.</p>

< /articulo>

</doc>

(¢) Modified document for the example: new version of l0o2-1980.zml

Figure 3.11: Version generation. Input and output documents.

E 102-1980.xml SOURCE DOCUMEN'I‘:
' (Document to modify) |

Articulo Primero.

Node-sel to substiture

_organice

Articulo 1. Con la denominacidn El Institwio .........

cientifica. Cientificas.

Node-set that
substitutes

Articulo | Con la denominacion Etinstitaio .........

Node-set substituted

cieniifica. Gienificas.

Figure 3.12: Element substitution, based on links. The first element articulo in the source (lo2-
1980.xml) document is substituted by the first element articulo inside first element
disposicion of the modifier document. The result is a new version of document /o2-
1980.xml.
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"Substitution”

Articulo Primero.  El referendum...

TARGET ORIGIN
(10 be replaced) (replacing node)

Figure 3.13: “Substitution” link. The ORIGIN will replace the TARGET when generating a new source
document version. The ORIGIN is a subtree of the source document made up of the
element articulo and all its descendants. The TARGET is the subtree in the modifier
document tree whose root is the first element articulo inside the first disposicion.

3.7.2 Versioning graphs

Every document version is the result of resolving a versioning graph obtained from
the modification graph. There are no loops in the modifications graph: no document
can modify a later document, and in consequence there will be no loops in the versioning
graph.

The versioning graph associated to the requested document version is obtained with:

1. The tree, T', of the document version available in the document database. This
version is the source document for the versioning process.

2. The set of modification links, M, that reach some node in T

3. Modification links that reach some source node of links in M should also join M.

Modification links in the versioning graph have a priority attribute: the date of
the link (the date when the modification was stated). This priority attribute will be
used to resolve conflicts such as that found when a node is affected by more than one
modification.

3.7.3 The document version generation process

The document version generation algorithm operates by resolving links during the
versioning graph traversal. The algorithm 2 generates the version of a document D,
applying modifications to it that match the filter criteria expressed by the priority
argument -the date-. Only modifications previous to that date are applied to D.

The document version generation algorithm deals with the source document tree in
a recursive manner, beginning at the root node and treating its descendants in the same
manner till there are no more nodes to consider. Every new call to recursion supposes a
descent on the document tree (more granularity in the document fragments considered).

When the algorithm reaches a node, this can be in one of two possible categories:

e It is a node affected by a substitution. That is, it is the root of some modification
link’s target. A modification to a given node in a structured document affects the
node and all its descendants (for example, figure 3.12 shows that to substitute the
first element articulo of document 102-1980.xml by a new one, means to replace
the whole subtree with the root in this element).
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Figure 3.14: Versioning graph.

e It is not affected by modifications. There are no modification links that reach it.
The recursion stops when:

1. The node to be dealt with is empty: all document nodes have already been visited
(including document content). This case is reached when the recursion path to
the current node includes nodes that are not modified.

2. The node is modified. With modification, the process finishes, as all its descen-
dants have been modified with it.

The recursive call takes place when the node is neither empty, nor a link target.
Such nodes must be copied as they are in the source and recursion must continue on
their descendants, as they could be affected by some modification.

Example 19. Document D in figure 3.14 is composed of three elements (d;, dg,ds);
element dj is itself formed by two other elements (dg2;,d22). Document P contains two
modifications to D, whose application gives as result a new version of D:

e Element p; (with its descendants p;; and pi2) replaces element dyp in D. This is
modification m;.

e Element psy replaces element ds in D. This modification is called ms.

The version generation algorithm starts with node D. A modification to this node
would suppose a replacement of the whole document by another document or document
fragment. As this node is not affected by any modification, the algorithm continues
exploring the possibility that its descendants -e1, e and es- are themselves the object of
some modification.Node e; remains untouched. es is replaced by p; and its descendants
while es is replaced by po, thereby completing the recursion. OJ

3.7.4 Node versioning

To resolve a modification link is to apply the modification expressed by it. That is,
to replace the target vertex content by the source vertex content. When the current
node is affected by some modification, there can be several situations to consider:

The versioning of each node can be in one of the following three situations:
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o Simple case.
The node is affected by a unique modification link, I. Treatment of the node limits
to resolve [, that is, to substitute the node by I’s origin.

o Transitive modifications.
There is a sequence of historical modifications: the origin node of some modifica-
tion is itself the target of other modifications (it is modified somewhere else). This
situation is shown in figure 3.15. The resolution implies an ordered traversal of
the sequence of transitive links, where modifications are applied in a time ordered
manner.

modify modify

Figure 3.15: Transitive modifications.

Given two links e; and es involved in a transitivity, two subcases can be distin-
guished, depending on the link date criteria:

— e1, C egg (e1 modifies a portion of ey’s source) and ey is more recent than
€9.
eo should be applied, but e; should be applied first on the source vertex of
ez. The diagram in figure 3.16 shows the situation when e1,. C ey,.

eISOURCF_ CLI'ARGEI'

02SOL'RCE BZTARGET

Figure 3.16: Transitive modifications. e;, C ez,.

Example 20. The example in figure 3.17 shows a fragment of the versioning
graph used to generate a new version of document D. The substitution of
the subtree with root in node d3 implies replacing it with the subtree formed
by node po; but as this should be substituted by node ns, dj is, in the end,
substituted by ng. [

— e1; C eyg (the same figure as the previous case) and ey is more recent than
€1.
This situation is impossible: a document cannot modify a later document.

o Modifications overlapping.
In this case the conflict is due to the fact that a node set is the target of several
modifications (n-arity in the node). There are several subcases to consider:

— All modifications apply exactly to the same node set. That is, they address the
same node (root node for the node set). This is the case seen in figure 3.18.
The conflict is resolved by applying the priority criteria to the modifications.
Only the most recent is applied.
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Figure 3.17: Transitive modification in version generation.

Figure 3.18: Exact overlapping; all targets match.

— There is an inclusion of two or more link targets. All links address the same
document (see figure 3.19), but different overlapping fragments.
If two links e and eg, are considered, there are two possibilities:

1. e1, C eg, and ey ts more recent than e;.
The target of e; is included in ey’s target. The link that affects the bigger

fragment (e9) applies because it is the more recent and the conflict is

resolved.
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Figure 3.19: Modifications overlapping. €1, C ez,.

Example 21. An example of such a situation would be a theatre piece
to which the author first changes scene X and later decides to change the
whole act that contains the scene previously modified. A replacement of
the act supposes a “refusal” of the first change. O
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Example 22. In figure 3.20 there is another fragment of the versioning
graph extracted from figure 3.9(c). The modification to dg; is ignored
and only the one that applies to dy is used. O
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Figure 3.20: Modifications overlapping.

2. e1r C ey and e; is more recent than es.
The difference with the previous case is the date.
There is a possible incoherence, depending on how the modifications
were created :

* In the first case, the modification represented by e; was stated with-
out knowledge of the existence of a previous modification (the one
represented by es). If the application of ey changes the logical struc-
ture of the target document, e; cannot be applied. This is an inco-
herent situation.

* The second situation is when the modification represented by e; was
stated with knowledge of the existence of a previous modification
(the one represented by es). In such a case, the modification stated
in e; considers the new logical structure caused by the application
of e5 and both modifications are applicable.

The difference between these two cases comes from the creation condi-
tions that cannot be controlled or detected by an automatic engine. In
consequence, the case where e;,. C ez, and e; is more recent than e is
considered as an anomaly and is not treated by the version generation
algorithm.

The algorithm

Algorithm 2 versions a document copy D, applying to it all modification links in the
range from D’s date to the date argument. The recursion for each node is shown
in algorithm 3. The empty tree implies the-end: of recursion:directly. In lines 2
through 5 all links with the target in the current node are selected and the cases of
coincident overlapping are resolved: Oy, is the node-set that should replace it. If there
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is no inclusion overlapping, the current node can be substituted by Oy, (the result of
applying its own transitive modifications to Op). Before substituting a node by the
link’s origin (Op), this origin is updated -in case it has suffered any modification itself-.
Then, Oy, is ready to replace the current node (7). If there is inclusion overlapping
in modifications between the current node and its descendants, the two possibilities
explained on page 65 are dealt with: more recent modifications to its descendants
cannot be dealt with and are output in a list of conflicts that cannot be resolved by
the algorithm, while modifications later than the one that affects the current node are
cancelled. The induction case (nodes output untouched) supposes recursion calls from
lines 18 through 20.

Algorithm 2 Algorithm for modifications. Document treatment.
Inputs: D: document, date: criteria

Outputs: A new version of D. A list of conflictive node couples.

1: Let d be the root node of D

2: Modify(d,date)

Algorithm 3 Algorithm for modifications. Node treatment.

Function Modify(n : node, date : criteria)

1: if n is not null then
2:  if n is the target vertex of some modification link then {n is the root of some node set in a link's
target}

3 Let My be the list of modification arcs with n in the target's root

4: Let L be the link in M1 with more recent date attribute

5: Let Oy be the origin node of link L

6: Let Mp be the list of descendants of n that are the target in some modification link

7 if Mp is empty then {There is no inclusion overlapping}

8: n + Modify(OL,date) {Treat transitive modifications before applying OL }

9: else {There is inclusion overlapping between n and its descendants}

10: if there is some node c in Mp with a modification date more recent than L's date then
11: Mark n with an Abnormal actualizations conflict flag and do not version n

12: Add the pair (n,c) to the list of conflicts

13: else {All modifications to children of n are previous to L and, thereby, cancelled by L}
14: n + Modify(Or,date)

15: end if

16: end if

17:  else {n is kept untouched. Its descendants may, however, be affected by some modification}
18: for all ¢ « child(n) do

19: Modify(c, date)
20: end for
21:  endif

22: end if
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3.7.5 Input and output documents in version generation

Input documents to the transformation process are documents from system
databases, of some of the document types allowed in the system. Links come from
the links database. Thus, input data to the document generation process are:

1. A document to update (the source document)
2. A set of documents with the modifications that update the source document

3. A set of links that represent the modifications: they relate the source document
with modifier documents

Source Modifier
document documents

Links related to source documen

Document generation

Document
version

Figure 3.21: Data in the generation process

The source document and modifier documents can be of different types (conform to
different DTDs). Indeed, the class of input documents does not modify the process for
obtaining an updated version.

3.7.6 Modelling the graph with a links database

Link fields and semantics

A link can be modelled as a record that contains several fields. The link composition
derives from the requirements to the links:

¢ Links must be able to address internal document fragments.
¢ The links database should accept queries about linking information.

e Links can be queried multidirectionally. A citation or modification can be ex-
ploited in both link directions. For example, it can be asked What documents
modify this document? or What documents are modified by this document?.
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e There is n-arity in the graph: a node can participate in more than one link. For
example, the algorithm in section 3.7 needs to access the set of nodes that modify
a given node.

e The links database must be accessible separately from the documents: to query
this database, it must not be necessary to enter the documents. This condition is
necessary to exploit multidirectionality and n-arity.

Fields corresponding to the link’s origin are:

e Document identifier: logical document identifier (see chapters 2 and 4).

e Physical location. Address of the available document digital copy.

¢ Internal locator in the document, identifying the citing or modifying fragment.

e Link type: any (citation, modification).

The type of the link is modelled on the source node: for links considered in this
work (citations and modifications placed in some document), their type comes in
fact from the content of the source link vertex. That is, it is natural to express
the type beside the source node, as it is this node which influences the link type.

e Document type. It is the class the document belongs to. The document class
can influence link types (an example can be seen in the prototype).

e Document date. In the case where several modification links with different
origins share the target (document and internal fragment), the date is the criteria
to decide which one applies.

Concerning the Link’s target, the fields are:
¢ Document identifier (the same as for the origin)
e Physical location (the same as for the origin)

e Internal locator in the document (idem)

Representation with XLink

XML offers a solution that complies with all the requirements posed to the link records
database: out-of-line link databases that can be accessed separately from linked do-
cuments, eztended links to model multiplicity and multidirectionality, and XPointer to
address internal document fragments.

3.8 Application to legal documents

Citations are very common in the legal text domain, where documents contain many
references to previous rules or jurisprudence. Rules and decrees enumerate modifica-
tions to well-delimited parts of other documents, as well as citing the document that is
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modified and the fragment affected by the modification. The results are new versions
of cited documents.

For example, the Spanish rule Ley 13/1986, cites the fourth articulo of the Ley
11/1977:

A los efectos de su gestidon econdmico-financiera los Organismos a que se
refiere el articulo 13 de la presente Ley se entendran incluidos en el
apartado b) del parrafo primero del articulo 4 de la Ley 11/1977,
General Presupuestaria, de 4 de enero.

The same document (Ley 18/1986) includes a modification to the Ley Orgdnica
2/1980:

[...] Quedan modificados los articulos 1°, 2°, 4° y
8° de la Ley Orgéanica 2/1980, de [...] que quedaran
redactados en la forma siguiente:

Articulo 1.

Con la denominacién de Instituto de Astrofisica de Canarias se crea un
Consorcio Piblico de Gestibn, cuya [...] y el Consejo Superior
de Investigaciones Cientificas.

Articulo 4.

El Consejo Rector [...]

The new version of the Ley Orgdnica 2/1980 can be obtained by applying the mo-
difications in Ley 13/1986 to it, using algorithm 2 (the result of this application is the
document shown in figure 3.11(c)).

3.9 Discussion

One of the most popular ways to model relationships is hypertext. Links express
relationships and a navigational graph is obtained. Navigation actions traverse the
graph from link sources to targets, and the number of links that share the same source
node introduce complexity in this traversal. Linked resources are documents, and the
achievement of more granularity requires evolution to systems and standards able to
work with structured documents (for example, XML).

The typed link graph considered in this work is not a navigational one, and linked
entities are document fragments. One difference with the traditional hypertext is the
types of relationship considered and the use made of the graph. The citation subgraph
could be the equivalent to the traditional hypertext graph: a citation is a link to a
cited information piece that could allow navigation. But the modifications graph can
be exploited in a more interesting way than navigation that would not finally manage
to provide the expected help to the navigator user, who risks getting lost inside the
navigation graph [92]. The modification graph can be used to provide users with desired
documents, freeing them from the navigation and composition task necessary to obtain
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a document version from a navigational hypergraph. Different traversals can be used
to query the graph about relationships.

Relationships are not a problem exclusive to textual documents, but these do have
an interesting peculiarity: modifications are mostly expressed inside documents that are
themselves a semantic unit that should not be fragmented. This means that elements
involved in a modification relationship are not first class entities (they are not documents
most of the times, and they are not even files, but fragments); this is also a difference
with software updates, where updates expand complete files [41]. The second interesting
quality is that it is possible to extract the relationship from a document text, while
paying attention to the target document structure. Elements implied in modifications
do not need identifiers to address them; they can be addressed by their position in the
document tree. Node-sets involved in a relationship can be addressed by the position of
their root node in the document tree. That is, it is possible to work with any structured
document, to manipulate any structure, without depending on fragment identifiers,
which are more human dependant.

Some types of relationships dealt with in this thesis -citations and modifications-
are embedded inside document content and affect document fragments. That puts the
link graph obtained in this work in a granularity level higher than that considered in
traditional hypertext or object versioning, where the links always related first class en-
tities. To link pieces instead of complete entities allows a further step to be taken in the
precision of the links, and to proceed to the generation of versions, which is impossible
without this granularity. Modifications are “geographically” close to a citation that de-
signates the target of the modification that follows. There are two links (a citation and
a modification) that share the target, but have different origins; two heterogeneous links
are close. The integrity of documents that contain modifications is untouched: they are
never fragmented to obtain individual entities that could be directly inserted in a new
document, neither their content, structure or attributes is touched. Relationships are
independent information and are kept aside.

Besides relationships, versions have been considered in this chapter. There are three
main aspects of interest related to document versions:

1. Detecting changes. There are two possible ways to do this: from citation detection,
or comparing versions. In this thesis, the assumption is that not all versions are
available, while documents that contain modifications are more certainly present.
That leaves detecting changes from citations as the only possibility to detect
modifications in this thesis.

2. Representing changes. There are three ways to represent changes:

e To store all versions caused by a change.
e To represent changes as annotations (attributes) to affected nodes.
e To represent changes as links.

3. Querying changes. The way to operate here is dependent on the choice made for
representing changes.
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o If versions are first class objects, the only way to query changes is to search for
differences between versions. It would be a file or tree (in case of availability
of the document structure) comparison.

e If changes are represented as annotations, to query them is to query an-
notations. In the case of structured documents, that means to query node
attributes.

¢ If changes are represented by independent links, to query changes is to query
links, which is the same as querying any document.

The solution of maintaining all versions simultaneously has shown to have its main
difficulty in links maintenance [38, 101]. The solution that represents changes as node
attributes uses a document tree representation: it works with structured documents.
It is a solution whose aim is to query the history of nodes in documents. The aim of
querying the changes takes relevance over the desire to access document versions: to
know the history of a node can be done by querying its attributes [36, 35].

Conversely, the approach chosen in this thesis is to maintain links separately from
document content. This has several benefits: relationships can be exploited bidirec-
tionally (the graph can be traversed in several directions), documents that participate
in the relationship are not touched (the structural forest graph and document contents
are not modified by representing relationships, as would an insertion of linking elements
inside documents), the problem of maintaining revision links disappears, and the pro-
cess of version generation is simplified (it can be based on a document tree, considering
modifications as links that reach this tree).

The algorithm presented in this chapter generates a new version of a structured
document, using the information about the historical modifications it has suffered. The
versioning algorithm always works with the logical structure using a traversal graph
algorithm. The versioning graph used to generate a document version uses links that
reach the document that is the basis of the traversal. The complexity in this version
generation process comes from the number of links that reach a target, which is different
from navigation, where the complexity is due to the multiplicity in the source.

The problem of maintaining revision links detected in {38, 101] disappears when
versions are automatically generated. The generation of versions proposed in this the-
sis goes a step further than a composition of documents made by following the rules
expressed in some type of “structural” link between the frame document and the compo-
sing ones [109, 8]. Here, the composition rules are deduced from non-structural semantic
links (modification links).

We are only aware of one proposal to automatically generate document versions; it
was recently proposed in [13]. They indicate the possibility of keeping rules to automat-
ically generate document versions. The version generation algorithm presented in this
chapter does not use rules that indicate how to generate versions, but the information
it uses is the relationship information stored in links. It is the link graph traversal that
allows versions to be generated, with variable parameters (such as the version date).

The application of the versioning algorithm proposed in section 3.7 is limited when
a document is the target of several incoherent historical modifications: modifications
are made without considering modifications that were previously made. In this case,
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there is no way to decide which one should apply and the algorithm leaves this situation
as an unresolved conflict, that should be presented to the user for decision.

A complete automatic treatment of links could consist of an automatic detection
of citations, which would allow the document identifiers and document fragment paths
to be generated automatically from citations. There are experiences of generating do-
cument identifiers from citations [31]. The main problem with this detection is the
variability of the citation language. Up to the moment, only in areas where the lan-
guage used is rigid (as legal domain language is), has it been possible to obtain some
kind of automatic recognition [121]; these results should be expanded to adapt them for
work with structured documents (to generate document fragment paths).
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This chapter focuses on the digital library architecture that allows linking functio-
nalities to be obtained. This architecture (and protocol) integrates these functionalities
with "classical" functionalities in digital libraries (querying, document retrieval and
browsing), proving that link-oriented functionalities can be integrated in a digital li-
brary without affecting the operation of existing functionalities.

Digital libraries offer their users functionalities that allow them to exploit the infor-
mation held in these systems. Tasks needed to acheive the correct completion of users’s
requests are the responsibility of the system. Digital library architectures should facili-
tate the distribution of tasks among cooperating services (or components in the imple-
mentation phase) in order to achieve the architectural properties specified by software
engineering guidelines (open architecture, federation, integrability and interoperability)
that in this particular type of system, which is the digital library, are particularly critical,
due to the way digital libraries are, in most cases, built: integrating legacy, heteroge-
neous data and systems to get a single digital library that offers users an integrated
view,

If minimal functionalities in a library (retrieving, querying, and browsing) are con-
sidered, a reference model can be obtained for digital libraries, which can be found
in any of these systems. Three models are given special attention in this thesis: the
reference model for basic services, a model for reference linking, and an architecture for
document manipulation.

Integration of collections and cooperation of services requires the use of a protocol
that controls the interaction among participating services. Several protocols have been
defined expressly for use in digital libraries. The more classical are Information Retrieval
protocols, based on a client/server model, such as Z39.50. However, these protocols are
for situations of collection distribution and their main aim is to facilitate queries among
remote collections. More recent protocols are designed with the aim of integrating
the system operation, distributed among various services. Besides querying and data
retrieval other functionalities are considered, which results in service-oriented protocols.
Examples are Dienst and protocols defined in the Stanford Digital Library Project, both
defined for use in digital library environments.

The link-oriented architecture proposed, which deals with linking integration, con-
sists of the services architecture and their interaction (through their interfaces) protocol.
This first abstract functional view of the library as a set of services is translated to a
development view where the services are implemented by a set of components that
interact by mutual invocation.

The prototype presented in chapter 5 is an implementation of linking-oriented
services, based on the components architecture shown in subsection 4.2.6.

4.1 Protocols and architectures in digital libraries

Digital libraries may offer a variety of functionalities [88, 90, 89, 10, 11], that are
commonly implemented by a set of separate (but cooperating) services. In any case,
the functionalities offered influence the system architecture. The aim of generating new
documents through document manipulation and relationships derived from citations
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between documents, means special attention must be given to the following references:
a reference model for basic services in digital libraries (presented in subsection 4.1.1), a
reference architecture for citation linking (explained in subsection 4.1.2), and a proposed
architecture for document manipulation (shown in subsection 4.1.3).

Interaction between services is controlled by high-level protocols specially designed
for use with digital libraries. Two of the most complete examples of such protocols are
described in this section. The first one is Dienst [43], the protocol defined in Cornell
for the NCSTRL and the ERCIM Technical Reports digital libraries . The second set
of protocols are part of the Stanford Digital Libraries project [104]. These protocols
are described in terms of their services and interfaces in Dienst, and, in the Stanford
project, their components and interfaces. But the existence of these service-oriented
protocols does not mean that no other (lower level) protocols can be used in digital
libraries. Components that implement these services interact using protocols such as
HTTP [44], protocols that are part of CORBA [63, 122], and Information Retrieval
protocols -such as Z39.50- [104, 9]. Z39.50 is an Information Retrieval protocol that
considers services for retrieval and querying and that has inspired some design decisions
(mostly, in semantic issues) in later digital library protocols.

4.1.1 Basic reference model for a digital library

Basic functionalities in digital libraries are searching documents, retrieving docu-
ments and browsing in library collections. Users can exploit them through user interface
services that facilitate their interaction with the library system. These functionalities
should always be present, whether or not the library is distributed, there is heteroge-
neity, and whatever additional characteristics the library has or services are offered.
The set of services responsible for providing these functionalities is:

o Repository services, which provide access to repositories in the library (document
retrieval).

o User interface services, that provide users with an interface to the rest of the
services (and data) in the library.

e Search services, that enable documents in the library to be searched and to get
the collection of document identifiers that match the query.

e Naming services, associating user meaningful names to digital objects, allow users
to access intellectual works (instead of digital objects) [10]. This service introduces
a level of abstraction for the physical implementation of (abstract) documents as
digital files.

These basic functionalities result in the reference model of figure 4.1. In the most
basic digital library the user interface service interacts with all the rest. It transmits
retrieval requests to the repository services, it passes user queries to search services and
it uses the naming service to obtain the mapping from intellectual work identifiers to
digital object addresses.

This model is expanded in every different library according to its particular needs.
Heterogeneity provokes the presence of Translation services [98, 100, 91]. Distribution
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User Interface

Figure 4.1: Basic services in digital libraries.

also influences the architecture of digital libraries in the sense that new services -that
look after the distribution of queries and the redirection of data and messages- integrate
the system [45, 122, 22, 61].

Some examples where these basic functionalities can be found are the Networked
Computer Science Technical Reports Library (NCSTRL) [44], the Ercim Technical Re-
ference Digital Library [22], or the Networked Digital Library of Theses and Dissertations
(NDLTD) [95].

Implementation of this set of services in every particular library results in a set of
components in each library. They include software components (or agents), as well as
data repositories. Data that qualify other data and data about the system (metadata)
are included in the design of the data architecture. Collection services are offered by
Collection Interface agents [24], also, user interface services are, in most cases, imple-
mented by a User Interface agent [24, 11]. In any case, variations are possible and the
rest of this chapter introduction focuses on protocols that are used as the basis for these
architectures, as well as on two models (subsections 4.1.2 and 4.1.3) that were found
to be useful for guiding the design steps in the architecture modelization.

4.1.2 Citation-linking architecture

There is a reference architecture to which almost all systems that provide citation
linking for journal articles conform [31]. This model deals mainly with the resolution
of citations to equivalent document identifiers, and with the resolution of document
identifiers to physical objects in the collections. The components architecture (in figure
4.2) is centred on three types of databases, used to resolve citations. The provider of
the information (Publisher) supplies metadata about each work, that is stored in the
Location database; the provider also updates the collections. The Location database
holds the mapping of work identifiers to physical locators (URLs), and is used during
the resolution of the identifier. The Reference database contains metadata which, at the
very least, correspond to the information in a conventional citation, and that are used
for resolution of identifiers. The Content database contains the documents, which will
be effectively retrieved after the resolution of the identifier. The Client component is a
generic one that represents any application able to provide documents to users or other
software clients. -

The services provided are the ones that allow documents to be retrieved. They
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Publisher

Client

Figure 4.2: A components model for reference linking in journal articles.

include -with reference to the services in figure 4.1- the Repository services (for access
to records in collections) and Naming services (to resolve identifiers). Naming services
are unavoidable in reference linking, as is the way to allow the abstraction from physical
implementation at the same time as mapping citations to digital object addresses.

Data flow between components is also shown in figure 4.2. The citation is sent
by the client to the Reference database, which answers with a list of work identifiers
that match the citation. The client sends the identifiers of interest to the Location
database, which sends a list of URLs (physical addresses) that match the document
identifier. Finally, access to document content can be achieved directly through the
physical identifier (the URL).

Naming services, in most cases, follow conventions expressed in the Digital Object
Identifier (DOI) [94] for their metadata (this standard is presented in chapter 2).

4.1.3 Document manipulation architecture

Arnold-Moore et al. [15] propose an architecture to deal with document manipula-
tion. The model is defined to suit the functional requirements of a system that treats
documents. These requirements are of four types:

e Data definition: semantic and structural constraints on data can be obtained from
documents or -if available- from a document class definition.

e Data retrieval: access and querying of documents, which means access to entire
documents, individual elements, element attributes and their values, document
content and document metadata.

e Data manipulation: retrieving and arbitrary reuse of data elements, as well as
generation of new data.

o Document management: this includes support for versioning and document com-
position. Document versioning facilitates access to all versions of a given do-
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Figure 4.3: An architecture for a document management system; version manipulation has a dedi-
cated component.

cument, distinguishing between the different versions. This requisite affects the
identifiers, that can be different in different versions but similar enough to in-
fer that two document objects are versions of the same document. Document
composition consists of obtaining new documents from fragments retrieved from
other documents. Composite documents can be containers for data that is shared
by multiple documents, where changes in shared data have to be automatically
reflected in the composite document.

These functional requirements result in the component architecture seen in figure
4.3. A workflow manager administers and directs the automated workflow. A wversion
manager deals with versions and variants of documents. A query engine resolves con-
tent, structure, and metadata queries. A document manager provides security, access
control, check-in and check-out, and composite document support. An XML engine
provides document parsing and validation, tree manipulation, and document structure
comparison; this component is used by all the others. All components form a block that
client applications interact with.

If comparing with services in the basic reference model of subsection 4.1.1, Search
service is implemented by the Query engine, while Naming and Repository services
are implemented simultaneously by the Version manager and the Document manager

components.
4.1.4 Query and retrieval protocols

Query oriented protocols are application level protocols that govern the interaction
between a client and a server. They are created to facilitate information retrieval tasks.
For this reason, they have been used in digital libraries to achieve interoperability when
accessing heterogeneous information sources. Their main contribution is to provide
semantic interoperability in attributes used for data description and query languages,
which continues to be an open problem in digital libraries outside this protocol influence.
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These protocols only govern interaction between actuating agents!, not dealing with
the architecture of digital libraries. The most representative of them is the ANSI/NISO
Z39.50 protocol [124]. The latest version dates from 1995. Its initial purpose was to
facilitate access to bibliographic catalogues; it was later expanded to deal with other
databases than just bibliographic records, such as document collections. The model
architecture used by 7Z39.50 is the client/server model, where a client (origin) requests
some services from a server (target). Z39.50 only rules the dialogue between them;
it does not specify anything about the data structure, their organisation, the kind of
metadata used, etc. Thus, one of the roles of the server and client applications is to
translate from local data representation and semantic to Z39.50 criteria.

This protocol is used by the client to query and retrieve records from the server.
The interaction is modelled as the exchange of a set of messages that invokes one of a
set of facilities defined by the protocol. Some of the most representative are:

o Initialization Facility, to fix the dialogue parameters.

e Termination Facility, to end the dialogue session.

Search Facility, to query the server databases.
e Retrieval Facility, to retrieve records from the server.

Explain Facility, to query the metadata database in the server.

4.1.5 Multi-service oriented protocols

Later protocols for digital libraries than Information Retrieval protocols consider
the need for advanced functionalities that complete basic digital library services.

Dienst

Dienst [43] is the architecture and protocol used by the Networked Computer Science
Technical Reports Library [82], and the basis for the Cornell Reference Architecture for
Distributed Digital Libraries (CRADDL) [77]. Dienst defines a set of services and the
interaction between them. The set of services specified by Dienst can be seen in figure
4.4:

e User interface services, that provide a human-friendly gateway to the information
obtained from other services. User interface services interact with other services
and deal with the correct evolution of operations.

e Repository services, that store and provide access to documents, according to the
Dienst document model.

e Index services, that provide search capabilities, accepting a query and returning
a list of identifiers, corresponding to documents that match the query. They need
access to.repository services, to extract indexing information.

IThe term agent is used here in its most general sense: any individual application able to execute
some task.
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Figure 4.4: The NCSTRL services model.

o Collection services, that define and enable access to digital library collections.

e Meta services, that provide information about collections and services in the Ii-
brary.

o Naming services, that resolve URNs? to one or more physical collections.

Stanford InfoBus

The Stanford Digital Libraries project aims to develop a set of service protocols to allow
heterogeneous information resources and services to cooperate. It does not focus on a
particular digital library, but tries to deal with a general model of services. Protocols
and functionalities are proposed to allow such heterogeneous services to interact. A
collection of services that can interact in a digital library is defined and protocols are
designed on the basis of these services. The set of services considered in the Stanford
Digital Libraries project is mainly:

e Resource discovery services, such as GLOSS [64].

User interface services. Two examples of this type of services are DLITFE [105]
and SenseMaker [17].

Information processing services. For example, document summarisation services.

Search services.

Translation services.

The set of protocols that rule the interaction between these services is referred to
collectively as the Stanford InfoBus. They are divided in five service layers [98]:

e Protocols for managing items and collection (SDLIP). The SDLIP protocol allows
users to access information source collections, to search and retrieve records. This
protocol facilitates access to the collections and searching them.

2URN (Uniform Resource Name) is a type of persistent, location-independent identifier that serve
to locate an object within a namespace. It is different with the popular type URL (Uniform Resource
Locator), that provides a non-persistent means to uniquely identify an object within a namespace.
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e Protocols for search (STARTS). The aim, in this case, is to facilitate the choice

of the best sources for querying, as well as merging the query results from these
sources.

e Protocols for managing metadata (SMA).

e Other service oriented protocols: rule payment (UPAI) and management of rights
and obligations (FIRM).

4.2 A proposal for linking-oriented services

The aim of this proposal is to provide a solution for link-oriented services, and to
show how they integrate with the rest of the functionalities in the system. Link detec-
tion, queries about relations and document version generation, the three most important
novelties in terms of services offered by digital libraries, require special attention to be
given to linking aspects when designing services to provide these functionalities. These
services are not classical in digital libraries, but can be integrated with other digital
library services. The service model is used to introduce the architecture, as it is a
model whose flexibility is proved (see, in part 4.1.5, how it facilitates integration of
new functionalities with existing ones: basic services are present in all the propositions,
while advanced services vary). The basic services model (subsection 4.1.1) is taken as
the basis for the link-oriented proposal: link services are integrated with services in it.
Citation linking services (subsection 4.1.2) have been included under the denomination
of “Link detection”. This naming is more precise and it is necessary to differentiate this
functionality from other link-related services. The version problem is dealt with here in
terms of version generation, as opposed to version management; the relationships with
the architecture commented in subsection 4.1.3 will be discussed in section 4.3.

Services are described in scenarios in section 4.2.2, and the integration of the resul-
ting services with other services is also addressed during the presentation. The result
is a division of tasks among a set of services accessible through their interfaces that
interact to achieve the desired functionalities.

The resulting architecture and corresponding protocol is described in terms of a set
of views that show the system functionality, data flow and data architecture. A set of
functional requirements guide the different steps in the design, and are the basis for the
definition of a set of scenarios helpful for the design. Qualities of the system which also
guide the design process are summarised at the end of the proposition (part 4.2.9).

4.2.1 Overview

The system described allows relationships between documents to be exploited in
order to:

o Query relationships between documents.

e Generate document versions.
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The system also considers relation detection as one of the desirable steps to automate
the complete link treatment:

1. Detecting relations between documents.

2. Exploiting relations. Some examples are the searches for articles cited in another
one, to search how many articles cite a given work, statistical treatements done
on this information, etc.

Additional services are present in the system to show how services that exploit
relationships integrate with other digital library services. The ones chosen are basic
services in digital libraries: retrieving documents from library collections, and querying
documents in collections. Finally, services that allow the system to function correctly
are also included: administration services.

Users’ view

Requirements for a system depend on the type of user considered. A digital library can
have 'normal’ users that access the system to get information and data, administrators
that are concerned with the correct functioning of the system, and authors that insert
new documents in the library collections.

User requirements

This type of user gets information from the library, but he/she never modifies either
the library databases or the library functioning. What such a user can do in the library
is:

e To retrieve documents from the system, specifying the identifier of the desired
document.

e To obtain a list of documents that reference a given document (to query relation-
ships).

o To retrieve “versions” of documents, specifying parameters that allow the desired
version to be selected.

e To search by keyword in document collections. What the user will get in this
operation is the list of document identifiers that match the query.

Other user related functionalities that could complete this list will be commented
in section 4.3, within future possibilities to improve the system.

Administrator requirements

The administrator is the only user that can modify system functionalities or para-
meters that affect the whole library. That is, the administrator is able:

e To insert new services and components in the system.
e To increase the range of document types supported by the library.

Author requirements
Authors are users that cannot modify the library operation, but can modify its

databases. They require functionalities
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¢ To insert new documents in library collections.
¢ To extract relations between documents, and add this information to the library.

e To insert new collections.

Data

The digital library contains documents that are manipulated and presented to the user.
Together with documents in system databases, data that express relations between them
become crucial in the system. In this way, there are two types of data:

e Documents. They are the potential initial point of a sequence of modifications.
e Links. They express relations between documents (citations, modifications).

A more precise distinction can be made concerning documents. There are two types
of document that the system manipulates:

e Permanent (or stable) documents. These are documents of which there is a
digital copy stored in system repositories.

e Virtual documents. These documents are generated by the system on demand,
and are not stored in any database.
They are types of documents that are generated by the system, by using its
services. This category includes:

— Versions of stable documents
— References to documents

— Query answers

The list of permanent data in the system is completed with the following data:

Links
The links that express relationships between documents are stable data but they are

generated within the system. This differentiates them from documents in the system
that come from external sources.

Metadata
Metadata describe the system, and data in the system. There are mainly three

types:
e Document metadata. Each document has an associated set of data that describes
it.
e Collection metadata. Description of library collections: types of documents in the

collection, etc.

o System metadata. These are data that describe the system composition as services
and collections.

3This does not clash with the possibility of allowing users to create their own local databases to store
the documents that interest them. System databases would not be interfered with in such a situation
by user’s local ones.
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Functionalities

The enumeration of required system functionalities in this section is the cue for the
definition of some scenarios that will show how the system architecture emerges:

e Document retrieval

e Keyword searching

¢ Querying about relations
e Link generation

e Document version generation

Updating collections
4.2.2 A brief presentation of some scenarios

Keyword searching

In this scenario a user wants to query the library to know what documents contain a
term X. When the query enters the system, it is redirected to all repositories that make
up the library (if the user query language is not the same as that used by every collection
in the system a previous step of query translation is mandatory before forwarding it*).
The result from every collection is a list of document identifiers that will be returned
to the user, as can be seen in figure 4.5.

Figure 4.5: Keyword searching; a first draft of the scenario.

Querying about relations

In this scenario the user makes a query; from the user’s perspective there is no difference
between this situation and searching by keywords. Considering the internal library
functioning, this is similar, but with the following difference: the result of the query this

“Heterogeneity in query languages is a possibility that is considered in the services model, but which
does not receive special attention in this thesis. It is present in the model to show how this characteristic
would not affect the rest of the design.
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time is not a set of document identifiers, but a set of links. The document identifiers (or
whatever other information the user wants) is extracted from the link result set before
returning it to the user. Task evolution can be seen in figure 4.6.

'
11: link list

Figure 4.6: Querying about relations; a first draft of the scenario.

Inserting new documents

Authors can insert new documents in the library. The author indicates the collection
where he/she wants to insert the document. If the document passes a validation process,
it is translated to an interoperable format understood by the library community and
the obtained copy joins the adequate repository (database).

?

(Request document insertion ]

Verify insertion data
Translate document

dt: doc
{translated]

¥
(l.nsen document in repository)

Figure 4.7: Insertion of new documents; a first draft of the scenario.

Link generation

This scenario depicts the situation where a document D has been introduced into the
library collections, but its associated links have not yet been generated. A process of
analysis of the document is required to detect links with their origin in the document.
The process consists of the extraction of citations in the document to other documents
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that give the clue for the citation relationships, that can also involve modification rela-
tionships. This process returns a set of links with origin in the input document, that
can be inserted into the library link databases. The evolution can be seen in figure 4.8.

Send query

Search references

cl: citation list

Resolve citations

11: link list

Insert in links database

Figure 4.8: Link generation; a first draft of the scenario.

Document version generation

Given a document D that has been the object of some historical modifications, a user
may want to retrieve the document, at the state it was in at a certain moment. For
example, he/she may want the document as it was before any modification was made,
or the document with all modifications applied to it. These preferences are expressed
as parameters that the system receives with the request.

When the user accesses the system he/she asks to get a copy of D, and specifies
the preferences concerning the application of modifications. This request is processed
by the system that retrieves the document in its original form -with no modifications
applied to it-. From user preferences the system generates a query that is used to search
links that modify the document, matching the user’s preferences. Once the collection
of matching links is available, they are processed in order to resolve them and apply the
modifications they express to the original copy of D. This modification processing results
in a new version of D, that can be returned to the user. These steps are summarised in

figure 4.9.
4.2.3 System services

Scenarios presented in part 4.2.2 prove a need in the system for services able to
provide:

e a user interface

e access to document collections
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Figure 4.9: Document version generation; a first draft of the scenario.

o query facilities

o document manipulation

e updating capabilities that make the inclusion of new documents and links possible
o translation (for queries and documents)

e a way to designate abstract document entities, in a manner independent from the
location and the way the document copy is stored

o administration capabilities in the system

e facilities to incorporate new categories of documents, data, and services to the
library.

Services presentation

From previous needs, the services emerge naturally:

1. Document management service

This service allows documents in the system to be manipulated. It allows new
documents to be composed from document fragments, as well as documents to
be modified or processed in any way. That is, every functionality that requires
document manipulation has to pass through this service.

2. Search services

Search services offer query capabilities in the system. They are able to process
a query and return adequate results. There are two main subcategories inside
search services: services to search documents, and services to search links.
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e Document search. Its normal operation returns a list of document identifiers
that match the input query.

e Link search. This returns a collection of links that match the query. It is
also able to return fragments of links (for example, the target identifier), if
it is specified in the query.

3. Link generation services

Link generation services are able to analyse an input document and return a
collection of links whose origin is in the input document.

. User interface services

These services allow the user to query the system, to ask the system to execute
tasks and to see (and probably, analyse) results.

. Translation services

These services provide translation between external ontologies and system ontolo-
gies. They transform all queries to a canonical model, as well as documents in the
system. These services are necessary to get a common model for data that allows
the system services to operate on data. All documents and queries in the sys-
tem are normalised using these services, in order to achieve data interoperability.
There are two kinds of translation services:

e Query Translator. This service translates a query from the user front-end
language to the system query language. It is only used if this kind of hete-
rogeneity is present.

o Document Translator. This service translates input documents to an in-
teroperable document schema and format. It is crucial for later document
manipulation and composition to count on a common model and format
for documents. Without such a common model it would be impossible to
achieve any type of functionality that requires document manipulation and
composition.

. Administration services

These services provide knowledge of system collections and methods to work with
the system, as well as functionalities to manage it.

. Customization services

A library that evolves over time, with openness, needs customization services that
allow new types of documents, as well as new services, to be incorporated into the
system.

. Repository services

These services provide access to system databases. They allow records ("records"
is used in a general

manner to designate any type of data present in the system), in their most basic
form, to be retrieved by using their identifiers. As mentioned in the proposal’s
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overview, there are two main types of data in the system and, consequently, there
are matching services to work with the two types of repositories:

e Document Repository. This service provides access to document databases.
e Link Repository. Through this service, the link database can be accessed.

9. Updating service

This service provides authors with the facilities to add new documents to the
library, as well as to invoke the generation of new data by the system (generation
of links).

10. Naming service

This service allows documents to be designated by logical identifiers instead of
physical identifiers. The naming service is used to obtain necessary matching
between the logical identifier and the physical identifiers of documents’ digital
copies.

4.2.4 Services interaction

Services interaction is presented in terms of scenarios described in section 4.2.2. Two
views are shown: uses view and data flow between services. A global view of services
interaction can be seen in figure 4.15, while data flow between services is shown in
figure 4.16.

Keyword searching

The scenario is revisited: a user wants to search documents that contain a term X. The
user accesses a user interface service that allows queries to be entered in a user friendly
front-end language. The user interface service redirects the query to search services in
the system. It is up to a query translation service to translate this front-end query into
its native equivalent for each selected collection (this step is only needed in case there
is heterogeneity in query languages in the system). After the queries have been issued,
the user receives back a set of results. The user interface then unifies these results and
constructs an integrated view that is presented to the user. Services interaction for this
scenario can be seen in figure 4.10.

Querying about relations

The user that wants to know about relationships makes a query that comes to the system
through the user interface service, which passes it to the link search service. It is the
responsibility of query translation services to translate the query into an equivalent
query understood by the system. The result of the query is a collection of links, from
which the information of interest is obtained.

Inserting new documents

The insertion of new documents requires updating services that allow new documents to
be inserted, validating all the insertion process. Every document that joins the system
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Figure 4.10: Services interaction (use and data flow) for keyword searching scenario.

(a) “Uses” view. (b) Data flow.

Figure 4.11: Services interaction (use and data flow) for querying links scenario.

has to be translated to a normalised standard, which is the one services in the system
are able to manipulate and query; this task is assumed by translation services. The end
of a correct operation of this type is the insertion of the document in a database, using

repository Services.

Links generation

Generating links is a task for updating services, as this generation implies updating the
library link databases. It is up to this service to invoke services to find out the links in
the input document (Link detection services), to validate the correctness of generated
links -making use of administration services- and, if it is all correct, to require the
repository service to insert the links in the link database.

Document version generation

The user request for the updated version of document D is passed by user interface
services to a document management service that translates the request into a set of
"queries and actions that result in the composition of the required document. The
generation of a version requires: to access the original copy of the document which
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Figure 4.12: Services interaction (use and data flow) for inserting documents scenario.
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Figure 4.13: Services interaction (use and data flow) for links generation scenario.
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Figure 4.14: Services interaction (use and data flow) for document version generation scenario.

does not have modifications (repository services), to query the links database (search
services) to know which documents modify it, and to compose document fragments to
get the desired version (this task is assumed by the document management service).
Finally, the required version passes to the user interface service to be presented to the
user. This evolution can be followed in figure 4.14.

A global view of the services interaction is shown in figure 4.15. This figure is a uses

view. A service SI is said to interact with another service S2 if it uses service S2 at
some moment during its functioning. Data flow between services follows what has been
seen in the explanation of the scenarios. For example, the user interface service and the
document access service exchange requests (from user interface to document access) and
documents (from document access to the user interface). Figure 4.16 shows a global
view of this flow.

4.2.5 Services interfaces

Service methods allow other services to invoke them. The following list includes
methods that are relevant to cover needs derived from required functionalities.

User Interface service

¢ GetDocument
Returns a document (content) for presentation to the user. It receives the docu-
ment identifier as input.

e Search

Search in library collections. It receives the user query as input. This method
permits documents, links or whatever other type of data is available in the library
for queries to be searched.
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¢ BrowseCollection

Allows the library collections to be browsed.

Document Management service

¢ GetVersion

It returns a document version, in the conditions (moment, etc.) expressed by the
user. It receives the document identifier and the criteria that distinguishes the
required version from other versions of the same document as input. If necessary,
this method generates the version by composition of documents.

e GetRelatedInformation

This takes a document identifier and attributes that characterize the desired re-
lationships as input. It generates a dossier with related information.

Repository service

¢ Insert

This takes a document (or link collection) as input and inserts it in the repository.

e GetDoc

This returns a document, whose identifier it receives within the parameters.

Naming service

e CreateName

This takes an instance (location) of an object or service as input and returns a
unique name. The newly created unique name and resolution are stored in the
name service.

¢ ResolveName

This takes a unique name as input and returns the set of instances (locations) for
that name.

Search Documents service

e SubmitQuery

This searches the document database, with the query received in the input argu-
ment. The result is a list of identifiers corresponding to the set of documents that

match the query.

Links Search service

¢ SubmitQuery
This returns links in the system that match the criteria in the input. The criteria
are specified as a sequence of pairs (attribute, value).
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Links Detection service

GenerateLinks

This receives a document and its identifier. It generates a collection of links
obtained from the input document (links whose origin is in the document). The
identifier is necessary to be included in the links.

System Administration service

ListServices

This lists services in the system, with a mode to access them.

ListServiceMethods

This lists methods available for a service and a mode to access them.

ListCollections

This lists collections in the system and a mode to access them.

ListDocumentTypes

This lists types of documents supported in the system.

DocTypeOntMapping

This returns a description of the mapping between the vocabulary used inside the
text of a selected document type and the equivalent ontology in the system.
SearchToolsMapping

This returns a description of the mapping between the query language used in
system services and the private query language for every search tool.

Customization service

InsertService

This is used to incorporate new services into the system.

InsertCollection

This is useful for incorporating new collections into the system.

InsertDocType

This allows new document categories to be inserted in the system.

Query Translation service

Translate

This translates a query from the system query language to the private search tool
languages.
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Document Translation service

e Translate

This translates an input document in an external format to an internal system
format. It uses the document class ontology mapping to carry out the translation.

4.2.6 System components

The development phase causes the services in the previous section to be implemented
by a set of components (in figures 4.17 and 4.18). These components interact with
each other in order to successfully achieve system functionalities. Components assume
a series of well-defined tasks, in a way that promotes system scalability and modularity.

The presentation of components obeys the following criteria: first, there are compo-
nents that are involved in link related functionalities -as they implement tasks that are
the main interest in this thesis-; second, there are other components that complete the
system in the sense that they are necessary for any digital library in order to be able to
function, interact with the user, and maintain coherence in the system data and system
functionality.

“Link” components

e Document Server

This component is responsible for serving documents and everything that may
be needed to postprocess them (associated links, associated metadata) before
presentation to the user. It is a crucial element in the system: it knows what to
do in order to obtain all types of documents® in the system. The user request
passes through this element, as it is able to analyse it and decide the steps needed
to successfully serve the request.

This element implements or invokes the following services: Document Manage-
ment, Search, and Repository.

¢ Links search engine

This searches the links database. It represents (abstraction) the engine that
queries the links database. It is a wrapper to this engine that allows peculia-
rities (such as, for example, the query syntax) to be abstracted from particular
engines.

This element implements the Link Search service and uses Translation services to
translate queries.

e Links generator

This generates links from document content. It takes the input document and
analyses its content in order to detect citations, and it creates a link collection that
can be inserted in the link library collections. It implements the Link Detection
service.

S Document in a general sense: documents from databases, documents generated on demand, answers
to user queries, ...
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e Document Translator

This translates documents from non-system formats to an equivalent normalised
copy that the system is able to manipulate in subsequent operations. This com-
ponent participates in the insertion process of any document in the library, before
any other operation can be done on the document.

It implements the Translation service.

Other components

There are more components in the system that interact with those presented above.
These components (or similar ones) are present in most digital libraries, and their pre-
sence here shows how link related components can smoothly integrate a digital library.

e Document query engine

This is a proxy for the document search engine, that effectively indexes and
searches document collections. This component receives a query and returns a
collection of document identifiers that match the query. It implements the Docu-
ment Search service. If needed, it uses the Translation service to translate queries.

¢ Query translators
They translate queries from the system language to local ones. This type of
component appears in libraries with language heterogeneity. They implement
Translation services.

e User Interface

This component offers the interface which allows the user to interact with the
system. It offers the user query forms and transforms results coming from other
components to present them to the user in a friendly manner. This component
interacts with the Document Server, to which it forwards user requests and from
which it receives results.

It implements User Interface service.

¢ Database Update agent

This component includes all functionalities that suppose any kind of updating in
the system. That is, it is the one that begins the document insertion process, as
well as link generation.

It implements the Updating service.

e Customizer

This component permits the system to be customized by adding new services and
document types.

It implements Customization services.

The following components are databases, all of which are accessed through Reposi-
tory service methods:
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¢ System metadata repository

Metadata about the system. It is also accessed through Administration services.
It will be queried by other system components to obtain inetadata about the
system.

¢ Document repositories
Document collections encapsulate document databases, metadata related to these
databases and methods that allow access to both. Also, methods for updating the
database.

e Link repository

The link collections encapsulate the links database, its metadata, and the methods
to access their information.

GetDocument()

QueryDocuments()
GetRef es() _’ QueryMetadata() .
User Interface S

Document server

Insert()

Link repository
S

Transiate()

Ii'2

Document Translator Database update agent

Figure 4.17: Components interaction. "Calls" view.

Equivalences between services and components

The services presented in section 4.2.3 are implemented as a collaboration between the
components in this section. This part is an overview of this equivalence -even if not
exhaustive-, where only mappings that are not evident are mentioned.

The Document Management service is obtained by the interaction between the Do-
cument Server component -that carries out document transformations-, the Document
Repository -which provides the documents that will be the target of transformations-,
the Link Search Engine -that selects links that will be used for document manipulation,
and the Link Repository where the links are stored.
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The Repository service is directly mapped to Document Repository components,
Link repository and System Metadata Repository components.

The Naming service is implemented as a collaboration between Document Repost-
tory, System Metadata Repository and Document Search engine. The Document Reposi-
tory is necessary as the resolution of document identifiers is in fact a query to document
metadata, executed by the Document Search engine. The resolution of identifiers for
collections and other elements, such as system components, is done by querying the
System Metadata Repository.

Search services involve the Document Search engine and Document Repository on
the one hand, and the Link Search engine and Link Repository on the other hand.

Link detection services imply the action of the Link generator component, that will
write its outputs to the Link Repository.

Document Translation services involve the Document Translator that operates on
documents to generate new document representatives, the System Metadata Repository,
from where the ontology mapping for the class of the document that is the object of
each translation can be obtained, and the Document Repository database where the
generated representative document copy is stored.

4.2.7 Components interaction

Components interaction can be presented in terms of scenarios in part 4.2.2, as
has been done with services. Only scenarios where links are specially relevant are
commented on, in order to keep this chapter from becoming too extensive.

Querying about relations

In this scenario, a user asks the library for information about documents related to a
certain document D which he/she specifies in the request. The result will be a list of
document identifiers that are related to D, in the way the user specified in the request.

The user makes the request through the User Interface component. This invokes
the Document Server document access methods, passing the document identifier and
relation filtering criteria in the call parameters.

The Document Server invokes the Link Search engine by passing a query within
the parameters where criteria about links are included. Return data from this query
is a collection of links that match the query, which the Document Server will process
to select the information that will be used for presentation to the user: document
identifiers, link types. This collection of information is returned to the User Interface
as a digital document that can be manipulated to adequate it for best user presentation.

To summarise, components involved in this scenario are: User Interface, Document
Server, Link Search Engine, and Link Repository. Data exchanged between these com-
ponents can also be seen in figure 4.19. Queries pass from the Document Server through
the Link Search engine; the inverse traversal is done by data that match the query. And
the Document Server returns documents to the User Interface component.
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Figure 4.19: Components interaction (use and data flow) for querying relations scenario.
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Link generation

In this scenario a Database Update agent starts the interaction, requesting detection
and generation of links with origin in a given document D from the Link Generator.
This generation supposes the location of the available copy of D and access to it, in the
Document repository. Analysis of the content of D is carried out by the Link Generator,
which obtains a collection of links ready to be inserted in the link repository. The final
insertion of links in the library system is done in the Link Repository, whose insertion
methods are called by the Link Generator.

To summarise, components involved in this scenario are: Database Update agent,
Link Generator, Document Repository, and Link Repository. Data exchanged by these
components can also be seen in figure 4.20. The document to be analysed is retrieved
by the Link Generator from the Document Repository. Generated links are passed from
the Link Generator to the Link repository when calling the latter’s insertion method.

Document repository
e

S
Document repository
S —

GetDocument()

nsert()

S Link generator
Link repository
S

Database update agent Database update agent

(a) “Calls” view. (b) Data flow.

Figure 4.20: Components interaction (use and data flow) for link generation scenario.

Document version generation

In this scenario a user requests a document D, at the state it was in at a certain moment,
which the user also specifies in his/her request. The user makes this request through
the User Interface component, which invokes the Document Server document access
methods, passing the document identifier and version criteria in the parameters. The
Document Server breaks down the query into a set of subqueries and actions, some
of which are achieved by calling some other system component methods. To get the
requested document version involves the following steps:

1. Location of the document copy that will be used as the base document to which
modifications that allow the requested version to be obtained will be applied, and
retrieving it from the concerned repository.

2. Querying the link databases about links related to the input document (in fact,
the query is a search for links that express modifications to the base document).
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This querying is done by calls to the Link Search engine, that will return the
collection of links that modify the base document.

3. The application of modifications expressed in links to the base document. This
is a process of document composition expressed as a transformation of the base
document, carried out by the Document Server.

4. Returning the resulting document to the User Interface, which will present it to
the user.

GetDocument()

document
-—

User Interface Document server

User Interface

(a) “Calls” view. (b) Data flow.

Figure 4.21: Components interaction (use and data flow) for document version generation scenario.

To sum up, the components involved in this scenario are: User Interface, Docu-
ment Server, Link Search Engine, Document Repository and Link Repository. Data
exchanged between these components can also be seen in figure 4.21. Queries pass
from the Document Server through the Link Search engine; the inverse traversal is done
by the information extracted from links that match the query. The Document Server
gets documents from Document repository components, and returns digital documents
resulting from the operation to the User Interface component.

4.2.8 Data architecture

The set of data used in the library is made up of two main groups: data that make
up the basic library documents -that the user will access at some time- and metadata
-used during system operation, but never seen by the user- about these data: links that
express relations between documents, and data that describe documents. There are also
metadata about the system itself that are used for correct functioning.

System metadata

System metadata are deduced from services needs.
Document Management services manipulate document and generate new ones from
stable documents (and links) in library collections. To get access to them they need:
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¢ information about the location of document and link repositories
e information about the link structure (fields), to formulate queries on links

e to know the equivalence between document identifiers and the location of their
digital copies. This equivalence is provided by the Naming service.

The User Interface service provides users with documents, formatted in a friendly
way, as well as with interfaces to use system services. It “translates” user requests to
the invocation of convenient methods to other system services. Thus, it needs:

e to know what services are in the system and the methods that it can invoke. It
needs information about Search and Document Manipulation services.

Search services allow queries about documents or links to be made. What these
services need is:

e in case of language heterogeneity, the location of translators that will translate
the query and method that allows it to be done.

The Link Detection service analyses documents in order to create links, expressed
in a canonical model, that other system services are able to understand. So, it needs:

e to know where the link repositories are

e information that helps it to find the equivalence between citations detected in
document content and categories (types) of documents in the system

e the structure (information fields) of links, to be able to generate links that apply
to this structure

e information that helps the mapping to be done between manners to characterize
a document fragment in natural language used in document content and their
equivalent description in the internal system.

The Document Translation service obtains a document representative in a format
that system services are able to manipulate, from copies in external formats. To carry
out this translation, it needs:

e to know the mapping between ways to characterize document fragments in input
document formats and characterization for content fragments in the system model.

Query Translation services work with query languages and attribute models. A
detailed description of what such a service would need can be found in [16].

Administration and Customization services keep metadata about the system and
allow new categories of data and services to be introduced in the library. For this, they
need:

e to know about system services and components

e to access metadata about each repository
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In conclusion, metadata in the system are:

¢ A list of system services, their location and their methods.

, Service name , Service category ’ Location ] Service methods ]

l <name value> , <cat. value> [ <loc. value> I my | Mo l I Mn ]

o A list of document classes in the system.

e For each document class: the equivalence between input domain ontology expres-
sions used to cite it and the system ontology way to address it. This information
is used by the Link Detection service to obtain Logical Document Identifiers from
citations.

Document class I Term or expression used in citations l

[éclass value> | e l e2 | | en ,

¢ For each class of document: mapping between input domain way to characterize its
fragments and the equivalent system manner to do so. This information is used by
the Document Translation service to obtain a document representative in a system
format that guarantees interoperability and the possibility of manipulating and
accessing document fragments in a correct manner.

{ Element name l List of equivalent expressions —I

l <name value> l ey | e l ] en—l

e For each repository: metadata about documents in the repository (classes in the
repository).

e The structure of links.

Document architecture

A document is an aggregation of three information elements: document content, meta-
data that describe it, and document links (shown in figure 4.22).

Document content.

Document content is stored in a digital copy of the document, whose logical structure
reflects the abstract document entity semantic structure (which has been the object of
a detailed explanation in chapter 2).

Document metadata.

Every document in the system is designated by a unique identifier that distinguishes
it from other documents in the library universe. The advantages of such an identifier
are several, but for these linking oriented services, the main advantages that have been
critical in the decision to use such an identifier instead of a physical locator are as
follows:
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Document
content

Document
links

Document
metadata

Figure 4.22: Documents are the aggregation of three information elements: content, metadata and
links.

e It is possible to deduce a Logical Document Identifier from citations in document
content, but it will never be possible to deduce physical addresses from citations.
This property is the one that citation detection is based on.

e Links detected from citations will therefore be between abstract document entities,
and never between physical copies of the document.

¢ A logical identifier abstracts documents and their versions from their physical copy
location. 1t describes the abstract entity that a document is, which is helpful when
expressing requests such as “get version of document D, in its state at moment t”,
where document D is designated by its logical identifier.

The document logical identifier follows the criteria used in the DOI standard [94],
taking into account that the local part of the identifier is created based on the document
class, the document identifier inside it, and -if necessary- the version discriminator.

Example 23. Take the following identifier:
urn:thisthesisprototypedomain:collection1/D1-13-1980

This identifier designates a document inside the namespace for this thesis prototype,
belonging to collectionl inside it, and designated inside this collection by D1-13-1980.
O

Every document identifier resolves to a document representative. For every such abs-
tract document there is a set of metadata that describe it, used for the resolution, and
shown in table 4.1.

Links.
Links are explained in detail in chapter 3; that is why there is no detailed description
here.

4.2.9 System qualities

The architecture presented up to now achieves some properties, some of which can be
found in general software architecture guidelines [18], while others are directly inherited
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Field Field description J

Document Logical Identifier
Document Physical address | Address of the digital copy stored in the library databases.

Type of document Class the document belongs to.
Document date Date of the version the stored document copy corresponds to.
Title A document description, readable by a human being.

Table 4.1: Logical Document Identifiers.

from requirements specified by Arms [10] for digital libraries, or some digital library
architecture designs [45, 25].

The architecture for linking services integration is therefore thought to be extensible
and scalable, which means it allows for new services and elements to be easily added
to the system. A service-oriented architecture design -as this one is- results, in all
ways, in an open architecture (library functionality is available in the form of distinct
functional units or services, each of which publishes its operational semantics through
its access methods, which makes it feasible to easily add or delete new elements without
affecting existing semantics). Additional properties of service-oriented design are that
the resulting system is able to integrate new functionality through the implementation
of additional services which interact with existing services, that is, federation is achieved
in terms of services autonomy. One more guideline in this architecture design is strictly
restricted to the digital library domain. An important issue in digital libraries is that
“users of the library want intellectual works” (Arms 1995), which means that the library
is responsible for managing the mapping between such abstract entities and the digital
document it holds. This property is the one that resulted in the need for document
metadata and document naming services.

Some more quality attributes of the system in this chapter follow:

e Modifiability. Changes would be located in services (and components in the imple-
mentation phase), such that they would never result in important modifications

to the library.

e Interoperability in data is achieved by the use of a standard format for all data
exchanged by library services, as well as for all data and documents that come

into the library databases.

o Integrability of its components, that integrate through their interfaces. High in-
teroperability would be achieved by implementing the system with middle-ware
designed for this goal.

o Conceptual integrity. All services that provide similar functionalities do so in a
similar way. For example, all search services have a similar operation: they get
the request, they translate it -if necessary-, they perform it on indexes, and they
return results -which they have previously filtered and normalised-.
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4.3 Discussion

The architecture and interaction protocol is defined in terms of “services”, following
the most extended model to design digital library architectures [11, 45, 104] and to
characterize their functionalities and the distribution of tasks. It is one of the goals
in this thesis that the proposal made for linking-oriented services accomplish smooth
integration with other digital library services; so, following the services model shows
the feasibility of this integration more easily.

The services that make up the main contribution of this chapter are related to
links and document manipulation. Other services are included as they are used; more
information about them can be found in the references [10, 77, 98]. Basic services
are considered in all models and architectures presented, as well as in all protocols.
Additional services and protocols are dependent on the library’s aim; for example, pay-
ment services are meaningless in a digital library that offers free access to its resources.
Metadata importance is not ignored in any of the commented references: the Stanford
Digital Library project dedicates special protocols to managing metadata, Dienst in-
cludes services to access them, and 739.50 has an Explain facility which is only used
to query metadata. To provide an open architecture (that allows integration of addi-
tional services without affecting existing services operation) is common to all, except
to the document manipulation architecture presented in part 4.1.3; this is conceived
as a software unit not to be broken down nor to be allowed to expand to additional
functionalities, in order to prevent the cost of support and maintenance due to the use
of independent products that interact through interfaces. Therefore, this is the reason
for the inexistence of an open protocol associated to it. This establishes a difference
with this chapter’s proposal, which has integrability and openness as an initial requisite
to make the integration of link-oriented services in legacy libraries possible, as well as
the future integration of other link-oriented services that could complement these ones,
which places it closer in its properties’ requisites to the rest of the models commented
in section 4.1.

Moreover, as for the possibility of finding a general protocol for document mani-
pulation, this is a very variable field, where “manipulate” can mean different things in
different libraries: to split documents, to compose new documents, to obtain new copies
in different formats, to create indexes, to create new documents, etc. With this wide
range of possibilities it seems very difficult at the moment to reach a normalisation that
makes the definition of such a protocol possible.

As for the software architecture, we have chosen, from the available views to des-
cribe it [18], those we think reflect more accurately the working method followed. The
definition of a set of services implies the characterization of a set of interfaces that
make these services available for use by the rest of the system; this leads to the choice
of the “uses” view. On the other hand, considering that digital libraries are indeed
sets of services that provide access to enormous collections of information, data that
contains this information (documents and results from system operations) are decisive
when designing a system of this nature; thus the choice of the “data flow” view.

The first view of the library as a set.of services changes to become a set of compo-
nents, the collaboration of which implement these services in the implementation phase.
Interaction between these components will be looked at again in the chapter about the
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prototype (chapter 5). In any case, the evolution from services to any other software
implementation is not a major problem [32].

Research in reference linking in the journal articles.domain has been active over
recent years. This has resulted in the emergence of proposals for “link services”, dedi-
cated to detecting links from article content [67]. These services are included in this
chapter linking proposal (they are necessary to achieve a complete or almost complete
automation of work with links), under the denomination of “Link detection”. This na-
ming is more precise and it is necessary to differentiate this functionality from other
link-related services. On the other hand, it is possible to find works that present “link
services” with different meanings: services dedicated to keeping links updated consis-
tently with changes in the location of physical resources [97], or services that facilitate
the manual creation of links to users [32]. There is also the problem of the persistence of
identifiers in changing libraries. The proposed solution is some type of persistent identi-
fier, whose resolution provides the physical address of the desired resource [31, 94]. This
is the solution described as Naming service, which deals with the document identifiers
presented in the data architecture subsection ( 4.2.8).

Document versions are one of the most interesting problems in digital libraries,
about which there are not many references. From all the bibliography on the subject,
the only reference that proposes an architecture for a system that deals with document
versions is the proposition by Arnold Moore et al. [13], presented in subsection 4.1.3.
They argue that an advantage of their system is the efficiency achieved due to the fact
that all document manipulation variations are included in a single block of software.
The integration of services contributed in this thesis with other services is one of the
desired qualities that guides the design of this proposal; this objective places efficiency
on a second level of importance with respect to the provision of a set of interfaces for
manipulation services that really facilitate their integration with other digital library
services.

Every abstract document entity maps into an aggregation of three information ob-
jects: metadata that describe the document, the document content, and links related
to the document. The reference linking model and NCSTRL’s data model associate
an identifier (handler or DOI) to each document entity, whose resolution returns the
addresses of all physical copies of the document available. Metadata that describe the
document and help in naming the resolution are part of the document architecture. The
document content may come from any of the document digital copies that correspond
to different formats. Links are not included as part of document information, as clear
separation of links and document content is a more recent reality than would seem
likely: There seem to be very few implementations where links are considered aside
from the documents they complement. This is due to the little attention dedicated
to the exploitation of semantic links, which is related to the other reason that caused
links and content to be mixed: most efforts have been dedicated to the creation and
maintenance of navigational hypertext. Given that this hypertext is implemented as
HTML documents, it is evident that it is an imposition to include links -manually, in
most cases- in document content, losing the semantics of the relationship they represent
in the insertion process.

An alternative way to model relationships would be to do it in document metadata.
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This is, for example, the possibility offered by the element Relation of the Dublin
Core standard [23]. This possibility is not used in this thesis to facilitate the creation
of temporal documents: digital documents that flow in the system may vary (same
content and different links, depending on the use given to the document). For example,
different versions of the same abstract document entity at different moments, share the
content (original content to which modifications apply), but differ in links (commonly,
modifications applied to a document at a moment ¢, later than ¢, include modifications
valid in t, plus those done in the time interval [to,t,)). Additional reasons that justify
this decision on links are given in chapter 3.

It has been decided not to store virtual documents for several reasons: first, it is not
the aim of this thesis to show incremental updates of digital libraries; second, even if
such a possibility were to be considered, there is evidence (see references {38, 15]) to show
that such a policy can bring with it several problems, in terms of volume of documents
in the collection, validation of documents that should make up the collections, and
manipulation of versions. In particular, for the manipulation of versions, a completely
different policy has been chosen: to store the links that facilitate its generation, which
can additionally be useful for other aims (such as querying relationships), thus avoiding
the mentioned problems.

As has been said, services considered are link-related and basic services used by
them. More functionalities could complete the library and thus may expand services:
to allow users to add new links, to allow users to detect relationships (for example, by
comparing documents), etc. The interaction with users is a means of improving digital
libraries, that that can take advantage of the user’s knowledge to supersede system
limitations.

The proposed architecture is extensible and independent from the actual tools used
in the prototype. For example, the Link Search engine caches the peculiarities of the
engine that will be effectively used in prototyping. Consequently, it also opens the door
to dealing with software heterogeneity if this should become a reality in the library (it
acts as a wrapper). Moreover, the proposal could be extended to deal with a case of
distribution: component interaction is defined in terms of method invocations, which
do not change their interfaces in any way by the fact of being distributed or not; coming
back to the links example, the distribution of link databases would be cached by the
Link Search engine. This component could deal with the distribution of queries and the
integration of results, with transparency to other components in the system.
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The prototype for this thesis works on a database of legislative documents. It
implements some of the components proposed in the chapter about the architecture
(chapter 4). Work has focused on components and methods related with algorithms
shown in chapters 2 and 3. Emphasis is given to aspects related to obtaining document
copies on which structure is correctly reflected. Other aspects that receive special
attention are the modelization of relations as links, the use of XML and associated
standards for this aim, and finally, the experimentation of version generation on legal
documents.

The domain chosen for the prototype is legislative digital libraries. Legislative docu-
ments are highly structured, intensively related and rules suffer amendments that result
in new versions of the amended rules. Moreover, access to relationships (for example,
to obtain all jurisprudence related with a given rule) is important for specialists who
use these documents, as well as access to all versions of a document (for example, to
understand a tribunal sentence it is necessary to get access to the text of involved rules,
as they were at the moment the sentence was made). Finally, in legislative documents,
modifications are embedded inside other documents, so that the document to be modi-
fied is cited and how it should be modified is expressed later. A document can modify
several other documents, and modifications to a given document can come from various
sources.

5.1 Component interfaces

This section presents the interfaces for components! presented in chapter 4. Input
parameters and output data are present for component methods. There is also a revision
of some scenarios presented in chapter 4, implemented with the prototype, where some
components used for the implementation can be seen, which, while not being dealt with
in this thesis, are needed because some components in the prototype are implemented
on them; for example, services that analyse documents, search or manipulate data use
an XML parser. Task evolution, with data flow between components is the presentation
chosen for this revision of the scenarios. Data are the origin of all this work and also the
goal of all system functioning; their availability, interoperability and easy manipulation
are necessary conditions.

Components are implemented as objects. All documents and data exchanged in
the system are XML. Final results are presented to the user via a Web interface; the
transformation from XML to HTML -needed because not all browsers are able to work
with XML data- is the final step in the scenarios.

In the prototype, the type XMLdoc designates a document that suits the definition
given in chapter 4, with three internal elements: the metadata, the content and the
links that affect the document. It is a string that contains three substrings, all XML
data. Types id-list and link-collection are enumerations of items. The list of
identifiers is a string list, where each item is a document identifier. The list of links
contains xlinks, each of them agree with the characteristics shown in chapter 3.

The LDI is the document identifier used to obtain the URL that designates the

'(UML notation)
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physical copy of the document. The library is located in one server, which means that
here the library universe, where the LDI is unique, coincides with the server domain.

The components diagram (in figure 5.1) is shown again, and the interfaces used in
the prototype are as follows:

Document Server

o GetDocument(id:LDI):XMLdoc

This receives a document identifier (LDI). It returns the original version -the one
available in the document database- of the document, where the links are those
with their origin in this document.

e GetDocument(id:LDI, date:String):XMLdoc

This receives a document identifier (LDI), and the date of the version of the
document requested. It returns the document, where the content is the document
version at that date, and the links are those with their origin in this document.

e GetReferences(id:LDI, type:String):XMLdoc

This receives a document identifier and the type of references desired. It returns a
list of links related to document id, all of selected type. The type is one of either
citation, substitution, insertion or deletion.

¢ QueryDocuments(query:String):id-list

This receives a query as input. It returns the collection of document identifiers
that answer the query in the input argument.

GetDocument()
QueryDocuments()

GelReferences() J—“—'j QueryMeiadata() N ]
User Interface } D:

Link generator
Translate()
De Translator

Figure 5.1: Components interaction.
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Link repository
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Component interfaces

Document Search Engine

This component caches the query engine (an XML indexer [54]) as well as the indexes
used by it.

Search(query:String):id-list
This receives a query as input argument. It searches in the document database

for documents that match the query. It returns a list of identifiers corresponding
to the collection of documents that match the query.

Link Search Engine

Search((attribute:String,value:String)+):xlink-collection

This receives a query consisting of a list of link attributes and the matching value
for each attribute. It returns a collection of links in the system that match all the
criteria in the input. The criteria are specified as a sequence of pairs (attribute,
value) -the sequence presupposes an AND operator in the criteria-.

Link Generator

GenerateLinks(id:LDI):xlink-collection

This receives a document identifier in the input argument. It generates a collection
of Xlinks obtained by analysing the input document. All links in the resulting
collection are links with their origin in the document.

System Metadata Collection

ListComponents():String

This needs no argument. It returns a list of components.

ListComponentMethods(component:Name):String

This returns the list of methods available for the specified component.

ListCollections():String

This returns the list of document collections available in the library.

ListDocumentTypes():String

This returns the list of document classes available in library document collections.

DocTypeOntMapping(doc-type:String):Mapdoc

This receives a document class (doc-type) name. It returns an object with two
elements: the description of the mapping between ontologies used in document
content to characterize document elements and system tags used for those ele-
ments, and the hierarchy between elements in that class. This information is used
by the component that carries out the document translation.
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Document Repository

¢ GetDocument(id:LDI):Stream

This receives the identifier of a document. It returns the document digital copy,
as it is in the repository database.

e GetDocMeta(id:LDI):String

This receives the identifier of a document. It returns metadata about that docu-
ment.

e GetDocLinks(id:LDI):String

This receives the identifier of a document. It returns all links with their origin in
the document. To resolve the identifier it uses the Link Search component.

Link Repository
e SearchLinks(Query:String):link-list

This receives a query and returns the list of links that match the query.

Document Translator

¢ Translate(in InputDocument:String, out OutputDocument:String, in
OntologyMapping:MapDoc)

This receives an input document and the ontology mapping needed to translate
the input document to an equivalent document with the same content but different
logical structure.

5.2 A revision of the scenarios

This revision of scenarios presented in the chapter about the architecture (chapter
4) considers components in the system that are not designed by this prototype, but
which are external applications needed for functioning. Some of these applications (or
components) were cached in chapter 4 under services, as is the case of Search ser-
vices, which hide external search engines used to index library collections of documents.
This revision is centred on the interaction between components, and activity diagrams,
that show task evolution in the system, with data flow between components. Another
difference with the presentation of scenarios made in chapter 4 is that here the type
(or format) of data or documents that system components exchange during operation
receives more attention. For example, it can be seen that the format used to achieve
data interoperability in system services (components in the prototype) operation is the
XML standard and its associated standards.

The scenarios considered are those implemented in the prototype: retrieval of a
document (as it is in the document database), retrieval of a version that needs to be
generated, querying relationships, and translating a document.
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5.2.1 Document Retrieval

In this scenario (figure 5.2), the retrieval of a document (and associated citation
links with their origin in the document) is shown. This scenario presents an operation
similar to any basic retrieval in a system where documents are presented to the user
in a Web browser. There is a “preservation” of citation links with their origin in the
document, as they can be used for navigation if this is the wish. However, any type of
link (with the document in the origin or in the target) could be retrieved with these
methods, by only allowing a selection criteria on links to be specified.

The user request is passed to the Document Server, which reacts by retrieving the
document version available in the document database, as well as requesting all citation
links with their origin in the document from the Link Search engine. Once the Document
Server has both items, it can send an XMLdoc (content + links) to the User Interface,
which applies a stylesheet to it to obtain the HTML copy the user can see in the browser.

5.2.2 Get Document Version

This scenario (figure 5.3) shows how to retrieve versions of documents. The user
request (that includes the document identifier and date of the desired versions) is passed
to the Document Server, which reacts by retrieving the document version available in
the document database; it also requests the Link Search engine to get all modification
links whose target is in the document that conforms to the date criteria. Once the
Document Server has both items, it generates the updated version applying the links
to the document version obtained (this method follows the algorithm in section 3.7
of chapter 3). The composition of the version may request the recovery of several
other document fragments, steps embedded in the diagram inside the 'Process links
on document’ task. The final step corresponds to the User Interface, which receives the
updated XML document and generates the HTML copy the user can see in the browser.
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Figure 5.2: Scenario for document retrieval.
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Figure 5.3: Scenario for generation of a document version.
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5.2.3 Querying relationships

Sometimes the desired information is documents that reference another document
(for example, jurisprudence related to a given rule). This functionality is described in
the diagrams in figure 5.4. As when generating versions of documents, a search on links
is needed to obtain the list of documents that are related to a given document. But the
criteria to filter links will be different: this time citation links are the ones of interest.
Another difference is that the document is not needed to answer the query, so it is not
retrieved.

5.2.4 Document search

This method allows documents to be searched (classical queries). An indexer or
search engine queries the documents collection and returns the result to the agent who
has invoked it -in this case, the Document Server-. The indexer is wrapped in the
diagram (figure 5.5) by a generic Document Query Engine, which is an abstraction
of the search engine peculiarities.

5.3 The document databases

Documents used in the prototype are legislative documents. There are four classes
of documents considered: rules, jurisprudence, dossiers and comments. Rules and ju-
risprudence are the most interesting ones from a semantic point of view; these classes
have a very well defined semantic structure, which is, moreover, present in citations
and is -consequently- crucial for link detection and later version generation using link
information. They are, in consequence, the ideal candidates to experiment with the
logical structure capture (document translation). Dossiers and comments do not follow
a fixed semantic structure (their structure may vary from one author to another); for
these documents, where divisions and hierarchical inclusions do not follow rigid rules
a more flexible DTD can be used: for example, the TEI standard [48] provides all the
necessary utilities to model such documents.

A brief description of the logical structures of these classes is in subsection 5.3.1.
The results obtained when translating a database of rules are commented in subsection
5.3.2.

5.3.1 Classes of documents in the legal information library

The legislative digital library hosts four classes of documents:
1. Rules: the Spanish Constitution, laws, regulations and decrees.

2. Jurisprudence: sentences related to rules, because they are stated with a basis
in some of them.

3. Comments about rules or jurisprudence.



122 The document databases

XML doc
-—

HTML doc
<«—— | User lnterface

stylesheet
3}
Qe

e
\\

Links Search engine

S
S —-

(a) Components and data flow between com-
ponents.

User Server Document Server Links Search Engine

Get links of requested type

Search in linsk database

Process XML doc. j = ----=~==-cf--------m--o xl:links list [

'
;
\

dh: HTML doc

(b) Task evolution.

Figure 5.4: Scenario for querying of relationships.
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Figure 5.5: Scenario for searching in documents.
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4. Dossiers that compile references to rules and jurisprudence, classified on some
author’s criteria.

One more class of document (headers) is also in the system, even if it is not intended
to be perceived by final users. These documents contain metadata about base documents
(the four types just described).

Rules are official documents, that always present elements in the set that is explained
below, following the inclusion rules also described below. Thus, a rule may have elements
in the following set:

e denominacion. It is the title of the document.

e exposicion de motivos. It is made up of a sequence of paragraphs between the rule
title and the first element from the subset below.

e libro. It can contain any sequence of elements of type titulo, capitulo, seccion or
articulo, in any order. There can be zero or more libro elements in a rule.

o fitulo. It can contain any sequence of elements of type capitulo, seccion or articulo,
in any order. There can be zero or more titulo elements in a rule.

e capitulo. It can contain any sequence of elements of type seccion or articulo, in
any order. There can be zero or more capitulo elements in a rule.

e seccion. It can contain any sequence of elements of type articulo, in any order.
There can be zero or more seccion elements in a rule.

o articulo. Any rule must have at least one articulo to be considered a rule. There
can be one or more articulo elements in a rule.

One more element is not explicited by jurists when they describe the semantics of
these documents, but is implicit in any document: the paragraph.

The element exposicion de motivos does not have any semantic keywords that allows
its limits to be automatically recognised. It disappears as an element in the class
grammar used in the prototype, to be replaced by the possible appearance of one or
more paragraphs. Rules grammar (figure 5.6) expresses the inclusion hierarchy, that is
also shown in the tree in figure 5.7: all children or descendants of a node are elements
allowed inside that type of element; any ascendant of a type of element may be included
inside it.

Jurisprudence are also official documents, with a fixed structure, but simpler than
that of rules. Only a few elements make up that kind of documents, with no relevant
aspects to comment on the inclusion hierarchy, which is shown in figures 5.8 and 5.9.

Metadata (headers) associated to legal documents is composed of fields listed below
and the grammar that describes this class is shown in figure 5.10. The document
identifier, document type and document year are metainformation needed in links, to
be used later by the document version generation algorithm. Bulletins (boletines) is
information considered interesting by jurists. The resulting list of fields is as follows:

o document vdentifier (1di).
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<norma > = < p>T(< libro >|< titulo >|
< capitulo >|< seccion >|< articulo >)*t
< disposicion >*
<libro > = < title >7(< titulo >|< capitulo >|< seccion >|
< articulo >)*
<titulo > = < title >?7(< capitulo >|< seccion >|< articulo >)7
< capitulo > < title >?(< seccion >|< articulo >)*
< title >? < articulo >*
< title >?7<p>*
< disposicion > 1= < title >7<p>7*

< seccion >

< articulo >

Figure 5.6: Grammar for Spanish rules.

0 doc
N\

1 libro titulo capitulo seccion articulo disposicion

2 titulo  capitulo  seccion articulo

3 capitule  seccion  articulo

4 seccion  articulo

5 articulo

Figure 5.7: Inclusion hierarchy between elements in Spanish rules. Partial representation (the tree is
completely expanded in its leftmost branch.)

document class (type).

title of the document (titulo).

year of publication (afi0).

bulletins where it appeared (boletines). This field is interesting for rules.

date of the document (fecha).

5.3.2 Translating documents

The translation algorithm in chapter 2 has been tested on a set of Spanish rules,
coming from several public servers. These input documents are marked up with diffe-
rent tags, depending on their origin. For example, while some documents presented a
sequence of tags <center><h3> before the articulo semantic elements, others delimited
such a type of elements with a <p><b> sequence of tags. A first step consisted of the
elimination of all elements that were not information present in the abstract document



126 The document databases

< jurisprudencia >:= < inicio >< fund — hecho >?7 < fund — derecho >< fallo >
<inicio >u= < p>T
< fund - hecho >:= <p>*
< fund — derecho >::= <p>*
< fallo>u= <p>*

Figure 5.8: Grammar for jurisprudence.

0 jurisprudencia

1 inicio fundamentos de hecho fundamentos de derecho fallo final

Figure 5.9: Inclusion hierarchy between elements in Spanish jurisprudence.

(links, indices, etc.). They were translated to obtain equivalent documents with the
same content but tagged in accordance with the grammar in figure 5.6. This way,
the input set of documents to the translation algorithm complied with the input re-
quirements explained in section 2.4 of chapter 2 (an example of the application on
a document from the prototype was also included in this chapter). The translation
was tested on a set of 1665 documents. From these documents, the algorithm obtained
successful results with 1583 of them; that is, it was able to obtain a semantically tagged
document in 95% of cases. Documents that are not well treated by the translation
algorithm have one of the following characteristics:

e They have tables that are not XML well-formed.
e They have input characters or entities not recognised (&icute;, &ordm;, etc.).
e They do not have a root element.

The program does not consider tables and figures, which may need special conside-
ration. It only deals with textual documents.

< cabecera >:= < ldi >< type >< titulo — doc >< ano >< boletines >7
< boletines >::= < boletin >*

< boletin >::= < numero >< fecha >< pgnas >

< fecha >:= < dia >< mes ><ano >

Figure 5.10: Grammar for metadata.
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5.4 Relationships and links in the prototype

Legal documents are densely related. Jurisprudence has citations to rules, comments
have citations to any other type of document, and rules cite other rules. An even more
interesting aspect of these documents is that some rules modify other rules, and that
this modification consists of two adjacent information items:

1. A citation to a document to be modified, where the affected fragment is clearly
identified, and which explicitly says that the cited fragment is modified, eliminated
or whether it must undergo an insertion.

2. The fragment that has to be inserted or that will substitute the target of the
modification comes just after the citation.

These characteristics make these documents the ideal databases to experiment with
citation relationships, modifications and version generation. An example is presented
in subsection 5.4.3.

5.4.1 Mapping of link fields to XLink attributes

The mapping of links fields in table 5.1 to XLink fields is direct. The document
identifier and fragment locator are expressed in the xlink:href attribute (the inter-
nal locator is the XPointer). Also, the type of relationship is expressed with the role
(xlink:role) every resource plays in the relationship. These two attributes come from
the XLink specification -which explains the use of the namespace x1ink in them-. At-
tributes without prefix namespace are locally defined (local to the library namespace):
document class (doctype) and document date (date).

| Link field | XLink attribute |

Document ID

Internal locator | xlink:href (*)

Document type | doctype
Date date
Link type xlink:role (*)

Table 5.1: Mapping of link fields to XLink attributes. Attributes with an asterisk are predefined in
the XLink namespace. Attributes with no asterisk have locally defined semantics.

The links DTD reflects the composition of the links explained: every link has an
origin vertex and a target vertex. Each link is represented by an element enlace, that
has three elements: the origin (origen), the target (destino), and the arc (arco) that
connects them.

The element origen is the link’s origin: the resource that contains the citation or
modification. It may be an element or a text fragment inside an element. The element
destino is the resource referenced or affected by a modification or citation: the link’s
target. It may be an element or a text fragment inside an element. The element arco
establishes edges between vertices. Arcs can be of different types, corresponding to the
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different kinds of relationships between the vertices of the graph. There are as many
different types of arcs as there are different types of relationships.

The attributes for each of these elements are explained in tables 5.2, 5.3 and 5.4.
The link type is derived from the role the origin of the link plays in the relationship;
therefore, the type of the link is expressed in the origin element’s role attribute.

uttribute I Value l Description J
xlink:href ? Document ID + fragment locator
xlink:type "locator’ Resource of an extended out-of-line link

xlink:role | (‘citation’ | 'substitution’ | 'insert’ | 'delete’) | Type of link

string ? String inside the origin element. It is the
real origin in citations.

date 7 Document date

doctype ? Document class

Table 5.2: Origin attributes. A '?" character means that any string value is accepted.

Attribute Value Description

xlink:href ? Document 1D + fragment locator

xlink:type | 'locator’ | Extended out-of-line link

xlink:role | 'target’ | It is the target of the link

string ? String inside the target. It is the real target.
date ? Document date
doctype ? Document type

Table 5.3: Target attributes. A '?7" character means that any string value is accepted.

Iittribute I Value 1 Description J

xlink:from ? Origin of the arc
xlink:to 7 Target of the arc
xlink:type | 'arc’ | It is an arc element

Table 5.4: Arc attributes. A '?" character means that any string value is accepted.

5.4.2 The influence of document type on document relationships

The nature of documents can determine the type of relations permitted between two
documents, by forbidding a certain type of relation between two classes of documents
(for example, documents of class A cannot modify documents of class B).
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Types of documents in the legal information system are

1. Rules

2. Jurisprudence

3. Bibliography

4. Comments, notes, articles and others

The relationship restrictions coming from document classes are as follows:

e Rules can cite and modify other rules.

e Comments, jurisprudence and bibliography can cite, but they cannot modify rules.

e Jurisprudence, bibliography, and other documents can only have citations to do-
cuments of some of these classes.

That is, in the versioning of a rule, only other rules can participate as modifiers.

5.4.3 An example

The example considered was presented in section 3.7 of chapter 3. Input documents
to the updating process are the rules shown in figure 5.11:

e A source document, 1062-1980.xml, whose first element articulo has to be replaced.
Its source text is in figure 5.11(a).

e A modifier document, 113-1986.xml, which contains the element that will replace
the first element articulo in 102-2980.xml. The replacing element is the first
articulo inside the first element disposicion. The source text for this document is
in figure 5.11(b).

The output document of the modification process -which can be seen in figure
5.11(c)- is a new version of the source document, where the first node-set that cons-
titutes the element articulo has been replaced by the first element articulo inside the
first element disposicion in document 113-1986.xml; the rest is unchanged. Figure
5.12 shows the effect of the process in the document tree. The link that models the
modification can be seen in figure 5.13.

The link for the example -in figure 5.13- is a relation from an ORIGIN (vertex that
replaces) to a TARGET (vertex to be replaced). The XML representation for this link
can be seen in figure 5.14. As already explained, the element ORIGEN corresponds
to the origin link vertex, while the element DESTINO represents the target link vertex.
The element ARCO represents the link between ORIGEN and DESTINO, as required by
XLink?.

A database of xlinks has been used to store the link graph information. The avai-
lability of this information as XML data has been useful for querying the links during

?Mandatory XLink attributes (for example, xlink:type) do not appear in the figure as they are
defined with default values in the links DTD.
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<?xml version="1.0" encoding="1SO—8859--1"7>

<doc>

<articulo id="al"> <title>Articulo Primero. </title>

<p>El referendum en sus distintas modalidades, se celebrara de
acuerdo con las condiciones y procedimientos regulados en la
presente Ley Organica.</p>

</articulo>

<articulo id="a2"><title>Articulo Segundo. </title>

<p>Uno. La autorizacién para la convocatoria de consultas populares
por via de referendum en cualquiera de sus modalidades, es competencia
exclusiva del Estado.</p>

< /articulo>

</doc>

(a) Source document for the example: lo2-1980.zml

<?xml version="1.0" encoding="1S0-8859—-1"7>
<doc>

<p>Ley 13/1986, de 14 de Abril de 1986, de Fomento y Coordinacién
General de la Investigacién Cientifica y Técnica</p>

<p>Don Juan Carlos |,Rey de Espafia.</p>

<disposicion id="da"><title>DISPOSICIONES ADICIONALES. </title>
<p><a>Undécima.</a>

1. Quedan modificados los articulos 1.°,4.° y 8.° de la Ley
Organica 2/1980, de 30 de abril , que quedaran redactados en la
forma siguiente :</p>
<articulo id="dalll"><title>Articulo 1.</title>
<p>Con la denominacién de Instituto de Astrofisica de Canarias se crea
un Consorcio Piblico de Gestién, cuya finalidad es la investigacién
astrofisica .</p>
<p>El Instituto de Astrofisica de Canarias estard integrado por la
Administracién del Estado, la Comunidad Auténoma de Canarias la
Universidad de La Laguna y el Consejo Superior de Investigaciones
Cientificas .</p>
< /articulo>
<articulo id="dall2"><title>Articulo 4.</title>
<p>El Consejo Rector estara integrado por el Ministro de Educacién y
Ciencia, que actuard como Presidente; un Vocal en representacién de la
Administracién del Estado, que serda nombrado a propuesta del
Ministerio de la Presidencia, y tres Vocales mas en representacién de
cada una de fas restantes Administraciones publicas y Organismos que
se relacionan en el articulo 1.° Formara parte del Consejo Rector,
asimismo, el Director del Instituto , que serd miembro nato.</p>
</articulo>
< /disposicion>
</doc>

{b) Modifier document for the example: 113-1986.zml
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<?xml version="1.0" encoding="1SO—-8859—1"7>

<doc>

<articulo id="dalll"><title>Articulo 1.</title>

<p>Con la denominacién de Instituto de Astrofisica de Canarias se crea
un Consorcio Publico de Gestion, cuya finalidad es la investigacion
astrofisica .</p>

<p>El Instituto de Astrofisica de Canarias estara integrado por la
Administracién del Estado, la Comunidad Auténoma de Canarias la
Universidad de La Laguna y el Consejo Superior de Investigaciones
Cientificas .</p>

< /articulo>

<articulo id="a2"><title>Articulo Segundo. </title>

<p>Uno. La autorizacién para la convocatoria de consultas populares
por via de referendum en cualquiera de sus modalidades, es competencia
exclusiva del Estado.</p>

< /articulo>

</doc>

Articulo Primero.  El referendun.

(¢) Modified document for the example: new version of l02-1980.zml

Figure 5.11: Version generation. Input and output documents.

{Document to modify)

Node-set 10 substitute

..organica

Articiudo 1. Con la denominacién El Instituio ...

cientifica. Cientificas.

'
W Anticulo 1. Con la denominacion ElInstituto .........

o investigacic igaci .

B e . Inve Node-set sub 4
i cientifica. Cientificas.

MODIFIER DOCUMENT

Node-sei that «
subsiitutes

131

Figure 5.12: Element substitution, based on links. The first element articulo in the source (lo2-

1980.xm{) document is substituted by the first element articulo inside first element
disposicion of the modifier document. The result is a new version of document /o2-

1980.xml.
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"Substitution” - ”

Articulo Primero.  El referendum... | o= Articulo |, Con la denominacidn El nstituto ...
........... investigacion .. Invesngaciones
cientlfica. Cientfficas.

TARGET ORIGIN
(to be replaced) (replacing node)

Figure 5.13: “Substitution” link. The ORIGIN will replace the TARGET when generating a new version

of the source document. The ORIGIN is a subtree of the source document made up of the
element articulo and all its descendants. The TARGET is the subtree in the modifier
document tree whose root is the first element articulo inside the first disposicion,
as can be seen in figure 5.14.

<ENLACE>
<ORIGEN

<DESTINO

<ARCO

</ENLACE>

xlink:href= "113-1986.xml#xpointer(child::disposicion[1]/articulo[11)"
xlink:role="substitution"

date= "1981"

doctype= "norma" />

xlink:href= "102-1980.xml#xpointer(child::articulo[1])"
xlink:role="target"

date= "1986"
doctype= "norma" />

xlink:from="substitution" xlink:to="target"
xlink:show="undefined" xlink:actuate="undefined"/>

Figure 5.14: Text for the example link.
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Li“ks da[abusc

Document resolver

Virtual

document

Figure 5.15; Virtual document generation.

the generation process as any other XML data can be queried, thus querying the link
graph.

The type of links has been modeled in the links origin, given that the type of a link
(citation, modification) in legal rules comes, in fact, from the type of citation detected
in the origin document. Also, the citation link and geographically adjacent modification
have the same target, but not the same origin. The origin of the citation link is the
string that “cites” the target, while the origin of the modification link is the node-set
that has to replace the target.

5.5 Version generation

Version generation has been tested on rules, as they are the class where modifications
are relevant.

5.5.1 Data types in the generation process

Two types of databases are involved in virtual document generation. Figure 5.15 is
an extraction from the components architecture in chapter 5, focused on databases used
for virtual document generation -the Document resolver represents the collaboration of
components that generates document versions (virtual documents)-:

o The documents database, that contains documents in the collection. The source
document (the one that is modified) and documents that contain modifications to
it, are inside this database.

e The links database. This database contains links that express modifications bet-
ween documents. Each link maps a portion of a source document to some portion
of some other document holding the target text of the modifications.
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destino

Articulo 1. Con la denominacion El Instituto ...
e investigacion . Investigaciones
cientifica. Cientificas.

-_———-—-—

TARGET ORIGIN
ttn be replaced) freplacing node)

Figure 5.16: Elements in link variables. The variable has only one enlace element. This element
has itself two elements: origen - that contains the subtree which is the origin of the
substitution link-, and destino, which has the link target node.

5.5.2 Complete substitution algorithm

To treat a document in order to obtain new versions from substitutions, it is neces-
sary to have information about the modifications that affect the document. Information
about whether a node is affected by a modification is kept on links. This means that
to recognise nodes affected by substitutions, a phase of search on links has to precede
the source document treatment. That is, the complete process that leads to a modified
document has two steps:

1. Links treatment

2. Links application to source document

Step 1: Links treatment

This phase consists of the creation of a links variable that will be used during source
document nodes treatment. The links variable is created from links databases. A search
returns a collection of links that contains links related to the source document.

The algorithm 4 filters the links and retrieves links vertices to insert them in the links
variable. As a result, the variable SUSTITUCIONES contains a list of enlace elements.
There is an example in figure 5.16.

Algorithm 4 Links variable creation
Inputs: SUSTITUCIONES: empty links-list; l:links-collection; D:document
for all links of type “substitution” with origin in D do
recover origin node and create an element origen with it;
recover target node and create an element destino with it;
place both elements in an element enlace;
add this enface to SUSTITUCIONES;
end for
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Step 2: Links application to document

The algorithm 2 in chapter 3 applies the substitution links to documents. The links
considered are in the variable created in step 1.

5.6 Discussion

The system

This prototype only implements services needed to achieve the main goal: to provide
link-oriented services. Among classical services, retrieval of documents and link search-
ing are implemented. Navigation and document searching would improve the prototype;
a navigational hypertext can be constructed from the citation links graph.

The prototype includes the following components: Document Server, User Interface,
Link Search Engine and Document Translator. They have been implemented as objects
and the user interface is available via a Web interface, controlled by a servlet. The
Document Server implements methods for version generation and document retrieval.
Qualities of the prototype are:

e Portability. Object oriented technology to implement components guarantees
system design independence from underlying platforms. Concerning the imple-
mentation, as most components are Java, the portability is inherited from Java

portability.

e Reusability. Some components in this system can be taken from existing imple-
mentations (that is, search tools and collection access services). Also, components
designed for this system could be reused by other systems; not in a unit granularity
(for example, links cannot be used or searched if there is no links collection), but
without the need to incorporate all the system in order to use some functionalities.

The prototype library is centralised in one server, which simplifies the manipulation
of document identifiers and their resolution. A case of multiplicity of collections or
distribution would be treated in a similar manner (the same components, multiplied),
on the same basis as for the identifiers, but the name services would become more

complicated.

Document translation

Document translation has been tested on a set of legislative documents obtained from
several public servers. Source documents were HTML pages tagged with criteria varying
on server provenance®. Before using them, a step of “cleaning” was needed to adapt them
to the algorithm translation input requirements. The requirement to be well-formed
XML documents was added to the algorithm as the application that implements it
works on an XML parser. The input document copy is analysed sequentially by the
parser, which passes items of type “element”, “text”, etc. to the application, according to
the specifications of the SAX 1.0 API*. Ontologies mapping and hierarchical inclusion

3Procedence were servers of various Spanish ministers
s (http://www.igsap.map.es/cia/dispo/Ibe.htm, http://www.map.es/gobierno/legisla) and the public
server "La Ley” (http://www.laley.net).

4 Available at http://www.meggison.com/SAX.
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Restricted vocabulary Restricted syntax variations
Norma, ley, Real decreto "...enel articulo 1 de la ley 11/1998.."
Jurisprudencia, precedente "..enlaley 11/1998, articulo 1..."”
articulo “en la ley 11/1998, articulo primero.."
Niimero

Figure 5.17: Variations in citations found in Spanish rules. Syntax and vocabulary are rigid. For
example, there are not many variations between the three manners to cite an article
shown in the list to the right.

rules between elements for each document class are input parameters to the translation
method.

Link querying and document version generation

Link querying and version generation are also implemented on an XML parser. Availa-
bility of documents and links in XML, directly provides a language to address document
fragments (XPointer), and another language to manipulate them (XSLT). The tree vi-
sion of XML documents matches the tree model and recursive treatment of documents
carried out for versioning. Version generation has been tested on a set of legislative
documents of rule class, which are the legislative documents where it is easier to find
historical modifications. It works with documents with exact modification overlapping
on a node-set. Partial overlappings have also been tested with success. On the other
hand, transitive modifications require greater flexibility of tools that manipulate XML
than those available at the moment. However, the fast evolution of these tools, with
the progressive stability of XML and associated standards leads to the idea that the
desired flexibility is not far off>.

Citation detection

Modifications in legislative texts are geographically close to citations and can be found
if detecting citations. Linguistic and syntactic rigidity (figure 5.17 shows some exam-
ples of citation variations taken from Spanish rules) in these texts eases the automatic
detection of citation [121] by comparison with other contexts more “flexible” in their lan-
guage structures. That allowed a citation detection to be implemented by recognising
keywords inside text. To detect citation automatically helps automatic link creation.
However, we note that the citation detection problem is not them main goal of this
thesis, and that in the prototype it suflices to show the feasibility to integrate such
components in the system and that -at least in the prototype domain- it is not impos-
sible for that detection to be automated.

5The link database conforms with the XLink Working-Draft of February, 2000, and the Working-
Draft of December 1999 of XPointer. The candidate recommendations that supersede these do not
suppose great changes in the implementation (mainly, a one by one mapping).
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The area of application of this thesis is digital libraries; structured documents, rela-
tionships between documents and the generation of new documents are the aspects of
main interest. The aim is to be able to exploit relationships between document frag-
ments beyond mere navigational hypertext, and during the work some other goals have
been presented as a necessity to accomplish the main aim. The first requirement is
to dissociate the abstract document entity from its digital copies; this places us in the
right position to distinguish the abstract document structure and identify our first aim:
to obtain a digital copy of the document whose logical structure is an image of the abs-
tract document structure. This goal is also influenced by the fact that the relationships
that are mainly of interest are citations and modifications between documents -with a
special interest in modifications that come close to a citation to the modified document
fragment-. Citations are mostly made in terms of the abstract document structure,
addressing the cited document fragment by its relative position in the document logical
structure tree. That is, there is a second need: to obtain a digital copy of the documents
whose logical structure reflects the abstract document structure.

Once this semantically structured digital copy is available, we can proceed with our
next goal: to query relationships, and to automatically generate historical document
versions. Querying relationships is possible if they are expressed in terms of links, which
-if available in a link database- can be queried like any other document. This database is
in fact the implementation of a link graph with three main types of heterogeneous links:
structural links (in the document logical tree structure), citation links and modification
links. The generation of new documents, and precisely document versions, has been
done with a traversal in this graph, where nodes are document fragments addressed by
their position in the document tree.

6.1 Contributions

Links have been used in this thesis as first class information objects. They have
been taken out of document content and given the relevance they deserve as the owners
of information that allows information to be enriched beyond information found in
document content. We have enriched the services in digital libraries with services to
translate digital document copies to semantically structured copies, and link-oriented
services (services where links are crucial): citation detection and document version
generation. We have gone beyond document composition from links that directly express
composition rules, to an exploitation of the link graph to “deduce” composition rules
that are implicit in the link graph, but which nevertheless need to be recognised.

Special attention is given to document versioning. There are three main aspects of
interest related to document versioning: detecting, representing and querying changes.
The choice for change detection is to detect changes inside document content instead
of comparing documents. The way to represent changes is as links between the mo-
dified document and the modifier document. Querying changes is therefore querying
links. The existence of fragment identifiers is not assumed. The solution is applica-
ble to structured documents, which also allows document fragments to be addressed
unidirectionally, and is not dependent on arbitrary ways to assign identifiers.
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It has been taken in account that modifications come mostly as part of some do-
cument content, which means they are in the document databases, and that to isolate
them as first class documents (or individual information pieces) would require a repli-
cation of information and the integrity of the document database to be broken, as these
information pieces cannot be considered as document entities by themselves. The chosen
solution is therefore general: it can also be applied to simpler situations when modifiers
are first class objects.

Every document entity is the compound of three information pieces: metadata that
describe the document entity, the document (content) as it was created by its author(s),
and links related to the document. The advantages of considering these three informa-
tion objects as individual pieces of information are several. First, the content can be
manipulated and queried without affecting metadata and links. Next, metadata and
links can be queried separately from the document content. Moreover, links can be
shared by all documents involved in the expressed relationships: queries and graph
traversals can be made in any direction (from origins to targets and vice-versa).

The algorithm proposed in chapter 2 captures the semantic logical structure of a do-
cument instance, the target class grammar (DTD) being known.

The great advantage of the algorithm is that the generated copy is semantically
tagged and its logical structure is an exact match of the abstract document entity
structure. Not only preserving the semantics is important, even if it is by itself a great
advantage: having the structure in a digital document copy is also decisive to be able to
establish the connection between citations and the structure of the document copy stored
in the database. The algorithm makes a sequential traversal of the input document
copy, recognising semantic elements in the same way as a human does. Moreover, it is
the safest way to analyse a document sequentially whose size is unknown,thus avoiding
having to worry about this attribute. It is not possible to obtain a general algorithm that
works on any document. Lack of knowledge about tagging in input documents and their
inclusion hierarchy means some decisions have to be made that restrict the algorithm
generality; the decisions taken have been influenced by the origin of documents used
in the prototype. The fact that input documents to the prototype implementation
were HTML pages coming from different servers influenced the decision to forbid the
semantic element from nesting inside the HTML element content: the input documents
never presented such cases, and by contrast, had variable tag nesting.

The mixed view of a document as both a tree and a set of node sets is emphasised.
Each set of nodes is addressed by its root and make up vertices in the relationship
graph. These characteristics of structured documents were used to allow all versions of
a document to be stored. The link graph adds to structural relationships between do-
cument fragments’ semantic relationships (citations, modifications). It can be queried,
navigated and subgraphs can be extracted to generate new versions of documents. This
allows to go beyond the explicit expression of rules that guide document composition
to a process where they are calculated during the composition process, which is a graph
traversal whose selection is a recursive traversal of the original document version avai-
lable in the library database.
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6.2 Related work

An area where citation relationships are relevant is the reference linking domain.
They coincide in that the relationships considered come from citations inside documents
to documents that can be merely cited, or cited and modified. Citation detecting is a
shared problem (in which some future work in this context is to be done), mainly because
work in the reference linking domain is especially concerned with the extraction of a
document identifier -independent from the document’s physical implementation, but
related to the abstract document entity- from the citation detected in document text.
Citations related to modifications are only in that category (and citations in the legal
domain, which is the area chosen for this thesis prototype always comply with this
property). This thesis also agrees with reference linking works in the importance of
citation links for user navigation. Aside from this advantage, other ways of taking
advantage of the valuable information embedded in links with different goals in mind
are also of interest. The thesis is concerned with access to the internal logical structure,
which is not a general requirement in the reference linking domain. Links between
document fragments are heterogeneous: they contain information about citations, but
also about modifications that are expressed inside document content. The modification
link is not between the citation and the cited document fragment, but between the
modifier document fragment and the modified one (which coincides in this case with
the cited one).

6.3 The prototype and the technology

A prototype has been implemented to test the proposals made. Legislative informa-
tion is semantically structured, densely related, with frequent citations and modifica-
tions inside documents to other documents: for example, rules are frequently modified,
with the result of new versions of modified rules.

The translation of documents (the generation of semantically structured document
copies presented in chapter 2) has been tested on a set of legislative documents obtained
from several public servers; tagging is heterogeneous, varying from one server to another.
Output documents from the document translation process are the base documents whose
fragments make up the vertices of the link graph, from which rule versions have been
generated.

Document version generation and link querying use an XML parser. The availability
of documents and links in XML format provides a language to address document frag-
ments in XML documents (XPath) and a language for document manipulation (XSLT).
Moreover, the XML model of documents as tree structures, adapts perfectly to the hie-
rarchical view of documents necessary for the recursive treatment on version generation.

The implementation of the link database follows the working draft of February
2000 [119] for XLink, and the working draft of December 1999 [116] for XPointer. At
this moment, there are later versions (“candidate recommendations”); but the changes
introduced by these new versions are not relevant enough to suppose more changes than
mere one to one direct attribute translation.
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The querying of relationships could be improved in the prototype with an efficient
XML query language, for which there is not yet a standard.

6.4 Future work

The offer of an automatic treatment of relationships would be complete with au-
tomatic detection of citations and automatic generation of document identifiers (docu-
ment plus fragment address) from detected citations. Experiments to generate docu-
ment identifiers [31] in English language documents with journals show that this goal
is closer with every passing day. In the prototype of legislative information, the rigid
structure of this information makes citation detection possible and not too difficult.
The challenge is to generalise it to other structured documents.

The services architecture proposed in chapter 4 can be expanded with more link
oriented services, able to extract additional information from links (for example, sta-
tistical data about citations or relationships). Links gain relevance in digital libraries
-and Internet-, due to the user’s interest in finding “related information”.

The semantic structure capture algorithm cannot work on any input document,
which forces some restrictions to be chosen to impose on them. The algorithm could
gain in flexibility with the use of techniques that help to differentiate the start of an
element from citations to other elements of the same type inside its content.

Also, version generation is limited in cases of conflictive modifications, where an
automated algorithm has no means to distinguish incoherent modifications from those
that should be resolved (see subsection 3.7.3 in chapter 3). The decision taken has
been to leave them unresolved and to return them in a list of conflicts, that could be
used in an interactive dialogue with the user who has asked for the current document
version; the user could help to resolve these cases by indicating which modifications
should be applied: an interaction with the user would expand the possibilities of the
version generation algorithm, and this would find its place inside the user interface
service.

Proposed solutions for documents in digital libraries are expandable to other envi-
ronments with massive document databases, such as Internet, that share many of their
problems and solutions with digital libraries.
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Résumé

Le développement des- bibliothéques: électroniques demande d’incorporer & ces systémes de nou-
_ veaux services, qui viennent compléter les services "basiques" traditionnellement proposés. Les pro-
positions développées dans cette thése permettent d’améliorer 'exploitation des relations sémantiques
inter-documents dans les bibliotheéques électroniques. On facilite les requétes dans lesquelles utilisateur
s’intéresse de préférence aux relations elles-mémes. On exploite aussi ces relations pour faciliter la géneé-
ration dynamique de nouveaux documents (les versions historiques d'un méme document, par exemple).
La proposition se décline en trois: aspects: la normalisation des documents, la modélisation des. relations
et leur exploitation et, enfin, la proposition d’une architecture qui permet lintégration des nouvelles
fonctionnalités dans des bibliothéques opérationnelles. L’adéquation de I'approche proposée est validée &
Paide d’un prototype opérationnel qui exploite une bibliothéque de documents juridiques.

Mots-clés : bibliothéques électroniques, relations inter-documents, document structuré, versions des do-
cuments, architecture des bibliothéques électroniques, interopérabilité; XML, exploitation dynamique des
relations, composition des documents.

Abstract

Digital libraries’s development is asking for including in these systems new services, able to comple-
ment those that can be considered "basic" digital libraries services. This thesis makes proposals that
allow to improve the exploitation of semantic relationships between documents in digital libraries. Que-
ries that express user’s interest in relationships themselves are eased. Moreover, these relationships are:
exploited in order to allow the dynamic composition of new documents (for ex., historical versions). The
proposals made cover three aspects: normalising documents, modelling relationships and their exploiting,
and, finally, the architectural propositions that allow to integrate new relationship-oriented functionalities
in digital libraries. The convenience of the proposed solutions is shown on a prototype consisting in-a
legislative digital library. ‘

Keywords: Digital library, relationship, dynamic relationship exploitation, structured document, digital
“library architecture, document versions, interoperability, XML.





