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Résumeé

Introduction

Négocier est un acte fondamental dans le monde du commerce. Toute transaction commerciale €
fondée sur un contrat négocié au préalable. Dans le contexte de la délocalisation et de la mondialis
tion de I'économie, les entreprises doivent négocier a I'’échelle planétaire. Les négociations répartie
sont nécessaires non seulement pour les entreprises multinationales établies dans de nombreux pe
mais également pour les petites et moyennes entreprises (PME) qui évoluent de plus en plus dal
un environnement international. Cependant, les méthodes de négociation classiques ne sont p
adaptées aux négociations réparties. Habituellement, les personnes prenant part a la négociation
rencontrent directement afin d’échanger des informations et confronter leurs positions de négocic
tion et leurs buts. Ces rencontres sont, cependant, colteuses en temps et argent. Elles sont, de p
difficiles a organiser, en particulier lorsque les négociateurs travaillent dans différents pays. Dans I
cadre des négociations classiques, seul un nombre limité de participants est possible.

Avec I'avénement de I'Internet, la localisation géographique des négociateurs n’est plus impor-
tante. L'Internet permet a un nombre illimité de négociateurs du monde entier de négocier un mém
contrat. Les acteurs économiques étant de plus en plus interconnectés, et la quantité d’informatior
gu'’ils échangent étant de plus en plus volumineuse, I'incapacité a traiter ces données représente u
vraie menace pour ces nouveaux modeles économigues. Dans le cadre des négociations, la quan
de données générées par le processus de négociation est trop volumineuse pour pouvoir étre co
prise par un étre humain. Aussi, le probléme a résoudre actuellement est I'organisation et la gestio
des négociations distantes auxquelles participe un nombre important de négociateurs. De nouvea
outils sont nécessaires afin de permettre aux négociateurs de travailler efficacement dans ce nou
environnement, et ceci aussi bien pour les entreprises multinationales que pour les PME.

Trois approches ayant pour but la construction de tels outils peuvent étre distinguées : les modele
de négociations pour la conception de marchés électroniques, les modéles de négociations basés
les agents logiciels, et les négociations assistées par ordinateur (NAO).

Les modeles de négociations pour la conception de marchés électroniques ont été construits af
d’étudier les mécanismes régissant les négociations. Dans ces modéles, le résultat de la négociati
est prédit sur la base des préférences des négociateurs et des regles du jeu qui sont déterminées
le type de négociation (enchéres, vente par inscriptions, etc.).

Dans les modeles de négociations basés sur les agents logiciels, la responsabilité de la négo
ation, qui incombe normalement au négociateur, est déléguée a un agent logiciel. Dans ce cas,
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négociation est ditautomatiséelLa négociation est ditentierement automatisés la négociation
est menée uniguement par des agents logiciels sans aucune intervention humaine durant le processus
de négociation.

L'approche des négociations assistées par ordinateur (NAO) a donnée naissance a des systemes
informatiques qui ont pour tache d’aider les négociateurs dans la prise de décision en fournissant des
moyens de communication et d’analyse des informations disponibles.

Les trois approches mentionnées ci-dessus réduisent le colt du processus de négociation en I'auto-
matisant en grande partie. Aussi, le nombre de rencontres directes est réduit. Cependant, ces ap-
proches s’intéressent principalement aux ventes aux enchéres. Dans ce type de négociations, les
contrats ont une sémantique connue au préalable, i.e. la signification des différentes clauses du
contrat est déterminée. De plus, généralement seul le prix est objet a négociation.

Dans le domaine des négociations électroniques, un vrai défi est de permettre a un nombre impor-
tant de négociateurs de travailler sur des contrats complexes, i.e. des contrats contenant aussi bien
des contreparties quantitatives (par exemple prix ou date de livraison) que qualitatives (par exemple
garantie ou clause de confidentialité). De telles négociations incluent aussi bien les négociations
classiques dans lesquelles la sémantique des contrats est connue que celles dans laquelles elle est
inconnue. Ces négociations électroniques profitent des caractéristiques des médias électroniques
— le nombre de négociateurs est potentiellement illimité et ceux-ci peuvent étre arbitairement dis-
persés géographiqguement. Cependant, des systemes de NOA sont nécessaires afin de faciliter les
négociations de masse via le réseau. Sans ces systémes, les négociations de masse a distance sont
difficilement imaginables. Les exigences pour de tels systemes de NOA sont les suivantes :

¢ la sémantique des contrats n’est pas nécessairement connue,
¢ les contrats peuvent contenir aussi bien des clauses quantitatives et qualitatives,

¢ le nombre de négociateurs n’est pas limité.

Les modéles de négociations pour la conception de marchés électroniques et ceux basés sur les
agents logiciels satisfont seulement a la derniére exigence. Toutefois, ces modeles ne satisfont pas
aux deux premieres exigences présentées ci-dessus. A I'oppose, les systemes de NOA satisfont a la
premiere exigence, certains satisfont également a la deuxiéme. Ces systemes ne sont cependant pas
extensibles, i.e. ils ne satisfont pas a la derniére exigence.

Dans le cas de contrats multi-attributs contenant aussi bien des contreparties quantitatives que
qualitatives, les négociations entierement automatisées ne sont pas une solution viable. Les agents
logiciels, tels que nous les connaissons actuellement, ne peuvent exploiter les contreparties qualita-
tives du fait du manque de sémantique. Les négociations de tels contrats doivent étre menées par
des hommes. Cependant, sans outils adaptés, les humains ne sont capables de mener de telles né-
gociations dans lesquelles un nombre important de négociateurs est engagé. La quantité de données
générées durant le processus de négociation est trop volumineuse pour étre comprise par un étre
humain. Aussi, les systemes de NAO pour les négociations de masse via I'Internet doivent fournir
aux neégociateurs des vues synthétiques du processus de négociation.



Dans ce mémoire, une approche au probleme présenté ci-dessus —aglgse multiaspect

des négociations électroniques est présentée. La solution proposée se compose d’'un modéle de
contrat multiversion et d’'un mécanisme d’analyse hiérarchique multiaspect basé sur les distance
ultra-métriques. Le modéle de contrat multiversion proposé capture I'évolution du contrat et les
relations existant entre les diverses propositions et contre-propositions. Le mécanisme d’analys
hiérarchique multiaspect permet la création de diverses vues synthétiques du processus de négoc
tion. Une vue synthétique est une classification hiérarchique qui permet aux négociateurs d’explore
un aspect choisi de la négociation a divers niveaux de détails et de se concentrer sur les parties |
plus intéressantes.

La thése de ce mémoire peut étre formulée comme suit:

L'analyse multiaspect des versions du contrat fournit aux
négociateurs des vues synthétiques du processus de

négociation électronique.

Définitions

Plusieurs définitions d’'un « contrat » existent, selon le domaine d’application et/ou la localisation
géographique. Il est cependant possible de trouver le dénominateur commun suivant a ces défir
tions. Pour qu’un contrat soit valide, les éléments suivants doivent exister :

e |le consentement des parties qui s’obligent ;
e la capacité des parties a contracter ;
e un objet qui forme la matiére de 'engagement ;

e une cause licite dans I'obligation.

Dans ce mémoire, seuls les contrats explicites sont considérés, les contrats implicites ne pouva
étre I'objet d’'une quelconque négociation. Il est supposé que les contrats existent sous forme élec
tronique. Les éléments du contrat qui doivent étre présents sont le consentement des parties et
object qui forme la matiere de 'engagement. La capacité et la cause licite ne sont pas prises e
compte, étant donné qu’aucun systeme informatique ne peut vérifier ces informations. Les clause
des contrats ne sont soumises a aucune limitation. Elles peuvent concerner des contreparties que
titatives (par exemple prix ou date de livraison) et qualitatives (par exemple garantie ou clause d
confidentialité).

Plusieurs classifications ont été proposées dans la littérature pour préciser la notion de négociatio
dont notamment :

e négociations classique&snégociations électroniques ;

e négociations distributivegsintégratives ;
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e négociations multi-attributes mono-attribut.

De plus, la distinction entre négociations de masse et négociations a nombre restreint de participants
est introduite. Une négociation est dékectroniquesi et seulement si les taches liées au processus

de négociation sont effectuées sous une forme écrite via un médium électronique. Une négociation
estdistributive si le gain d’un négociateur implique une perte pour un autre. Par opposition, une
négociation eshtégrativesi le gain est réparti entre les négociateurs. Dans le cas d’'une négociation
mono-attribut une seule contrepartie est négociée. Dans le cas d’'une négocmatitiattributs

plusieurs contreparties sont négociées. Sitoutes les contreparties sont de types similaires, la négo-
ciation est ditthomogéngalors que, dans le cas contraire, on parle de négocibétmrogeneUne
négociatiorde massest telle que le nombre de négociateurs y prenant part est supérieur au nombre
maximum de personnes pouvant discuter ensemble dans une piéce. Ce nombre est fixé de maniere
subjective a 20. Dans ce mémoire, les négociations prises en compte sont aussi bien distributives
gu’intégratives, multi-attributs, éventuellement hétérogenes, et sont des négociations de masse.

Domaines de recherche connexes: états de I'art

Trois domaines de recherche ayant rapport a 'approche presentée dans ce mémoire ont été identifiés :
les modéles de négociation électronique, les algorithmes de classification hiérarchique automatique,
et les techniques de gestion de versions.

Trois approches a la problématique des négociations électroniques peuvent étre distinguées : les
modeles de négociations pour la conception de marchés électroniques, les modéles de négociations
basés sur les agents logiciels, et les négociations assistées par ordinateur (NAO).

Les modeles de négociations pour la conception de marchés électroniques ont été construits afin
d’étudier les mécanismes régissant les négociations. Ces modéles de négociations sont basés sur la
théorie des jeux |3, 53, 51]. Le processus de négociation est modélisé comme un processus de prise
de décision en situation d’incertitude. Utilisant la théorie de I'utilité [87], le résultat de la négociation
est prédit sur la base des préférences des négociateurs et des regles du jeu qui sont déterminées par
le type de négociation (enchéres, vente par inscriptions, etc.).

Dans les modéles de négociations basés sur les agents logiciels, la responsabilité de la négocia-
tion, qui incombe normalement au négociateur, est déléguée a un agent logiciel. Ces modeles de
négociations se concentrent sur trois aspécts [39] : I'établissement d’ontologies, les protocoles de
négociation et les modéles de prise de décision. La signification des divers éléments de la négo-
ciation et les relations entre ces éléments sont définies par des ontologies![76, 26, 20, 68]. Les
ontologies sont nécessaires afin de limiter les malentendus résultant de définitions imprécises des
termes utilisés dans les négociations. Les protocoles de négoclatian [75, 78] [16, 52, 33] définis-
sent les types de participants, les actions valides, les états possibles de la négociation, ainsi que les
événements qui causent une modification de I'état de la négociation. Les modeles de prise de déci-
sion [65,82, 83,15, 84, 47, 73] se concentrent sur le probleme de la dynamique du comportement des
agents logiciels dans un marché en perpétuel changement.

L'approche des négociations assistées par ordinateurs (NAQ) [90,/63| 42,/43/44| 41/, 64,69, 71, 70]
a donné naissance a des systemes informatiques qui ont pour tache d’aider les négociateurs dans
leurs prises de décision en fournissant des moyens de communications et d’analyse des informations
disponibles. Deux approches peuvent étre distinguées : les systemes de préparation et d’évaluation
assistent les négociateurs dans la prise de décision avant et durant la négociation, alors que les
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systemes de soutien au processus de négociation fournissent les moyens de communication et, d:
certains cas, des mécanismes de médiations.

Deux algorithmes de classification hiérarchique automatique peuvent étre distingués : les méth
odes hiérarchiques basées sur les distances ultra-métriques et les méthodes basées sur les rés
neuronaux.

Les méthodes hiérarchiques effectuent plusieurs classifications emboitées les unes dans les autr
permettant ensuite de choisir celle qui correspond au niveau de détail désiré. Ces méthodes repost
sur I'équivalence entre une hiérarchie indicéeBijespace des échantillons) et une distance ultra-
métrique surE. Une distance ultra-métrique skrest une applicatio® de E x E dansR™ telle
que:

V(a,b) cE2,  3(ab)=0<a=h,
V(a,b) e E?,  5(a,b) =d(b,a),
V(a,b,c) e E3,  3(a,b) < sugd(a,c),3(b,c)]

Il est demontré au chapitre 3.2 quedgst une ultra-metrique, la relatieRys, définit une relation
d’équivalence suE, avecvdy € R*,aR 5,b < 6(a,b) < d.

Dans le cas otE est fini, on appelle hiérarchie s& un sous-ensemblé/ de P(E), ou P(E)
désigne I'ensemble des partiesEequi veérifie les propriétés suivantes :

EecH
VacE, {a}eH
hinhy, =0,
V(hl,hz)éﬂz, ou h C hy,
ou hpChy.

La partition formée des classes d'équivalencekdg notéeP(dp), induit une hiérarchie SU :
H = Us,er+ P(80) est une hiérarchie. Sil'on définit la notion de hiérarchie indicée comme étant un
couple(#, f) tel que# est une hiérarchie dtune application d&/ dansR™ telle que :

vacE, f({a})=0,
V(hl,hz) c .’7‘[2, h]_ C hz, h]_ 75 h2 = f(hl) < f(hz),

alors le couplé 7, f) est une hiérarchie indicée, avét= {Js,cr+ P(do) et f définie par :
Vhe H, f(h)=min{dy/he P(&)}

Il est également démontré au chapitre 3.2 que toute distance induit une ultra-métrique, et donc
induit une hiérarchie indicée.

Les méthodes de classification basées sur les réseaux neuronaux divisent un ensemble d’échantil
en classes qui sont intrinseques a I'ensemble donné en entrée. Koharen [45, 46] a introduit le cor
cept d’'ordre dans les réseaux neuronaux. Dans les réseaux de Kohonen — appelés mappes at
adaptatives (ang« self-organizing maps », SOM- les nceuds de sortie sont ordonnés, générale-
ment sur une grille bidimensionnelle. Ces réseaux conservent la topologie : deux échantillons
proches seront attribués a des noeuds de sortie proches. SOM a été modifiée par_Fritzke [29, 3

11



Résumé

afin de supprimer la limitation principale de SOM, i.e. la structure du réseau est fixée a I'avance. La
solution proposée — appelée structures de cellules croissantes (gagvirg cell structures) —

est basée sur un réseau SOM dont la structure est variable, de nouveaux nceuds pouvant étre ajoutés
au réseau. Sur la base des structures de cellules croissantes et de SOM, Dopazo et Carazo [23, 24]
ont construit un nouveau type de réseau afin de classifier des alignements de séquences génétiques.
Cette nouvelle approche — appelée algorithme de l'arbre auto-adaptatif (aseglf-agrganizing

tree algorithm») — génére une classification d’'un ensemble d’alignements sous forme d’arbre bi-
naire. L'espace de sortie peut croitre de méme maniére que dans I'approche des structures de cellules
croissantes. Les noeuds de sorties sont des vecteurs de taille identique aux alignements de séquences.
L'algorithme de I'arbre auto-adaptatif est présenté en détail au chapitre 3.2.5.

Trois techniques de gestion de versions peuvent étre distinguées : les systemes de gestion de
configurations logicielles, la gestion de versions sur le Web, et I'approche des versions de base de
données.

Les systémes de gestion de configurations logicielles ont pour but de permettre I'enregistrement
des modifications effectuées durant le développement d’'un logiciel et de permettre de revenir a
des versions passées. Trois systemes peuvent étre distingués :Re@Son Control Systém
SCCS Gource Code Control Systgnet CVS Concurrent Versions Syst¢nRCS [81] utilise une
technique de capture des modifications pour représenter les différentes versions d’'un document. RCS
enregistre la version la plus récente, les versions précédentes pouvant étre recréées a partir de scripts
de modification inverse. Ces scripts — appelés pardeisas— sont générés par le programme
diff [36]. SCCS [[66] modélise I'évolution du document a l'aide de deltas entrelacés. Un fichier
est divisé en plusieurs blocs. Pour chaque bloc, un en-téte indique son appartenance a une version
donnée. Les blocs sont tries de telle maniére qu’une seule lecture du fichier permet de recréer toute
version. CVSI[[7] est construit sur RCS. Il introduit la notion de gestion d’ensemble de répertoires,
chacun contenant des fichiers pouvant exister en plusieurs versions.

Le groupe de travail sur la composition et la gestion de versions sur le Web (AW§VW Dis-
tributed Authoring and Versioning working groepWebDAV) a défini un ensemble de spécifications
concernant un protocole pour la composition et la gestion de versions sur le Web dans le document
RFC 2291([74]. Le protocole proposé se compose d’'un ensemble d’extensions du protocole standard
HTTP. Un sous-groupe de WebDAV, appelé Delta-V, a pour but de définir les extensions concernant
la gestion de versions. Le travail de Delta{V[[17] n’est pas encore terminé, aussi les extensions
proposées peuvent encore changer. Delta-V définit uniquement un protocole de gestion de versions,
'implantation des mécanismes proposés n’étant pas I'objet du travail de Delta-V.

Dans I'approche des versions de base de donhées [13], une base de données multiversion regroupe
plusieurs états de I'univers, contrairement & une base de données classique qui représente un seul état
de l'univers modélisé. Chacune des versions de base de données (VBD) représente un état du monde
modélisé. Une VBD est identifiée par un identificateur, notBe méme, les objets contenus dans
la base de données multiversion, nomraBgets multiversionssont identifiés par un identificateur,
notéo. Une VBD contient uneersion logiquede chaque object multiversion. Une version logique
d’objet possede un identificateur et une valeur. Lidentificateur de la version logique de bpbjet
dans la VBDv; est le coupl€o;,vj). Quand un objet n’existe pas dans une VBD, sa valeunakt
signifiantn’existe pas

Une VBD est créée a partir d'une VBD existante, par copie logique. La VBD créée edéditée
de la VBD existante. Immédiatement apres la dérivation, les valeurs de toutes les versions logiques
d’objets sont identiques entre les deux VBD. Les liens de dérivation entre les différentes VBD de la
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base de données multiversion sont enregistrés daagooe de dérivation

Pour obtenir de bonnes performances, les versions logiques ayant la méme valeur dans plusieL
VBD partagent la mémeersion physiqueontenant la valeur. Le gestionnaire de versions fait le lien
entre chaque version logique,Vv) de I'objet et la version physiqueassociée contenant la valeur
val. Ce lien est établi pour chaque objet multiversion par tafsde d’association Cette table est
composeée de deux colonnes et de plusieurs lignes. Chaque ligne contient une liste d’identificateul
de VBD et un identificateur de version physique, associant chaque version logique d’objet a sz
version physique. Toutes les associations ne sont pas stockées, certaines sont implicites. La regle
la suivante « si un identificateur de VDB n’apparait pas dans la table d’association d’un object
multiversiono, alors la version logiqué€o,v) partage sa version physique avec la version logique
de l'objet dans la VBD parente. xCette regle est récursive.

Concepts

Les modeles de négociations électroniques qui existent actuellement ne sont pas adaptés aux nét
ciations électroniques de masse menées via I'Internet. Les modéles de négociations pour la conce
tion de marchés électroniques, bien qu’élégantes et ayant de solides bases mathématiques, n’offre
gu’une pauvre représentation des cas réels de négociations [40, 67]. Les modéles de négociatio
basés sur les agents logiciels sont tres prometteuses. Cependant, dans le cas de contrats pour lesq
la sémantique des diverses clauses est inconnue — ce qui est le cas de la majorité des contrats —
agents logiciels ne peuvent mener efficacement les négociations. Enfin, les négociations assisté
par ordinateurs (NAO) permettent de négocier tout contrat, la négociation étant menée par des étr
humains pour lequels le manque de sémantique et les contreparties qualitatives ne constituent auc
obstacle. Cependant, les systemes de NAO, ne proposant pas de vues synthétiques du processu:
négociation, sont peu adaptés dans le cas ou le nombre de négociateurs est important.

La nouvelle approche de la problématique des négociations électroniques de masse proposée ds
ce mémoire se situe dans le cadre des systéemes de NAO, puisqu’elle a pour but d’aider les nég
ciateurs dans la prise de décision en fournissant des moyens de communication et d’analyse d
informations disponibles. La solution proposée se compose d’'un modéle de contrat multiversion e
d’'un mécanisme d’analyse hiérarchique multiaspect basé sur les distances ultra-métriques.

Le modele de contrat multiversion se base sur I'approche des versions de base de données. |
premier probléme des négociations de masse est la représentation de I'histoire du processus de |
gociation. On peut cependant remarquer que le contrat négocié est modifié plusieurs fois au coul
de la négociation et que les versions consécutives du contrat reflétent les propositions et contre
propositions des négociateurs. Un ensemble partiellement ordonné de versions de contrat est do
utilisé afin de modéliser I'histoire du processus de négociation.

Les versions de contrat sont organisées hiérarchiquement. La version initiale du contrat se trouv
alaracine de I'arbre des versions. Lorsqu’un négociateur se joint a la négociation, il doit dériver une
version d’une version existante du contrat. Chaque version du contrat doit étre identifiée de manier
unique.

Dans le modele de contrat multiversion, le contenu d’'un contrat se compose d’un ou plusieurs
paragraphes. Une version du contrat se compose des versions de plusieurs paragraphes. Tous
paragraphes existent dans toutes les versions du contrat. Si un paragraphe n’existe pas dans une
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sion donnée du contrat, la version de ce paragraphe dans cette versiolh ést contrat se compose

des mémes paragraphes dans toutes ses versions. Les différences entre les différentes versions du

contenu du contrat se résument aux différences entre les différentes versions des paragraphes.
Unestructure multiversiorst responsable du maintien de la structure du contrat dans ses diverses

versions. La structure étant multiversion et séparée du contenu du contrat, les différences de structure

entre les différentes versions se résument aux différences entre les versions de la structure du contrat.

Un processus de négociation de masse n’est possible que si les négociateurs peuvent avoir acces
a des vues synthétiques du processus de négociation. Un élément fondamental de toute stratégie
de négociation est le processus de planification ([62], p. 40-51). Le processus de planification se
base principalement sur plusieurs analyses de I'état de la négociation. Dans le cadre des négoci-
ations de masse, ce processus de planification peut difficilement étre effectué sans outils adaptés.
En conséquence, un mécanisme d’analyse multiaspect intégré au systéme de NAO est proposé. Ce
mécanisme permet d’analyser différents aspects du processus de négociation. Un tel mécanisme im-
plique la possibilité de définir aussi bien I'aspect de la négociation a analyser que le critere d’analyse
utilisé.

Les aspects de la négociation a analyser sont modélisés pawmeies d’analysdJn domaine
d’analyse est un ensembleothjets de domaineCes objets sont créés par des fonctions appelées
fonctions de domaine d’analyg¢ang. «analysis domain functions, ADF). Différentes fonctions
sont utilisées pour analyser divers aspects du processus de négociation.

Le résultat de I'analyse est une classification hiérarchique. Une classification hiérarchique fournit
aux négociateurs plusieurs classifications emboitées les unes dans les autres. Les négociateurs peu-
vent alors choisir le niveau de détails de la classification. L'algorithme de classification hiérarchique
basé sur les ultra-métriques a été choisi pour I'approche proposée dans ce mémoire. L'algorithme
de l'arbre auto-adaptatif impose aux nceuds du réseau une structure identique aux échantillons a
analyser. De plus, le résultat de la classification est un arbre binaire. Aussi cet algorithme n’est pas
adapté au probleme de la classification des objets de domaine. La solution proposée se basant sur le
concept de distance, les criteres d’analyse peuvent étre définis d’'une maniére compréhensible pour
les étres humains, afin que les négociateurs puissent choisir les critéres d’analyse qui les intéressent,
et éventuellement en définir de nouveaux.

Modéle de contrat

Un contrat multiversion se compose d’'un ensemble de négociateurs, d'un ensemble de versions du
contrat, et d’'un ensemble @emposantemultiversions. Une composante peut étre par exemple un
paragraphe, une image, une signature électronique ou une représentation de la structure du contrat.
Plus formellement, on note:

neg, I'identificateur deNEG,, le a€Menégociateur,

Vg, I'identificateur deV G, la b€Meversion du contrat,

cm. l'identificateur deCM, la ciémecomposante multiversion, et

C le contrat multiversion :

C= ({NEGa}v {Vcb}7 {CMC}>
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Les versions du contrat sont organisées sous forme d’un arbre. La version initiale du contrat est crée
par un négociateur qui la publie et permet aux autres négociateurs de créer de nouvelles versions. |
création de nouvelles versions — opération appeé¥e/ation— est régie par les régles suivantes :

Regle 1. Immédiatement apres I'opération de dérivation, la nouvelle version — appel&®on
fille — est identique a la version dont elle est dérivée — appalégon mére

Régle 2. Une modification de la version fille n’a aucune influence sur la version mére.
Reégle 3.Une modification de la version mere n’a aucune influence sur la version fille.

Chaque version appartient a un seul négociateur. Tout négociateur peut étre responsable
plusieurs versions. Un négociateur peut dériver une nouvelle version d’une version dont il n’est
pas reponsable.

La structure hiérarchique des versions est modélisée par les identificateurs de versions. Un idel
tificateur de version se compose de l'identificateur du négociateur qui a créé cette version et d'ul
sous-identificateur qui identifie la position de la version dans l'arbre des versions. Formellement,
VG = (N€gesponsableVClDp), oU vCIDy, est le sous-identificateur. Les sous-identificateurs sont régis
par la regle suivante :

Régle 4.Si une version est la n-ieme version dérivée d’'une version dont le sous-identificatgur est
le sous-identificateur de la version fille gsh. Le sous-identificateur de la version initiale €st

Deux types de versions peuvent étre distinguées védesions de travaisont des versions qui
sont modifiables et visibles seulement par leur responsables, alors (ygedess historiquesont
des versions visibles par tous et non modifiables. Il n’est possible de dériver une nouvelle versior
gu’a partir d’'une version historique. Toute version qui vient d’étre créée est une version de travail.
Lorsque le négociateur qui est responsable d’'une version de travail est satisfait de celle-ci, il peu
la publier en la transformant en version historique. Toute modification de cette version est alors
impossible.

Ces deux types de versions simplifient notablement le probléeme du contréle d’accés simultané
aux versions : les versions historiques ne sont pas modifiables et, de ce fait, tous les acces al
versions historiques ne se font qu’en lecture. Les versions de travail peuvent étre modifées mali
seulement par leur responsable. Aussi, un seul négociateur travaille sur une version de travail dor
née, ce qui supprime le probleme des accées simultanés.

Les composantes multiversions du contrat sont présentes dans toutes les versions du contrat, |
dépendamment du responsable d’une version donnée. Si une composante existe dans une versi
elle existe dans toutes les versions. Une version d’'une composante est appetétanoede la
composante. Toute instance est associée a une composante. En d’autres termes, aucune insta
ne peut exister « en dehors » d'une composante. Par conséquence, la création d’'une instance il
plique soit son association a une composante existante, soit la création d’'une nouvelle composan
et I'association de I'instance a celle-ci. Une instance peut étre présente dans plusieurs versions c
contrat. Le partage d’instance modélise les relations entre les versions de contrat au niveau de
composantes. Ce partage est modélisé a l'aidéadie d’association Une table d’association
existe pour toute composante. Elle associe chaque instance a une ou plusieurs versions du cc
trat. Plus formellement, une composante se compose d’un identificateur emgLdun ensemble
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d’instances, et d’une table d’association. NottBg la d€™€¢instance d’une composante multiver-
sion, eticq son identificateur. Une composante multiversion est alors définie comme suit :

CMq = (Cn'l;, {ch}vTA)a
ou TAest la table d’association définie par :

TA= {(ica, {vea})}.

Une table d’association se compose de plusieurs lignes, une ligne par instance. Chaque ligne est
une pairg(identificateur d’'instance, ensemble des identificateurs des versions dans lesquelles cette
instance existe)

Afin de réduire la redondance dans les tables d’association, le mécaniséniadje de version
est utilisé. Ce mécanisme est défini par la régle suivante :

Régle 5. Une version du contrat est mentionnée dans la table d’association si et seulement si
I'instance associée a cette version n’est pas partagée avec la version mere.

Quatre opérations concernant les composantes sont définies : lecture, modification, suppression
et création.

L'opération de lecture pour une composante multiver§€idy consiste a obtenir I'instand€y
de cette composante pour une version de comf@tdonnée. Lalgorithme suivant, présenté en
pseudo-code, est utilisé :

1. définir instance

2. assigner VGempg VQ;

3. assigner existeLigne= faux;

4, faire {

5. pour chaque ligne dans AT {

6. si (ligne contient VGemp {
7. existeLigne= vrai;

8. instance= ligneinstance
9. }

10.

11. si (!existeLigng f{

12. VGemp = parentDe (VGemp ;
13. }

14. } tant que (!existeLigneg;
15. retourner instance

La boucle, des lignes 5 a 10, permet de vérifier si une version donnée est explicitement mentionnée
dans la table d’association. Si c’est le cas, I'instance associée est retournée. Sinon, l'instance est
partagée avec la version fille et doit étre recherchée récursivement parmi les versions précédentes
dans l'arbre des versions.

L'opération de modification pour une composante multiver§ibk consiste a modifier I'instance
IC4 de cette composante pour une version de colt@atdonnée. Deux cas doivent étre distingués
selon que l'instance est partagée ou non. Une instance est partagée dans ¥@as'est pas men-
tionnée dans la table d’association ou lorsque la ligne de la table d’association coi€pdait
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référence a d’autres versions. Si l'instance n’est pas partagée, elle peut étre modifiée sans chang
ment de la table d’association. Si l'instance est partagée, une nouvelle ingEgnest créée et on

lui assigne comme valeur la nouvelle valeur de l'instance. Une nouvelle ligne asd@aatq,

est ajoutée a la table d’association. La ligne de la table d’association mentidGpast modifiée

pour qu’elle ne contienne que :

e les identificateurs de toutes les versions associées de maniére expli@jteaufva,, dans le
cas oG, était associée explicitement@y,

¢ les identificateurs de toutes les versions fillevdggqui ne sont pas explicitement associées a
d’autres instances.

L'opération de suppression se résume a l'opération de modification a I'aide d’'une valeur spéciale
notéenull, et dont la signification est'existe pas dans cette version

L'opération de création d’une nouvelle instance dans une version donnée consiste a créer un
nouvelle composante multiversion, a I'ajouter au contrat, et a modifier cette composante dans I:
version concernée.

Une composante multiversion peut éo@mposite Une composante composite fait référence a
d’autres composantes. Les références aux autres composantes sont effectuées par les identificate
des composantes multiversions, et non par les identificateurs des instances. Aussi, les composan
composites peuvent étre utilisées pour modéliser la structure du contrat. Il faut remarquer que I
structure du contrat est orthogonale au mécanisme de gestion des versions grace aux composan
composites. De ce fait, il est possible de construire des modéles de contrats complexes basés sur
modele de contrat multiversion proposé dans ce mémoire.

Domaines d’analyse

Les domaines d’analyse sont utilisés afin de modéliser divers aspects du processus de négociatic
Un domaine d’'analyse est un ensembleljéts de domaineppelés égalementétaObijets.

Formellement, notonBaspectle domaine d’analyse modélisant un aspect du processus de nego-
ciation notéaspect Un objet de domain®D; est identifé de maniére unique par son identificateur,
notéod, dans le domaine d’analyse auquel il appartient, ou plus précisément :

V(OD;,0Dj) € Digpect  0G = 0d|; < OD; = OD;
\V/(OD|7ODJ) S Daspectx D Od - Odj andOD| # ODJ = Daspect# D

aspect’ aspect

Un objet de domain®D; se compose de :

e un identificateur noté od
e Un ensemble d'attributs,

e un type.

Un attribut est une pairéhom, valeur) Le nom d’un attribut est une chaine de caractéres. Une
chaine de catactéres se compose d’'un ou plusieurs caractéres définis dans le standard Unicode. D
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le cadre de négociations de masse, aucune restriction n’est posée ni sur la localisation géographique
des négociateurs ni sur la langue qu'ils utilisent. Aussi, les noms des attributs doivent pouvoir étre
exprimés dans plusieurs langues, ce qui implique I'emploi de divers jeux de caractéres. L'emploi
d’'Unicode permet de supprimer la contrainte d’un unique jeu de caractéres. La valeur d’un attribut
est un objet de domaine, de méme que l'identificatiur

Le type d’'un objet est également une chaine de caractéres. Le type permet de donner une signifi-
cation a un objet : un étre humain peut, par exemple, aisément imaginer ce que représente un objet de
typenégociateur De plus, I'existence des types d’objets permet de définir la structure d’un objet de
type donné : il est ainsi possible de définir un objet de typgociateurse composant par exemple
de trois attributs nommeés « nom », « prénom » et « telMaison » de types respeatideFamille
prénom et numéroDeTélephoned identificateur des objets de typegociateumpeut par exemple
étre de typeauméroDeSécuritéSociale

Six types d'objets de domaine -String, Integer, Long, Float, Doublest Boolean— sont les
types de base permettant de construire des types d’objets plus complexes. Ces types de base, appelés
égalemenprimitives ne font référence a aucun autre type d’objet et ne possédent qu’un seul attribut
nommeévalue La valeur de cet attribut dépend du type d’objet.

Les objets de domaine sont créés parfametion de domaine d’analygang. « Analysis Domain
Function » ADF). Une ADF est une fonction dont I'image est un domaine d’analyse. Formellement,

f est une fonction d’un ou plusieurs domaines d’anal)Agrig

fest une ADF- { Im(f) ={MG;}, ouVi, MO; est un métaObjet

Si une ADF est une fonction de deux ou plusieurs domaines d’analyse, elle ed¢ gitesieurs
variables Un domaine d’analyse particulier, no® est défini par carf®) = 0. Ce domaine
d’analyse permet de distinguer deux types d’ADF : une ADF estgémeratricesi et seulement
si son seul domaine d’origine e&t Si une ADF n’est pas une génératrice, elle esttuaesforma-
trice.

Une loi de composition permet d'« emboiter » des ADF : le résultat d’'une ADF peut étre utilisé
comme domaine d’origine d’une autre ADF.

Reégle 6.La loi de composition pour les ADF, notéedéfinit une ADF § a partir d’autres ADF f
comme présenté ci-dessous :

e pour les fonctions d’une seule variable,= f10 fo = f1(f2);

e pour les fonctions de plusieurs variables,=f f1 o (fa,..., fn) = f1(f2,..., fn),

ou f; est une transormatrice, alors que dt f3 peuvent étre aussi bien des transformatrices que des
génératrices.

Un nouveau langage de programmation, nonkbd (pour Analysis Domain Languagea été
congu afin de définir des ADF. Le langage ADL est un dialecte d’XML — eXtensible Markup
Language. Il y a plusieurs raisons d’utiliser XML :

e XML est un standard du consortium WWW
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XML permet de définir des langages dont la grammaire est automatiquement validée par ur
analyseur ;

XML est concgu et optimisé pour I'analyse des documents XML ;

Des analyseurs XML sont disponibles ;

XML peut aisément étre intégré aux autres standards basés sur XML.

Le langage ADL se base sur quatre élémemietaObjetgang. « MetaObjects »EnsembleDOb-
jets (ang. « ObjectSets »Marqueurs(ang. « Tags ») €fonctions(ang. « Functions »). Lemé-
taObjetscorrespondent aux objects de domaine. é&esembleDObjetsorrespondent aux domaines
d’analyse. Lesnarqueurssont les éléments de base des calculs. fbastionscorrespondent aux
ADF.

Le langage ADL est intrinsequement extensible. ADL définit un mécanisme d’organisation des
extensions basé sur le concept de modules. Un module regroupe les définitions de métaObiject
de fonctions générant ceux-ci et, éventuellement I'implantation des fonctionnalités souhaitées sou
forme de marqueurs. Le standard « XML Namespaces », basé sur XML, est utilisé afin d’éviter les
collisions de noms entre différents modules. Les noms des métaObjets, des fonctions et des ma
gueurs sont universels, leur validité s’étendant au-dela du module auxquel ils appartiennent. Chaqt
module est associé a WRI (ang. « Uniform Resource ldentifier »), ce qui assure l'universalité des
noms. Un module peut utiliser des métaObijets, des fonctions et des marqueurs définis dans d’autr:
modules. Une référence a un module se fait a I'aide d’'une référence a I'URI auquel il est associé
appeléespace de nonmang. « XML namespace »).

Un module est défini par un document XML. Un module est défini par son nom, un URI définis-
sant 'espace de noms associ€, éventuellement une liste de références aux définitions de marquet
éventuellement une liste de références aux définitions de fonctions, éventuellement une liste d
références aux définitions de métaObijets.

Le langage ADL fournit un module, appetére, qui définit les fonctionnalités de base d’ADL.
L'espace de noms de ce module estp://nessy.pl/adl/core. Ce module fournit les types de
base et les marqueurs de base d’ADL.

En ADL, les expressions sont définies paunExpression}. Une expression peut contenir des
références a des variables, des opérateurs et des littéraux. Si la vasiableable a été définie,
'expressions$ {mavariable} retourne la variableavariable. Différents opérateurs existent en
ADL : arithmétiques, logiques, comparatifs, ainsi que I'opératewr y qui teste le contenu des en-
sembleDObijets et des métaObijets. L'opérateumqpermet d’accéder aux attributs des métaObijets.
L'opérateur «[] » permet d’accéder aux métaobjets contenus dans un ensembleDObjet par leur:
identificateurs.

Un métaObjet est défini par un document XML. Un métaObjet est défini par le nom de son type,
le nom du type de son identificateur, une liste d’attributs et de leurs types si le métaObjet n’est pa:
un type de base, le type de I'attribraluesi le métaObjet est un type de base.

Un ensembleDObjet est un ensemble de métaObjets. Tous les métaObjets d’'un ensembleDOb
donné ont le méme type. Le modudere définit cing marqueurs de manipulation des ensemble-
DObjets. La création d’un ensembleDObjet s’effectue a I'aide du margireurare, I'addition
d’'un métaObjet a un ensembleDObjet s’effectue a I'aide du margueyrda suppression a l'aide
du marqueuremove, la suppression de tous les métaObjets d’'un ensembleDObjet s’effectue a I'aide
du marqueurlear. Le marqueurfor-each permet d'itérer parmi les métaObjets d'un ensemble-
DObjet.
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Les marqueurs associent des entités de calcul a des marqueurs XML. Une entité de calcul est
un logiciel ou une partie de logiciel, par exemple une bibliothéque de fonctions statistiques ou
une couche d’'accés a une base de données. Les marqueurs permettent d’élargir les fonctionnal-
ités d’ADL. Les entités de calcul peuvent étre programmées dans différents langages. Un marqueur
est défini par un document XML. Un marqueur est défini par son nom, le nom du langage de pro-
grammation utilisé pour son implantation et, éventuellement les parameétres spécifiques au langage
de programmation choisi.

Les fonctions sont au coeur d’ADL. Une fonction en ADL est une ADF . Chaque fonction modélise
un aspect du processus de négociation. Une fonction est définie par un document XML. Une fonction
est définie par (1) son nom, (2) éventuellement le nom des modules qu’elle utilise, (3) éventuellement
le nom des ensembleDObjets passés en entrée et le type des métaObjets qu’ils contiennent, (4) le
nom de I'ensembleDObjet en sortie et le type des métaObjets qu'il contient et, (5) les actions a
effectuer. Les actions a effectuer peuvent étre des appels de fonctions ou de marqueurs. Pour les
appels de fonctions, le marquetsecute du modulecoreest utilisé. Pour les appels de marqueurs,

il suffit d'insérer le marqueur XML associé.

Le modulecorefournit les types de base, ainsi que les marqueurs définissant les fonctionnalités de
base d’ADL. On peut distinguer cing catégories parmi les marqueurs du moatele déclaration
de variables, assignation d’attribut de métaObjet, contrble d’exécution, appel de fonction et manip-
ulation des ensembleDObjets. Une description détaillée de tous les marqueurs du cooslast
donnée au chapitre 6.3.7.

Classification des objets de domaine

Le but de la classification des objets de domaine est de générer une vue synthétique d’'un aspect
donné du processus de négociation. Le choix de I'aspect a analyser correspond au choix d’'une
ADF. Le résultat de I'exécution d’'une ADF est un domaine d’analyse, i.e. un ensemble d’objets

de domaine. Les objets de domaine pouvant modéliser de maniére complexe certains aspects du
processus de négociation, et différents négociateurs pouvant étre intéressés par diverses analyses
d’'un aspect donné, plusieurs analyses différentes peuvent étre conduites pour un méme aspect. Pour
cette raison, le concept d’analyse parameétrique est proposé.

Définition 1. Une analyse est paramétrique si plusieurs criteres peuvent étre utilisés pour analyser
de diverses maniéres un domaine d’analyse donné.

Tous les objets d’'un domaine d’analyse donné sont du méme typgpéd.d’'un domaine d’analyse
peut donc étre défini comme le type des objets qu’il contient. Le type d’un objet permet de déter-
miner les attributs que tous les objets de ce type possédent. Aussi, les attributs des objets d’'un
domaine d’analyse peuvent étre déterminés a I'aide du type du domaine d’analyse.

Un critéere d’analyse se base sur la présence de certains attributs. Les valeurs des attributs sont les
données a analyser. Les noms des attributs définissent la sémantique des données a analyser. Aussi,
tout critere d’analyse est associé a un type d’objet de domaine donné. De ce fait, le type d’'un critére
d’analyse peut étre défini comme suit :

Définition 2. Le type d’un critére d’analyse est le type des objets de domaine auquel il est associé.

Un domaine d’analyse donné ne peut étre associé qu’'avec des criteres d’analyse dont le type est
identique au type du domaine d’analyse. Une relgploisieurs a plusieursxiste entre les domaines
d’analyse et les critéres d’analyse. Cette relation est une relation de compatibilité.
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Définition 3. Un domain d’analys®A et un critére d’analys€A sont compatibles si et seulement
si le type deDA et le type deCA sont identiques.

Un critére d’analyse est une distance sur un domaine d’analyse donné. Formellement,
Définition 4. Une fonctionCA est un critere d’analyse si et seulement si

CA est une fonction de BAlansR*
V(x,y) € DA?, x=y < CAXy)=0
V(x,y) € DA%, CA(x,y) = CA(y,x)
V(x,y,2) € DA, CA(x,y) < CA(x,z)+CA(Y,2)

Les criteres d’analyse sont un sous-ensemble des transformatrices, et de ce fait, sont des ADF. |
peuvent donc étre définis en ADL.

Un critére d’analyse est une ADF dont les domaines d’entrée sont deux domaines d’analyse n
contenant qu’un seul objet. Le domaine de sortie contient un seul objet qui modélise la distance
entre les deux objets a comparer.

Formellement, on désigne p&@A un critere d’analyse sur le domaine d’anal{3&. Le type de
CA identique au type dBA, est noté&ypeCA Appelonsod; etod, deux objets de domaine @A,

d € R* la distance entred; etod, selonCA, et DAy le domaine d’analyse résultant de I'exécution
deCA

Les domaines d’entrée deA sontDA; = {od;} et DA, = {odr}. DAy ne contient qu’un seul
objetdoy. Le type de I'objetdoy, qui est également le type d¥\y, est noté&ypeCAdistance.

Les objets de typeypeCA distance posseédent trois attributs : I'attribit rst (resp.second) qui
contient le premier objet (resp. le second objet) de la comparaisomd.€resp. ody). L'attribut
distance, de type numérique, est utilisé pour stocker la distance entre ces deux objets.

Les actions nécessaires au calcul de la distance entre deux objets de domaine sont définies
la méme maniere que toute ADF grace a des appels de fonctions et de marqueurs. Lutilisater
définissant un nouveau critere d’analyse doit vérifier que les actions utilisées pour le calcul de I
distance entre deux objets définissent une distance. Le compilateur ADF ne vérifie pas si un criter
d’analyse vérifie les conditions présentées dans la définition 4.

Une classification peut étre calculée lorqu’'un domaine d’analyse et un critere compatibles ont éte
choisis. Une classification est définie a I'aide des conceptdadseset dedistance inter-classe
Une classe peut contenir au choix :

e d'autres classes — la distance inter-classes associée est explicitement définie et la classe ¢
dite complexe

e un ou plusieurs métaObjets — la distance inter-classes associée est toujours €gale a 0 et
classe est ditatomique

Formellement, appelorS une classification du domaine d’analyi3A. La classificationC est un
ensemble de classesdgfinies comme suit :

¢ = ({cj},di), ouvj, cjeC, de R
Ve eC,¢ ou
¢ ={MO;}, ouVj, MO; € DA
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Y(ci,cj) €C% ¢ C cjoug Dcjoucncy =0
Une classification est une hiérarchie indicée a la condition que les distances inter-classes vérifient :
V(ci,cj) € C* tels queg; # ¢j, ¢ C ¢j = i < dj,

oud; (resp.d;) est la distance inter-classes associég(gesp.c;).

La création d’'une classification s’appuie sur I'algorithme de classification hiérarchique automa-
tique baseé sur les ultra-métriques. Un critere d’analyse n’est pas une ultra-métrique, il est seulement
une distance. Or, toute distance induit une ultra-métrique. Une technique pour dériver une ultra-
métrique d’une distance est I'utilisation de la distance de chaine qui, a deux patits associe
le plus petit des pas maximaux de tous les chemins entre ces deux points. La distance de chaine
est une ultra-métrique. Cependant, la complexité du calcul de la distance de chaine est trés élevée :
lorsque le nombre d’objets de domaine Bste nombre de chemins possibles entre deux objets a
une complexité e@(n!).

Une autre solution pour dériver une ultra-métrique d’'une distance se base sur une propriété des
ultra-métriques :

Lemme 1. Dans un espace muni d’'une ultra-métrique, tous les triangles sont isoceles.

En utilisant cette propriété des ultra-métriques, on définit 'opération d'« isocelisation ». L'opération
d’'« isocelisation » transforme tout triangle en un triangle isocéle dans lequel les troisGatést
cs vérifientv(i, j,k) € {1,2,3}3, ¢ < sugcj, .

Définition 5. L'opération d'« isoceélisation » transforme

san-s
un triangle (a,b,c) tel qu 6(b’ 0 B CZ enuntrianglea,b,c), danslequek 6(a,c) =c,=c
)~ d(b,c) =c5=c2

C1<C2<C3

Si on applique I'opération d’« isocelisation » sur tous les triangles existant dans un Espaoé
d’'une distanced, tous les triangles deviennent isoceles. Une nouvelle distampeit alors étre
définie surlE comme suit : la distance entre deux élémentg dgesignés paa etb, est la longueur
du segmenfa,b] dans I'espace obtenu apres « isocélisation ». Il faut noter que la nouvelle distance
0 est une ultra-métrique.

L'algorithme suivant peut étre utilisé afin d’« isocéliser » 'espace

1. segments = listeTriéeDeTousLesSegments;
2. 1soSegments = nouvelle Liste();

3. nonIsoSegments = listeTriéeDeTousLesSegments;
4. tant que (nonIsoSegments.taille() !=0 ){
5. [a,b]=nonlIsoSegments.premierElement () ;
6. pour chaque CEA,C#a et C#b {

7. isocelisation(a,b,c);

8. }

9. isoSegments.ajouter([a,b]);

10. nonlsoSegments.supprimer ([a,b]);

11. nonlsoSegments.trier();

12. }
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La complexité de cette technique — &xin®) — est moindre que le calcul direct de la distance de
chaine.

L'opération de seuillage extrait diverses partitions d’'une classification selon un seuil. Deux con-
cepts sont nécessaires a la définition de I'opération de seuillage : le concepitdeu d’'une classe
et le concept delasse t-max

Définition 6. Le contenwd’une classeiod’une classification C est un ensemble d’objets de domaine,
notéContenug;).

e Pour les classes atomiques, le contenu d’'une classe est la classe elle-méme.

e Pour les classes complexes, le contenu d’'une classe est I'union des contenus de toutes e
classes contenues dans cette classe.

Définition 7. Pourt e R™, une classejest une classemax si et seulement si
di <tet—(dcjtelque¢Ccjetd <t),
ou d est la distance inter-classe de la classe ¢

Définition 8. Pour un seuilt donné, I'opération de seuillage €rée une partition Pde la classifi-
cationC. R est 'ensemble des contenus de toutes les classax deC. Formellement,

R = {Contenyc;), ou gest une classe t-m&x

Le choix du seuil permet de contrdler le niveau de détail de la partition obtenue. Plus le seuil est
élevé, moins le nombre de classes est important. Dans le contexte de I'analyse de négociations, ce
caractéristique de I'opération de seuillage est une propriété clef qui permet :

e divers niveaux d’analyse ; lorsque le seuil est faible, la partition créée se compose de nom:
breuses classes, ce qui représente une analyse détaillée. Lorsque le seuil est élevé, la partiti
se compose de peu de classes, permettant d’avoir une vue plus globale de I'aspect du process
de négociation analysé ;

e de se concentrer sur les parties les plus intéressantes ; en partant d’un niveau d’analyse éley
un négociateur peut sélectionner les classes qui I'intéressent particulierement. Ces classe
peuvent alors étre analysées plus en détail en utilisant un seuil plus faible.

Application de I'analyse multiaspect aux négociations
électroniques

Dans ce chapitre, un exemple d’application de I'analyse multiaspect aux négociations électronique
est présente. Dans cet exemple, trois négociateurs travaillent sur un contrat concernant la publicatic
d’'une nouvelle sur le site Web d’'une entreprise de publication sur Internet. Le contrat négocié es
un contrat de publication classique.

L'évolution du contrat, dans le cadre du modele de contrat multiversion, est présentée : I'arbre
des versions ainsi que les tables d’association des différentes composantes du contrat sont décrits
analysés.

Trois exemples d’analyses sont présentés en détail afin d'illustrer I'utilisation du mécanisme de
classification pour divers aspects et selon divers critéres de classification. La possibilité de choix di
niveau de détail de la classification est également présentée.
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Prototype de systeme de négociations électroniques

Un prototype, nomm&eSSypour Negotiation Support Systgna été construit afin de permettre

aux négociateurs de négocier des contrats complexes et d’effectuer diverses analyses du processus
de négociation. Le prototypgdeSSypermet de contrbler les négociateurs et les contrats. |l permet
également d’effectuer des analyses du processus de négociation pour divers aspects et selon divers
critéres.

Trois modules peuvent étre distingués : un module pour les contrats multiversions, un générateur
de domaines d’'analyse, et un générateur de classifications.

Le module pour les contrats multiversions se compose d’un gestionnaire et d'un éditeur. Le ges-
tionnaire est responsable de la création et la destruction des négociateurs et des contrats. L'éditeur est
responsable de la dérivation de nouvelles versions du contrat, ainsi que de I'édition de leur contenu.

Le générateur de domaines d’analyse est responsable de la compilation et de I'exécution des ADF.
Le générateur est également responsable de la compilation des documents XML définissant les mé-
taObjets. Enfin, le générateur fournit une implantation du mocdedu langage ADL.

Le générateur de classifications est responsable de la création des classifications de métaObjets
selon un critére d’analyse. Il est également responsable de la délégation de I'exécution des critéres
d’analyse au générateur de domaines d’analyse.

Conclusion

L'approche de I'analyse multiaspect des négociations électroniques qui est présentée dans ce meé-
moire résout le probleme des négociations de masse par Internet, permettant a un grand nombre de
négociateurs dispersés géographiquement de travailler sur des contrats complexes.

Deux idées sont a la base de cette approche : premiérement, des vues synthétiques du proces-
sus de négociation sont nécessaires dans les négociations de masse de contrats complexes car la
guantité d’informations est tres grande, deuxiemement, les relations entre les propositions et contre-
propositions sont des informations qui peuvent étre analysées plus facilement que le contenu des
clauses du contrat, les attributs du contrat pouvant étre quantitatifs et leur sémantique n’étant pas
toujours connue.

Dans l'approche de I'analyse multiaspect, les contrats peuvent contenir des attributs aussi bien
guantitatifs que qualitatifs dont la sémantique n’est pas toujours connue. De tels contrats sont pré-
dominants dans le monde du commerce. Le modéle de contrat proposé n’impose aucune limitation
en ce qui concerne la structure des contrats et permet la construction de nouvelles structures de
contrat basées sur le modéle de contrat multiversion proposé.

Ce modeéle introduit un mécanisme de gestion de versions au sein du processus de négociation.
Ce mécanisme permet de s’affranchir du probléme de I'extensibilité concernant le nombre de né-
gociateurs. Le modéle d’édition de contrat est un modéle paralléle qui est trés extensible, chaque
négociateur travaillant de maniere isolée sur ses propres versions de travail uniquement. De ce fait,
un nombre arbitraire de négociateurs peut participer au processus de négociation. Le mécanisme de
gestion de versions introduit également les tables d’association qui modélisent les relations entre les
propositions et les contre-propositions.
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L'approche proposée fournit également aux négociateurs des outils d’analyse du processus
négociation. Le mécanisme d’analyse a pour but de réduire la grande quantité d’informations créé
durant le processus de négociation. Des vues synthétiques du processus de négociation permett
aux négociateurs de comprendre aisément divers aspects d’'une négociation et de se concentrer sur
parties les plus intéressantes. Une analyse se compose de deux parties : tout d’abord, il convient
définir 'aspect de la négociation a analyser, puis de choisir le critére d’analyse. Cette décompositiol
permet une meilleur factorisation des analyses, un aspect de la négociation pouvant étre analysé sel
divers critéres, et un critére donné pouvant étre utilié pour classifier divers aspects.

Trois techniques sont utilisées dans I'approche de I'analyse multiaspect : un modéle de contra
multiversion, une technique de création de domaines d’analyse, et un algorithme de classification d
ces domaines. Chacune de ces techniques est intéressante en elle-méme, mais la combinaison de
trois techniques constitue une approche qui est particulierement flexible et riche en fonctionnalités
les tables d’associations peuvent étre analysées, méme lorsque la sémantique des clauses est inc
nue, puisque les tables d’association modélisent certains aspects du processus de négociation et
s’appuient pas sur le contenu des clauses.

Les résultats principaux de cette these sont les suivants :

¢ |dentification et évaluation des approches existantes a la problématique des négociations éle
troniques, des algorithmes de classification hiérarchique automatique, et des techniques d
gestion de versions ;

e Développement d’'un modéle de contrat multiversion qui permet de modéliser I'évolution du
contrat au cours du processus de négociation. Ce modele capture les relations entre les divers
propositions et contre-propositions. La structure du contrat est orthogonale au mécanisme d
gestion de versions ;

e Développement d’un nouveau langage de programmation, appelé ADL, qui permet de définir
des fonctions qui générent des objets de domaines modélisant divers aspects du processus
négociation ;

e Développement d’'un mécanisme de classification hiérarchique qui crée des vues synthétique
du processus de négociation. Ce mécanisme utilise ADL pour définir les criteres d’analyse.
L'aspect hiérarchigue des vues synthétiques permet aux négociateurs de choisir la finesse ¢
'analyse ;

e Un exemple d’application de I'analyse multiaspect aux négociations électroniques permettan
une meilleure compréhension du modéle de contrat multiversion et du mécanisme d’analyse

¢ Implantation d’'un prototype de NAO se composant d’'un module de contrat multiversion, d’'un
compilateur ADL et d’un génerateur de classification.

Une propriété importante de I'approche multiaspect est son extensibilité. L'extensibilité est une
exigence pour le mécanisme de classification. De nouvelles facettes du processus de négociati
peuvent facilement étre analysées grace a l'utilisation d’ADL pour extraire et classifier les don-
nées modélisant ces nouvelles facettes. Le modele de contrat multiversion est également extensit
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grace au fait que la structure des contrats n’est pas figée. Aussi, des structures complexes de con-
trat peuvent étre construites en utilisant les concepts de composantes multiversions et composantes
composites proposés dans le modéle de contrat multiversion

L'approche de I'analyse multiaspect des négociations électroniques ouvre de nouvelles perspec-
tives de recherche. Un exemple intéressant est I'application de I'approche proposée au domaine
de linformatique nomade (ang. « mobile computing »), permettant a des négociateurs mobiles,
éventuellement déconnectés, d’analyser le processus de négociation. Le modéle de contrat multiver-
sion proposeé capture diverses facettes importantes du processus de négociation dans des structures
de faible taille — les tables d’association. Ces structures peuvent étre transmises de maniere effi-
cace par des réseaux a bande passante limitée et peuvent étre stockées dans les appareils limités en
mémoire, tels que les téléphones portables et les PDA. Les négociateurs peuvent alors analyser cer-
tains aspects du processus de négociation sans étre obligés de télécharger completement le contrat
multiversion.

Un autre exemple est I'utilisation d’agents logiciels. Des modeles comportementaux, basés sur le
mécanisme d’'analyse, peuvent étre construits. Des modéles psychologiques et sociaux du comporte-
ment des agents de négociation peuvent s'appuyer sur les données résultant de I'analyse de plusieurs
aspects du processus de négociation. Le probléme des ontologies est miminisé dans ce cas, puisque
la signification associée a divers aspects du processus de négociation est inclus dans les ADF.

Une autre direction de recherche intéressante est l'utilisation de I'approche proposée dans tout
domaine d’application dans lequel une importante quantité d’'informations existe et évolue dans le
temps. La gestion de configuration logicielle est un bon exemple d’'un tel domaine d’application.
L'évolution du code source pourrait étre modélisée a lI'aide du modele de contrat multiversion,
capturant les relations entre les diverses versions du code source. Le mécanisme d’analyse pour-
rait représenter un grand pas en avant dans le processus de développement logiciel, permettant aux
développeurs d’avoir une meilleure compréhension du projet dans sa totalité, et ce sous différents
aspects.
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Abstract

In the era of delocalization and globalization of economy, companies need to negotiate at a globa
scale. The high costs related to face-to-face meetings can be reduced by the use of the Internet a:
communication medium. New tools are, however, needed to allow contractors, both from multina-
tional enterprises and from SMEs, to negotiate efficiently in this highly concurrent environment, in
which the number of negotiators working on a given contract is potentially unlimited.

The existing e-negotiation approaches — negotiation models for electronic market design, agent
based negotiation models, and computer support for negotiation — provide methods of reducing
the cost of negotiation processes. By the use of these approaches, major part of the negotiatic
process is automated, so the number of face-to-face meetings is significantly reduced. However, u
to date, these approaches have been mainly focused on auctions. In the case of auctions, contra
are semantics-enabled, i.e. the meaning of their various elements and clauses is known. Scalabili
with regard to the number of negotiators is a requirement that may be easily observed.

A real challenge in the area of e-negotiations consists in building negotiation support systems tha
allow a high number of negotiators to work on real-life contracts, i.e. containing both aggregable
attributes (e.g. price, quantity, etc.) and non-aggregable attributes (e.g., legal clauses, appendice
quality clauses, etc.). Such a negotiation support system requires tools that provide negotiators wit
synthetic views of the negotiation process. In mass electronic negotiations, due to the high numbe
of negotiators, the amount of data generated during a negotiation process is so large that a negotiat
is unable to analyze them without a proper support.

In this dissertation, an approach, calleullti-facet analysis of e-negotiatipis presented that
enables various aspect of a negotiation process to be analyzed. In this approach, three new techniqu
are proposed: first, a multiversion contract model used to represent the negotiation process ar
to capture the relationships between offers and counter-offers; second, analysis domains, whic
consists of domain objects modeling various facets of a negotiation process, and finally, classificatiol
of domain objects, which provide negotiators with hierarchical synthetic views of analysis domains.

A multiversion contract consists of various versions of the contracts, reflecting various propo-
sitions made by negotiators during the negotiation process. The multiversion contract model is &
parallel edition model, so each negotiator works on her/his own contract versions. Therefore, Nnc
bottleneck occurs due to concurrency control, and the scalability with regard to the number of ne-
gotiators is arbitrarily high. In the multiversion contract model the structure of contract versions is
not defined, instead versioning mechanism is defined. As the contract structure is orthogonal to th
versioning mechanism, new contract models may be built on the top of the proposed multiversior
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contract model. The versioning mechanism is based on the concagsatiation tablegvhich are
entities capturing the relationships between various offers and counter-offers.

A new language — calledDL — has been designed to generate analysis domains. The ADL
language allows to define various aspects of a negotiation process as domain objects, and to define
functions retrieving domain objects, call&dDF. The ADL language offers programming concepts
known from procedural languages like loops, conditions and variables. The ADL language is inher-
ently extensible, allowing new domain objects and functions retrieving them to be added.

The goal of the classification mechanism is to provide a synthetic view of a facet of the negotiation
process, generated by an ADF. As domain objects may model complex views of a negotiation process
facet, while the interests of a given negotiator may be different from those of another negotiator,
several analyses may be performed on the same domain objects. Classification of domain objects
may be processed according to various analysis criteria. Analysis criteria are also defined in the
ADL language. A classification is hierarchical, which allows negotiators to have different levels of
detail and to focus efficiently on the elements of their highest interest.

Theoretical results presented in this dissertation have been validated by implementation of a pro-
totype negotiation support system.
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Streszczenie

W dobie globalizacji gospodarki, przedsigbiorstwa musza prowadzjocjacje w skali globalnej.
Wysokie koszty zwiazane z beZgrednimi spotkaniami osobistymi mogad®mnacznie zmniejszone
dzieki uzyciu Internetu jako medium komunikacyjnego w procesach negocjacji. Potrzebne sa jednal
nowe narzedzia programowe, aby umoztimiegocjatorom, zaréwno z miedzynarodowych korpo-
racji, jak i z matych iSrednich firm, skuteczne negocjowanie w tych nowych warunkach.

Obecnie gtéwnym obiektem bailav dziedzinie elektronicznych negocjacji sa licytacje. Kon-
trakty negocjowane w formie licytacji sa charakterystyczne w tym sensie, ze magarkaese-
mantyke, czyli ze znaczenie poszczegolnych ictscizeklauzul jest znane. W przypadku licytaciji
skalowaln&C w rozumieniu liczby negocjatorow nie jest wymaganiem trudnym do spetnienia ze
wzgledu na prosta komunikacje.

Prawdziwym wyzwaniem stojacym przed technikami elektronicznych negocjaciji jest zbudowanie
systeméw komputerowego wspomagania negocjacji, ktore umozliwityby duzej liczbie negocjatoréw
negocjowanie przez siesskomplikowanych i rozbudowanych kontraktow. Kontrakty te moga zawie-
raC atrybuty mierzalne (np. cene, #oitp.), oraz niemierzalne (np. klauzule prawne, zataczniki
itp.). Zbudowanie takiego systemu wymaga nowych narzedzi teoretycznych, ktére pozwolityby
na automatyczne generowanie syntetycznych obrazow procesu negocjacji. Z powodu duzej liczb
negocjatoréw il& danych wygenerowana w trakcie procesu elektronicznych negocjaciji jest bowim
tak duza, ze cztowiek bez odpowiedniego wspomagania nie jest w stanie ié) altygn bardziej
przeanalizowa.

W tej rozprawie przedstawiono podeje, nazywanwieloaspektowa analiza elektronicznych ne-
gocjacji, ktére umozliwia analize procesu elektronicznych negocjacji. Na to podefgkiadaja
sie trzy nowe techniki. Po pierwsze, opracowano model wielowersyjnego kontraktu, ktory do-
brze reprezentuje proces negocjacji i odzwierciedla zwiazki miedzy kolejnymi ofertami. Po drugie,
wprowadzono pojecie dziedziny analizy, bedacej zbiorem obiektéw modelujacych rézne aspekty
procesu negocjacji. Po trzecie, zaproponowano metode klasyfikacji oparta na analizie dziedzin
Metoda ta umozliwia tworzenie syntetycznych hierarchicznych obrazéw dziedzin analizy na potrzeby
negocjatoréw.

Wielowersyjny kontrakt sktada sie z wielu wersji kontraktu, odzwierciedlajacych oferty negoc-
jatoréw w trakcie negocjacji. Zaproponowany model wielowersyjnego kontraktu jest modelem
rownolegtym, w ktorym kazdy negocjator pracuje tylko nad swoimi wersjami kontraktu. Dzigki
temu nie ma waskiego gardta wynikajacego z zarzadzania wspoétisigana skalowalrt w odnie-
sieniu do liczby negocjatorow jest wysoka. W modelu wielowersyjnego kontraktu nie zdefiniowano
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statej struktury wersji kontraktu, tylko mechanizm wersjowania. Struktura kontraktu jest ortogo-
nalna do mechanizmu wersjowania. Mozna zatem buda¥eavolne modele kontraktu bez zmia-
ny zaproponowanego modelu kontraktu wielowersyjnego. Podstawa mechanizmu wersjowania jest
koncepcjaablic zwiazkowktére odzwierciedlaja powiazania miedzy kolejnymi ofertami negocja-
torow.

Dziedziny analizy sa generowane za pomoca zaprojektowanego w tym celu jeykalezyk
ten umozliwia definiowanie r6znych aspektow procesu negocjacji jako obiektéw dziedzin i definicje
funkcji, nazywanychADF, generujacych te obiekty. Jezyk ADL zawiera struktury programistyczne
znane z proceduralnych jezykow programowania, takie jak petle, wyrazenia warunkowe i zmienne.
Jezyk ADL jest z zatozenia rozszerzalny. Pozwala na dodawanie nowych obiektéw i funkcji ADF.

Celem mechanizmu klasyfikacji jest tworzenie syntetycznych obrazéw réznych aspektow pro-
cesu negocjacji, ktére sa modelowane przez obiekty generowane przez ADF. Poniewaz obiekty
moga modelowa skomplikowane aspekty procesu negocjacji, a zainteresowania jednego negocja-
tora moga sie znaczaco rozrod zainteresowadrugiego, jest mozliwe wykonywanie wielu analiz
jednego aspektu. Klasyfikacja obiektow dziedziny mozé dgkonywana wedtug réznych kry-
teridw analizy. Kryteria analizy sa rowniez definiowane w jezyku ADL. Klasyfikacja jest hierar-
chiczna, co pozwala negocjatorom wybierazne poziomy szczegétowo. Hierarchiczna klasy-
fikacja pozwala negocjatorom sk@mie nad aspektami interesujacymi ich w danym momencie ne-
gocjacji.

Wyniki teoretyczne przedstawione w rozprawie zostaty potwierdzone praktycznie w zaimplemen-
towanym prototypie systemu wspomagania elektronicznych negocjaciji.
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CHAPTER1

INTRODUCTION

Negotiation is a fundamental act in business. Every business transaction is basing on a contra
that has been previously negotiated. In the context of economy globalization, companies need t
negotiate at a global scale. Distributed negotiations are needed not only for multinational enterprise
spread in many countries, but also for small and medium enterprises, which are working more anc
more in an international environment. However, classical ways of conducting negotiations are no
well adapted to distributed negotiations. People involved in a negotiation process are used to pel
sonally meet to exchange information and to confront their interests and goals. Personal meeting
are, however, costly in terms of time and money, as well as difficult to organize, in particular if
negotiators work in different countries. In classical negotiations only a small number of participants
are involved.

With the rise of Internet, geographical location of negotiators becomes unimportant. Internet al-
lows a potentially unlimited number of negotiators from the whole world to negotiate on a given
contract. As economical actors are more and more interconnected, and the amount of informa
tion exchanged between actors is higher and higher, data overflow threatens these new economic
models. In the field of contracting, when the Internet gives the possibility to connect a potentially
unlimited number of actors, the amount of data generated by the negotiation process is too high t
be understood by humans. Now, the problem is the organization and the management of remot
negotiations conducted by a high number of negotiators. New tools are needed to allow contractor:
both from multinational enterprises and from SMEs, to negotiate efficiently in this highly concurrent
environment.

Three approaches which aim at providing such tools may be distinguished: negotiation models
for electronic market design, agent-based negotiation models, and computer support for negotiatior

Negotiation models for electronic market design have been build to understand what are the mect
anisms involved in negotiations. In these models, the result of the negotiation is predicted on the
basis of each contractors preferences and the rules of games, determined by the negotiation tyj
(English, Dutch, Vickrey, first-price sealed-bid auctions, etcl [35]).

In agent-based negotiation models, the responsibility of the negotiation is delegated from a huma
negotiator to a computer. In such case we talk about automated negotiations. The negotiation is sa
to be fully automated if negotiation is conducted by software agents without human intervention in
the whole negotiation process.

The approach consisting of computer support for negotiation gave birth to negotiation support
systems (NSS). These systems are designed to assist negotiators in reaching mutually satisfactc
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decisions by providing means of communication and analysis of available information.

The three approaches mentioned above reduce the costs of negotiation processes, because they
provide automation of a major part of the negotiation process. As a result, the number of face-to-
face meetings of negotiators is reduced. However, these approaches mainly focus on auctions. In
auctions, contracts are semantics-enabled, i.e. the meaning of various elements or clauses is well
determined and commonly known.

A real challenge in the area of electronic negotiation consists in allowing a high number of nego-
tiators to work on real-life contracts, i.e contracts containing both aggregable attributes (e.g. price,
guantity, etc.) and non-aggregable attributes (e.g., legal clauses, appendices, quality clauses, etc.).
Such electronic negotiations mirror both semantics-enabled and non-semantics-enabled classic con-
tract negotiations. These electronic negotiations take advantage of the features of electronic media
— the number of negotiators may be unlimited and they may be arbitrarily dispersed. However, ne-
gotiation support systems are required to facilitate mass negotiation processes conducted via the net.
Without such support systems, mass, remote negotiations are difficult to imagine. The requirements
for such negotiation support systems are the following:

e contracts do not have to be semantics-enabled,
e contracts may contain both aggregable and non-aggregable attributes,

e the number of negotiators is not limited.

Negotiation models for electronic market design and agent-based negotiation models directly address
the last requirement only. These models, however, do not address the two first requirements listed
above. On the contrary, negotiation support systems address the first requirement, some NSS address
also the second requirement. These systems, however, are non-scalable, i.e. they do not address the
last requirement.

In the case of multi-attribute contracts with both aggregable attributes and non-aggregable at-
tributes, automated humanless negotiations are not a viable solution. Software agents, as we know
them today, cannot operate on non-aggregable attributes, because of the lack of semantics concerning
these attributes. Negotiations on such contracts must be conducted by humans. However, humans
without a proper support are unable to deal with negotiations involving high number of negotiators.
The amount of data generated during such a negotiation process is too high to be understood by
humans. Therefore, negotiation support systems facilitating mass negotiation processes conducted
via the net, must provide negotiators with synthetic views of the negotiation processes.

In this dissertation, an approach to the above problem is presented, mailedacet analysis of
e-negotiations The proposed solution consists of a multiversion contract model and a multi-facet
hierarchical analysis mechanism basing on ultrametrics. The proposed multiversion contract model
captures the evolution of the negotiated contract and the relationships existing among offers and
counter-offers. The multi-facet hierarchical analysis mechanism provides multiple synthetic views
of the negotiation process. A synthetic view is a hierarchical classification, which allows negotiators
to have various levels of detail and to focus efficiently on the elements of the highest interest.
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The thesis of this dissertation can be formulated as follows:

Multi-facet analysis of contract versions provides

negotiators with synthetic views of the e-negotiation proces

This dissertation is composed of ten chapters.

In Chapter 2, definitions of basic notions are presented. Both definitions of a contract and of a
negotiation are given.

Chapter 3 contains an overview of the current state of the art in the domains related with this dis-
sertation. First, existing approaches to e-negotiations are described. Second, automatic hierarchic
classification algorithms are presented. Finally, a review of existing versioning techniques is given.

In Chapter 4, first, the limitations of the current e-negotiation approaches are analyzed in detail
Then, the concept of the multi-facet analysis of e-negotiations approach is presented.

Chapter 5 is devoted to the contract model. First, the concept of the contract model is given.
Then, contract version tree is described in detail. Next, multiversion members are described an
the contract version management concepts are discussed. Finally, detailed specification of the fo
operations on multiversion members — reading, updating, deletion, and creation — is provided,
followed by a description of composite multiversion members.

Chapter 6 provides description of analysis domains. First, the concept of domain objects is de
fined. Then, formalization of analysis domain functions (ADF) is given. Finally, detailed specifica-
tion of the analysis domain language is provided.

Chapter 7 is devoted to the classification of domain objects. First, the concept of parametric
analysis is defined. Then, formalization of analysis criteria as ADFs is given. Finally, classification
is described: classification structure is formalized, classification generation is discussed, and th
threshold operation which creates partitions from classification is presented.

Chapter 8 provides a complete example of the application of multi-facet analysis to e-negotiation.
First, a negotiation process is presented. Then, the contract evolution is given. Finally, three exam
ples of analysis are discussed.

The NeSSyprototype that proves feasibility of the multi-facet analysis approach is presented in
Chapter 9. First, the prototype is described from a user’s point of view. Then, architecture of the
NeSSyrototype is discussed. Finally, presentation of implementations of theXte@&8ynodules
— contract model module, analysis domain module, and classification model module — is provided.

Chapter 10 concludes the dissertation.
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CHAPTER 2

BASIC NOTIONS

2.1 Contract

The notion of contract is complex. Many definitions of a “contract” exist, depending on the applica-
tion domain and/or localization.
The Merriam-Webster’s Collegiate Dictionary gives the following definition of a “contract”:

a binding agreement between two or more persons or parties; especially: one legally
enforceable.

The above definition is the basis for legal definition of contracts. The agreement as the core o
most contracts is a set of mutual promisglausedin legal terminology — €onsiderations). The
promises made by the parties define their rights and obligations. Contracts may be divided intc
express or implied. Aexpressontract is one whose terms of the agreement are openly uttered and
avowed at the time of makingmplied contracts are such as reason and justice dictates, as well as
those the law presumes every man undertakes to perform.

Parties who enter into contracts can rely on them in structuring their business relationships, be
cause contracts are enforceable. The law of contracts is a society’s legal mechanism for protectin
the expectations that arise from the making of agreements for the future exchange of various type
of performance, such as the conveyance of property (tangible and intangible), the performance ¢
services, or the payment of money. Contract laws are defined separately in each country. In mo:s
countries of Europe, the Civil Code defines the frame for contract establishment and legal enforce
ment. In the USA, the Uniform Commercial Code (UCC) applies to commercial transactions (with
a few exceptions, as for instance transactions in real estate). The UCC is commented in the Restat
ments of Contracts of the American Law Institute. In an international context, the Convention on
the International Sale of Goods (CIST), created in 1980 under the auspices of the United Nation:
Commission on International Trade Law (UNCITRAL), is the reference for the sale of goods in
transactions in which consumers are not implied.

Definitions of valid contracts in various contract laws are very similar:

¢ In France, the elements of a valid contract are (1) mutual assent, (2) cause, (3) capacity of th
parties, and (4) a lawful object [28],

e Inthe U.S., the elements are (1) mutual assent, (2) consideration, (3) capacity of the parties
and (4) a lawful object [2].
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As a consideration defines a cause, the common denominator of these definitions is:

e mutual assent,
e consideration,
e capacity of the parties,

¢ a lawful object.

In this dissertation, only express contracts are taken into account, because implied contracts cannot
be an object of negotiations. It is assumed that contracts exist in an electronic format. The elements
of a contract that are considered are mutual assent and considerations. Capacity of the parties and
lawful object requirements are not considered, because they cannot be checked by an information
system.

No restrictions are set on clauses. Clauses may concern both measurable considerations (e.g. a
price or a delivery date) and unmeasurable considerations (e.g. a warranty or non-disclosure clauses).

2.2 Negotiation
According to the Merriam-Webster’s Collegiate Dictionary, negotiation is:
the process of reaching an agreement by conferring or discussing.

Various classifications have been proposed in the literature to precise the notion of negotiation,
among others, the following ones being orthogonal to one another:

e classical negotiations vs. electronic negotiations,
e distributive vs. integrative negotiations,

e multi-attribute vs. single-attribute negotiations.

Moreover, in this dissertatiofiew-personsegotiations are distinguished framass negotiations

A negotiation iselectronic— often shorten te-negotiation— if negotiation tasks (e.g. offer
proposal, counter-offers) are performed in a written form via an electronic medium. If contracts are
exchange via an electronic medium (e.g. via email or fax), but negotiation tasks are performed in
a classical way (i.e. via phone or during face-to-face meeting), the negotiation is not an electronic
negotiation. If offer proposals and counter-offers are performed via phone, the negotiation is not
electronic, because the used form is not written.

A negotiation isdistributive if a gain of one negotiator is a loss of another one. Distributive
negotiations are also referred &wi-losenegotiations. A negotiation imtegrativeif the gain is
spread among negotiators. Integrative negotiations are also refemaa-asn negotiations.

In the case of aingle—attributenegotiation, only one consideration (e.g. price) is negotiated.

A common example of single attribute negotiations are auctions. In the casmoltiaattribute
negotiation, many considerations are to be negotiated. Multi-attribute negotiations are divided into
homogeneous and heterogeneoushdmogeneousegotiations, all considerations are of the same
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type (e.g. the price of two items are negotiated), whilbeterogeneousegotiations, considerations
can be of different type (e.g. the price of an item and the warranty associated).
A negotiation ismassif the number of negotiators is high, i.e. if it is greater than the maximum

number of persons able to have a mutual discussion in one room. This number is subjectively eque
to 20.

In this dissertation, considered negotiations are:

e both distributive or integrative,

e multi-attribute, potentially heterogeneous, and

e Mass.
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CHAPTER 3

RELATED WORKS

3.1 e-Negotiation Approaches

Many works have been done in the research area of e-negotiations [58]. These works can be divide
in three groups:

e electronic market design,
e agent-based negotiation models,

e computer support for negotiation.

3.1.1 Negotiation Models for Electronic Market Design

With the growth of electronic commerce, the design of electronic market became an important issue
As a consequence, many works have been done to understand what are the mechanisms involved
negotiations. The result of these works are negotiation models based on the game theory [3].

In game-theory models [58, 51], the negotiation process is modeled as a decision making proces
under uncertainty. Using the utility theory [87], the result of the negotiation is predicted on the basis
of each contractor’s preferences and the rules of the games, given by the negotiation type (Englist
Dutch, Vickrey, first-price sealed-bid auctions, etc.) [91].

The most investigated auction model is #yenmetrical independent private values (SIR\ddel.

In the SIPV model it is assumed that all contractors are egyahifhetricgl and do not depend one
another. Each contractor has her/pisvate valuefor the good being negotiated. Contractors are
consideredisk neutral i.e. contractors’ negotiation strategy is not influenced by the risk an offer
or a counter-offer may represent for their gain in the negotiation process. The more interesting
characteristic of the SIPV model is that the payoff is the same if the negotiation type is English,
Dutch, Vickrey or first-price sealed-bid auctions.

Another interesting model is theommon valuenodel in which it is assumed that contractors
have their own private values and one or more external information, such as the market price for the
good or other contractors’opinions. Under these conditions the winner frequently bids more than
the good’s true value. This phenomenon is referred to asvtheer’'s curse The common value
model demonstrates also that contractors should shade their bids as the winner is always the ot
who provides the most optimistic estimation of the good’s value.
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3.1.2 Agent-based Negotiation Models

Autonomous interacting software agents have been applied to automated negotiations in the area
of electronic commerce. One talks about automated negotiations when a negotiation is performed
by computers. A negotiation is said to be fully automated if there is no human intervention in the
negotiation process.

Topics involved in automated negotiations are the following [39]:

e establishment obntologiesdefined as agreements among the negotiators about how the ne-
gotiation objects are defined and what is the meaning of these definitions;

e negotiation protocols defining types of participants, valid actions, negotiation states, and
events that cause negotiation states to change;

e decision-making modelghat are used by software agents to achieve their goals.

The above topics became independent areas of research.

Ontologies

An ontology is an agreement among the negotiators (humans or software agents) concerning the
semantics associated with terms in a given area of knowledge. An ontology can be formalized by
providing definitions of:

e classes in the domain of interest,
e relationships among classes, and

e properties (or attributes) of classes.

Ontologies are needed to remove (or, at least, to limit) misunderstanding originating from vague
term definitions. A classical example of term ambiguity is the date formatting. In the United States
of America, the date 01/02/03 is th& ®f February 2001, while in Europe, it is thé df February

2003. Another example is the definition of the price for many pieces of a given item. Consider
the sentence “3 pairs of shoes, for 20 euros”. Does it means that each pair of shoes costs 20 euros
or does it means that for 20 euros you can buy 3 pairs of shoes? An ontology may clearly define
the meaning of each term of the previous sentence to remove ambiguity. Moreover, ontologies may
define relationships between classes. In a ontology, relationships may for instance define synomyms
(e.g. shoe and footwear) or generalization (e.g. shoe is a generalization of moccasin). Having such
a set of interrelated definitions, an agent can accept an offer for mocassins, while it was searching
for shoes.

Two main problems concerning ontologies are: first, the establishment of ontologies for a given
domain, and second, reasoning on relationships between terms. Currently, establishment of on-
tologies is based oRDF (Resource Description Framework), event if XML Schemas([76, 26] and
UML [20] 68] have also been proposed as candidates to the design of ontologies. The RDF format is
a standard established by the W3C Consortium([48, 34]. RDF defines a format to describe resources.
The format is based ofsubject, predicate, object¥iplets, calledstatements A subjectis a class
in the ontology vocabulary. Aredicateis a property name, while ambjectis a property value in
the ontology vocabulary. Relationships between classes are modeled in RDF as special properties:
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a refinement of a class is for instance defined bysthigClassOfproperty. The RDF Schema Spec-
ification [12] defines a set of resources (including classes and properties), and constraints on the
relationships.

An object can be an RDF statement, which allows to build complex sentences, in which statement:
about statements are defined. As an example, consider the sentence “an offer includes a pair of boo
which are a special kind of shoes”. This sentence may be split into two simpler sentences: “an offel
includes a pair of moccasins” and “moccasins are a special kind of shoes”. The overall sentence ma
be described in RDF as follow:

<rdf:Description ID="Shoe">
<rdf:type resource="http://www.w3.0rg/2000/01/rdf-schema#Class"/>
</rdf:Description>

<rdf:Description ID="Moccasin">
<rdfs:subClassOf rdf:resource="#Shoe"/>
</rdf:Description>

<rdf:Description ID="Offer">
<offer:includeltem rdf:resource="#Moccasin"/>
</rdf:Description>

In this exampleOffer is a subjectjncludeltemis a predicate, and theferenceto Moccasin is an
object. The relationship betwedmoccasinand Shoeis defined in the second statemektoccasin
is defined as a subclass $hoe

However, users have expected more from RDF and RDF Schema, including data types, a cor
sistent expression for enumerations, and other facilities. Logicians, some of whom saw RDF as :
possible tool for developing long-promised practical Al systems, have deplored the rather poor se
of facilities provided by RDF.

In response, the DARPA Agent Markup Language (DAML)/[21] sprang from a U.S. government—
sponsored effort in August 2000, including DAML-ONT — a simple language for expressing more
sophisticated RDF class definitions than permitted by RDFS. The DAML group soon started co-
operation with the Ontology Inference Layer (OIL) [54] — another project that provides more
sophisticated classification mechanisms based on constructs from frame-based Al. As result, th
DAML+OIL language was elaborated to allow expression of far more sophisticated classifications
and properties of resources than RDFS. The most recent release of DAML+OIL is that of March
2001 [22], which also includes facilities for data typing based on the type definitions provided in the
W3C XML Schema Definition Language. The DAML+OIL specification and its relationship to RDF
and RDFS are also available as a series of W3C nptes [86, 19,127, 18]. Currently, the newly com
missioned Web Ontology (WebOnt) Working Group|[89] is working on a new ontology language,
with DAML+OIL as its basis.

Reasoning on relationships between terms, and more generally on ontologies, is currently an activ
research field. The main stream takes place under the umbrella of the Web Semantics!effort [9]
supported by the W3C consortium. The Web Semantics aims at allowing software agents to achiev
complex tasks on the Internet using RDF files. To enable software agents to deal with data availabl
on the Internet, not only ontologies are needed, but also equivalence relations between ontologie
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and a logical layer. Equivalence relations allow vocabulary extension, by merging ontologies and
mapping definitions from one ontology to other definitions in another ontology. As an example, an
ontology may define concepts “shoe” and “Nike shoe”, while another defines concepts “moccasin”
and “sport shoe”. An equivalence relation may merge these two ontologies into one ontology in
which “moccasin” is a subclass of “shoe” and “Nike shoe” is a synonym of “sport shoe”.

Logic layer allows reasoning on semantic data [8]. The RDF layer provides only assertion and
guotations (i.e. assertions about assertions). The logic layer consists of predicate logiot(end
operators) and quantification (e.fpr all(x), f(x)). The RDF model does define the form of a rea-
soning engine. The RDF logic mailing list provides a forum for technical discussion concerning the
design of logic-based languages for the use in the Web. However, up to date, there is no agreement
on standards in this domain.

Negotiation Protocols

Negotiation protocols define types of participants, valid actions, negotiation states, and events that
cause negotiation states to change.

Two areas of research may be distinguished: first, protocol definition frameworks, second, elabo-
ration of proprietary negotiation protocols, aiming at complete solutions to the negotiation process
and its context. Not only the negotiation itself is modeled, but also business processes that take place
before and after the negotiation proceS#kRoadis an example of a project defining a framework
for negotiation protocol definitiorKasbahandCosmosare two examples of projects defining their
own negotiation protocols.

The SilkRoadproject [75, 78] is an explorative project at IBM Zurich Research Laboratory. The
goal of this project is to facilitate the design and implementation of negotiation support systems for
specific application domains. THg&lkRoadproject provides the concept of Organization Design
Meta-Model (ODMM). The ODMM [ /7] allows the specification of the structures (roles) and be-
havior (protocols) of electronic negotiations with design building blocks. The design building blocks
represent the functionality of the underlying service components on a conceptual level. The under-
lying modeling paradigm is the concept of state charts. Roles are defined as the total of all possible
events an actor can raise. An agreement scenario represents all necessary roles and the protocol for
the complete agreement phase specification. The protocol constitutes all the rules in one scenario,
represented by valid states and transitions, which define how agents can achieve an agreement.

With the ODMM, theSilkRoadproject allows electronic market organizations or negotiation ser-
vice providers to generate customized negotiation support mechanisms for a broad range of agree-
ment scenarii, such as electronic auctions or agent systems.

Kasbah[16] is a project of the MIT Media Lab focused on a Web-based system allowing users
creation of autonomous agents that buy and sell good on their belka#bahis a marketplace
Users creatbuyingandsellingagents, depending on the role they want to play in the marketplace.
Users specify parameters to guide and constrain an agent’s overall behaviorKemstheshproject,
parameters concerning a sell are:

e desired date to sell the item by,

e desired price, and
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¢ the lowest acceptable price.
Parameters concerning a buy are:

e desired date to buy the item by,
e desired price, and

¢ the highest acceptable price.

TheKasbahproject is a multi-agent system (MAS). It defines a set of messages for communication
between buying agents, selling agents and the marketplace. Messages are used for selling and buyi
announcement, offers and counter-offers. The marketplace is designed to handle any type of agen
that support the defined set of messages.

Cosmog52,33] is a project within the Fourth Framework Programme of the European Union.
Cosmosstands for Common Open Service Market fOr SMEs. The project goal aims at an Internet-
based electronic contracting service that facilitates business transaction processes. The contracti
service enables its users to negotiate, sign, and settle electronic contracts across the Internet withc
leaving a uniform and flexible system environment.

The contracting process is split in three phases, namely, information, negotiation, and executior
phase. During the information phase, a broker assembles type-conforming offers, requests and co
tract templates, matching sellers’ offers to buyers’ needs. During the negotiation phase, contrac
proposals are exchanged between parties. Depending on the semantics of such a contract transt
it may either be considered aspeoposalor as anoffer. When all parties accept, the contract is
in an agreedstate and ready fasigning After all parties have signed the contract, the electronic
contracting service certifies it. Finally, the contraceiecutable The execution of the contract is
defined in the contract itself.

The Cosmogproject provides a set of software components to support commercial transactions:

e Online Marketplace Service. A number of offers, profiles and electronic contracts are avail-
able. They may be combined online to create of an individual contract. In many cases of B2C
applications, no further negotiation is required,;

¢ Online Contracting Service. This component facilitates contract negotiation between busines:s
partners. Negotiation support is required for B2B contracts with complex product and service
specifications;

e Electronic Notary. This module coordinates the signing procedure of electronic contracts.
Public key infrastructure services are used to ensure authenticity and non-repudiation of con:
tracts;

e Workflow Management System. A workflow-based control of task execution during the per-

formance phase of the contracts. In service-oriented sectors, this module helps to coordinat
fulfillment of contractually agreed obligations.
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Decision-Making Models

In agent-based contract negotiations, continuous market changing is an issue agents have to deal
with. Usually, agent behavior is static, as defined by its programmer. Changing markets require
agents to behave dynamically to provide the maximum benefits to contractors.

Learning agents may modify their behavior in response to the experience they gain from the in-
teractions with their environment. In recent years, research on software agents able to behave ratio-
nally has received a great attention. A theoretical basis of this research is the Belief-Desire-Intention
(BDI) model [65]. Agents in this model are assumed to have ceneintal attitudeof believe,
desire, and intention, representing information, motivational, and deliberative states of the agents
respectively. Within the frame of the BDI model, various kinds of agents can be distinguished:
blindly-committedagents which deny any changes to its beliefs or desires that would conflict with
their commitmentssingle-mindedagents which entertain changes to beliefs and drop its commit-
ments accordinglyppen-mindedigents which allow changes in both their beliefs and desires, and
drop their commitments if necessary.

Another solution to the problem of dynamically behaving agents is based on modular agent
model [82, 83]. In the modular agent model, different parts of agent behavior are modularized.
Agent responsibility is to retrieve a behavior appropriated to a given situation and to act as a media-
tor between the market and the retrieved behavior. To increase possibilities of dynamic composition
of agent behavior at the run-time, plug-in mechanism has been proposed. A plug-in mechanism
allows agents to delegate a part of their behavior to logical entities, galledins Agents can
adapt their behavior to different environments using various plug-ins appropriated to the situation
they face.

Finally, an important issue of automated negotiations is the problem of agent behavior in multi-
attribute negotiations, where the search space is usually complex and large. Classical agent-based
models are not able to deal with such negotiations. Genetic algoritims [5] may be used to solve
complex optimization problems of all contractors’ satisfaction for all attributes. In [84], genetic al-
gorithms are used to generate negotiation strategies, whilelin [47] to generate counter-offers. In [73],
genetic algorithms are used to provide an empirical evaluation of a range of negotiation strategies
and tactics in a number of different types of environment. The aim of this evaluation is to assess
operational benefits and drawbacks of a number of negotiation strategies! In [50], the usefulness of
agents employing a mix of tactics is demonstrated.

3.1.3 Computer Support for Negotiation

Negotiation Support Systems (NSS) are designed to assist negotiators in reaching mutually satisfac-
tory decisions by providing means of communication and analysis of available information. Two
aspects of negotiation support systems may be distinguished:

e preparation and evaluation systems, which provide decision support during the negotiation or
its preparation;

e process support systems, which provide communication means and, in some cases, mediation
mechanisms.

Preparation and evaluation system®vide tools to organize information, develop negotiation strate-
gies, and evaluate negotiation offers. To this end, techniques of the Decision Support Systems (DSS)
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are used. Most common methodologies are: Multiattribute Utility (MAU) representation and Arti-
ficial Intelligence-based (Al) approaches. The GENIE project [90] and the NEGOTEX priojéct [63]
are two interesting examples of the preparation and evaluation systems.

Process support systempsovides communication means for negotiators [15]. Process support
systems are used in the place of a negotiation table. The format of exchange between parties, ar
the dynamics and procedures of the negotiation processes are the basis of process support syst
design. Some process support systems provide computer-assisted mediation. In mediation systen
communications among parties are filtered by a mediator. The mediator prompts the parties towar
jointly optimal agreements.

The INSPIRE systeni [42, 43,144] is an interesting research project which provides both prepara
tion and evaluation tools, as well as process support. It is based on negotiation analysis. Its precu
sors were such negotiation support systems as Nego [41] and Negotiation Assistant [64]. INSPIRE
uses hybrid conjoint measurement for utility construction and discrete optimization. Conjoint anal-
ysis is simple and does not require any specific knowledge or skills from the users. In INSPIRE, the
negotiation process goes through three phases: pre-negotiation, negotiation, and post-settlement.
the pre-negotiation phase, the system analyzes the negotiation scenario and evaluates potential offe
Negotiators specify their preferences, which are then used by the system to build the negotiatior’
utility function. During the negotiation phases, the system provides negotiators with negotiation
history. Basing on the utility functions, the system also provides evaluation of offers submitted by
negotiators. When an agreement is reached, the system checks if there is not a better alternative th
the reached agreement. If there is such an alternative, the system presents it to the negotiators w
continue negotiations.

Another interesting approach to negotiation support systems has been proposed by Schoop at
Quix in [69]. It is a model that systematizes the meta-data about the negotiation process. Meta-dat
are information exchanged during the negotiation about the negotiation process itself. Meta-data ca
be a remark about some contract part, a refusal of some clauses, pure informational message, e
Meta-data are an essential part of negotiation and thus they must be taken into account by docume
management systems that are used to provide contract persistence. A system, named Doc.COM,
been developed on the basis of the proposed mbdgel [71, 70].

The speech act theory is the basis of the model proposed |in [69]. The speech act theory wa
published by John Searle in 1969 [72]. According to this theory, the minimal unit of an utterance is a
speech act. A speech act consists of the prepositional contents — such as pay two weeks after delive
— and of the illocutionary force, which describe the way the contents were uttered — a promise in
the former case. Searle classifies speech acts in five classes, regarding to the illocutionary forc
An utterance that represents a fact of the real world, such as technical characteristics of a car or
financial report, is amssertive An utterance that represent a speaker intention to perform an action,
e.g. a promise, is aommissive An utterance that represents a speaker attempt to get a listener to
perform an action, e.g. a request, iglieective An utterance that represents a speaker feeling or
psychological attitude, e.g. an apology, isexpressive An utterance that change the world, such
as a prisoner sentencing, isleclarative

The utterance classification can be used to introduce semantics in meta-data (message) exchar
during the negotiation process. In [69], a message consists of contents, type (illocutionary force
and timestamp. A message always has a reference to a contract version. A message can also be
answer to a previous message. In Figure 3.1, the message structure is illustrated. The DOC.COI
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arlswers
Timestamp
_ 1
Contract version Message Contents
Type

Figure 3.1:Message Structure in the DOC.COM system

model allows monitoring of contractual obligations and traceability of contracts, messages, and their
interrelations.

3.2 Automatic Hierarchical Classification Algorithms

The goal of any classification is to group items according to their proximity. The concept of proxim-

ity can be considered as the similarity between items. The more two items are similar, the closest they
are. A well-known classification is the classifications of animals provided by Linné and Lamarck. In
these classifications, two animals are in the same class (i.e. mammals) if they share some common
characteristics (i.e. they nurse their babies with milk).

3.2.1 Partition

More formally, the result of a classification of a geis apartition P of this set. Similarity between
items is expressed by a mathematical conceptpivalence relation

Definition 3.2.1. An equivalence relation X on a set A is a relation that is reflexiveéq € A, aR a),
symmetric{a,b € A a®b < bR a), and transitive'{a,b,c € A,a® b and bR c = aR c).

Examples of equivalence relations are: “have the same car” or “live in the same country”. An ex-
ample of an equivalence relation on natural numbers is#ieélation. The keyword of equivalence
relations is the word “same”.

Equivalence relations partition the universe into subsets (sometimes clalése

Definition 3.2.2. A partitionP of a set A is a collection of subs€t4y, ... A} such that any two of
them are disjoint (for any# j, AiA;j =0) and such that their union is A1 . n A = A).

Every element oA\ is a member of exactly one subset of the partiftorAssume that relatio®
is an equivalence relation on the getl et [a] denote the sefb € A|aR b}, whereac A.

Lemma 3.2.1.For a € A, the setga] constitute a partition of A.

Proof. Let assume that,b € A exist, where[a] # [b] and [a]([b] # 0. Letc be any element of
[b] — [@]. Letd be any element ofa] ([b]. First,a® d becausel € [a]. SeconddR b because
d € [b], andbR c because € [b] and R is symmetric. By transitivityd® c. Finally, by
transitivity, a® ¢, which means that € [a]. The last result is in contradiction with the fact that
c € [b] —[a]. Thus, for everya,b € A, either[a] = [b] or [a] N [b] = 0, which means that, for
ac A, the setda) constitue a partition oh. O
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Lemma 3.2.2. Any partition{Aq,...,A¢} of A defines an equivalence relation by letting laiff a
and b are members of the same A

Proof.
Reflexivity. Va € A, Ji € [1,...,K| such that € A;. Clearly,a anda are members of the same
Ai, which means thaR a.

Symmetry.If a®b, Ji € [1,...,k] such thata € Aj andb € A;. Also b anda are members
of A, and therefordR a.

Transitivity. Assume thaB® b andb®c. Thus, there exist, j € [1,...,k] such thata and
b are members of the samgandb andc are members of the samg. However, by definition
of a partition,b cannot be a member of two differeAt andA;. SoA; = Aj anda andc are
members of the san’g, provinga?k c. Il

By the proof of the two above lemmata, partitions and equivalence relations are exchangeable nc
tions.
3.2.2 Indexed Hierarchy

Let assume tha is a finite set. LetP(A) denote the set of all subsets/Af

Definition 3.2.3. A hierarchy# on A is a subset gP(A) such that:

Ac A, (3.1)
vacA, {a}eH, (3.2)
hinhy, = 0,
V(hy,hy) € H2, { or hy Chy, (3.3)
or hyChy.

Definition 3.2.4. An indexed hierarchy on A is a coul/, f), where# is a hierarchy and f is an
application from# to R* such that:

Vvae A, f({a}) =0, (3.4)
V(hy,hp) € H? hy C hy, hp#hy = f(hy) < f(hp). (3.5)

3.2.3 Ultrametrics

Definition 3.2.5. An ultrametric on a set A is an applicatignfrom Ax A toR™" such that:

V(a,b) € A2,  3(ab)=0=a=h, (3.6)
V(a,b) € A2, &(a,b) =d(b,a), (3.7)
V(a,b,c) € A%,  &(ab) < sugd(a,c),d(b,c)] (3.8)

Lemma 3.2.3. Considerd an ultrametric on a set A. The relatiaR 5, defined by
v € RT,aR 5,b < d(a,b) < & (3.9)

is an equivalence relation.
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Proof.
Reflexivity. Va € A,8(a,a) = 0. Therefored(a,a) < &g, which means thad a.

Symmetrylf aR 5 b, thend(a,b) < &g. By symmetry of ultrametricg)(a, b) = 8(b,a). There-
fore 8(b,a) < &g, which means thatR 5 a.

Transitivity. Assume thaBR 5 b andb® 5,c. Thus,d(a,b) < & andd(b,c) < d. Because
of equation 3.89(a,c) < sudd(a,b),d(b,c)] < suddo, dg] < dp,provingar s,C. O

As shown in Section 3.2.1, equivalence relations and partitions are exchangeable notions. Therefore,
let P(3p) denote the partition that consists of classes resulting from the equivalent retgtion

Lemma 3.2.4.Let A be afinite set. ¥ = Us,cr+ P(o), then# is a hierarchy.

Proof.
Let us show thaf € #. As A is finite, there exists a maximum distance between two of its
elements. The partition associated with the maximum distance is tle set

It is obvious thatva € A, {a} € # becausda} = P(0).

Finally, for the conditior: 3.3, consider some arbitrdmyandh, € #. Then, 3(60,66) €
R* such thah; € P(d),h; € 5?(6'0). If hynhy, =0, the condition is observed. Otherwise,
considera € hy Nhy. hy can be written ab; = {b € A|d(a,b) < &}. Respectivelyh, = {b e
A|d(a,b) < 3y}. If 8 < 3, thenhy C hy. Otherwiseh, C hy, which concludes the proof.[]

Lemma 3.2.5.Let f be an application fron/ to R*such that
Vhe #H, f(h)=min{dy|he P(&)}.
Then, the couplé#, f) is an indexed hierarchy.

Proof. Vae A {a} € P(0) = f({x}) = 0. Moreover, consider some arbitraryandh, € A, such
thath; C hp andh;y # hy. Considera being a member df;. Therefore:

{80 |h1 € P(80)} C {So[h2 € P(30)},

and then
min{dp | h1 € P(80)} < min{dg|hz € P(dp)}.
So, f(h1) < f(hp). Moreoverh; # hy andh; C hy implies that there exists an eleménwhich
is a member ohy but not a member dfi;. Considera € hynhy. Then,
f(hy) <d(a,b) < f(hy),
which means that (h;) < f(hy). O

Lemma 3.2.6. Consider an indexed hierarchy, f). An applicationd from Ax A to RTis an

ultrametric if

V(a,b) € A2,5(a,b) = Eniyr}{f(h) |(a,b) e W?}.
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Proof.
Reflexivity. By definition,d(a,a) = 0 becausd ({a}) = 0. If (a,b) = 0, then

dh e H'suchthade h,be h, f(h)=0.
If h# ({a}) (i.e.a#Db), f(h) > f({a}) =0, which is impossible. Thea= b.

Symmetry.The demonstration is obvious.

Condition 3.8.Considerh; such thatd(a,b) = f(hy), hy such thatd(a,c) = f(hy), hs such
thatd(b,c) = f(hg). Asc e honhs, honhs £ 0. BecauseH is a hierarchy, let assume that
hy C hs (if hs C h2, the proof is similar). Then,

f(hg) < f(hg). (3.10)
Thereforea, which is a member dfip, is also a member df; (b does so). As
f(hy) = min{f(h)|(a,b) € h?},
(hw) = min{f ()| (a.b) € h*}
hi1 C hs. Then,
f(hy) < f(hg). (3.11)
Because of inequalities 3.10 and 3.11,
f(h) < sup[f(h), f(h3)],
which proves the condition 2.8. ]

From lemmata 3.2.5 and 3.2.6, the notions of an ultrametric and an indexed hierarchy are exchange
able, as illustrated in Figure 3.2. Whéfnchanges, different classes are created and the hierarchical
aspect of the classification is visible in the embedment of classes.

A

threshold

Figure 3.2:Equivalence between indexed hierarchy (on the left side) and ultrametric (on the right
side, the classes for various valuedgf

3.2.4 Path Metrics

Definition 3.2.6. A path p between two elements a and b in a set A is a list of elements p
(a1,az,... ay) such that:

Vi, a €E,
a = aq
an, = b
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Definition 3.2.7. Let d be a metric on A. Atepsy(p) of the path p for the metric d is:
n—1
sa(p) = _Sulpd<aa,aa+1)-
1=
Definition 3.2.8. Thepath metricdg for metric d on a set A is an application fromxA toR* such

that:

Sq(ab) = inf
d(a, b) peﬁprg&b)sd(p),

whereP(a, b) is the set of all the paths from ato b in A.

Lemma 3.2.7.Each path metric is an ultrametric.

Proof. Conditions 3.5 and 3.7 are obvious. Let prove condition 3.8.
oq(a,b) = inf
a(a,b) o (a7b)5d(p)

< inf
< Elng(&b)sd(p),

wherePc(a, b) is the set of all the paths fromnto b in A containingc.
By definition ofsy(p),

54(ab) < inf inf
g(ab) < ple']g(avc)pze']g(qb)SUp[Sd(pl)an(pZ)]

dq(ab) < su inf inf
d( ) ) = p pldP’(a,C)Sd(pl)?szIP’(C,b)Sd(pZ)
d¢(a,b) < supdy(a,c),dd(c,b)],

which proves condition 3.8. Il

A path metric may be derived from every metric. As every path metric is an ultrametric, and every
ultrametric is equivalent to an indexed hierarchy,

Every metric defines an indexed hierarchy. I

3.2.5 Neural Networks

Basic concepts

Neural networks are computing devices inspired by the way neurons function. Neurons are granular
cells performing specialized processes that are the fundamental functional unit of a brain. Neural
networks are composed of interconnected computing units, naotks Each node performs a few
simple mathematical operations and communicates the results to the nodes it is connected to.
Nodes of a neural networks are organized ilsigers Three kinds of nodes are usually distin-
guished in neural networks: input, output and hidden nodes. Input nodes receive data from the
outside of the network. Output nodes send data out of the network. Input and output signals of
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N ) - N
& Y
AN\
C}/ Y
Input Layer 1 Layer 2 Output
~— -/ ~—

Figure 3.3:Neural network topology

hidden nodes remain inside the network. Each node is connected with every node of the next laye

Figure 3.3 illustrates a neural network topology.

Each nodek has anactivation value denotedyy, which is equivalent to its output value. Each
connection is associated withveeight w which determines the effect of the previous nok (
value on the current node value. The effective ingudf a given node from its external inputs is the
weighted sum of the separate outputs from each connected nodes plus an off€gt term

(t) = ng/k(t)-Yk/ (t) +6k(t)

Finally, the output of a given node is the value of a functiéncalled activation function, which
takes the previous activation value of the node and the effective input as arguments:

Yi(t+1) = F(s(t), ¥(1))

Usually, threshold functions are used (cf. Figure 3.4): a hard limiting threshold functegn(a
function), or a linear or semi-linear function, or a smoothly limiting threshold (sudh(ag/) =

1
Tres):

e Sz

o o
o

sgn semi-linear smoothly limiting threshold

y—

Figure 3.4:Various activation functions

Various methods to set the weights of the connections exist. One way is to set the weights ex

plicitly, usinga priori knowledge. Another way is to “train” a neural network by feeding it teaching
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patterns and letting it change its weights according to some learning rules. The learning strategies
can be classified in two categories:

e Supervised learningr associative learningn which a network is trained by providing it with
input and matching output patterns. These input-output pairs can be provided by an external
teacher, or by the system which contains the netwsek{superviseq

e Unsupervised learningr self-organizationn which an (output) node is trained to respond
to clusters of pattern within the input. The system is supposed to discover statistical features
of notable significance of the input population. Unlike the supervised learning, thereis no
priori set of categories into which the patterns are to be classified; the system must develop its
own representation of the input stimuli.

Among various neural network architecturesmpetitive learnings a learning procedure that di-
vides a set of input patterns into clusters that are inherent to the input data. The architecture of
competitive learning networks consists of all inputs nodes connected directly to all output nodes
(cf. Figure 3.5).

input layer  output layer

Figure 3.5:Competitive learning network

When an input datais presented to the input layer, only one output nodewWiin@er) is activated.
The winner is the the node whose weight vector is the closest to the input data. The weight vector
Wi can be defined as follow:

> Wik = WieX,
I

wherex; are the components of the input data vectohe Euclidian distance measure may be
used to determine which node is the closest to the input data. When the winner has been selected, its
weigth is updated in order to implement a shift toward the input:

Wi(t+1) = wi(t) +y(x(t) —wi(t)), wherey € R, (3.12)

Consequently, weight vectors are rotated towards those areas where many inputs appear: the
clusters in the input.

Kohonen [45] 46] provides the ordering concept to competitive learning networks. In the Koho-
nen networks, namefielf-Organizing Maps (SOM)he output nodes amrdered often in a two-
dimensional grid or array. The ordering determines which output nodes are neighbors. Input data
which are near to each other in the input spaces are mapped on output nodes which are also near to
each other. The mapping is said totbpology preserving.
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At time t, an input data is presented to the network. The winrers determined. Next, the
weights to this winning node as well as its neighbours are adapted using the learning rule:

V0 € S Wo(t + 1) = wo(t) +Y.9(0,K) (X(t) — Wo(t))
whereSis the output layer and(o, k) is a decreasing function of the grid-distance between nodes
o andk, such thag(k,k) = 1. Due to this collective learning scheme, input signals which are near to
each other are mapped on neighbouring neurons.

SOM have been extended by Fritzke [[29] 30] to deal with the main disadvantage of SOM, i.e.
the fact that the network structure has to be specified in advance. Fritzke proposed a new neur:
network architecture: th&rowing Cell StructuresThe growing cell structures are a self-organizing
network which is able to automatically find a problem specific network structure through a growth
process. Basic building blocks akedimensionahypertetrahedronslines fork = 1, triangles for
k = 2, tetrahedrons fok = 3, etc. Vertices of the hypertetrahedrons are the neurons. Edges of the
hypertetrahedrons denot neighborhood relations. In this architecture, only the winner @irettts
neighbours are updated.

To determine the positions where new neurons should be inserted, the concepbuteis
introduced. Every neuron has a local resource variable and new neurons are always inserted near t
neuron with the highest resource value. New neurons get part of the resources of their neighbors <
that the resource is evenly distributed amoung all neurons. Every input data causes an increase of t
resource variable of the winner. The value added to the winner resource value may be the number ¢
input data received by the winner or the summed quantization error caused by the winner.

After a constant number of adaptation steps, a new neuron is added. The node with the highes
resource value is determined and the edge connecting it to the neighbour with the most differen
weight vector is split by inserting the new neuron. Additional edges are added to rebule the
hypertetrahedron based structure.

The Self-Organising Tree Algorithm

SOM and the growing cell structures have been integrated by Dopazo and Carazo [23] to build
a self-organizing neural network that clusters sets of align sequences in genetics. An output o
the Self-Organizing Tree Algorithm (SOTA) [24] has a binary tree topology. A series of nodes,
arranged in a binary tree, are adapted to the intrinsic characteristics of the input data set. The outpi
space can grow to fit as much as possible the variability of the input space, as in the growing cel
structures. In SOTA, the growing of the output nodes can be stopped at the desired taxonomic leve
or alternatively, they can grow until a complete classification of every input data is reached.

Node

Cell Cell

Figure 3.6:SOTA initial network topology

The initial network topology consists of two external elements, denoédld connected by an
internal element, denotetbde(cf. Figure 3.6). Each cell and each node is a vector with the same
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size as the input data. The initial value of these vectors is not important and can be set arbitrarily.
Contrary to growing cell structures, only cells, but not nodes, are compared to the input data. Thus,
the network is trained only through its terminal neurons. Tree generation is performed by cell gen-
eration, a given cell generating two descendant cells. The series of operations performed until cell
generation is called eycle During a cycle, cells and nodes are adapted by the input data.

Theadaptation processonsists of a series @jpoch During each epoch, the complete input data
set is presented to the network. Each input data presentation causes:

1. finding the best matching cell, and

2. updating of this cell and its neighborhood.

Cells are updated according to equaion 3.12, known from SOM. The definition of the neighborhood

is different than in SOM. If the sister cell of the winning cell has no descendants (cf. FFigure 3.7,

on the right side, cell® andC), the neighborhood includes the winning cell, the ancestor node and

the sister cell. Three values p{cf. equation 3.12), denoteg, ya, andys, are used for the winner

cell, the ancestor node and the sister cell, respectively. The strength of the updating decreases as the
neuron is further in the neighborhoog, > vy, > vs. If the sister cell of the winning cell has some
descendants (cf. Figure 3.7, on the left side, ¢llthe neighborhood includes only the winning

cell.

/\x

Cdl A Node

Figure 3.7:Neighborhood in SOTA

When all input data have been presented, the heterogeneity under each cell is computed by its
resourceR. The resource is defined as the mean value of the distances among a cell and the input
data associated with it. The resource is used to calculate the totaketdtine network. The error
is defined as the sum of the resource value of all the cells. It measures how close the input data are
to their corresponding winning cell after an epoch. The error is used to determine whether a cycle
is finished and cells have to be generated. If the relative increase of the error falls below a given
thresholdE, i.e.

& —&-1
€-1
then the cycle ends and the cell with the highest resource gives rise to two new descendant cells

and becomes a node. The values of the two new cells are identical to the node that generated them.

This process of successive cycles of generation of descendant cells can last until each cell has one
single input data assigned, producing a complete classification of the input data set. The expansion

<E,
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can also be stopped at the desired level of heterogeneity in the cells, producing a classification at
higher hierarchical level.

3.3 Versioning Techniques

3.3.1 Software Configuration Management Systems

The Revision Control System (RCS), the Source Code Control System (SCCS), and the Concurrer
Versions System (CVS) have been designed to meet the requirements of designers, developers, a
programmers of software working in geographically dispersed teams. When it comes to work on the
design of documents, test cases, specifications, and source code that comprise a software proje
individual team members need to work on pieces in isolation, then integrate the modified pieces
with the modifications of their co-workers, without clobbering anyone else’s changes. Changes neel
to be tracked so that errors and exploratory design changes can be undone. Tracking constitutes
group memory of how files have changed over time — valuable for later reconstruction of detailed
design rationales. Released and stable configurations of a software project are tracked so they c;
be regenerated quickly, and so that bug fixes can be made to the appropriate release.

Two version management schemes used in software configuration management are the Revisic
Control System (RCS) and the Source Code Control System (SCCS). RCS [81] wes#it zesed
technique for representing multiple versions of an evolving document. RCS stores the most curren
version verbatim, while previous revisions are representecevierse editing scriptsReverse edit-
ing scripts describe how to go back in the object’s development history. These scripts, also callec
deltasin the RCS terminology, are computed by thi# program[36]. Deltas reduce the space con-
sumed, by the cost of an extra processing needed to access to old versions, necessary to run reve
editing script.

SCCS [66], a precursor of RCS, also treats a document as a sequence of lines of text. SCC
models the document history by interleaved deltas. A file containing interleaved deltas is partitionec
into blocks of lines. Each block has a header that specifies to which revision(s) the block belongs
The blocks are sorted out in such a way that a single pass over the file can pick up all the lines
belonging to a given revision. Thus, the regeneration time for all revisions is the same: all header:
must be inspected, and the associated blocks are either copied or skipped.

The Concurrent Versions System (CVS) is a front end to the RCS revision control system./CVS [7]
extends the notion of revision control from a collection of files in a single directory to a hierarchical
collection of directories, each containing revision controlled files. In the CVS system, directories
and files can be combined together in many ways to form a software release. CVS provides the
functions necessary to manage software releases and to control the concurrent editing of source fil
by multiple software developers. To deal with to the inconstancy issu¢agiemncept is proposed
in CVS. A tag is a symbolic name given to a set of files. Tags are used to distinguish various release
of a given program.

3.3.2 Web Versioning

The WWW Distributed Authoring and Versioning working group (WebDAV) has defined in the
Request For Comments 2291 [74] requirements for a distributed authoring and versioning protoco
for the World Wide Web (WWW). The proposed protocol is a set of extensions to the HTTP standard.
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It allows for remote loading, editing and publishing of various media types on the WWW. WebDAV
not only addresses new methods, headers, and MIME types, but also any required changes to the
existing HTTP methods and headers.

One of the goals of the WebDAV working group is to include versioning mechanisms in the
proposed protocol. The rationale for versioning mechanism is that “it provides infrastructure for
efficient and controlled management of large evolving web sites. (...) It allows parallel development
and update of single resources. (...) It provides a framework for coordinating changes to resources.
(..) It allows browsing through past and alternative versions of a resource. (...) It allows explicit
semantic representation of single resources with multiple states.”

RFC 2291 comprises the following definitions:

Resource A network data object or service that can be identified by a URI.
Collection A resource that contains other resources, either directly or by reference.
Reservation A declaration that one intends to edit a resource.

Lock A mechanism for preventing anyone other than the owner of the lock from accessing a re-
source.

Version Graph A directed acyclic graph with resources as its nodes, where each node is derived
from its predecessor(s).

In the proposed versioning model, a “derived from” relationship exists among each version and its
predecessor(s). It is possible to derive several different versions from a single vérsinohing,

and to derive a single version from several versianerging. Consequently, a collection of related
versions forms a directed acyclic graph, nameé@ion graph Each node of this graph isvarsion

The arcs of the graph capture the “derived from” relationships.

The WebDAV working group identified the following ordered list of logical operations involved
in version creation in version management systems:

e Reserve existing version;

Lock existing version;

Retrieve existing version;

Request or suggest identifier for a new version;

Write new version;

Release lock;

Release reservation.
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The RFC 2291 states that “the WebDAV extensions must find some balance between allowing ver
sioning servers to adopt whatever policies they wish with regard to these operations and enforcint
enough uniformity to keep client implementation simple. (...) Version policies include decisions
on the shape of version histories (linear or branched), the granularity of change tracking, locking
requirements made by a server, etc. The protocol should clearly identify the policies that it dictates
and the policies that are left up to versioning system implementors or administrators.”

The Request for Comment 2518 [32] specifies a set of methods, headers, and content-types anc
lary to HTTP/1.1 for the management of resource properties, creation and management of resourc
collections, namespace manipulation, and resource locking (collision avoidance). While WebDAV’s
remote-authoring features are useful for performing remote collaborative authoring, they highlight
the need for versioning support to preserve the history of work. The work on Delta-V is intended to
fill this role, adding versioning support to WebDAV.

Work on Delta-V is ongoing [17], so details of the protocol may change as the standardization
work continues, but there is increasing convergence on its features and benefits. To the base pr
vided by HTTP and WebDAV, DeltaV adds eleven additional methods. Versioning capability is
provided by the methodgERSION-CONTROL, CHECKIN, CHECKOUT, UNCHECKOUT, REPORT, LABEL,
UPDATE, MERGE, MKACTIVITY, MKWORKSPACE, andBASELINE-CONTROL. An unversioned resource is
put under version control witiERSION-CONTROL. While under version control, a typical editing
process begins withHECKOUT, involves one or more write®(Ts) to the resource, and ends with a
CHECKIN. An editing session can be aborted usingHECKOUT. The version history of a resource
can be retrieved usingePORT. Unique human-readable names can be associated with specific ver-
sions using.ABEL. The default visible revision can be set usirpATE. Two separate branches in a
version history can be brought together usiBgGE. TheMKACTIVITY method creates new activities
that represent sets of changes and/or branches.

The Delta-V protocol has several unique features. Delta-V assumes that most editing will take
place directly on Web resources, which differs from CVS in that there is no replica on the local disk
of the client (however, Delta-V provides also this feature). Isolation from the changes of other team
members is ensured by “workspaces”, which provide each collaborator with his or her own view
on the resources being edited. Workspaces are created usingittiex SPACE method. Unlike the
replicas on the local disk of the client, that provide isolation in CVS, workspaces isolate collaborators
when they work on a remote Web server. Overwrite conflicts are avoided because a resource ce
be checked out by multiple people simultaneously, and each check out creates a separate workir
resource. Each collaborator actively working on a resource has a separate virtual working aree
identified by his or her workspace, and modifications are made first in a workspace, then merge«
with the changes of other collaborators.

Delta-V provides versioning of collections. When a collection is versioned, collections and their
contents follow the check-out/edit/check-in model. When a collection is checked in, its membership
is frozen, and cannot be changed until the collection is checked out again. Making a new file or
deleting an existing file requires the parent collection to be checked out. When all collections in a
project are versioned, it is possible to permanently store the membership of each collection for eac
time moment, thus making configuration management support possible. Once both collections an
their contents are versioned, it is possible to explicitly pick a single revision of each collection and
file (often the most recent revision), creating a snapshot of the entire project.

A consistent snapshot of a set of resources is a baseline. It is useful for recording the state o
a software system before major ship dates. Bh&ELINE-CONTROL method is used to place both
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versioned and unversioned collections under baseline control, thus creating a version-controlled con-
figuration. Checking-out then checking-in a version-controlled configuration creates a new baseline
(i.e. a new version of the version-controlled configuration).

Delta-V also divides its functionality into two layers: a simple versioning layer, and a more com-
plex software configuration management (SCM) layer. Since authoring clients (word processors,
text editors, spreadsheets, etc.) typically work on a single file at a time, they are only expected to use
the basic versioning layer to support a check out/edit/check in style of work. The typical authoring
client is not expected to provide a user interface for operations like creating and reverting configu-
rations, since a configuration spans an entire project, far greater than their single-file editing scope.
A separate SCM control panel application makes use of the features in the SCM layer. This control
panel operates at a collection and project level, providing the capability to create a project configura-
tion or revert to a previous configuration. It complements the single-file focus of the authoring tools
with project-wide capabilities. A full-featured programming environment is a third class of Delta-V
application, one that uses both the versioning and configuration capabilities of Delta-V, providing
support for editing individual source-code files, as well as project-level SCM support.

3.3.3 The Multiversion Database Approach

The multiversion database approach [13] provides a versioning model to object-oriented databases.

Definition 3.3.1. Anentity is a persistent information, i.e. the lifetime of an entity is longer than the
process that has created it.

A multiversion database is a set of logically independent database versions. A database version
consists of a database version identifier and a set of entity versions, one version per multiversion
entity existing in the multiversion database. Every entity version must exist inside a database version.

The creation of a new database version is donaléyvation The derivation operation cre-
ates a logical copy, named tlehild database versiomgf an existing database version, named the
parent database versiorOnce a child database version has been created, both the parent and the
child database versions may evolve autonomously. The set of database versions is organized as a
tree, called thelerivation tree Database versions identifiers are constructed in such a way that all
database ancestors of a given database version may be retrieved from the database version identifier.
If a database version is ti# child of database version identified Ipy the identifier of the child
database version {gn. The identifier of the root version is 0. Database version identifiers are called
database version stamps.

In Figure 3.8, database version stamps and the derivation tree are given for an arbitrary multiver-
sion database. The root version, labeled 0, is the database parent version of three database versions:
0.1, 0.2 and 03. Database versionDhas one child version.D.1, which has itself one database
child version 01.1.1. Database version®has no child version. Database versio8 i@ the parent
of two versions 8.1 and 03.2. Database version®2 has one child version82.1.

Each multiversion entity consists of an identifeeand a set of entity versions. The relationship
between entity versions and database versions is captured dgsaniation table An association
table consists of pairgentity version{database versioy). If a given entity versionv; is shared
between two database versiodls; and dby, the association table contains a pgit, [dby, dby]).

Implicit entity version sharing is provided by a rule that states that:
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0.3.2]

Figure 3.8:Derivation tree

Implicit Sharing  For a multiversion entity, if no entity version is explicitly associated with database
versiondly, then the database versidiy shares the entity version with its parent database

version.
Entity E
- N
Multiversion entity identifier: ¢
Association table /<E>
0,0.3.1,0.3.21 a /@
0.1.1,0.3 b C
01.1.1 c /
0.2 d /Q>
0.3.2 e \®
\ J

Figure 3.9:A multiversion entity

In Figure 3.9, the internal structure of a multiversion enfts illustrated. The derivation tree is
assumed to be the one presented in Figure 3.8. The multiversion Ensitidentified bye. Five
entity versions —a, b, ¢, d, ande — of E exist. In the database version 0, the valu&o$ a. The
value ofE in the database versionlOis not implicitly defined in the association table. According
to the implicit sharing rule, it is shared with its parent version, i.e. the value iafthe database
version 01 equals ta. The value ofE in the database versionl01 (respectively (.1.1) is equal
to b (respectivelyc). The value oE in the database versionis explicitly defined and equals tb
The value o in the database versionisb. The value oE in database versions®1 and 03.2.1
is equal toa. The value of in the database version32 is equal tce.
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Two kinds of entity version can be distinguished with regard to shatimghared entity versions
belong to only one database versioBhared entity versioniselong to several database versions.
The above example illustrates two sharing modes. Implicit sharing is used for database vérsion 0
Explicit sharing is used for entity versioasandb.

A modification of an entity versionr of multiversion entityE in database versiodb does not
modify other entity versions dE, because various database versions are independent. Two cases
may happen, depending on the fact thids shared or not. Versiom is not shared if only one
database version stamp is explicitly associated with it, and if all the children of this database version
are explicitly associated with other entity versions.

If vis not shared, it can be updated without modification of the association tallelbf is
shared, a new entity versioRey iS created that is associated with in the association table. The
row of the association table concernmg modified so that it consists of:

¢ all database version stamps, excdiptif db was explicitly associated with

¢ the database version stamps of all the childredpfwvhich are not explicitly associated with
other entity versions.

Entity E
- N
Multiversion entity identifier: e,
Association table /<E>

0,0.3.1,0.3.21 a /®
0.1.1,0.3 b c
0111 c /
0.2 f /®
0.3.2 e \®

J/

Figure 3.10Update of an unshared entity version in a database version without children

Figure 3.10 illustrates the modification of an unshared entity version. Consider the modification
of E in database version®. The new entity version is In database version2) the entity version
a is not shared because only database versignsOassociated with it and no children of database
version 02 exists.

Figure 3.11 illustrates the modification of another unshared entity version. Consider the modifi-
cation of E in database version.82. The new entity version ig. In database version®2, the
entity versione is not shared because only database versi82 @s associated with it and the only
database version child®2.1 is explicitly associated with another entity versen
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Entity E
N
Multiversion entity identifier: e
Association table /<E>
0,0.31,0321 a /@
0.1.1,03 b c
0111 c /
0.2 f —-"””4<::::>
0.3.2 g -\\\\\\\\<:::>

-

-

Figure 3.11Update of an unshared entity version in a database version with children

Entity E
N
Multiversion entity identifier: e,

Association table /<E>
0.1,0.31,0321 a /@
0.1.1,0.3 b c
0111 c /

0.2 f —-"””4<::::>
0.3.2 g \\\\\\\\\\<:::>
| i

-

Figure 3.12Update of a shared entity version

Figure 3.12 illustrates the modification of a shared entity version. Consider the modification of
E in database version 0. The new entity versioh.idn database version 0, the entity verseis
shared because database versions31 @nd 03.2.1 are associated with it. Moreover the database
version child 01 is implicitly associated with entity versia The new entity versioh is associated
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with 0. The old entity versioa is now associated with database versioi®sl0and 03.2.1 as before
update. Value is now also associated explicitly with database versidn 0

A special entity version value, namedll, refers to a non-existent entity version. Thus, if entity
version of multiversiork is set tonull in database versiodb, entity E does not occur imb. The
removal of an entity version in a given database version equals to setting its valulé to

The addition of a new entity versionin database versiotb means the addition of a new multi-
version entityE in the database. Thaull value is associated with the database root version Gand

is associated witkb.
o) . °

0 |a 0 | null
0.1] a, 01| b
a) Derivation tree b) Multiversion entities
C
0 |cg A B
01|c,
B

c) Composite multiversion entity

Figure 3.13Multiversion composite entity

Multiversion composite entities refers to multiversion entities. In Figure 3.13, a case of a multi-
version database that consists of three multiversion en#iti& andC, is illustrated. Multiversion
entity Aexists in two versionsa; in database version O alg in database versionD. Multiversion
entity B exists in one versiorb in database versionD. Multiversion entiy C exists in two versions:
c1 in database version 0 arg in database versionD Entity versionc; refers toa;. Entity version
co refers tob. The references are indirect, i.e. entity version€oéfer to multiversion entities, and
not to their entity versions. Access to referenced multiversion entities is needed to reconstruct the
composite entity version.

The multiversion database approach has been further extended to provide classical features of

database management systems: indexes and large object support [49], query language [1], manipu-
lation language [31], views [6], integrity constraints|[25], and concurrency control [14].
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CHAPTER4

CONCEPTS

4.1 Evaluation of the Existing Methods

As mentioned in Section 2, mass negotiations characteristics are:

¢ A high number of negotiators (a few hundreds);

e A complex contract with both measurable considerations (e.g. price or delivery date) and
unmeasurable considerations (e.g. warranty or non-disclosure clauses). It is assumed that
contract is an unstructured document.

Electronic negotiation systems dealing with mass negotiations have to address the two following
issues:

¢ A high amount of data resulting from the negotiation process;

e The lack of semantics due to an unstructured form of the contract.

The existing methods for electronic negotiations do not address at least one of the above issues [5¢

4.1.1 Negotiation Models for Electronic Market Design

Although these models are quite elegant and based on strong mathematical foundations, they ha
many limitations. First, most of these models are dealing with single attribute auctions, and canno
be applied to multi-attribute contracts. The object of the negotiation is, for instance, the price of a
stock option. Thus, these models are not adapted to the complex contract case.

Another important limitation is that, according to various experiments [40, 67], the existing mod-
els provide a poor representation of real negotiation cases. According to several empirical studie
conducted by Balakrishnani [4], it seems that fundamental concepts in game theory are not valid fo
real-world environments.

The negotiation models for electronic market design do not address the high amount of data re

sulting from the negotiation process. However, these models are not explicitly in opposition with the
requirements of high scalability and highly concurrent environment.
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4.1.2 Agent-based Negotiation Models

The promises of agent-based negotiation models are very attractive: a negotiator only has to specify
her/his goals and the negotiation process is performed by the agent. Negotiation costs are highly
reduced and the result is often Pareto-optimal.

In the case of mass negotiations, agent-based negotiation models are well-adapted to the high
amount of data available. As agent processing capacities are higher than human ones, agent-based
models seem to be a good solution to mass negotiations.

The lack of semantics due to the unstructured form of the contract is the main obstacle to the
application of agent-based negotiation models in mass negotiations. Agents are currently not able to
extract the meaning of a given clause of a contract. Moreover, the lack of ontologies is still a major
issue to contract negotiations when the contract is not explicitly associated with some semantics.

4.1.3 Computer Support for Negotiation

Systems of computer support for negotiation were used mostly in laboratories. This can be explained
by two factors. First, they were mostly elaborated in the 1980s when computer networks were not
widely used. Only universities, armies, and research centers could afford the investment in expensive
computers. Second, the potential users of theses systems were not used to use computer systems. As
a consequence, theses systems are currently mainly used for:

e training purposes and
e theoretical research on negotiations.

The main advantage of the negotiation support systems (NSS) is the fact that negotiators have a direct
control on negotiations. NSS are only tools that aim at helping negotiators. On the contrary to agent-
based negotiation models, where intelligence is within agents, NSS let humans be the “thinking unit”
of the negotiation process. As a consequence, the lack of semantics is not a problem as humans may
easily interpret unstructured documents and provide them with some meaning.

The main drawback of NSS is the fact that no support for a high amount of data is provided.
NSS are not designed to present synthetic views of the negotiation process. Process support systems
(cf. section 3.1.3) do not provide tools to analyze the negotiation process. Preparation and evaluation
systems are focusing on data: information organization, negotiation strategies development, and of-
fers evaluation. However, during mass negotiations, in all these fields, data must first be synthesized
to be usable. The Doc.COM model is focusing on meta-data. In mass negotiations, the amount of
meta-data is even higher than the amount of data. Moreover, the meta-data, at least those proposed
by Schoop and Quix, do not capture facts concerning the negotiations, but intentions. When the
amount of information is high, facts must be analyzed first. Meta-data are only additive information
and cannot replace data.

We proposed a new approach to mass e-negotiation which deals with the issue of analysis of data
generated during negotiation processes [60]. The proposed approach is in the NSS research area,
because it provides negotiators with tools for negotiation strategies development and negotiation
process analysis.
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4.2 Multiversion Contract Model

The proposed multiversion contract model is based on the multiversion database approach present
in Sectior 3.3.3.

4.2.1 Modeling Negotiation History

The first problem arising in mass negotiations is the need to represent negotiation history. Storing
conversation among negotiators is not a right solution, because of natural ambiguities and difficultie:
in intention interpretations. However, one may notice that a contract, which is under negotiation, is
usually modified many times until the final agreement. The various versions of the contract reflect
various propositions made by negotiators. Thus, a partially ordered set of contract versions repre
sents the multi-thread history of negotiations. We propose to use the partially ordered set of contrac
versions as a basis of a negotiation support system.

In the proposed contract model, it is assumed that the contract to be negotiated is a multiversiol
contract. An initial contract to be negotiated is created before the negotiation process starts. Th
creator of the initial contract should be one of the negotiators. The initial contract is the starting
point in the negotiation. Each negotiator can create and then modify her/his own copy of the initial
contract. At this point, many versions of the contract exist. Further, each negotiator may modify
her/his version of the contract, creating her/his own set of contract versions.

4.2.2 Version Tree

A contract consists of many versions. The various versions of a contract are hierarchically organizec

The tree root is the initial contract version. When a new negotiator joins the negotiation, she/he
must derive a version of an existing contract version. Each contract version must be identified by ¢
unique identifier.

The following example shows how the version tree is organized and illustrates the derivation
mechanism. Consider a negotiation with three negotiators, dengtetierei € [1,2,3]. The initial
contract version is denotég,i;iz . WWhen the negotiation process is about to start the version tree is
the one shown in Figure 4.1. The only existing version is the initial contract version. In the version
tree, only the node labeled 0 exists, corresponding to the initial contract version .

@ Ghnitial

Figure 4.1:nitial version tree

When the negotiation process starts, negotiatgrand n, create their own contract versions.
In Figure 4.2, the tree root has two children, labeled Wherei € [1,2]. The node labeled.Dis
associated with the contract version created by the negotiator

Assume that negotiatar; derives two versions and that negotiatgrderives one version, then
derives a new version from the freshly derived version. Negotiatenters the negotiation process.
Her/his first contract version bases on the first contract versiam.of he structure of the version
tree after these modifications is shown in Figure 4.3. The two versions derivad drg labeled
0.1.1 and 01.2, while versions derived b, are labeled 2.1 and 02.1.1. The version derived by
Nz is labeled 2.2.
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Figure 4.2:Version tree at the beginning of the negotiation process

Figure 4.3:Version tree after modifications
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4.2.3 Multiversion Paragraphs

In the contract model, it is assumed that a contract content consists of multiversion paragraphs
while a given contract version consists of given versions of these paragraphs. In other words, al
paragraphs exist in all contract versions. However, if a paragraph is missing in a given contract
version, the version of this paragraph in this versionuh.

Adding a new paragraph to a given contract versiom causes the addition of a multiversion
paragraplP to the contract. The newly added multiversion paragraph has the pdbrecontract
versionv, while it is null for all other contract versions.

Deleting an existing paragraghin a given contract versiom causes the modification of the
multiversion paragrapR, wherep is a version oP. The multiversion paragraghhas valuenull for
versionv after deletion.

Modifying an existing paragraghin a given contract versionto set a new valueal,ey causes the
modification of the multiversion paragraphwherep is a version oP. The multiversion paragraph
P has valuevale for versionv after modification.

The proposed contract model is characterized by the following: the contract, in all its versions, has
the same set of paragraphs. Differences existing between contract content versions can be reduc
to differences between paragraph versions.

4.2.4 Multiversion Contract Structure

A contract content is a set of multiversion paragraphaniitiversion structuras responsible for
maintaining the structure of the contract content in its various versions.

The structure may also be used for contents formatting. Due to the separation of contents an
structure, the contract model can easily be extended to support new formats, with new contrac
structures. As the focus in this dissertation is not on contract contents formatting, the contract
structure used in the proposed model maintains a list of paragraphs, with no formatting elements.

As the contract structure is multiversion and separated from the contents, differences betwee
contract version structures can be reduced to differences between contract structure versions.

4.3 Multi-facet Classification Mechanism

4.3.1 Analysis of the Negotiation Process

In mass negotiations in which the number of negotiators is high, and the number of contract version:
is very high, a negotiation process is possible only if negotiators have an access to synthetic view
of the negotiation process. A fundamental element of every negotiation strategy is the planning
process ([62], pp. 40-51). The planning process is mainly basing on various analyses of the currer
status of negotiations. In highly concurrent environments, negotiators cannot conduct these analyse
manually, because the amount of data to be analyzed is too high. Therefore, a multi-facet analysi
mechanism is proposed to be integrated in the negotiation support system.

A negotiation support system has to provide negotiators with a possibility of various analyses of
contract versions authored by different negotiators to well understand different aspects of a con
ducted negotiation process. For instance, a negotiator may want to analyze the involvement o
different negotiators in the negotiation process, or analyze the correlation between a contract pal
defining a delivery date and other contract parts. To analyze the multi-thread history and the curren
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status of a negotiation, both the abstract objects to be analyzed and the analysis criteria must be
defined[[59].

4.3.2 Mapping Functions

Objects to be analyzed are generated by a mapping funttioom spaceC to a set denoteD¢. C
is the multiversion contract space. Different mapping functions are used to analyze different aspects
of the negotiation process.

” ]® Negotiator involvement

f2 ,,@ Paragraph importance
Multiversion 3 ﬁ Price propositions
Contract f4 \JE, Price propositions of negotiator 1

f5 \@ Price propositions of negotiator 2

Figure 4.4:Mapping functions

Figure 4.4 illustrates the use of various mapping functions to analyze different aspects of the ne-
gotiation process. Mapping functidia generates a set of objects modeling negotiator involvement.
Mapping functionf, generates a set of objects modeling paragraph importance. Mapping func-
tions f3, f4, and f5 generate sets of objects modeling price propositions for various subsets of the
negotiation process.

4.3.3 Hierarchical Classification

In a highly concurrent environment, the result of an analysis should be a hierarchical classifica-
tion [57]. Given a set of objects, a classification splits it into subsets of similar objects, denoted
classes. Hierarchical classification provides negotiators with a set of embedded classes. Negotia-
tors can then choose a granularity level (the number of classes) of the classification. For instance,
the same set of negotiators will be split into few classes if a general involvement characteristic is
required, or into many classes if detailed characteristics of negotiators involvement is required.

The hierarchical classification technique chosen is based on ultrametrics. As mentioned in Sec-
tion 3.2, an alternative to this technique is the SOTA approach. However, the SOTA approach re-
quires that the structure of the neural nodes is identical to the input data structure. Each facet of
the negotiation process requires potentially a new mapping function, and thus would require a new
neural network, which is not feasible in practice. The SOTA approach is not adapted to the various
objects generated by mapping functions.

As the proposed solution is based on metrics, and ultrametrics, the criteria used to andlyze set
are defined in a human understandable way, so that negotiators may choose and eventually define the
criteria they want. The concept of similarity, which is the basis of classification, is closely related
with the concept of distance. Two objects are similar if they are close to each other. The concept of
distance is intuitive and easily understandable. Negotiators can thus easily define their own analysis
criteria.
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CONTRACT MODEL

5.1 Multiversion Contract
A multiversion contract consists of:

e a set of negotiators, referenced by their unique identifier,
e a set of contract versions,

e a set of multiversioomembers

A member is a part of the contract. It may be for instance a paragraph, some multimedia data, e.g.
picture or a digital signature, or a representation of the structure of the contract.
More formally, let us denote:

neg, the identifier ofNE G,, thea!" negotiator,

c\p, the identifier ofC\,, theb!" contract version,

mm the identifier ofMM¢, thect" multiversion member, and

C the multiversion contract:

C= ({NEGd} ) {va} ) {MMC}) .

5.2 Contract Version Tree

5.2.1 Derivation

The first contract version is called thaot version. The root version is created by a given negotiator,
who publishes it and allows other negotiators to access it. Other contract versions are created b
derivation A derivation operation respects the following rules:

Rule 5.2.1. Just after derivation, the derived version, itiéld version, is identical to the version it
has been derived from, thparent version.

Rule 5.2.2. The modification of the child version has no influence on the parent version.
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Rule 5.2.3. The modification of the parent version has no influence on the child version.

A given contract version is owned by only one negotiator. However, derivation of a given contract
version does not impose any restrictions on the ownership of the parent and/or a child version.
NegotiatorNEG; can derive contract version from all existing contract versions, even from those
owned by other negotiatof$E G,;, wherea; # a;.

5.2.2 Contract Version Identifier Structure

Contract versions are organized as a tree. A good choice of contract version identifier can capture
the tree structure and the “is-owner” relationship with related negotiators. As those two aspects are
orthogonal, the contract version identifier consists of two independent parts:

o the identifier of the owner;

¢ a subidentifer which identifies the position of the contract version in the version tree.

Formally,

CVh = (N€Gwner, CVIDp),

wherecvIDy, is the subidentifier.

Subidentifiers are responsible for capturing the contract version tree. Having a given contract ver-
sion, we have to be able to find its parent and children versions. The strategy used for subidentifiers
is the one used for database version stamps in the multiversion database model (cf. Section 3.3.3):

Rule 5.2.4.If a contract version is the'h child of contract version whose subidentifier is p, the
subidentifier of the child contract version isnp The root contract version subidentifierds

0
El [ ] Negl
01 03 El
0.2 O Neg2
032 m
011 03.1 B Negs
0321

Figure 5.1:An example of a contract version tree

A simple contract version tree is presented in Figure 5.1. Three negotiators are involved in the
negotiation process. NegotiathiE G, starts the negotiation process with the publication of the root
version whose subidentifier is 0. Subidentifiers of other versions are built according to Rule 5.2.4.
For example, the version derived by negotidtidt G, from the contract version whose subidentifier
is 0 is the first derived version. According to Rule 5.2.4, its subidentifier equal& to O
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5.3 Multiversion Members

A multiversion contract consists of multiversion members. Each multiversion member appears in all
contract versions, independently of the contract version’s owner. If negotiEx@ andNEG, are
negotiating a multiversion contra€, andC consists of a single multiversion membdM;, then
MM is part of all contract versions, no matter if the owneNEG; or NEG,.

The concept of multiversion member is illustrated in Figure 5.2. Two multiversion members exist
in the multiversion contract. In all contract versions, both members appear.

Contract versions

50

Multiversion members

Figure 5.2:Multiversion members in a multiversion contract

5.3.1 Member Instances

A state of a multiversion member is calledrember instanceEach member instance is associated
with a multiversion member. In other words, no member instance can exist “outside” a multiversion
member. As a consequence, the creation of a member instance causes its association to an exist
multiversion member, or the creation of a new multiversion member and association of the new
member instance with this new multiversion member.

A given member instance is associated with one or more contract versions. A member instanc
cannot exist “outside” a contract version. It may be shared by many contract versions. The instanc
sharing captures the relationship between contract versions at the multiversion member level.

0 PEELLLLLEEN

0

01
— 0.1.1

ﬂ; [] Neg1

0.1 0.3
02 m ] Neg2
‘} B Neg3

02
— 032
0.1.1 0.3.1
— 0.3.1

™ 0321

Q00r

0321

Figure 5.3:Member instances
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An example of multiversion memb&iM; with a few member instances is given in Figure 5.3.
Four member instances are associated Wil;. They are graphically represented by a rectangle, a
rounded rectangle, an ellipse and a circle.

The contract version tree is assumed to be the one presented in Figure 5.1. The rounded rectangle
member instance is not shared: it is only associated with one contract version, natriel\Obher
member instances are shared. The circle member instance is associated with contract v&rsions 0
0.3.1, and 03.2.1. Taking the contract version tree into account one may deduce that the value of
MM, was first a rectangle (in contract versions 0 ant).0Then negotiatoNE G, derived a new
contract version from .Q in which the value oMM is a rounded rectangle. NegotiatdiE G3
derived a new contract version3in which the value oMMy is a circle. Analyzing the version
tree and member instances in deep, one may note that negdtiatey keeps a rigid position in the
negotiation process as she/he only proposes the circle valiMarin all contract versions she/he
is the owner.

5.3.2 Association Table

Formally, a multiversion member consists of:
e a unique identifier, denotedny,
¢ a set of member instances,

e an association tablAT that captures one-to-many relationships between member instances
and contract versions.

Let us denote:

e Mlq thed™™ member instance of a given multiversion member,

e Mig the identifier oMl .

Then a multiversion member is defined as:

MM = (mm, {Mlg},AT).

An association table associates each member instance with at least one contract version. An
association table consists of rows, one row per member instance. Each row is migaset of
contract versions associated wittly) .

Formally,

AT = {(mig, {cva})} -

5.3.3 Version Inheritance

To limit redundancy in association tables, the rows should be as small as possible. To do so, the
concept ofversion inheritancéor member instances is introduced.

Rule 5.3.1. A contract version is mentioned in the association table iff the member instance associ-
ated with this contract version is not shared with the parent contract version.
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Version inheritance concerns a case when a member inskdlcis shared by two contract ver-
sions, one being a child of the other. In this case, there is no need to mention the child contrac
version in the association table row concerniy, if we assume that a contract version not men-
tioned in the association table shares the member instance with its parent contract version.

The structure of a contract version subidentifier, defined above, allows the parent contract versiol
subidentifier to be easily retrieved. This characteristics of contract version subidentifiers is crucial
for version inheritance. In case of version inheritance, the member instance retrieval implies eas
retrieval of parent contract versions.

5.4 Contract Version Management

5.4.1 Historical and Draft Versions
During the negotiation process, one may distinguish two kinds of contract versions,
e historical versions,

e draft versions.

A draft versionis a contract version that is viewable and modifiable by its owner. The possible
actions on a draft version are:

e retrieval,
e modification,

e publication.

When the negotiator has finished her/his work on a draft version, she/he can make it visible to othe
negotiators. The draft version then becomésstorical version A historical version is frozen. No
one can modify it, even its owner. The only two possible actions on a historical versions are:

e retrieval,

e contract version derivation.

Every freshly derived version is a draft version. As a consequence, derived versions become visibl
to other negotiators when their owners publish them. Note that a negotiator has an access to a
historical versions and only to her/his own draft versions.

5.4.2 Contract Version Management Operations

As illustrated in Figure 5.4, the contract version management provides only four operations: contrac
version retrieval, derivation, modification, and publication.

A retrieval operation consists of retrieval of instances of all multiversion members that belong
to a given contract version. As only historical versions may be the subject of retrieval operations,
and historical versions are frozen, concurrent accesses may occur in the read-only mode. Therefor
there is no problem concerning concurrency control.
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A derivation operation causes the insertion of a new node in the contract version tree. The new
node must have a flag indicating that the newly created version is a draft one. No change is needed
to multiversion members. The version inheritance mechanism assures that the value of each multi-
version member in the derived contract versidhey is identical to the value in the contract version
CVhew Was derived from. The problem of concurrency control is limited to a safe creation of con-
tract version subidentifier. The creation of contract version subidentifiers must be atomic so that the
derivation of a new version by two negotiators from the same parent contract version results in two
different subidentifiers.

The publication operation does not need concurrency control. As only draft versions may be the
subject of publication, and only the owner of a draft version may publish it, the publication operation
is by nature an isolated operation. It implies only the removal of the “draft version” flag, set during
derivation.

The modification operation is presented in more details in Section 5.5.2.

modification

draf version

derivation publication

retrieval

e

historical versions

Figure 5.4:Contract version management operations

5.5 Operations on Multiversion Members

Operations on multiversion members concern the modification and reading of a given contract ver-
sion. Four operations on multiversion members are defined: reading, updating, deletion, and cre-
ation. The reading operation deals with both historical and draft versions. The updating, deletion
and creation operations can be performed only on a draft version. As draft versions are accessible
only to their owners, there is no concurrency control needed.

5.5.1 Reading

Having a given contract versi@\, and a given multiversion membkiMc, the reading of the value
of the multiversion member corresponds to the retrieval of the member indtdg@ssociated with
C\W,. The algorithm used, given in a pseudo-code, is the following one:

define resultMemberlnstance
set CMemp= CVbi
set existsRow= false;
do {
foreach row in AT {
if (row contains CMemp {

oY U W N
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7. existsRow= true;

8. resultMemberinstance: row.memberinstange
9. }

10. }

11. if (!existsRow {

12. C\temp = parentOf (Cemp ;

13. }

14. } while (!existsRow;
15. return resultMemberlnstance

The loop, from line 5 to line 10, checks if the given contract version is explicitly mentioned in the
association table. If so, the member instance mentioned in the association table row concerning th
contract version is retrieved.

If the member instance is an object of version inheritance, the contract version is not explicitly
mentioned in the association table. The parent contract versions (lines 11 to 13) must be sought i
the association table, potentially recursively.

5.5.2 Updating

For the updating operation of a given multiversion men¥d®d. in a given contract versio@\,,
two cases must be distinguished, depending on the fact whitkigrin C\4, is shared or notMM
in C\4, is shared iff:

e C\4 is not mentioned in the association tableMifl; (version inheritance);

¢ the association table row mentioni@y, mentions also other contract versions.

Non-shared version

WhenMMc is not shared i€\, the member instandd|y associated t&€W, must be retrieved ac-
cording to the algorithm given in Section 5.5.1, and then updated. No modification of the association
table is needed.

Shared version

WhenMMc is shared irC\,, the member instanddly associated witlC\j, must be retrieved ac-
cording to the algorithm presented in Section £.5.1. Then a new member inbtgpeeth the new
value must be created. A new row associatitigy with cvy must be created in the association table.
The association table row previously associated With must be modify so that it contains only:

e all contract version identifiers explicitly associated Wiy exceptcyy, if cvg was explicitly
associated witiMlg;

¢ all contract version identifiers of children versionasf; which are not explicitly associated to
other member instances.
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5.5.3 Deletion

A special member instance, denotadl, is used for the deletion operation. The meaninguf is
“does not exist”. The use of thaull value is required because multiversion members MUST exist in
all contract versions.

The deletion operation of a given member in a given contract version is reduced to an updating
operation to thenull value. The deletion operation sets the value of the multiversion member to
“does not exist”, which means that the given multiversion member is not present is the given contract
version.

5.5.4 Creation

As assumed in Section 5.3.1, a member instance cannot exist “outside” a multiversion member. As
a consequence, the creation of a member instance causes, first, the creation of a new multiversion
member and, second, association of the new member instance with the newly created multiversion
member.

More precisely, first, a new multiversion memiéM,e is created and added to the multiversion
contract. Thenull member instance is associated with the root contract version in the newly created
multiversion membeMMpew. The new member instance is then set using an updating operation.

5.5.5 Composite Multiversion Members

A composite multiversion member is a one that points to other members. Other members are refer-
enced by the multiversion member identifier.

Consider as an example a multiversion memid@iqse, that captures an item offer of the con-
tract. In the multiversion contract whose contract version tree is assumed to be the one presented
in Figure 5.1, three other multiversion members exiMpice represents the price of the object
of the negotiationMMgelivery represents the delivery date of this object, &d\yarranty represents
the warranty concerning the object. Association tablel!bfyrice, MMgeiivery, andMMyarranty are
presented in Tables 5.1, 5.2, and 5.3, respectively.

The association table & Moger is presented in Table 5.4. The multiversion member consists of:

e acomment,
o the first paragraph,

e the second paragraph.

Paragraphs are references to multiversion member identifiers. In contract versidyf, is ref-
erencingMMpyice andMMgejivery: The corresponding member instances are, according to Tables 5.1
and 5.2,p; anddy, respectively. Using version inheritan®@Moer in contract version @ is refer-
encing the same multiversion objects but the corresponding member instances are diffeaeat (

dp). In contract version 3.1, MMogter is referencingVMprice andMMyarranty. The corresponding
member instances ape andws, respectively. In contract versions 0 and @he multiversion mem-

ber MMggier differs only by the comment associated. The references to the multiversion members
modeling paragraphs are identical.
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member| contract
instance| version(s)

P1 0
P2 0.3

Table 5.1:MMypyice association table

member| contract
instance| version(s)
dx 0
d> 0.1.1,0.3

Table 5.2.MMgeiivery association table

member| contract
instance| version(s)
W1 0
Wo 0.2,0.3

Table 5.3:MMyarranty association table

member instance contract
comment \ first paragrapH second paragraphversion(s)
The first version with price and delivery, MNprice MMYelivery 0
The second version with price and delivery mmnyice MMYelivery 0.1,0.2
The version with price and warranty MMprice MMyarranty 0.3.1

Table 5.4:MMgger association table
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Composite multiversion members model the structure of the multiversion contract. In the former
example, the composite multiversion memb&¥qser models the fact that the item offer consists
of price and delivery are referenced in all contract versions exc&at,dn which the price and
warranty are referenced. The value of the price in a given version is not taken into account directly
in MMoger. Only the structure of the offer is captured.

The proposed contract model does not assume a fixed structure of contracts. It provides a basis
for multiversion contract design. Multiversion contract design consists of designing multiversion
members — some of them being composite multiversion members — to model the structure and the
semantics of a given contract. This allows to model various kind of contracts and do not restrict the
contract model to one structure.

A simple multiversion contract may for instance consist of many multiversion members, each
modeling a contract paragraph, and a composite multiversion member modeling the structure of the
contract as a paragraph list. Another contract with additional semantics may consist of multiversion
members modeling various semantically different contract parts, a multiversion member modeling
the price, another multiversion member modeling the warranty, etc. A more complex contract may
consist of composite multiversion members to capture a tree structure of contract parts. The para-
graph concerning the price may then be part of a section concerning offers, which is part of the
contract. At a higher level of abstraction, the structure of the contract may be complex, modeling
semantics of various parts of a contract, e.g. addenda.
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CHAPTER G

ANALYSIS DOMAINS

6.1 Domain Objects

Domain objects are used to model various facets of the negotiation processes. Domain objects me
for instance represent the activity of negotiators, the importance of paragraphs, etc. As a conse
guence, domain objects must be flexible enough to represent various data types.

Each domain object is an element of amalysis domainAn analysis domain is a set of domain
objects modeling a facet of a negotiation process. Formallypigt; denote the analysis domain
modeling a facet of a negotiation process, dentdedt

A domain objecDQ; is uniquely identified in a given set of domain objects by its identdigr
Formally,

¥(DO;,DOj) € DZsep do = doj < DO; = DO;

\V/(DO|,DOJ) € Dfacet X Dfacef> dq = dOJ andDO| 7é DOJ = Dfacet7é Dfacef

A domain objecDO; consists of:

e a unique identifier, denotet,
e a set of attributes, and
e atype.

An attribute is a paifnamevalue). Each attribute models a property of the domain object. To
illustrate the use of attributes, let us assume that a negotiator is modeled by a domain object de
noted DOpeg  The attributes oDOyeq are pairs(’firstNamé, Johr), (‘lastNamé’ Smith), and
('represents’ ACME Corp’).

An attribute name is a character string. A character string consists of one or many character:
defined in the Unicode standard [85]. In case of mass negotiations, no limitations are assumed o
the location of the negotiators and their language. As a consequence, attribute names should not |
limited to one or a few sets of languages and their characters. The use of Unicode allows for ar
international audience.

An attribute value is a domain object, because domain objects are able to model complex dat:
types. A domain object may, for instance, model a negotiation party, with attribates(the name
of the enterprise) anepresentan{the negotiator involved in the negotiation process). The value of
therepresentanattribute may be the domain object defined in the former example.
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Also identifiers are domain objects in order to associate semantics with the identifiers. For in-
stance, the identifiedo,eg may be a domain object modeling a person identity. Identtfigeg
may have the following attributesSSN(Social Security Number), angimail The domain object
DOnegis then identified by a domain object defining the social security number and the email of the
negotiator.

Object domain types are Unicode character strings. Object domain types are used for two pur-
poses. First, an object domain type associates some semantics with an object domain. In the former
example, the type dDOneg may benegotiatorto indicate the meaning of the daf¥neg models.
Second, domain object types allows domain object structure to be defined. The structure of domain
objects representing negotiators may be defined as follow:

e identifier: typepersonldentity

e aftributes:

— firstName: typeString
— lastName: typéstring

— represents: typeegalPerson

Types of identifier and attribute values are corresponding to domain object types.

The following six primitive domain objects may be considered as the atomic data elements for
domain object building:

String,

Integer,

Long,

Float.

Double,

Boolean.

Primitive domain objects do not reference any other domain object type. Primitive objects have only
one attribute denotedhlue The value of this attribute depends on the domain object type. Primitive
domain object values are presented in Table 6.1.
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6.2 Analysis Domain Definition

Domain objects are generated according toAaralysis Domain Function (ADF)An ADF is a
function whose image is an analysis domain. Formally,

f is a function on one or more analysis domahsig,

fisan ADF < { Im(f) = {DO}, whereDO are domain objects

When two or more analysis domains exist for an ADF, the function is said toubivariable A
special analysis domain, denot®ds defined bycard(0) = 0. The existence of the analysis domain
0 allows to distinguishransformerfunctions fromgeneratorfunctions.

Definition 6.2.1. An ADF f is ageneratofunction iff only one origin domain of f exists thatlis

A generator function creates an analysis domain without the need of pre-existing data in the forrn
of an analysis domain. A generator function may for instance generate the nmmireretrieve
association tables from the multiversion contract model.

Definition 6.2.2. An ADF f is atransformeirfunction iff at least one origin domain of f is different
from 0.

A transformer function transforms an existing analysis domain into another analysis domain. A
transformer function may for instance transform an analysis domain modeling association tables intt
another analysis domain representing the number of version of paragraphs.

ADF functions may be embedded according to¢beposition lawThe composition law allows
“pipelines” of functions to be defined, in which an analysis domain being the results of an ADF is
an origin domain of another ADF.

Definition 6.2.3. The ADF composition law, denotegdefines an ADF.ffrom ADF f as follow:

e for single-variable functions,f= f1 o fo = f1(f2);

o for multivariable functions, f= f1o(fa,..., fy) = f1(f2,..., fn),

where f{ is a transformator function, while;fand £ are either generator or transformator functions.

| Type | Description | Size/Format |
String Character string from 0 to 21— 1 Unicode characters
Integer Integer 32-bit two’s complement
Long Long integer 64-bit two's complement

Float | Single-precision floating point 32-bit IEEE 754 (defined in [37])
Double | Double-precision floating point 64-bit IEEE 754 (defined in [37])
Boolean| A boolean value (true or false) true or false

Table 6.1:Primitive domain objects
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6.3 Analysis Domain Language

The Analysis Domain Language (ADILg used to define ADFs. ADL is a dialect of XML — the
eXtensible Markup Language. The eXtensible Markup Language [11] describes a class of data
objects, calledKML documentsand partially describes the behavior of computer programs that
process them. XML is based on SGML — the Standard Generalized Markup Language [38]. XML
documents are conforming to SGML documents by construction.

There are multiple reasons for using XML for ADL:

e itis an emerging standard developed by the WWW consortium;

e itis a general-purpose and extensible language;

e it allows defining language grammar that can be automatically validated by a parser;
e itis designed and optimized for parsing structured documents;

¢ the parsing software for XML is available;

e it can be easily integrated with other XML-based web standards;

e it allows defining human-readable data in a standardized way.

ADL is basing on four elementsdvietaobjectsObjectSets, TaggndFunctions Metaobject corre-

spond to domain objects. ObjectSets correspond to analysis domains. Tags are basic elements of
processing. Functions correspond to ADFs. These four elements are presented in more idetails in
Sections 6.3.3, 6.3.4, 6.3.5, and 6.3.6, respectively.

6.3.1 Modules

ADL is structured inmodules A module groups metaobject definitions, definitions of functions
generating these metaobjects and potentially implementation of needed features — as tags. A module
may for instance define metaobjects modeling multiversion members and their association tables,
functions for association table retrieval and some new tags needed to access a database.

Module M1 Module M2
MetaObjects: MetaObjects:
Functions: Functions:
fOne
gone Tags:
Tags. Import(s):
mOne

Namespace: Namespace:
http://adl.org/m1 http://adl.org/m2

Figure 6.1:Modules in ADL.
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XML Namespaces [10] is used to avoid name collisions. Metaobject, function and tag names are
universal, their scope extends beyond the module that contain them. Each module is responsible fi
associating itself with a URI. A module may use metaobjects, functions and tags defined in anothe
module. A namespace referring the URI of the used module must be defined and associated with
prefix. An XML namespace must be associated to every used module.

An example of the use of XML Namespaces for modularization of ADL is presented in IFigure 6.1.
Metaobjects, functions and tags defined in modiijanay be used in moduld, as qualified names.

M2 may, for instance, associate the prefioneto moduleM;. FunctionfOnedefined inM; may be
then used iM, asmOne:fOne

A module is defined in an XML document. A module definition document contains:

the name of the module,

a URI defining the associated namespace,

potentially a list of tag definition references,

potentially a list of function definition references, and

e potentially a list of metaobject definition references.
An example of module definition document is given below:

<module name="testModule” uri="http://nessy.pl/adl/testing”>
<tags>
<tag-decl name="if"” definition="if.tdl”/>
</tags>
<functions>
<function-decl name="myFunction” definition="functionl.fdl”/>

</functions>
<objects>
<object-decl name="Negotiator” definition="Negotiator.odl”/>

</objects>
</module>

In the module definition document given above, a module naraetodule is defined. Itis associ-
ated with the URhttp://nessy.pl/adl/testing. First, a tag nameds is defined. Its definition
can be found in the f.tdl tag definition document. Second, a function namegunction is
defined. Its definition can be found in thenctionl.fdl function definition document. Finally,
a metaObject namedegotiator is defined. Its definition can be found in thegotiator.odl
metaobject definition document.

The XML Schema defining the structure of module definition documents is given in Appendix A.1.
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ADL provides a module which groups basic functionalities of ADL. The namespace for this mod-
ule — denoted theore module — ishttp://nessy.pl/adl/coreThe core module provides primitive
metaObjects and fundamental tags for ADL.

6.3.2 Expressions

In ADL, expressions are defined agsbmeExpressign An expression can contain:
e variable references,
e operators, and

e literals.

Variable reference

Variable references are done by names. If a variam®/ariablehas been defined, the expres-
sion $ myVariablg returns the variablenyVariable To test if myVariableis set, the expression
${isEmptyObjectmyVariablg may be used.

Operators

The following operators are defined:
e relational operators: ==, I=, <, >, <=, >=
e arithmetical operators: *, +, -, /, div, mod
¢ logical operators: ||, &&, !

e operatorempty that checks if a metaobject is unset or if an objectSet contains some metaob-
ject;

e operator " that retrieves metaobject attribute. For examplgngMetaObjecmyAttribute
retrieves the attributenyAttributefrom metaobjecimyMetaObject

e operator ‘1]” that retrieves metaobject from objectSet according to their IDs. For example,
${myObjectSemyMetaObijectID} retrieves the metaobject identified lmyyMetaObject|D
from the objectSetyObjectSet.

Literals

The following literals are defined:

e logical: true or false,
e integers,

o floats,
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e character strings surrounded by single or double quotes. The backslash character “\” is used t
escape single and double quote characters, i.e. *” is obtained by “\”’. The backslash charactet
must be entered as “\\".

e Unset valuenull.

6.3.3 MetaObjects

MetaObijects are defined in an XML document. A metaObject definition document contains

o the name of the metaObject type,

e the name of the type of the metaObject identifier, a list of the attributes and their type if the
metaObiject is not a primitive,

o the type of the value if the metaObject is a primitive.
An example of metaObject definition document is given below:

<object-def type="Negotiator”>
<id type="SSN"/>
<attributes>
<attribute name="firstName” type="String”/>
<attribute name="lastName” type="String”/>
<attribute name="represents” type="Enterprise”/>
</attributes>
</object-def>

In the metaObject definition document presented above, a metaObject magwedator is de-
fined. It is identified by a metaObject whose typeisl. ThreeNegotiator attributes are defined:
firstName, lastName (both of typeString) andrepresents (Of typeEnterprise). As attributes
are defined, the metaObjegigotiator is not a primitive metaObject.

An example of a primitive metaObject definition document is given below:

<object-def type="String”>
<value type="java.lang.String”>
</object-def>

In the metaObject definition document presented abovesttheng primitive metaObject is associ-
ated with thejava.lang.String class. No ID is defined as theva.lang.String is responsible
for unique self-identification.

The XML Schema defining the structure of metaObject definition documents is presented in Ap-
pendix A.2.
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6.3.4 ObjectSets

An objectSet is a set of metaObjects. All metaObjects of a given objectSet have the same type. An
objectSet may be empty, i.e. no metaObject is a member of the objectSet. The emptiness of an
objectSet may be checked with theEmptySet operator. If objectSeDSis empty,iSEmptySetOS
is true. The emptiness of an objectSet may also be checked with the size operator. The size operator
returns the size of an objectSet. The size of an objectSet is the number of metaObjects it contains.
If the objectSeOSis empty,0S.sizeequals to 0.

The core module provides tags for basic operations on objectSets. Four operations are defined:
objectSet creatiordéclare tag), metaObject addition to an objectSetd tag), metaObject deletion
from an objectSetremove tag), and deletion of all metaObjects from an objectSet{r tag). The
for-each tag is an iterator on objectSets. These tags are described in more details in Section 6.3.7.

All ADF origin domains are objectSets. The image (in the mathematical sense) of all ADF is an
objectSet. Figure 6.2 illustrates the relationship between ADF (functions) and objectSets.

MetaObjects

Origin domains

ObjectSets

Figure 6.2:0bjectSets and ADF

6.3.5 Tags

Tags associatgrocessing entitiewith XML tags. A processing entity is an independent software or

a part of a software, such as a database access layer or a statistical library. The XML tags associated
with processing entities can be used in function definitions. Tags are the only mechanism to extend
ADL. When new features are needed, a new XML tag may be associated with a processing entity
that implements the needed feature.

Two kinds of tags may be defined:

e empty tags, and
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e non-empty tags.

An empty tag corresponds to an XML empty tag. An empty tag does not have any content. In a
function declaration, an empty tag is called by the insertion of the associated empty XML tag.

A non-empty tag corresponds to a non-empty XML tag. A non-empty tag has content, with one or
many children tags. In a function declaration, a non-empty tag is called by the associated non-empt

XML tag.

Processing entities may be written in various programming languages. For th¥ Janguage,
which has been chosen for the implementation of the ADL compiler, two interfaces have been de-

fined: one for empty tags, and the other for non-empty tags.
Tags are defined in an XML document. A tag definition document contains:

e the name of atag,
e the name of programming language a tag is implemented in,

e optionally — tag parameters specific to the chosen programming language.
An example of tag definition document is given below:

<tag-def name="SQLQuery” lang="java”>
<javaClass name="pl.nessy.db.SQLQuery”>
<params>
<param name="connection” type="String” required="true”/>
<param name="query” type="String” required="true”/>
</params>
</javaClass>
</tag-def>

In the tag definition document presented above, a tag nagigniery is defined. It is implemented
in the JavdY programming language. All childrerd¢nnection andquery) elements are specific
to tag implementation in Jai4.

The XML Schema defining the structure of tag definition documents is presented in Appendix A.3.

6.3.6 Functions

Functions are the core of ADL. An ADF is expressed in ADL as a function. Each function models
a potential facet of a negotiation process. A function processes zero, one or many objectSets. Tt
result of the processing of a function is an objectSet. Generator ADFs, as defined in Section 6.3.7
are functions that do not process any objectSet. Transformers ADFs are functions that process
least one objectSet.

Functions are defined in an XML document. A function definition document contains:

e the name of a function,
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optionally — the names of modules the function uses,

optionally — the objectSets to be processed and the type of metaObjects they contain,

the name of the resulting objectSet and the type of metaObjects it contains,

the processing actions to be performed.

The processing actions may be calls to tags and functions. Calls to tags are done by inserting the
associated XML tags. To call functions, a special tag defined iedh@module is applied.

An example of function definition document is given below:
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1
2
3.
4.
5
6
7
8

9.
10.
11.
12.
13.
14.
15.
lé.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

<function-def name="getNegotiators”
xmlns:core="http://nessy.pl/adl/core”
xmlns:col ="http://nessy.pl/adl/collections”>

<param name="contracts” type="Contract”/>
<param name="firmDB"” type="Firm”/>
<result name="negotiators” type="Negotiator”/>

<processing>
<declare name="tempNegotiators” type="Negotiator” isASet="true”/>

<core:for-each var="contractVersion” items="contract”>
<core:declare name="localNegotiator” type="Negotiator”/>
<core:set
obj="localNegotiator”
attribute="Name”
value="${contractVersion.negotiator}”/>

<col:ifContains

col="firmDB"”
item="${contractVersion.negotiator.firm}”>
<core:set

obj="localNegotiator”

attribute="represents”

value="${contractVersion.negotiator.firm}”/>
</col:ifContains>

<add to-set="tempNegotiators” name="localNegotiator”/>
</core:for-each>

</core:execute name="col:deleteDoublons” into="negotiators”>
<core:param value="tempNegotiators”/>
</core:execute>
</processing>
</function-def>
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In the function definition document presented above, a function ngatettgotiators is defined.

It uses thecore module (line 2) and a possibte1 module responsible for extended collection ma-
nipulation (3.). The function processes two objectSets: racts andfirmDB containing metaOb-
jects of typecontract andrirm (lines 5 and 6), respectively. The resulting objectSefotiators
contains metaObjects of typegotiator (line 7).

The XML Schema defining the structure of function definition documents is presented in Ap-
pendix A.4.

6.3.7 The core Module

The core module defines a set of primitive metaObjects and tags. Primitive objects are defined in
Sectior 6.1. As presented in Table 6.2, tags incthie module are classified in five categories:

variable declaration,

metaObiject attribute setting,

control flow statements,

function call, and

objectSet manipulation operations.

| Tag category | Tag(s) name
Variable declaration declare
MetaObiject attribute settingset
Control flow statement choose, 1f
Function call execute
ObjectSet manipulation add, for-each, remove, clear

Table 6.2:Tags defined in theoremodule

Variable Declaration

Thedeclare tag allows a variable to be declared. A variable may be a metaObject or an objectSet.
Variable declaration associates a name with a variable.

When a metaObiject is declared, the type of the newly created metaObject is set. If an attribute
value is a primitive object, it is initialized with the default value of the given primitive metaObject.
If an attribute value is not a primitive metaObject, it is setta1.

When an objectSet is declared, the newly created objectSet does not contain any metaObject. Tl
type of metaObjects that can be added in future is set at the declaration time.

An example of objectSet declaration is the following one:

<declare name="allNegotiators” type="Negotiator” isASet="true”/>
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In the objectSet declaration given above, a variable nameédegotiators is defined. The type
of metaObjects that can be added to théNegotiators objectSet iSlegotiator. TheisASet
attribute is set ta rue as the variablel1Negotiators is an objectSet.

An example of metaObject declaration is the following one:
<declare name="aNegotiator” type="Negotiator”/>

In the metaObject declaration presented above, a variable namedtiator is defined. The type
of the aNegotiator variable isNegotiator. TheisASet attribute is not set as the value of this
attribute isfalse by default.

MetaObject Attribute Setting

The set tag allows metaObiject attribute to be set. The new value may be a literal or an expression.

An example of metaObject attribute setting with the help of a literal is the following one:
<set obj="aNegotiator” attribute="firstName” value="'John”’/>

In the metaObject attribute setting presented above, the object of the attribute setting is the metaOb-
jectaNegotiator. The attributefirstName of aNegotiator is set to’ John’.

An example of metaObject attribute setting using an expression is presented below:

<set
obj="aNegotiator”
attribute="firstName”
value="${anotherNegotiator.firstName}” />

In the metaObject attribute setting presented above, the object of the attribute setting is the metaOb-
ject aNegotiator. The attributefirstName of aNegotiator is set to the value of the attribute
firstName of metaObjectnotherNegotiator.

Control Flow Statements

Two tags —choose andif — are used to control flow.

Thechoose tag selects one from a number of possible options. It consists of a sequence of
elements followed by an optionatherwise element. Eaclvhen element has a single attribute,
test, which specifies an expression. The content ofithen andotherwise elements is a sequence
of processing actions. Whencaoose element is processed, each of then elements is tested in
turn, by evaluating the expression and converting it to a boolean. The content of the first, and only
the first, when element whose test isrue is processed. If nahen is true, the content of the
otherwise element is processed. If nden element is true, and thecherwise element is absent,
nothing is done.

An example ofchoose tag application is the following one:
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<choose>
<when test="allNegotiators.size==1"/>
<when test="allNegotiators.size>1">
<clear set="allNegotiators”/>
<add to-set="allNegotiators” name="aNegotiator”/>
</when>
<otherwise>
<add to-set="allNegotiators” name="aNegotiator”/>
</otherwise>
</choose>

In the choose tag example given above, if the size of thelNegotiators objectSet is 1, nothing
is done. If the size is greater than 1, the objectSet is cleared and the metadbjgatiator is
added. In all other cases (i.e when size equals 0), the meta@bjegitiator is added.

Theif element has aest attribute which specifies an expression. The contenteka attribute
is an expression. The expression is evaluated and converted to a boolean. If the tesult iken
the content of the f element is processed; otherwise, nothing is done.

An example ofi f tag application is the following one:

<if test="allNegotiators.size == 0"/>
<add to-set="allNegotiators” name="aNegotiator”/>
</if>

In the i f tag example presented above, if the size ofdh&Negotiators objectSet equals 0, the
metaObjectNegotiator is added to thel1lNegotiators objectSet. Otherwise, nothing is done.

Function Call

Theexecute tag allows functions to be called.

Theexecute tag has aane attribute, which specifies the function to be called. When the function
to be called is contained in another module, the full qualified name of the function must be used. The
full qualified name of a function consists @fduleNamespace:functionName. Theinto attribute
is used to define the variable the result of the function is bound to. When a function is a tranformer
function, the objectSet(s) to be transformed can be specified as childgrem) elements. Variables
associated witharam elements are assigned to function arguments sequentially, from top to bottom,
i.e. the variable defined in the firsaram element is bound to the first objectSet defined in the
function definition.

An example of function call is the following one:

<execute name="neg:getNegotiators” into="negotiators”/>
<param value="contracts”/>
<param value="firmDB"/>

</execute>
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In theexecute tag example presented above, theNegotiators defined in moduleeg is called.
Two objectSets are given as parametersitracts andfirmDB. The result of the function execu-
tion is stored in the objectSet nameehotiators.

ObjectSet Manipulation Operations

Four tags:add, for-each, remove, andclear are used to manipulate objectSets.

The add tag allows to add a metaObject to an objectSet. The name of the objectSet is specified
by theto-set attribute. The metaObject to be added can be referred by the name of a variable it is
bound to, whose name is provided by thee attribute, or by its identifier, whose value is provided
by theid attribute. Only one of those two attributes rame or id — can exist in a giveadd tag.

An example of objectSet addition by name is the following one:
<add to-set="allNegotiators” name="localNegotiator”/>

In theadd tag example presented above, a metaObject bound to a variable hataétegotiator
is added to the objectSet namedi Negotiators.

An example of objectSet addition by identifier is the following one:
<add to-set="allNegotiators” id="localNegotiatorID”/>

In theadd tag example presented above, a metaObject identified by a metaObject bound to a variable
namedlocalNegotiatorID is added to the objectSet namediNegotiators.

The for-each tag contains processing actions, which are executed for any metaObject contained
in a given objectSet. The name of the objectSet to be used is specifiediinetheattribute. If the
objectSet is empty, nothing is done. The name of the variable the metaObject is bound to in a given
loop is specified in thear attribute.

An example offor-each tag use is the following one:

<for-each var="contractVersion” items="contractVersions”>
<declare name="localNegotiator” type="Negotiator”/>

<set
obj= "localNegotiator”
attribute="Name”
value= "${contractVersion.negotiator.Name}"”/>

<add to-set="allNegotiators” name="localNegotiator”/>
</for-each>

In the for-each tag example given above, th@entractVersions objectSet is used. For each
metaObject of this objectSet bounded to variatlet ractvVersion, the processing actions embed-
ded are executed with a new valuesohtractversion.
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The remove tag allows to remove a metaObject from an objectSet. The name of the objectSet
the metaObject is to be removed from is specified byfthen-set attribute. The metaObject to be
removed can be referred by the name of a variable it is bound to, whose name is provided by the
name attribute, or by its identifier, whose value is provided by thieattribute. Only one of those
two attributes -name or id — can exist in a givememove tag.

An example of objectSet removal by name is the following one:

<remove from-set="allNegotiators” name="localNegotiator”/>

In theremove tag example presented above, a metaObject bound to variable namedegotiator
is removed from the objectSet namediNegotiators.

An example of objectSet removal by identifier is the following one:
<remove from-set="allNegotiators” id="localNegotiatorID”/>

In the remove tag example presented above, a metaObject identified by a metaObject bound to &
variable namedocalNegotiatorID is removed from the objectSet namediNegotiators.

The clear tag removes all the metaObjects from an objectSet. The name of the objectSet the
metaObjects are to be removed from is specified bytheattribute.

An example ofclear tag application is the following one:
<clear set="allNegotiators”/>

In the clear tag example presented above, all the metaObjects contained in the objectSet name
allNegotiators are removed from this objectSet.
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CHAPTER 7

CLASSIFICATION OF DOMAIN OBJECTS

7.1 Parametric Analysis

The goal of classification is to provide a synthetic view of an aspect of the negotiation process. The
choice of a facet of a negotiation process corresponds to the choice of an ADF. The result of the
execution of an ADF is an analysis domain, i.e. a set of domain objects. The ADF defines the face
of the negotiation process to be analyzed, generating domain objects modeling a given facet.

As domain objects may model complex views of a negotiation process, and the interests of a givel
negotiator may be different from other negotiators’ interests, many analyses may be performed ol
the same domain objects. Having an analysis domain modeling association tables of all multiversiol
members, a negotiator may be interested in influence of a given multiversion member on others
while another negotiator may be interested in the number of versions of each multiversion membel
For this reason, the concept of parametric analysis is proposed.

Definition 7.1.1. An analysis igparametridf various criteria may be used to perform various anal-
yses of a given analysis domain.

A given analysis domain consists of a set of domain objects. All domain objects of a given analysis
domain are of the same type. As a consequence, the type of an analysis domain may be defined
follows:

Definition 7.1.2. Thetype of an analysis domai@D is the type of domain objects of the analysis
domainAD.

The domain object type — and thus the analysis domain type — defines the attributes of all domair
objects of this type. So, given an analysis domain, the attributes of domain objects of the analysi:
domain are known.

Analysis criteria need the presence of some attributes. Attribute values are data to be analyze
Attribute names are semantics associated with data to be analyzed. Therefore, every analysis ci
terion is associated with a given domain object type. As a consequence, the type of an analysi
criterion may be defined as follows:

Definition 7.1.3. The type of an analysis criterionAC is the type of domain objecthe AC is
associated with.
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7 Classification of Domain Objects

A given analysis domain may be associated only with the analysis criteria corresponding with the
analysis domain type. A relationship many-to-many between analysis domains and analysis criteria
exists. This relationship is a compatibility relationship.

Definition 7.1.4. An analysis domai\D and an analysis criterioAC are compatibleiff the type
of AD and the type oAC are the same
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analysis criteria classifications
Figure 7.1:Parameterizable analysis

The concept of parametric analysis is illustrated in Figure 7.1. Two different analysis domains may
be analyzed according to various criteria. Each criterion produces a classification. Each criterion
is associated with an analysis domain type. In Figure 7.1, it is assumed that the domain analysis
domain types of A and B are different. As a consequence, no criterion may be used for both analysis
domain. The analysis domain Aéempatiblewith the analysis criteria represented by a circle. The
analysis domain B isompatiblewith the analysis criteria represented by a hexagon. Analysis of A
and B are parametric: various criteria may be used to perform various analyses of both A and B.

7.2 Analysis Criteria Definition

As presented in Section 3.2, a classification groups domain objects according to their similarity. The
concept of promixity can be considered as the similarity between items. The more two items are
similar, the closest their are.

An analysis criterion is a metric on a given analysis domain. Formally:

Definition 7.2.1. A function AC is aranalysis criterionff

AC is a function from ABto R

¥(x,y) € AD?, x=y < AC(x,y)=0
V(x,y) € AD?,  AC(x,y) =AC(Y,X)

Y(x,y,2) € AD3, AC(xy) < AC(x,z)+AC(y,2)
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Analysis criteria are a subset of transformer functions defined in Sexction 6.2, so they are ADFs,
They can, therefore, be defined in ADL.

An analysis criterion is an ADF with two analysis domain, each of them containing only one
domain object. The resulting domain contains only one domain object modeling the concept of
distance between two domain objects.

Formally, letAC denote an analysis criterion on an analysis dorddin The type ofAC, as well
asAD, is denotedypeAC Let do; anddo, denote two domain objects &D. Letr € R** denote
the distance betweeadt; anddo, according toAC. Let AD; denote the resulting analysis domain.
For AC, two origin analysis domair&D; andAD, are defined byAD; = {do; } andAD, = {doy}.
The analysis criterioC may be defined as follows, according to the XML Schema defining the
structure of function definition documents (see Appendix A.2):

<function-def name="AC"
xmlns:core="http://nessy.pl/adl/core”>

<param name="first” type="typeAC”/>
<param name="second” type="typeAC”/>
<result name="result” type="typeAC_distance”/>

<processing>
</processing>

</function>

AD; contains only one domain objedt;. The type ofdo, — which is also the type oAD, — is
typeAC distance. Domain objects of typg/peAC distance may be defined as follows, according
to the XML Schema defining the structure of metaObject definition documents (see Apperdix A.4):

<object-def type="typeAC_distance”>
<id type="core:Integer”/>
<attributes>
<attribute name="first” type="typeAC” />
<attribute name="second”  type="typeAC”/>
<attribute name="distance” type="Float”/>
</attributes>
</object-def>

Processing actions to be performed to calculate the distance betlwe@mddo, are defined by

calls to functions or tags, like for every ADF. The user defining new analysis criterion has to check
whether the set of processing actions she/he uses to define the processing of the analysis criteri
defines a metric. The ADF compiler does not perform any checking of the conditions given in

Definition 7.2.L.
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7.3 Classifications

Given an analysis domain and an analysis criterion that are compatible, a classification can be pro-
cessed. A classification is the result of the analysis process. The structure of the classification is
based on the inter-class distance. Classifications allow analysis domains to be partitioned at various
level of granularity by the threshold operation.

7.3.1 Classification Structure

A classification is defined in terms ofassesndinter-classes distanceé class may contain either

other classes and an inter-class distance, or one or more metaObjects (with an inter-class distance
always equal to 0). More formally, 1€ denote a classification on domain analyB3/ C is a set of

classes denotegl. Classes are formally defined as follows:

¢ = ({cj},di), wherevj,cjeC,d e R™
Ve eC, ¢ or
¢ ={MO;}, whereVj, MO; € DA
v(ci,cj) €C%6 Ccjorc Dcjorg( ¢ =0
Two kinds of classes exist. Some classes — denatiaehic classes €ontains only metaObjects.
Others — denotedomplex classes contains only classes and an inter-class distance.

The classification is an indexed hierarchy under the condition that an additional constraint is set
on inter-class distances:

V(ci,cj) € C? such agi # ¢j, ¢ C ¢j = di < dj,
whered; (respectivelyd;) is the inter-class distance associated wjtfrespectivelyc;) and the inter-
class distance of atomic classes equals O.

Let a distancé® on C be defined as follows:
e Ci Ccj=D(c,cj) =dj,

e if i cj =0, letc € C be such that; C ¢, ¢j C ¢, and
Vo € C,0 C cc= (¢ C ¢ andcj C ¢). ThenD(cj,cj) = dk.

Lemma 7.3.1.In an indexed hierarchical classification, the inter-class distancasgociated with
class ¢ observes Ixj,cj) < di, where ¢ C ¢ and G/ C G;.

Proof.
If ¢; C ¢y, D(cj,cjr) = dj. Ascj C ¢, dj < d;. ThereforeD(cj,cj) < d.

If ¢j; C cj, a similar reasoning may be used.
If cjNcj =0, there existxy € C such thatj C ¢, ¢y C ¢, andvc € C,¢ C ¢k = —(¢j C

¢ andcy C ¢). By definition,D(cj, cj) = dk. Or, asci € C, ¢j C ¢, andcj C ¢, by definition
ofcg, ek C ¢ . Thendy < d;. Asa conclusionD(c,-?cj/) =dy¢ <d. [l
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7.3.2 Classification Generation

Classification generation is an operation that, given an analysis domain and a compatible analy
sis criterion, generates a classification. Classification generation is based on ultrametric automati
hierarchical classification algorithm (cf. Secton 3.2.3).

An analysis criterion is not an ultrametric. Analysis criteria only have to be metrics. However, a
path metric — which is an ultrametric — can be derived from each metric (cf. Section 3.2.4). The path
metric derivation is an operation whose computational complexity in terms of processing is very
high. When the number of domain objects of an analysis domaintiee number of possible paths
between two domain objects has a complegity!).

Proof.
Consider an analysis domakD such that car@AD) = n+2. Letdo;} anddo, denote two
domain objects irAD. Let Pyo, 4o, denote the set of paths frodw; } to do,. Then,

n—1 1

card Pyo, do,) = N! pZO (n——p)'

As liMmp_ o ZB;% —e—1,

n—1
lim cardPyo,.do,) = lim n! ~nl(e—1)
n—oo C( 01,002 n—oco pZO (n_ p)! (

Therefore, the number of possible paths between two domain objects has a con{akjty
O

We conclude that the path metric derivation operation cannot be performed directly because of th
high complexity of the algorithm.

Another solution to derive ultrametric from metric is based on characteristics of ultrametrics:

Lemma 7.3.2.1n an ultrametric space, all triangles are isosceles.

Proof.
Let & denote an ultrametric on a spaBe Let assume that three elementsfoéxist, a, b,
andc, such that the triangléa, b,c) is not isosceles. Assume thafa, b) < d(b,c) < d(a,c)
— other cases are equivalent to this one by permutatia bf andc. Therefore, the condi-
tion d(a,c) < supgd(a,b),d(b,c)] is not observed. As a conclusion, the hypothesis that a non
isosceles triangle may exist is false. Il

Using this characteristics of ultrametrics, we define the “isoscelization” operation. The “isosceliza-
tion” operation transforms every triangle in an isosceles triangle in which the threesgidgsand
s3 observe the following claus&(i, j,k) € [1,2,3]3, 5 < sufs;, sy

Definition 7.3.1. The “isoscelization” operation transforms

o(a,b)=s

6Eac§=S; d(a.b) =% =5
a triangle (a, b, ¢) such that 6(b7 o) =5 into a triangle(a,b,c), where 3(a,c)=s, =

S<9<S 3b,c) =55 =%
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The “isoscelization” operation is illustrated in Figure 7.2. The original triangle is the one on the
left side. The transformed triangle is the one on the right side. The original triangle is a scalene
triangle. After modification, the longest sidess-in the figure — is altered so that its length equals to
the length of sides,. Sides; is the side whose length is betwesn- the smallest side — arsd — the
longest side.

b s3=8 b
$3=10 7 |s1=4 ——>¢ < sl=4
a 2=8 Ta

c s2=8
Figure 7.2The “isoscelization” operation.

If the “isoscelization” operation is performed on all the triangles existing in a shaceasurable
with distanced, all the triangles will be isosceles. A new distar@&cmay be then defined oA as
follows: the distance between two elementé&ef- denoteda; anday, — is the length of the segment
aiay (in the space in which all triangles are isosceles).

Itis worth to emphasize that the new distadabtained as explained above is an ultrametric. The
proof is obvious as the constraints defining an ultrametrics, defined in Saction 3.2.3, are observed.
Constraints 3.6 and 3.7 come directly from properties of the meframd constrairt 3.8 is ensured
by the “isoscelization” operation.

The complexity of the ultrametric processing based on the “isoscelization” operation is smaller
than the processing based on path metrics. The complexity of the proposed algoffm)is

Lemma 7.3.3.Given a space A such that cdf) = n, the number of triangles existing in A equals
n(n—1)(n—2)
.
Proof.
A triangle consists of three points;, b, andc. There aren possibilities for the choice o
There are then— 1 possibilities for the choice df. Finally, there ar@— 2 possibilities for the
choice ofc. So, there ara(n— 1)(n— 2) triplets inA. Each triangle is counted six times with
permutations:(a, b, c) is the same triangle s, c,b), etc. Therefore, the number of triangle

in Aequalsw. O

The following algorithm may be used to perform the “isoscelization” of sgace

1. segments = orderedListOfAllSegments();
2. 1soSegments = new List();
3. nonIsoSegments = orderedListOfAllSegments;
4. while (nonIsoSegments.size() !'=0 ){
5. [a,b]l=nonlIsoSegments.firstElement ();
6. for-each ce Ac#a and C#Db {
7. isoscelization(a,b,c);
8. }
9. isoSegments.add([a,b]);

10. nonlsoSegments.remove ([a,b]);

11. nonlsoSegments.sort ();

12. }

100



7.3 Classifications

The complexity of the presented algorithm@%n®). The number of segments in a space whose

cardinal isn equals@. For each segment, the loop defined between lines 6 and 8 is executed
n—2 times. Therefore, the algorithm complexity&2 x (n—2) ~ O(n3). O

7.3.3 Threshold Operation

Lemma 7.3.1 allows to define thresholdoperation on classifications. The threshold operation
provides various partitions of the analyzed analysis domain according to a threshold.

Two additional concepts are required to define the threshold operation: the conclstsofon-
tentsand the concept dfmax class.

Definition 7.3.2. The contents of a given classaf a classification C is a set of domain objects,
denoted Contents;).

e For atomic classes, the class contents is the class itself,
i.e. Contentci) = ¢ = {MOj, wherevj, MO; € DA}.

e For complex classes, the class contents is the union of contents of all embedded classes,
i.e. Contentéci) = (J; Contentgc;) with the notations used in Section 7.3.1.

@ ® @bo00O®

Figure 7.3 The class contentsoperation. a) the full classificatiolC; b) Content$cy);
c) Contentscy); d) Contentgcs); €) Contentgc )

The class contents operation is illustrated in Figure 7.3. The full classific@tisrpresented in
a). Domain objects are represented by circles. Five domain objects egistenoteda, b, c, d,
ande. Classes are represented by ellipses. Eight classes exist, depatbérei € [1,...,8]. The
“is-embedded-in” relationship is represented by lines between classes. Classebcs are, for
instance, embedded . For atomic classe<i( wherei € [4,...,8]), Content$c;) is the set of
domain objects contained ). Contents$c,) is therefore{a}. When a class is a complex class, the
class contents is a set of object domains which is calculated recursively wilotitents) function.
Therefore Content$cy) = Content$cs) U Contentgcs) U Contentgcs) = {a, b, c}.

Contentsgcz) = Contentgc;) U Contentécg) = {d,e}. Finally,
Contentsc;) = Contentsc,) U Contentgcs) = {a,b,c,d,e}.
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Definition 7.3.3. Given te R™*, a class ¢is a t-max class iff
di <tand—(dcj suchthatecC cjand d <t)

In the classification presented in Figure 7.4, classes are represented by ellipses, distances asso-
ciated with classes are given inside ellipses, “is-embedded-in” relationship is represented by lines
between ellipses. In this classification exampleis a 3-max class: the distandg associated with
C2 observesl, = 3 <t = 3, and there is no clasg such thatc, C ¢; anddj < 3 (the only class
that containg; is ¢, butd; = 7). Classcs is also a 3-max class: the distargeassociated witles
observesiz = 2 <t = 3, and there is no clagg such thatcz C ¢; andd; < 3 (the only class that
containscg is ¢p, butd; = 7).

Figure 7.4.Classification example

Definition 7.3.4. Given a threshold t, the threshold operationcfeates a partition Pof a classifi-
cation C. Ris the set of contents of all t-max classes of C. Formally,

R = {Contentéc;), where ¢is at— max clas$

Various threshold operation results are illustrated in Figure 7.5. Wheb the partition obtained
by the threshold operation is a set of atomic classes. With the classification given in Figure 7.5 a),
Po = P because all 0-max classes are all 1-max classes. SimPgeyP; because all 5-max classes
are 7-max classes.
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Figure 7.5The threshold operation. a) Classificationf®)c) P; d) Ps; ) P
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The threshold provides the granularity of the obtained partition. The higher the threshold is, the
lower the number of classes in the obtained partition is. In the context of negotiation analysis, this
characteristics of the threshold operation is a key feature as it allows:
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e various analysis levels; when the threshold is low, the generated partition consists of many
classes, representing a fine-grained analysis. When the threshold is high, the generated pe
tition consists of a few classes, representing a high-level analysis, giving an overview of the
analyzed negotiation facet;

e fast focusing on details; starting from a high-level analysis, a negotiator can select a few
classes in the partition which are of special interest. These classes can further be analyzed i
details by the application of a threshold operation with a lower threshold. The repetition of
this technique allows to focus quickly on interesting details.
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CHAPTERS8

APPLICATION OF DYNAMIC ANALYSISTO
E-NEGOTIATIONS

8.1 Negotiation Process

In this section, an example of the application of dynamic analysis to e-negotiations is presented
Though the proposed dynamic analysis deals with mass negotiations, the number of negotiators pa
ticipating in the negotiation process presented in this section is reduced to 3 to improve readability.

In the following example, three contractors are negotiating a contract concerning the publication
of a story on the web site of an Internet-based publishing company. The contract to be negotiated i
a typical publishing agreement. Its original version, proposed by the publisher, is the following:

Begining of contract

This contract is made between Scott Tiger, whose address is 8i Ora Road, Redwood Shores,
CA, USA hereinafter referred to as the PUBLISHER, and Wile E. Coyote and Chuck Jones
whose address is 10 Acme Bvd, Hollywood, CA, USA, hereinafter referred to as the AU-
THORS.

=

The parties agree as follows:

Authors’ Grant.

1. The Authors grant permission to include their story entitled "The life of the Roadrunner,"
a work of approximately 10500 words, hereinafter referred to as the Work, on the ACME
Publishing Corporation web site found at www.acme-publishing.com.

BEBRAN

Rights Purchased.

1(a). This use of the Work by the Publisher entails the assignment of First World Wide Web
Rights, for publication in the English language, for a period limited to one year from the first
publication. For the first three months of this period, the publication of the Work shall be
exclusive to the Publisher. It is also understood and agreed that the Publisher may use
this Work only within the above-mentioned sites and that all rights not expressly granted
herewithin reside exclusively with the Authors.

(o] o] ]

Options on Further Rights
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2. If the Publisher desires to exercise any further rights, separate agreements must be

entered to and signed for each use of further rights.
JE] 2(a). The Author grants to the Publisher the right of firstoffer on world anthology rights. The

Author also grants to the Publisher the right to make an offer on non-exclusive reprint rights.

14

[l Payments and Royalties.

fi] 3. For the rights granted to the Publisher above in 1(a) the Authors will receive a payment in
the sum of $2500, which will be paid within thirty (30) days of signing this agreement.

17

f] Changes in Text or Title.

[] 4. The Publisher will make no major alterations to the Work’s text or title without the Author’s
written approval in e-mail or hardcopy. The Publisher reserves the right to make minor copy-
editing changes to conform the style of the text to its customary form and usage. To ensure
that no such changes are made without the Authors’ approval, the Publisher will furnish the
Authors with electronic text proofs or page proofs of the Work in advance of publication.
Authors agree to return such proofs with corrections in not more than thirty (30) days from
receipt thereof.

20

] Reversion of Rights and Withdrawal of Offer to Publish.

Y] 5(a). In the event that the Work is not published within 18 months of signing of this agreement,
all rights revert to the Author, and the Author has the right to sell or arrange for publication
of the above-named Work in any manner. The Author shall keep any payments made by the

Publisher to him.
5(b). In the event that a copy of the counter-signed agreement is not returned to the Author

within thirty (30) days of signing by the Author, or that payment in 3(a) is not made as specified,
the Publisher’s offer to purchase the Work shall be considered withdrawn.

HEB

N
w

N
S

Copyright.

6. The Publisher agrees to list a proper copyright notice for the Work in the name of the
Authors on the first page of the web-published story, and to take all necessary steps to protect
the Authors’ copyright in the United States, and in the International Copyright Union.

NEN
[N K&

N RN
[osl I\

N
©

Authors’ Credit.
7. The Authors will be credited on the table of contents page and at the beginning of the story
as Wile E. Coyote and Chuck Jones.

w
o

WRW
N~

Venue.
8. This agreement shall be deemed executed under the laws of the state of California. Cali-
fornia state law shall be the applicable law of this agreement.

w
w

w
N

The parties acknowledge that each party has read and understood this contract before exe-
cution.

End of contract

Negotiators are denoted by their initials, i®T for Scott Tiger,WC for Wile E. Coyote, andCJ
for Chuck Jones, respectively. Contract paragraphs are denotgdwierei is the number in the
black box on the left side of the paragraph, e.g. the paragraph whose text is “The parties agrees as
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8.1 Negotiation Process

follows:” is refered ags.

The negotiation process consists of two phases. First, negotiators ST and WC negotiate with n
involvement of negotiator CJ. Second, all three negotiators negotiate together.

During the negotiation process, five conflicts occur. The first conflict arises around the clause
concerning payments and royalties, ijgis. The payment delay is the most important topics for
negotiatoWC, who wants to be paid soon. As a consequence, he always proposes shorter paymel
delay. The payment amount is not so important for him, but he does not aggree with less than $250(
The payment amount is the most important topics for negoti@tbmegotiatorCJ wants to get
as much money as possible for the story (his lower limit is $2800). Therefore he proposes highel
royalties, offering in exchange longer payment delays. Negot&famderstands the two opposite
strategies of both authors. As payment fees and delay are not very important for him, he propose
longer delays or lower fees and l&td andWC react to his propositions. The final proposition is
made byWC: $2900 with a payment delay of twenty-five days.

The second conflict concerns the clause about withdrawal of offer to publispzi.€The conflict
arises around the delay for counter-signed agreement deliverable. This delay is closely related to tr
payment delay. Therefore, changes concerning the delay payment causes modification of the clau:
P2s.

Another conflict concerns the credits to authors, ipgg. In the initial version of the contract,
clausepys states that “The Authors will be credited]...] as Wile E. Coyote and Chuck Jddego-
tiator CJ wants his name to be first as he is the main autor of the story. Moreb¥emdWC are
members of an autors’ group named “the WB funny group”. There@arproposes in versiod.3
“[...] as Chuck Jones and Wile E. Coyote, from the WB funny group”. NegotltGragrees with
the credits to the WB funny group but wants his name to be the first, as he brought his experience t
the story. Therefore, he proposes in vergdad 2[...] as Wile E. Coyote and Chuck Jones, from the
WB funny group”. NegotiatofCJ stops this conflict when he proposes to credit only the WB funny
group in versiorD.3.2.1

Another conflict concerns the number of words in the story, pg. The initial proposition is
“10500 words”. NegotiatowWC proposes a higher number of words (“15000”) in verdioh The
proposed payment delay 16 — is shorten from thirty days to fifteen. Negotia®T proposes in
version0.1.1a lower number of words (“*10000”) with a longer payment delay (twenty-five days).
NegotiatorST proposes 11500 words for $28000 in vers®. NegotiatorCJ proposes “12000”
words for $3500 in versiofl.3. Negotiator ST disagrees with this proposition and his counter-offer
is 12500 words for $2200 (version 0.3.1). This proposition is not accepted. Finally, the proposition
made byCJin version0.3is accepted by all negotiators.

Another conflict concerns the modification the Publisher may make to the stquyg.i.Hegotiator
WCdisagrees with the original proposition®T, which states that the “Publisher will make no major
modification [...]". The original proposition is not clear as “minor modifications” are concerned.
Therefore, in versio®.1, WCproposes that the “Publisher will not make any modification [...]",
which removes all ambiguity concerning “minor modifications”. In versioh.l, negotiatorST
accepts this modification under the condition that the delay concerning text proofs is shortened fron
thirty days to fifteen days. In versidh3, negotiator CJ proposes that the “Publisher will not make
any modification [...]” and the delay concerning text proofs is shortened to twenty days. This
proposition is accepted by all negotiators.
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8 Application of Dynamic Analysis to e-Negotiations

The detailed course of the negotiation process is given in Appendix C.

8.2 Contract Evolution
A representation of the contract evolution consists of:

e the contract version tree,
e the association table of structure, and

¢ the association tables of contract paragraphs.

The contract version tree is presented in Figure 8.1. The two phases described in Section 8.1 are
visible in the version tree as two independant branches: the branch starting with @etsioncerns

the discussion between Scott Tiger and Wile E. Scott, while the branch starting with v@r3ion
concerns the discussion in which all three negotiators are involved.

0

0.1 0.3
0.1.1 0.3.2
0111 0321
0.1.111 Q 0.3.2.12
& » _ 03211
Scott Tiger 411111 032122
& [] wileE. Coyote 032121
& 0.3.21.22.1
. Chuck Jones 0111111
03212211

Figure 8.1:Contract version tree

The association table of contract structure is simple as no paragraph has been added or deleted dur-
ing the negotiation process. Therefore, the multiversion structure consists of one instance, denoted
S. The association table is presented in Table 8.2.

The association tables of contract paragraphs which were not modified are simple, consisting of

a single row paragraph_instance_ID, version .O)or paragraphs that were modified during the
negotiation process, their association tables are presented in Tables 3.3, 8 4, 8.5, 8.6, and 8.7.
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8.2 Contract Evolution

\ Contract structure instanQeContract versiod

So

| 0 |

Table 8.2:Association table of contract structure

| Paragraph instance identifielContract versior| Contents overview

6 0 10500 words
35 0.1 15000 words
39 0.11 10000 words
50 0.2 11500 words
53 0.3 12000 words
58 0.3.1 12500 words

Table 8.3:Association table of paragrapia

| Paragraph instance identifieContract versior| Contents overview

16 0 $2500, 30 days
36 0.1 $2500, 15 days
40 0.1.1 $2800, 25 days
43 0.1.1.1 $2700, 20 days
45 0.1.1.1.1 $2500, 20 days
47 0.1.11.1.1 $2500, 14 days
49 0.1.1.1.1.1.1 | $2500, 18 days
51 0.2 $2800, 30 days
54 0.3 $3500, 15 days
59 0.3.1 $2200, 45 days
61 0.3.2 $3000, 10 days
64 0.3.2.1 $3200, 20 days
66 0.3.2.1.1 $2600, 30 days
67 0.3.2.1.2 $3500, 30 days
68 0.3.2.1.2.1 $2000, 15 days
69 0.3.2.1.2.2 || $2900, 25 days

Table 8.4:Association table of paragragiis

| Paragraph instance identifielContract versior| Contents overview |

19 0 no major alterations; 30 day
37 0.1 any alterations; 30 days
41 0.1.1 any alterations; 15 days
55 0.3 any alterations; 20 days

Table 8.5:Association table of paragragig
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| Paragraph instance identifielContract versior| Contents overview

23 0 30 days
38 0.1 10 days
42 0.1.1 25 days
44 0.1.11 18 days
46 0.1.111 20 days
48 0.1.1.1.1.1 7 days

52 0.2 21 days
56 0.3 15 days
60 0.3.1 28 days
62 0.3.2 8 days

Table 8.6:Association table of paragragis

| Paragraph instance identifieContract versiorj Contents overview |

29 0 Wile E. Coyote and Chuck Jones

57 0.3 Chuck Jones and Wile E. Coyote,
from the WB funny group

63 0.3.2 Wile E. Coyote and Chuck Jones,
from the WB funny group

65 0.3.2.1 the WB funny group

Table 8.7:Association table of paragragig

8.3 Multi-facet Analysis

In this section, three examples of multi-facet analysis are presented. First, the number of paragraph
versions are classified to identify conflicts. Then, the number of paragraph versions created by
negotiatorST are classified to identify the claus83 is interested in. Finally, versions of claupg;

will be classified to identify the key proposals concerning payment amount and delay.

A classification of the multiversion paragraphs according to their versions may be used to identify
conflicts that occured during the negotiation process. MetaObjects modeling the number of versions
of paragraphs, denotésssociationTableSummaryMetaObjecisnsist of:

| Attribute name | Type | Description |
1D core:Integer | The identifier of the multiversion paragraph

numberOfVersions | core:Integer | The number of versions of the paragraph
contents core:String | The contents of the last paragraph instance

AssociationTableSummaryMetaObjects are generated by an ADF demeédelAssociationTable-
Summary This ADF retrieves the list of multiversion paragraphs from the database storing the
multiversion contract. Then, the association table of each multiversion paragraph is retrieved and
the number of version is processed. The ADF assembles the multiversion identifier, the processed
number of versions, and the contents of the last paragraph instance into an AssociationTableSum-
maryMetaObject.

AssociationTableSummaryMetaObjects are classified according to the criéssoniationTable-
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8.3 Multi-facet Analysis

SummaryDistancelhis criterion, denotedsymmaryis defined as follows:
e Y(as,asj), ag = asj < dsummaryas,asj) =0

e Y(as,asj), ag # asj < dsummaryas,asj) = 1+ \nv, —nv;

whereny; is the value of the numberOfVersions attribute of the associationTableSummaryMetaOb-
jectas.

The classification obtained by tleeeate AssociationTableSummakipF and theassociationTa-
bleSummaryDistands illustrated in Figure 8.2.

3)

O 19)c1

c2

-
c2:2 c2:2:2
L( O

23 c2:1

2N
N

Figure 8.2:Classification of paragraphs according to their number of versions

Each circle in Figure 8.2 represents a class in the classification. Classes on the right side ar
atomic and therefore contains only one associationTableSummaryMetaObject. They are denote
by the identifiers of the multiversion paragraphs. At a high level of granularity, two classes exists:
classc; contains only the paragrapghe, while classc, contains all the other paragraphs. Sixteen
versions of paragrapp e exist; thereforg;g is the main cause of conflict. In clasg two classes
are distinguished: clas-1 contains only paragrappys, while classc,.2 contains the remaining
paragraphs. Ten versions of paragraph exists. Paragrappys is therefore the second cause of
conflict. Classcy:2 may be further splitted in two classes: cl&ss.1 contains paragraph®g, p1o,
andpg, and clas€;:2-2 contains all paragraphs which have never been modified. €lass can be
splitted into next two classes: clagsy.1.1 that contains paragragls, and class;:»-1-2that contains
paragraph$.g and p1g. Six versions of paragrappe exist, while four version of paragraplipsg
and p1g exist.

The classification obtained with tleeeate AssociationTableSummakPF and theassociationTa-
bleSummaryDistancallows negotiators to identify conflicts. At the higher level of granularity, one
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8 Application of Dynamic Analysis to e-Negotiations

may distinguish the paragraph which is the main source of conflict from the other paragraphs, i.e.
pis. The paragraph concerning the payment amount and delay is indeed the most negotiated para-
graph. The second source of conflict, img, may be identified at a lower level of granularity. The
paragraph concerning the reversion of rights and withdrawal of offer to publish is the second most
negotiated paragraph. All conflicts can be identified at various levels of granularity: the conflict
concerning the number of words, i.@g, is visible in classcy:2:2:1, While conflicts concerning the
credits to authors, i.gx9, and changes in the text or title, i.p19, may be identified in class:2:1-2.

A classification of the multiversion paragraphs according to their versions created by negotiator
ST may be used to identify the claus83 is interested in. MetaObjects modeling the number of
versions of paragraphs are the same as the one used in the previous classification.

AssociationTableSummaryMetaObjects are generated by an ADF demeteelAssotiationTable-
SymmaryForSTThis ADF retrieves the list of multiversion paragraphs t8dthas been created
from the database storing the multiversion contract. Then, the association table of each multiversion
paragraph is retrieved and the number of version is processed. The ADF assembles the multiversion
identifier, the processed number of version, and the contents of the last paragraph instance into an
AssociationTableSummaryMetaObject.

AssociationTableSummaryMetaObjects are classified according to theasaowationTableSum-
maryDistancecriterion used in the previous classification

The classification obtained with tleeeateAssociationTableSummaryForSDF and theassocia-
tionTableSummaryDistandgillustrated in Figure 8.3.

c2 c2n

O

N

Figure 8.3:Classification of paragraphs according to the number of version$sthhas been cre-
ated.

At a high level of granularity, two classes exists: claggontains only the paragraghg, while
classc, contains all the other paragraphs. Eight versions of paragpaphave been created by
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ST, thereforepyg is of the main interest t&T. In classcy, two classes are distinguished: class
C2:1 contains paragraphs and ps , while classcy:» contains all the remaining paragraphs. Five
versions of paragrappps have been created IST. Four versions of paragrapig have been created
by ST. Paragraphg,s and pg are therefore the secondary center of intere§oFinally, paragraph
P19 is distinguished from other paragraphs in class. NegotiatorST has created two versions of
paragraplpig which is therefore the last center of interes&3i.Briefly, STis interested in:

1. the payment and amount delay,
2. the reversion of rights and withdrawal of offer to publish,
3. the number of words of the story, and

4. changes in text or title.

One may notice th&Tis not involved in the conflict concerning credits to authors.

A classification of clausgyg may be used to identify the key proposals concerning payment
amount and delay. MetaObjects modeling the paragraph instances concerning payment, denots
PaymentMetaObjectsonsist of:

| Attribute name| Type | Description |
1D core:Integer | The identifier of the paragraph instance
amount core:Integer | The payment amount
delay core:Integer | The payment delay

PaymentMetaObjects are generated by an ADF derotatePaymentsThis ADF retrieves the
list of paragraph instances concerning the payment from the database storing the multiversion cor
tract. Then, the amount and the delay proposed in each retrieved paragraph instance are process
The ADF assembles the instance identifier, the processed amount, and the processed delay intc
PaymentMetaObject.

PaymentMetaObjects are classified according to the critgggymentDistance.This criterion,
denotedd g,y mends defined as follows:

* Y(pi, pj), Pi = pj <:)dgaymen“:)b pj)=0

e V(pi, pj)7 Pi # Pj <:>dgaymen(piv pj) =1+a |ai _aj‘+200(1_a) |di _dj

whereg; , repectivelyd; , is the value of the amount attribute, respectively the delay attribute, of the
paymentMetaObjeap;, anda € [0,1]. When the ratiax equals to O, only the delay is taken into
account. When the ratio equals to 1, only the amount is taken into account. For values in between:
and 1, both the delay and the amount are taken into account. The multiplication by 200 is a scaling
factor betweem payment amounts and delays.

The classifications obtained with tleeeatePaymentdDF and thepaymentDistancéor various
values of the ratio are illustrated in Figures 8.4, 8.5, and 8.6. Each circle in Figurzs 3.4, 8.5 and 8.¢
represents a class in the classification. Classes at the bottom are atomic and therefore contains or
one paymentMetaObject. These classes are denoted by the identifiers of paragraph instances.

As far as the payment amount is concerned, three classes exists at a high level of granularity: cla:
c1 contains paragraph instanag@®and59. Classc, contains paragraph instancg$and67. Class
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Figure 8.4:Classification of paragrapbys according to the payment amount£ 1)

c3 contains all the other paragraph instances. Low payment amounts are proposed in paragraph
instance®8 and59 — $2000 and $2200. The highest payment amount is proposed in paragraph
instance$4 and67 — $3500. Payment amount proposals in paragraph instances contained in class
c3 are in between $3200 and $2500. In clagsparagraph instand®4, in which payment amount
proposal is $3200, may be distinguished at a lower level of granularity. At the lowest level of
analysis, one may notice that the payment amount $2500 is common for paragraph iréadces

45, 16, and49. It it the most often proposed payment amount, when the payment delay is not taken
into account.

9,52:1 g,cz:z B
cl

Figure 8.5:Classification of paragrapty s according to the payment delay &€ 0)

) 69 6

As far as the payment delay is concerned, two classes exists at a high level of granularity: class
c1 contains paragraph instanb®, while classc, contains all the other paragraph instances. The
payment delay proposed in paragraph instéfis the longest in the whole negotiation process —

45 days. In classy, three classes are distinguished: clgsscontains paragraph instancel 66,
67, and16, in which the proposed payment delay is 30 days. Giassontains paragraph instances
40 and 69, in which the proposed payment delay is 25 days. Ctagscontains all the remaining
paragraph instances, in which the proposed payment delays are in between 10 and 20 days.

As far as the payment delay and amount are concerned, three proposals are distinguished at a high
level: proposals in paragraph instan&8¢$2200, 45 days}$1 ($3000, 10 days), ans4 ($3500, 15
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8.3 Multi-facet Analysis

days) are excessive. An analysis of the remaining proposals allows to distinguished “low amount -
short delay” proposals (paragraph instar@®%4, 43, 45, 49, 47, and36) from “high amount - long
delay” proposals (paragraph instané&¥s 66, 16, 51, 40, and69). One may notice that paragraph
instancet3($2700, 20 days) is considered as a “low amount - short delay” proposal, while paragraph
instancel6 ($2500, 30 days) is considered as a “high amount - long delay”. This may be explained
by the fact that the chosen ratio= 0.45 favors payment delay.

O

e

OO0

O

- A
1 @) 60 @) 6@ W 6 @ @

Figure 8.6:Classification of paragrappy s according to the payment delay and amowni=0.45)

G @ 6 @ @
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CHAPTER9

PROTOTYPE OF E-NEGOTIATIONS SYSTEM

9.1 Prototype Description

A prototype namedNeSSy(for Negotiation Support Systg@rhas been built to allow negotiators
to negotiate and perform multi-facet analysis of e-negotiations. N&®Syprototype allows to
manage negotiators and contracts. Ne&SSyprototype allows also to perform various analysis of
the negotiation process.

HeSSy administration

Connection Manage Window

Contracts

@ Name IR creator Contract Creation

Fublishing contract 5t
Highweay building contract wc

.’ Megotiators

Name:
o = Login: |
Description: [This contradl £ root
Password: |
I st
1 we Confirm: |
Grant admin: [

I,ﬂllll
W
W

il

Create

Figure 9.1:Negotiators and contracts management windows imNi®Syprototype
Negotiators management window, presented on the right side of Figure 9.1, allows for negotiatol

creation and removal. A negotiator is defined by her/his login, and password. A negotiator may be
an administrator. An administrator can manage negotiators. The removal of a negotiator causes tr
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9 Prototype of e-Negotiations System

removal of all multiversion contracts she/he created. If a negotiator is the owner of a contract version
of a contract he/she did not create, the removal of this negotiator is not possible.

Contracts management window, presented on the left side of Figure 9.1, allows for multiversion
contract creation and removal. A multiversion contract is defined by its name and its description. A
multiversion contract may be deleted only by the negotiator that created it.

When a negotiator creates a multiversion contract, she/he can manage negotiation participants and
add the initial contract version (as presented in Figure 9.2).

O HeS3y administration X

Connection Manage Window

Contracts :

@ Name ¥ creator Contract Creation

Highweay building contract we

w [IPublishing contract st
iy Mame: | |

i
(i Description:
'I:rflll Add Initial Version P

1

||| Manage Participants

b Properties

ilfn
Delete | Create |

Figure 9.2The popup menu for newly created multiversion contract

Only the creator of a multiversion contract can manage participants. The “Contract Participants”
window, presented in Figure 9.3, allows to add and remove participants from the contract negotiation
process. A participant can be removed iff she/he is not the owner of a contract version. A participant
may be added at any time during the negotiation process.

0| Manager Participants (Publishing contract) | X

I_F Contract Participants

@ Contract: Publishing contract

il .! Megotiators: .! Participants:

il
:Ii::“ root -~ u] -~
ﬂ:“ E \sn:c
il e
| Ok | | Cancel |

Figure 9.3:Contract participants management window

Only the creator of a multiversion contract can add the initial contract version. The initial contract
version can be added with the “Create Initial Contract Version” window, presented in IFigure 9.4.
The contract initial version is defined by its version name, its version description, and its contents.
The version name does not have to follow the rule 5.2.4 which states that “the root contract version
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subidentifier is 0”. The version name is a label that allows negotiators to easily identify a given
contract version.

Initial Contract Version (Publishing contract)

Create Initial Contract Yersion

@ Contract Name: Publishing contract

() version Name: o

Description: This contract cancerns the
publication of the story
"The life of the Eoadrunner”

1]B B IC

ENED

hy This contract is made between 5cott Tiger, whose

I"‘, address iz 8i Ora Road, Fedwood Shores, CA, USA

lwl hereinafter referred ta as the PUBLISHER, and Wile E.
|||'.|| Conote and Chuck Jones whose address is 10 Acme Bwd,
ﬂ.ll Holkwood, Ca, US4, hereinafter referred to as the

Wl ALTHORS.

The parties agree as follows;

Authors Grant.

1. The Authars grant permission to include their stong
entitled "The life of the Eoadrunner," a work of
approximately 10500 wards, hereinafter referred 1o as
the Wark, on the ACME Fublishing Corparation welk site
found at wuw. acme-puhblishing. cam.

A

| OK || Cancel |

Figure 9.4.The “Create Initial Contract Version” window

When the initial contract version has been created, negotiators that are participants can negotiat
creating new contract versions. The contract version tree can be browsed with the “Contract Versiot
Tree” window, presented in Figure 9.5. This window presents all the existing contract versions.
Various contract versions are represented differently in the contract version tree, depending on the

type:
e adraft version, i.e. version.3.2.1.2.2.2is represented by the icD ;

e a historical version, i.e. versidy is represented by the icc ;

¢ the last proposed version of each negotiator, i.e. ver@itri.1.1.1.1is represented by the
icon [}

A new contract version can be derived from all historical and last proposed contract version. Draft
versions can be edited by the negotiator that creates it. Any modifications can be made inserted t
draft version. When a negotiator finishes her/his contract version modifications, she/he can transforr
the draft version into the last proposed version. The contract version that was previously the las
created historical contract version becomes then a historical version. Only one last proposed versio
exists for each negotiator.

Historical and last proposed contract versions can be read by all participants. No modification car
be made on historical and the last proposed contract versions.
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|

HeS5y administration

Connection Manage Window

Contract Versions (Publishing contract)

| Created

:mlll

W
W

2002-08-16 st
2002-08-16 wi
2002-08-16 st
2002-08-16 wr
2002-09-16 st
2002-09-16 wc
2002-09-16 st
2002-09-16 st
2002-08-16 (]
2002-08-16 st
2002-08-16 wi
2002-08-16 (]
2002-09-16 st
2002-09-16 (]
2002-09-16 st
2002-09-16 wc
2002-08-16 (]
2002-05-139 st

Edit Contract Yersion
View Contract Version
Transform to Historical Yersion

Figure 9.5:Contract version tree window

Every participant of a given negotiation may analyze the negotiation process. The “Classification
Chooser” window, presented in Figure 9.7, allows negotiators to choose an analysis from among all
possible ones. Negotiators can choose the object of the analysis, e.g. number of paragraph version or
proposed payment clauses. Having a given object of the analysis, negotiators can potentially choose
various analysis criteria, e.g. relative importance of payment amount or payment delay. Various
cases are presented in Figure 9.7. The two windows on the left side present two analyses of two
different facets with a common criterion. The window on the right side presents a negotiation facet

that can be analyzed according to various criteria.

| Classification chooser x

Classification Chooser

(| Classification chooser x

Classification Chooser

(| Classification chooser

Classification Chooser

Classify:

Classify:

Classify:

MNumber of versions
Mumber of versions for ST
Payment proposals

Number of versions
Mumber of versions for 5T
Payment proposals

Number of versions
Mumber of versions for 5T
Payment proposals

Wecording to:

According to:

According to:

Number of versions difference

Number of versions difference

Payment amount
Payment delay and amount (ratio=0.43)
Payment delay

| OK || Cancel |

| oK || Cancel |

| OK || Cancel |

Figure 9.6:Contract version tree windows for various negotiation facets.
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The result of an analysis is presented in Figure 9.7. Three parts may be distinguished in the
“Analysis Results” window. In the center, a tree represents the hierarchical classification. The
horizontal dashed line represents the chosen threshold. On the left side, a slider allows negotiator
set the threshold at the given value. When a negotiator clicks on a class in the tree, represented a
circle, the value of the class is displayed on the text area at the bottom of the window. If a negotiator
clicks on an atomic class, the metaObjects contained in this class are displayed. Otherwise, th
identifiers of the metaObjects contained in the class are displayed, as presented in Figure 9.7.

Change Orientation

[(73 |adeucdeeeffimmmemsssssafsssmssmsssmssassa====
1 A
JEE [
[ [24] [54], [41]]

Figure 9.7.The “Classification Results” window

9.2 Architecture

Three modules may be distinguished in teSSyprototype: a multiversion contract module, an
analysis domain generator, and a classification generator.

The multiversion contract module consists of a multiversion contract manager and an editor. The
multiversion contract manager is responsible for negotiators and multiversion contract creation an
removal. The multiversion contract editor is responsible for contract version derivation, and contract
version contents edition. Data persistence is provided by a database.

The analysis domain generator is responsible for ADF compilation and execution. The analysis
domain generator is also responsible for compilation of metaObject definition documents. Finally,
the analysis domain generator provides an implementation ofdreemodule, described in Sec-
tion 6.3.7.

The classification generator is responsible for metaObjects classification generation according t
an analysis criterion. It is also responsible for the delegation of criteria execution to the analysis
domain generator.
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9 Prototype of e-Negotiations System

The interactions betwed#eSSynodules are presented in Figure 9.8. A solid line arrow represents
a mandatory relationship. A dashed line arrow represents a potential relationship. The multiversion
contract module interacts with a database that is used to perform contract persistence. The analysis
domain generator may interact with the database to retrieve data needed to generate metaObjects.
The analysis domain generator may also interact with the multiversion contract module to retrieve
data concerning a contract of negotiators. Finally, the classification generator interacts with the anal-
ysis domain generator to retrieve metaObjects to be classified. Moreover, as defined in Section 7.2,
analysis criteria are defined as ADFs. Therefore, the classification generator also interacts with the
analysis domain generator to execute analysis criteria.

Classification Generator

Analysis Domain Generator

g | |
i i
Multiversion Contract Module

Figure 9.8:Interactions betweeNeSSynodules

The NeSSysystem is distributed. It is implemented as a client/server system: it is organized
according to the user interface, business logic, and data storage tiers. The user interface tier is
implemented by th&leSSylient. The business logic tier is implemented by Messyserver. The
data storage tier is implemented by the Oracle 8i database. FdteB&yprototype, the Oracle
8i database has been chosen for its wide acceptance. The distributionNé&&Yprototype is

presented in Figure €.9.

NeSSy client Internet NeSSy server |<e-—=| Oracle8i

Figure 9.9:Distribution of theNeSSyprototype

The NeSSylient is a JavB' application. It is implemented with the Swing framewadrkl|[80]. The
NeSSyclient provides a front-end to the multiversion contract module and the classification gener-
ator. It allows negotiators to manage contracts, edit contract versions and perform analyses of the
negotiation process.

TheNeSSyserver is a Jav&'application. It implements the logic for multiversion contract man-
agement, analysis domain generation, and classification generation. It is also responsible for the
access to the data storage tier.

122



9.3 Contract Model Implementation

The communication between tNeSSylient and théNeSSgerver uses the JaVARemote Method
Invocation (RMI). Other mechanisms, such as CORBA or SOAP, may be uselde8®@yprototype
is designed to be independent of any specific middleware.

9.3 Contract Model Implementation

The contract model presented in Seciion 4.2 is implemented by the multiversion contract module
The structure of the multiversion contract module architecture is presented in Figure 9.10.

Multiversion contract manager Multiversion contract editor
Contracts Edition
Negotiators Version tree
Contract structure model

Data persistence layer

Oracle PostgreSQL Xindice Other

Figure 9.10Contract module architecture

Two main parts may be distinguished: a data persistence layer and a business logic module. Tr
data persistence layer is responsible for separating the data storage from the business logic mo
ule. The data persistence layer provides an API (Application Programming Interface) and may use
various implementations to access specific data storage system via Data Storage Implementatio
(DSI). The data persistence API allows the business logic module to access transparently a variet
of storage data systems. A plugin mechanism allows to extend the functionality of the data persis
tence layer to access new data storage systems by addition of new DSI. In Figure 9.10, DSls fo
Oracle, PostgreSQL, and Xindice are presented. Currently, DSI for Oracle and PostgreSQL hav
been implemented.

Three parts may be distinguished in the business logic module: negotiator manager, version tre
manager, and contract manager and editor. The negotiator manager is responsible for negotiat:
creation and removal. It accesses directly the data persistence layer. The version tree manager
responsible for contract version tree retrieval, derivation and contract version status modificatior
(from draft to historical). It accesses directly the data persistence layer. Finally, the contract man-
ager, respectively contract editor, is responsible for multiversion contract additions and removals
respectively for contract version modifications. Both these parts are based on a contract structur
model module, which is responsible for mapping specific contract structure model to the contract
model presented in Section 5. It isolates contract manager and contract editor from the data persi
tence layer. Therefore, various contracts, structured differently, can be stored with the existing dat:
persistent layer APl — only the contract structure model module has to be adapted.

The contract structure model implemented inlfeSSyystem is the one presented in Section 4.2.

In this contract structure model, a contract consists of a set of multiversion paragraphs and a mul
tiversion structure. A paragraph version consists of a character string. The multiversion structure
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9 Prototype of e-Negotiations System

is responsible for maintaining the order of paragraphs in each contract version. Therefore, each
contract version is a list of plain text paragraphs.

On the client side, a contract editor basing on the proposed contract model allows negotiators to
easily read existing contract versions and to create new ones. The contract editor is basing on the
Swing text framework[[80, 61]. Swing's text components, like all Swing components, are based
on an architecture that features model-view separation. The model-view separation, as presented in
Figure 9.11, allows building custom document structures and specific views associated with these
structures. In th&leSSyystem, the contract structure model is mapped to a Swing document and is
plugged to the Swing text framework.

View Model

This contract is made between Scott Tiger, whose
address is 8i Ora Foad, Redwood Shares, Ca, LSA
hereinafter referred to as the PUELISHER, and Wile E.
Coyote and Chuck Jones whose address is 10 Acme Bwd,

Hollywaod, CA, USA, hereinafter referred to as the p2d
AUTHORS. I
The parties agree as follows: E

-
Authors Grant o =]
1. The Authors grant permission to include their story % g
entitled "The life of the Roadrunner," a wark, of ‘a _|:|_ ..3
approximately 12000 wards, hereinafter referred to as O
the Waork, on the ACME Puhlishing Corporation web site \,—’_
found at wwaw. acme-publishing. cam.

Fights Purchased.

1{a). This use of the Wark by the Publisher entails the
assignment af First World Wide Web Rights, for
publication in the English language, for a period limited
tnonne wear from first oublication For the first three

Ll

Figure 9.11Model-view separation in the contract editor of theSSylient

9.4 Analysis Domain Implementation

The analysis domain language presented in Section 6.3 is supported by the analysis domain genera-
tor. The analysis domain generator is an ADL compiler. Given a set of metaObijects, tag, and func-
tion definitions, the analysis domain generator creates a set of¥ldagses and compiles them.
Function executions — to generate analysis domains — are thefjagthod executions.

The analysis domain generator is a framework, containing:

e ADL basic JavaMclasses and interfaces,
e acompiler,

e an implementation of theoremodule.
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9.4 Analysis Domain Implementation

ADL basic JavdMclasses and interfaces provides basic ADL mechanisms, such as:

support for metaObjects,

support objectSets,

support for tag implementations,

support for ADF.

All ADL basic JavdMclasses and interfaces are in they.nessy . xf package.

<<Interface>>

MetaObiject

+isPrimitive(): boolean

+getType(): String
|
|
|
|
1

PrimitiveMetaObject GenericObject
-_value: int -_id: MetaObject
+setValue(value: Object): void +setld(Id: MetaObiject): void
+getValue(): Object +getld(): MetaObject

+setAttribute(name: String, value: MetaObject): void

+getAttribute(name: String): void

Figure 9.12JavdMclasses and interface for metaObjects support.

The metaObjects support in the analysis domain generator consists of ¥ iddeeace and two
classes, as presented in Figure 9.12. All metaObjegidementthe MetaObject interface. The
MetaObiject interface defines the minimal behavior of all metaObjects: a metaObject must have
a type (returned by thgetType () method) and is or is not a primitive metaObject (depending
on the result of thesPrimitive () method. TheerimitiveMetaObject class inherits from the
MetaObject interface and is the parent class of all primitive metaObjects. The value of the primitive
object is accessible by thetvalue () andgetvalue () methods, which uses JdMobjects. The
GenericObject class inherits from theletaObiject interface and is the parent class of all non-
primitive metaObjects. The identifier of a giveanericObject is accessible by thget1d () and
setId() methods, which uses:ta0bjects. Attributes are accessible by thecAttribute () and
getAttribute () methods. Attribute type-checking is encapsulated inGhe=ricObject class,
in the setAttribute () method. Type-checking is also performed for identifiers in dbe1d ()
method.

ObjectSets are modeled by thejectsSet class. ThebjectSet class methods are:

e isEmpty (): returnstrue if the objectSet does not contain any metaObject,
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9 Prototype of e-Negotiations System

e size(): returns the number of metaObjects contained in the given objectSet,

e iterator(): returns ajava.util.Iterator to access metaObjects contained in the given
objectSet,

e clear(): deletes all metaObjects from the given objectSet,
e add (MetaObject): adds a metaObject to the given objectSet.

The tag support in the analysis domain generator consists of &iaverface and four classes, as
presented in Figure 9.13. All tags implemented in J¥vaust implement theag interface. The
Tag interface defines the minimal behavior of all tags:

e findAttribute (), getAttribute (), setAttribute (), andremoveAttribute () methods
are responsible for tag context management. A tag context is a set of attributes, i.e. a pair
(name, value), where name igjava.lang.String and value is gava.lang.Object;

e getParent () andsetParent () methods are responsible for parent tag management;

e getFunctionContext () andsetFunctionContext () methods are responsible for function
context management. Function context is defined irfthet ionContext class. A function
context is a set of attributes, i.e. a pair (hame, value), where nameaisaalang.String
and value is gava.lang.0Object;

e init () method is called before tag execution and may be used to set resources needed by a
tag, such as for instance connection to a database;

e release () method is called after tag execution and may be used to release resources needed
by a tag, such as for instance database connection release.

The abstractbstractTag class implements the previous functions. However, as an abstract class,
it cannot be instantiated. Two children abstract classes are defihedleTag andBodyTag. The
proposed solution is similar to tag extension mechanism of the Java Servel'ba@iEM) [79,/55].

Empty tags must be children of tltgmpleTag class. TheSimpleTag defines only an abstract
method, thexecute () method, which must be defined in children class and in which the processing
actions to be done must be defined.

Non-empty tags must be children of thedyTag class. The BodyTag defines two abstract meth-
ods, thedoBeginTag () and doEndTag () methods. TheloBeginTag() method is executed at
the beginning of the tag execution and may return constgirts_BoDY and SKIP_BODY. If the
doBeginTag () method returngvAL_BODY, the tag body is evaluated. Otherwise, the body tag is
not evaluated. The@oEndBody () is executed aftedoBeginTag () execution and potentially tag
body evaluation. TheoEndBody () may return constants/AL_BODY_AGAIN andEVAL_REST. If the
doEndTag () method returngVAL_BODY_AGAIN, thedoBeginTag () method is executed again, and
potentially the tag body is evaluated. If theEndTag () method returngvaAL_REST, the execution
of the tag ends.

Support for ADL consists of the abstratinctionBody class. The&unctionBody class methods
are:

e initializeContext () andgetContext () methods are responsible for function context ini-
tialization and retrieval, respectively;
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<<Interface>>

Tag

9.4 Analysis Domain Implementation

FunctionContext

+setFunctionContext(ctx: FunctionContext): void
+getFunctionContext(): FunctionContext
+setParent(parent: Tag): void

+getParent(): Tag

+init(): void

+release(): void

+findAttribute(name: String): Object
+getAttribute(name: String): Object
+getAttribute(name: String, scope: int): Object
+removeAttribute(name: String): void
+removeAttribute(name: String, scope: int): void
+setAttribute(name: String, obj: Object): void

+setAttribute(name: String, obj: Object, scope: int): void

|
1

AbstractTag

-fAttributes: HashMap

+FunctionContext()
+setAttribute(name: String, obj: Object): void
+getAttribute(name: String): Object

+removeAttribute(name: String): void

SimpleTag

-fParent: Tag
-fLocalAttributes: Hashtable = new Hashtable()

-fEFunctionContext: FunctionContext

<]_

+getParent(): Tag

+setParent(parent: Tag): void
+findAttribute(name: String): Object
+setFunctionContext(ctx: FunctionContext): void
+getFunctionContext(): FunctionContext
+getAttribute(name: String): Object
+getAttribute(name: String, scope: int): Object
+removeAttribute(name: String): void
+removeAttribute(name: String, scope: int): void
+setAttribute(name: String, obj: Object): void

+setAttribute(name: String, obj: Object, scope: int): void

#SimpleTag()

+execute(): void

BodyTag

+static final EVAL_BODY: int

+static final SKIP_BODY: int

+static final EVAL_BODY_AGAIN: int

+static final EVAL_REST: int

+BodyTag()
+doBeginTag(): int
+doEndTag(): int

Figure 9.13JavdMclasses and interface for tag support.
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9 Prototype of e-Negotiations System

e addParameter (): sets attribute to the associated function context;

e abstracbrocess (): processing actions must be defined in this method.
The contents of the process() methods in ADLs are generated by the parser.

The compiler is responsible for parsing the metaobject, tag, and function definition documents.
It generates and compiles Ja¥alasses for metaObjects and ADLs. Generated classes are in sub-
packages of therg.nessy.work package. If an ADL or a metaObject is defined in a module
myModule, the associated generated classes are isrtheiessy.work.myModule package. The
compiler generates a JaVclass for each metaObject definition document. The compiler generates
a JavaMclass for each ADL definition document.

A special module of the compiler is responsible for ADL expressions compilation. This mod-
ule consists of a set of JaVAclasses generated by the Java Compiler ConfliglavaCC)/[88].
JavaCC compiles a grammar into a set of J¥\dasses. The grammar for ADL expressions is
given in Appendix B.

The implementation of theore module consists of a set of metaObject and tag definition docu-
ment, and a set of Jal¥classes implementing twre module tags.

9.5 Classification Implementation

The domain objects classification mechanism presented in Sction 7 is implemented by the classifi-
cation generator. The classification generator is responsible for retrieving the metaObjects generated
by the analysis domain generator and for classifying them according to analysis criterion. The clas-
sification generator is also responsible for ADFs and analysis criteria management.

Generation of a classification consists of four phases:

1. The classification generator calls the domain analysis generator to create a set of metaObjects
to be analyzed.

2. The classification generator processes the distances between metaObjects according to a given
analysis criterion:

a) The classification generator crates an empty space
b) For each pair of metaObjectétaObject, metaObject),

i. the classification generator calls the domain analysis generator to invoke the analysis
criterion as an ADF to proceshstance and

ii. the classification generator adds a tripletetaObject, metaObject, distance to
the spac®.

3. The classification generator “isoscelizes” the sgace

4. The classification generator creates a classification from dpace
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9.5 Classification Implementation

The classification generator is a repository for ADF and analysis criteria. New ADFs and analysis
criteria may be added to the classification generator. Negotiators may retrieve the list of registere
ADFs. Given an ADF, the list of compatible analysis criteria may be retrieved from the classification
generator.

The classification generator is implemented in the Mianguage. Two main parts may be dis-
tinguished: one part is responsible for modeling sgacanother part is responsible for modeling
classifications, partitions and classes.

Classes modeling spabeare presented in Figure 9.14. Clasgment models a tripletihetaOb-
ject;, metaObject, distancg. ClasssegmentList models spac® as a set of Segment instances.
ClasssegmentList is responsible for “isoscelization” (implemented by th&scelizeSpace ()
method). It is also responsible for classification generation (implemented hydheeClassifi-
cation () method).

Classes modeling classifications, partitions and classes are presented in Figure 9.15.a6tdss
fication models the result of the analysis process. An instance afithesification class con-
sists of a set ofiierarchicalClass instances. ClasBierarchicalClass IS a specialization of
Class. Instances of 1ass consist of a set afetaObjects. Aninstance of theierarchicalClass
may contairiierarchicalClass instances. Instances of the classissification are generated
by thecreateClassification() method ofSegmentList instances. ArknalysisCriterion
class models analysis criteria used during classification generation. Meihedhold () of the
classClassification generategartition instances. Aartition is a set of instances of class
Class.
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<<interface>>

MetaObject

(from org.nessy.xf)

+isPrimitive() : boolean
+cloneObject() : MetaObject
+getType() : String

-_first -_second

Segment

+Segment(first:MetaObject, second:MetaObject, in distance:int) : Segment
+Segment(first:MetaObject, second:MetaObject, distance:BigDecimal) : Segment
+equals(obj:Object) : boolean

+getFirst() : MetaObject

+getSecond() : MetaObject

+getDistance() : BigDecimal

+setDistance(distance:BigDecimal)

+contains(metaObject:MetaObiject) : boolean
+isAtomicWithOneMetaObiject() : boolean

+compareTo(o:Object) : int

+toString() : String

SegmentList

+SegmentList() : SegmentList

+addSegment(s:Segment)

+removeFirst()

+getFirstSegment() : Segment

+getSegment(a:MetaObject, b:MetaObject) : Segment
+getAllMetaObjectList() : List

-extractMetaObijectList()

-addMetaObjects(segment:Segment)

+size() :int

+sort()

+isoscelizeSpace() : SegmentList
+isoscelizeAllTriangles(segment:Segment, allMetaObjects:List)
+isoscelize(a:Segment, b:Segment, c:Segment)
+getDistanceMax(distances:List) : BigDecimal
+getDistanceMiddle(distances:List) : BigDecimal

+toString() : String

+createSegmentList(metaObjectList:List, criterion:) : SegmentList
+createClassification(metaObjectList:List, criterion:)
+createClassification()

Figure 9.14Classes modeling spae




9.5 Classification Implementation

Classification

+Classification() : Classification
+add(myClass:HierarchicalClass)
+remove(myClass:HierarchicalClass)
+size() : int

+getThresholds() : List
+getNumberOfThresholds() : int
+threshold(threshold:BigDecimal) : Partition
+getNumberOfElements() : int
+threshold(in threshold:int) : Partition
+add()

+merge(classWithFirst:HierarchicalClass, classWithSecond:HierarchicalClass)
-getMaximumClassContaining(first:MetaObject, distance:BigDecimal) : HierarchicalClass

-addAtomicClassWithOneMetaObject(first:MetaObject)
+toString() : String
+getTopClass() : HierarchicalClass

<<interface>>

AnalysisCriterion

Partition

+getSupportedType() : String
+compare(first:MetaObject, second:MetaObject) : BigDecimal

+Partition() : Partition
+add(myClass:Class)

+size() :int
+getClasses() : Class[]
+toString() : String

+isPrimitive() : boolean
+cloneObject() : MetaObject
+getType() : String

+size() : int

+toString() : String

1"*
<<interface>> Class
MetaObject
+Class() : Class
(from org.nessy xf) 0.* +add(metaObject:MetaObject)

+add(metaObjects:MetaObject([])

+contains(metaObject:MetaObject) : boolean
+getMetaObjects() : MetaObject[]

-_parentClass

HierarchicalClass

+HierarchicalClass(distance:BigDecimal) : HierarchicalClass
+HierarchicalClass(in distance:int) : HierarchicalClass
+HierarchicalClass() : HierarchicalClass
+getDistance() : BigDecimal
+setDistance(distance:BigDecimal)
+getNumberOfChildrenClass() : int
+add(myClass:HierarchicalClass)
+add(myClasses:HierarchicalClass[])
+isAtomic() : boolean

+getChildrenClasses() : HierarchicalClass[]
+getContents() : Class
+contains(metaObject:MetaObiject) : boolean
+isMaximum(distance:BigDecimal) : boolean
+isMaximum(in distance:int) : boolean
+getParentClass() : HierarchicalClass
+setParentClass(parentClass:HierarchicalClass)
+merge(hierarchicalClass:HierarchicalClass)
+hasDistance(distance:BigDecimal) : boolean
-tab(buff:StringBuffer, in tab:int)

+toString() : String

+toString(in tab:int) : String

Figure 9.15Classes modeling classifications, partitions and classes
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CHAPTER 10

CONCLUSIONS

The multi-facet analysis approach to e-negotiation that has been presented in this dissertation pre
vides a solution to the problem of mass distributed negotiations via Internet, allowing a high number
of geographically dispersed negotiators to work on real-life contracts.

Two ideas that are the basis of the multi-facet analysis approach to e-negotiation are: first, syn
thetic views of the negotiation process are needed in mass negotiation of real-life contracts, becaus
of the high amount of data, second, relationships between offers and counter-offers contains th
information that can be analyzed more easily than clauses contents, because attributes can be nc
aggregable and their semantics is not always known.

In multi-facet analysis approach, contracts do not have to be semantics-enabled and may cor
tain both aggregable and non-aggregable attributes. Such contracts are predominant in the busine
world. The proposed contract model does not limit contracts with regard to their structure and allows
new contract structures to be built on the top of the proposed multiversion contract model.

The proposed contract model provides versioning mechanism to the negotiation process. Th:
versioning mechanism provides scalability with respect to the number of negotiators. Proposed con
tract edition model is a parallel model which scales well, as each negotiator works on her/his draft
versions in isolation. Therefore, an arbitrary number of negotiators may be involved in a negotia-
tion process. The versioning mechanism also provides association tables which model relationshir
between offers and counter-offers.

The proposed approach provides negotiators with tools to analyze the negotiation process. Th
analysis mechanism aims at reducing the high amount of data resulting from the negotiation proces:
Synthetic views of the negotiation process allow negotiators to easily understand various aspects ¢
an on-going negotiation and to focus efficiently on the elements of their highest interest. An analysis
is decomposed into two parts: first, the negotiation aspect to be analyzed is defined, second, &
appropriate analysis criterion is chosen. This decomposition allows for a better code reuse, as a
aspect may be analyzed according to various criteria, and a given criterion may be used to classif
various aspects.

Three techniques are used in the multi-facet analysis approach to e-negotiation: multiversion con
tract model, domain object generation, and analysis domain classification. Each of these technique
offers a value by itself, but combined together constitute an approach that provides particularly rich
functionality and flexibility: association tables may be analyzed even when the semantics of clause:
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are unknown, because association tables capture some aspects of the negotiation process (e.g. im-
portance of clauses as the number of their versions), and do not rely on clauses contents.

The main achievements of this dissertation are the following:

¢ Identification and evaluation of existing e-negotiation approaches, automatic hierarchical clas-
sification algorithms, and versioning techniques.

e Development of a multiversion contract model that enable modeling of contract evolution
during the negotiation process. The model captures the relationships between various offers
and counter-offers. The structure of contracts is orthogonal to the versioning mechanism.

e Development of a new language — called ADL — that enables building of functions that
extract domain objects modeling various facets of the negotiation process.

e Development of a hierarchical classification mechanism that provides synthetic views of the
negotiation process. This mechanism uses ADL as an analysis criteria definition language.
The hierarchical aspect of synthetic views allows negotiators to choose the granularity of the
analysis.

e Example application of the multi-facet analysis to e-negotiations offering better insight into
the multiversion contract model and the analysis mechanism.

e Implementation of a prototype e-negotiation support systE8Sycomposed of a multiver-
sion contract module, an ADL compiler, and a classification generator.

An important feature of the multi-facet analysis approach to e-negotiation is its extensibility. Ex-
tensibility is an inherent requirement for the classification mechanism. New facets can easily be
analyzed because of the use of ADL to extract and classify data. The multiversion contract model
is also extensible because the structure of contracts is not fixed in the model. Therefore, advanced
contract structures (e.g. tree structured contracts) may be built using the concepts of multiversion
members and multiversion composite members proposed in the multiversion contract model.

The multi-facet analysis approach to e-negotiation opens new directions of research. An interest-
ing example is application of the proposed approach to mobile computing, allowing mobile negotia-
tors, which are potentially off-line, to analyze the negotiation process. The proposed multiversion
contract model captures various important facets of the negotiation process (such as contract mem-
ber sharing) in small size structures — association tables. These structures can be send efficiently
over limited-bandwidth network and can be stored in memory-limited devices like mobile phones or
PDAs. Negotiators could therefore analyze some aspects of the negotiation process without having
to download the whole multiversion contract.

Another example is the use of software agents. Using the analysis mechanism, advanced behavior
models can be build. Psychological and social models for negotiating agents may base on data
retrieved from the analysis of various facets of the negotiation process. An agent may for example
have a “collaborative” behavior, i.e. may look for negotiators having similar proposals to build
a group of negotiators in order to increase its weigh in the negotiation process. The problem of
ontologies would be minimized in this case, as the analyses “encapsulate” the meaning of various
facets of the negotiation process.
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Another interesting research direction is application of the proposed approach to any applicatior
areas characterized by great amount of data that evolves. Source code management in softwe
development is a good example of such area. The evolution of source code could be modeled b
the multiversion contract model, capturing the relationships between various versions. The analysi
mechanism would be an important step-ahead in the process of software development, allowin
developers to have a better understanding of the whole project from various points of view.
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APPENDIXA

XML S cCHEMAS FOR ADL

A.1 Module Definition Schema

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:attribute name="nameAttribute" type="xs:string"/>
<xs:attribute name="pathAttribute" type="xs:string"/>
<xs:attribute name="definitionAttribute" type="xs:string"/>

<xs:complexType name="elementType">
<xs:attribute ref="nameAttribute" use="required"/>
<xs:attribute ref="definitionAttribute"/>
</xs:complexType>

<xs:complexType name="tagsType">
<xs:sequence>
<xs:element name="tag-decl"
type="elementType"
maxOccurs="unbounded" />
</xs:sequence>
</xs:complexType>

<xs:complexType name="functionsType">
<xs:sequence>
<xs:element name="function-decl"
type="elementType"
maxOccurs="unbounded" />
</xs:sequence>
</xs:complexType>

<xs:complexType name="objectsType">

<xs:sequence>
<xs:element name="object-decl"
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type="elementType"
maxOccurs="unbounded" />
</xs:sequence>
</xs:complexType>

<xs:element name="module">
<xs:complexType>
<xs:all>
<xs:element name="tags" type="tagsType" minOccurs="0"/>
<xs:element name="functions" type="functionsType" minOccurs="0"/>
<xs:element name="objects" type="objectsType" minOccurs="0"/>
</xs:all>
<xs:attribute ref="nameAttribute" use="required"/>
<xs:attribute ref="pathAttribute"/>
</xs:complexType>
</xs:element>

</xs:schema>

A.2 MetaObject Definition Schema

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:attribute name="type" type="xs:string"/>
<xs:attribute name="name" type="xs:string"/>

<xs:complexType name="attributeType">
<xs:attribute ref="type" use="required"/>
</xs:complexType>

<xs:complexType name="attributesNameType">
<xs:attribute ref="name" use="required"/>
<xs:attribute ref="type" use="required"/>
</xs:complexType>

<xs:complexType name="attributesType">
<xs:sequence>
<xs:element name="attribute" type="attributesNameType"
minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>

<xs:element name="object-def">
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<xs:complexType>
<xs:sequence>
<xs:element name="id" type="attributeType"/>
<xs:choice>
<xs:element name="value" type="attributeType"/>
<xs:element name="attributes" type="attributesType"/>
</xs:choice>
</xs:sequence>
<xs:attribute ref="type" use="required"/>
</xs:complexType>
</xs:element>

</xs:schema>

A.3 Tag Definition Schema

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:attribute name="name" type="xs:string"/>

<xs:attribute name="lang" type="xs:string" default="Java"/>
<xs:attribute name="type" type="xs:string"/>

<xs:attribute name="required" type="xs:boolean" default="false"/>

<xs:complexType name="paramIype">
<xs:attribute ref="name" use="required"/>
<xs:attribute ref="type"/>
<xs:attribute ref="required"/>
</xs:complexType>

<xs:complexType name="paramsType">
<xs:sequence>
<xs:element name="param" type="paramType"
minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>

<xs:complexType name="javaClassType">

<xs:sequence>
<xs:element name="params" type="paramsType"/>

</xs:sequence>
<xs:attribute ref="name" use="required"/>
<xs:attribute ref="method"/>
<xs:attribute ref="hasBody"/>

</xs:complexType>
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<xs:element name="tag-def">
<xs:complexType mixed="true">
<xS:sequence>
<xs:element name="javaClass" type="javaClassType" minOccurs="0"/>
</xs:sequence>
<xs:attribute ref="name" use="required"/>
<xs:attribute ref="lang"/>
</xs:complexType>
</xs:element>

</xs:schema>

A.4 Function Definition Schema

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:attribute name="name" type="xs:string"/>
<xs:attribute name="type" type="xs:string"/>

<xs:complexType name="paramType">
<xs:attribute ref="name" use="required"/>
<xs:attribute ref="type" use="required"/>
</xs:complexType>

<xs:complexType name="resultType">
<xs:attribute ref="name" use="required"/>
<xs:attribute ref="type" use="required"/>
</xs:complexType>

<xs:complexType name="processingType">
<xs:sequence>
<xs:element name="anything" type="xs:anyType"
minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>

<xs:element name="function-def">
<xs:complexType>
<xs:sequence>
<xs:element name="param" type="paramType"
minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="result" type="resultType" minOccurs="0"/>
<xs:element name="processing" type="processingType"/>
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</xs:sequence>
<xs:attribute ref="name" use="required"/>
</xs:complexType>
</xs:element>

</xs:schema>
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APPENDIXB

ADL E XPRESSIONSGRAMMAR

The ADL expressions grammar is specified as a JavaCC gramrnar[88].

<DEFAULT> TOKEN:

{
<NOT_EXPRESSTON : ((~["$"] | ("S" ~["{"]))+) | "s" >
|
<START_EXPRESSION: "S${"> : IN_EXPRESSION

}

<IN_EXPRESSION> SKIP:

non

| ll\t"
| ll\n"
| "\r"

<IN_EXPRESSION> TOKEN:
(
<INTEGER_LITERAL : (["0"-"9"])+>
| <#EXPONENT: ["e","E"] (["-I_","_"J)? (["O"_"9"])+>
| <FLOATING_POINT_LITERAL:
(["0"-"9"])+ <EXPONENT>
[ "." (["0"-"9"])+ (<EXPONENT>)?
[ (["0"™="9"])+ ™." (["O"-"9"])* (<EXPONENT>)?
>
| <STRING_LITERAL:
(VTN TATT) LA [T, T ) ) E
I O N DI I AL G AL AR S D PR IRANAD

| <END_EXPRESSION: "}"> : DEFAULT
| <TRUE: "true">
| <FALSE: "false">
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<NULL: "null" >

<MINUS: "-">
<MULTIPLY: "*">
<DIVIDEl: "/">
<DIVIDE2: "div">
<MODULUS: "mod">

<NOT:
<AND:
<OR:

"not ">
Iland">
"Or">

|

| <DOT: ".">

| <GT1: ">">

| <GI2: "gt">

| <LT1: "<">

| <LT2: "1t">

| <EQ: "==">

| <LEl: "<=">

| <LE2: "le">

| <GE1: ">=">

| <GE2: "ge">

| <NE: "!=">

| <LPAREN: " (">
| <RPAREN: ")">
| <LBRACKET: "[">
| <RBRACKET: "]">
| <PLUS: "+">

|

|

|

|

|

|

|

|

|

<EMPTY: "empty">

| <IDENTIFIER:
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APPENDIXC

DETAILED COURSE OF NEGOTIATION
EXAMPLE

Negotiators are denoted by their initials, i.8T for Scott Tiger, WC for Wile E. Coyote, andCJ
for Chuck Jones, respectively. The original version of the contract is given in Saction 8.1. For eact
contract version, the modifications provided in regards to its parent version are presented below.

Version:0.1
Owner:wc
| Previous version | New version |
10500 words 15000 words
$2500, which will be paid within thirty (30) | $2500, which will be paid within fifteen (15)
Author within thirty (30) days Author within ten (10) days
will make no major alterations will not make any alterations
Version:0.1.1
Owner:st
| Previous version | New version |
15000 words 10000 words
$2500, which will be paid within fifteen (15) | $2800, which will be paid within twenty-five
(25)
Author within ten (10) days Author within twenty-five (25) days
thirty (30) days from receipt thereof fifteen (15) days from receipt thereof
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Version:0.1.1.1

Owner:wc

] Previous version

New version \

(25)

$2800, which will be paid within twenty-five $2700, which will be paid within twenty (20)

Author within twenty-five (25) days

Author within eighteen (18) days

Version:0.1.1.1.1

Owner:st

] Previous version

| New version |

$2700, which will be paid within twenty (20)

$2500, which will be paid within twenty (20)

Author within eighteen (18) days

Author within twenty (20) days

Version:0.1.1.1.1.1

Owner:wc

] Previous version

\ New version \

$2500, which will be paid within twenty (20)

$2500, which will be paid within fourteen (14

Author within twenty (20) days

Author within seven (7) days

Version:0.1.1.1.1.1.1

Owner:st

] Previous version

| New version |

] $2500, which will be paid within fourteen (14D $2500, which will be paid within eighteen (13)

Version:0.2
Owner:st
] Previous version \ New version
10500 words 11500 words
$2500 $2800

Author within thirty (30) days

Author within twenty-one (21) days
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Version:0.3

Owner:cj
] Previous version \ New version \
10500 words 12000 words

$2500, which will be paid within thirty (30)

$3500, which will be paid within fifteen (15)

Author within thirty (30) days

Author within fifteen (15) days

will make no major alterations

will not make any alterations

thirty (30) days from receipt thereof

twenty (20) days from receipt thereof

the story as Wile E. Coyote and Chuck Jones the story as Chuck Jones and Wile E. Coyc
from the WB funny group
Version:0.3.1
Owner:st
| Previous version | New version |
12000 words 12500 words

$3500, which will be paid within fifteen (15)

$2200, which will be paid within forty-five (45

yte,

Author within fifteen (15) days

Author within twenty-eight (28) days

Version:0.3.2

Owner:wc

] Previous version

\ New version

$3500, which will be paid within fifteen (15)

$3000, which will be paid within ten (10)

Author within fifteen (15) days

Author within eight (8) days

es,

the story as Chuck Jones and Wile E. Coyotthe story as Wile E. Coyote and Chuck Jon
from the WB funny group from the WB funny group
Version:0.3.2.1
Owner:cj
| Previous version | New version |

$3000, which will be paid within ten (10)

$3200, which will be paid within twenty (20)

the story as Wile E. Coyote and Chuck Jon
from the WB funny group

ehe story as the WB funny group

Version:0.3.2.1.1

Owner:st

] Previous version

\ New version

|

] $3200, which will be paid within twenty (20)

[ $2600, which will be paid within thirty (30)

|
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Version:0.3.2.1.2

Owner:cj

] Previous version

| New version |

] $3200, which will be paid within twenty (20) \ $3500, which will be paid within thirty (30) \

Version:0.3.2.1.2.1

Owner:st

] Previous version

\ New version \

] $3500, which will be paid within thirty (30)

\ $2000, which will be paid within fifteen (15) \

Version:0.3.2.1.2.2

Owner:wc

] Previous version

| New version |

$3500, which will be paid within thirty (30)

$2900, which will be paid within twenty-five
(25)

A%

Version:0.3.2.1.2.2.1

Owner:cj

No modification

Version:0.3.2.1.2.2.1.1

Owner:st

No modification
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