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Annexes pour la demande de qualification aux fonctions de professeur des universités Isis TRUCK Les documents ci-joints sont les suivants (dans l’ordre) : 1. la liste, sous forme de tableau, de tous les enseignements dispensés depuis 1999 ; 2. le descriptif détaillé de mes travaux de recherche depuis ma soutenance de thèse (fin 2002) ; 3. la liste exhaustive de mes publications ; 4. concernant l’HDR, – les rapports de pré-soutenance de mon HDR de Didier Dubois, Gabriella Pasi et Luis Martínez ; – le rapport de soutenance d’HDR ; – l’attestation de diplôme d’HDR ; 5. les lettres de recommandation de : – Marc Bui, Professeur 27e section à Paris 8, mon garant HDR ; – Jacques Malenfant, Professeur 27e section à l’UPMC, mon collègue et président de jury HDR ; – Jaime Lopez-Krahe, Professeur 61e section à Paris 8, l’ancien directeur de mon UFR et qui a rapporté sur mon HDR pour le Conseil scientifique de Paris 8 ; – Claude Carlet, Professeur 26e section à Paris 8 et qui a rapporté sur mon HDR pour le Conseil scientifique de Paris 8 ; – Elisabeth Bautier, Professeur en Sciences de l’éducation à Paris 8, vice-présidente du Conseil scientifique de Paris 8 ; 6. mail d’invitation + liste des contributeurs du livre sur Decision Analysis and Support in Disaster Management chez Atlantis Press et Springer ; 7. le courriel d’acceptation de l’article pour la revue internationale IJAMS (International Journal of Applied Management Science) ; 8. le courriel d’acceptation conditionnelle de l’article pour la revue internationale Kybernetika ; 9. les articles : – l’article A tool for aggregation with words paru dans Information Sciences en 2009 (référence n◦ 4 dans la liste des publications) ; – l’article LCP-nets : A linguistic approach for non-functional preferences in a semantic SOA environment paru dans Journal of Universal Computer Science en 2010 (référence n◦ 3) ; – l’article Towards a formalization of the Linguistic Conditional Preference networks à paraître dans International Journal of Applied Management Science (référence n◦ 2) ; – l’article Towards an extension of the 2-tuple linguistic model to deal with unbalanced linguistic term sets pour Kybernetika dans sa version révisée et resoumise le 7/12/2011, et qui est donc actuellement en 2e révision (référence n◦ 1) ; 10. mon HDR, à part de ce volume.
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Liste des enseignements dispensés depuis 1999, exprimés en heures



Thématique Cours TD TP Total éq. TD* emploi Informatique pour débutants 12 14 27,3 vacataire Informatique pour débutants 20 20 47,3 Système et réseaux Système 40 26,7 vacataire analyse (Merise) et base de données Analyse 10 18 22 48,7 Système et réseaux Système 24 40 50,7 ATER ½ Base de données Oracle BD Oracle 10 20 23,3 PHP/MySQL Programmation 10 18 22 96 Système et réseaux Système 24 40 50,7 ATER architecture des ordinateurs (2 groupes) Architecture 50 50 architecture et programmation (2 groupes) Architecture 50 50 83,3 encadrement de stages 8 8 192 réseaux Réseaux 39 30 6 92,5 MCF Logique floue orientée commande floue Logique floue 15 15 37,5 Modélisation et contrôle en logique floue Logique floue 12 18 Logique et Prolog Logique (Prolog) 15 15 18 49,5 Data Mining (avec d'autres intervenants) Autres 4 6 vacataire 203,5 réseaux Réseaux 39 30 6 92,5 MCF Logique et Prolog Logique (Prolog) 15 15 18 49,5 Commande de processus flous Logique floue 15 15 18 49,5 Data Mining (avec d'autres intervenants) Autres 8 12 vacataire 203,5 Interfaces et Capteurs intelligents Capteurs intelligents 18 18 39 MCF Microprogrammation Microprogrammation 16 24 48 Logique floue et contrôle flou Logique floue 15 15 18 49,5 encadrement de stages Stages/projets 8 8 Programmation impérative Programmation 26 24 42 vacataire Modélisation Objet et Représentation des Connaissances Programmation 26 24 42 vacataire 228,5 Interfaces et Capteurs intelligents Capteurs intelligents 18 18 39 MCF Microprogrammation Microprogrammation 16 24 48 Logique floue et contrôle flou Logique floue 15 15 18 49,5 encadrement de 10 stages Stages/projets 20 20 De XML aux arbres Programmation 26 24 42 vacataire 198,5 Interfaces et Capteurs intelligents Capteurs intelligents 18 18 39 MCF Microprogrammation Microprogrammation 16 24 48 Logique floue et contrôle flou Logique floue 15 15 18 49,5 encadrement de 4 stages Stages/projets 8 8 De XML aux arbres Programmation 26 24 42 vacataire Encadrement d'un projet tutoré Stages/projets 6 6 vacataire 192,5 Interfaces et Capteurs intelligents Capteurs intelligents 15 15 32,5 MCF Microprogrammation Microprogrammation 16 24 48 Logique floue et contrôle flou Logique floue 15 15 18 49,5 encadrement de 12 stages Stages/projets 24 24 encadrement de 5 projets tutorés Stages/projets 40 40 194 Interfaces et Capteurs intelligents Capteurs intelligents 15 15 37,5 MCF Microprogrammation Microprogrammation 16 24 48 Logique floue et contrôle flou Logique floue 15 15 37,5 Réseaux Mobiles et Wifi Réseaux sans fil 21 24 6 61,5 encadrement de 4 stages Stages/projets 8 8 192,5 Interfaces et Capteurs intelligents Capteurs intelligents 15 15 37,5 MCF Microprogrammation Microprogrammation 16 24 48 Logique floue et contrôle flou Logique floue 15 15 37,5 Réseaux Mobiles et Wifi Réseaux sans fil 21 24 6 61,5 Encadrement d'un projet tutoré Stages/projets 8 8 encadrement de 4 stages Stages/projets 8 8 200,5 Interfaces et Capteurs intelligents Capteurs intelligents 15 15 37,5 MCF Microprogrammation Microprogrammation 16 24 48 Logique floue et contrôle flou Logique floue 15 15 37,5 Réseaux Mobiles et Wifi Réseaux sans fil 21 24 6 61,5 encadrement de 4 stages Stages/projets 8 8 192,5 TOTAUX 568 913 606 2190



Intitulé Informatique pour tous Architecture des machines (pour débutants)



* Jusqu'en 2008/2009, les TP comptaient pour 2/3 de TD. Par la suite, 1h TP = 1h TD.
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Résumé de mes travaux de recherche Historique et tout premiers travaux post-thèse – Pendant le doctorat, j’ai mené des travaux et réflexions dans le cadre des logiques non classiques, plus particulièrement de la logique floue (théorie des sous-ensembles flous, Zadeh) et de la logique multivalente (théorie des multi-ensembles, De Glas). Ces travaux ont permis la construction d’outils dans ces deux logiques : principalement des outils de modification de données linguistiques — tantôt vues comme des symboles, tantôt comme des sous-ensembles flous — (proposition d’opérateurs notés GSM pour Generalized Symbolic Modifiers ainsi que d’une taxonomie des modificateurs flous), mais aussi un agrégateur de données symboliques (logique multivalente) s’appuyant sur la définition des GSM [8]. – Après le doctorat (à partir de 2003, donc), j’ai mieux assis ces différents concepts, c’est-à-dire amélioré et enrichi les définitions de mes outils, en construisant, par exemple, un treillis complet des GSM afin d’ordonner chaque famille de modificateurs pour sélectionner le plus approprié selon le problème posé. J’ai aussi redéfini mon agrégateur, en rendant sa définition plus générique et j’ai étendu l’axiomatique dans la théorie des multi-ensembles de De Glas [4, 6]. – J’ai aussi poursuivi sur l’apprentissage et la “composition algorithmique” de modificateurs : par exemple, que vaut “un peu plus plus un tout petit peu moins” ? Que vaut “beaucoup moins sachant un petit peu moins” ? Il s’agissait de faire le parallèle entre la composition (au sens mathématique) des GSM et la composition (application successive sous forme additive ou soustractive) de différentes modifications que l’on faisait subir à une donnée. J’ai donc imaginé deux opérateurs équivalents à un plus et à un sachant notés respectivement et ◦. Ces deux opérateurs permettent d’apprendre comme d’oublier les significations des modifications à appliquer aux objets considérés [29]. – Il faut noter que les deux logiques qui constituaient notre cadre de travail étaient vues comme deux approches très distinctes pour raisonner, leur (seul) point commun étant la manipulation de données linguistiques. En pratique, elles se sont montrées des alternatives intéressantes en pratique et complémentaires : l’une (floue) travaillant sur des univers discrets ou continus, l’autre s’interdisant le continu, s’autorisant seulement l’utilisation d’un ensemble fini de symboles ordonnés sur une échelle, muni de l’opération de négation, du min et du max.



Continuité des travaux dans ces deux logiques 1. D’un côté, j’ai poursuivi mes travaux dont le principal domaine d’application était la colorimétrie. En particulier, je me suis intéressée avec mes collègues au perceptual computing, c’est-à-dire à l’application du Computing with Words à la notion de perception humaine. L’idée était de mettre la perception des couleurs au centre des travaux et des préoccupations. Cela avait commencé par la modélisation floue d’un espace de couleur. En effet, les espaces de type UCS (Uniform Color Scale) bien adaptés à la perception humaine sont difficilement (longuement, surtout !) manipulables. D’où l’idée de rendre “uniforme” l’espace HLS (Hue, Lightness, Saturation) bien connu, c’est-à-dire de rapprocher (respectivement éloigner) artificiellement deux points dont la perception colorimétrique est sensiblement la même (respectivement différente). En continuant dans cette lancée, j’ai envisagé la classification d’images par couleur(s) dominante(s). Je procédais à un vote des pixels puis à une assignation des images à une classe de couleur (ou sousclasse quand il s’agit d’une couleur modifiée, par exemple “rouge très foncé”) [26, 27]. La classification par couleur(s) dominante(s) perçue(s) s’est, quant à elle, davantage rapprochée des notions de perception. Le pari était alors : “ayant une vision floue (au sens propre, cette fois !) de l’image, quelle(s) couleur(s) m’apparait (m’apparaissent) en premier ?” En pratique, nous avons traduit cela par la construction d’un profil colorimétrique associé à l’image, contenant les couleurs dominantes obtenues par détermination de zones dans l’image (algorithmes de type Deriche ou Canny). Au delà d’un certain nombre de zones détectées (une zone étant associée à une seule couleur), nous considérions que ces dernières étaient trop nombreuses et qu’elles devaient se “battre” pour ne laisser la place qu’à un nombre plus réduit. Ce combat entre chaque couleur candidate était donc régi par une politique à seuils (combien de zones combattent et combien seront considérées comme vainqueurs) et par un mécanisme de poids affecté à chacune afin de modifier le rapport taille_zone / taille_image selon les zones. Pour cela, nous avons utilisé la théorie des contrastes de
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quantité d’Itten qui établit des proportions entre couleurs (par exemple, le jaune est trois fois plus lumineux que le violet), nous permettant ainsi de pondérer les zones. [5]. Ces travaux menés notamment avec un post-doctorant ont permis de proposer une classification originale, entièrement dirigée par la perception oculaire et non pas par la sémantique, comme habituellement. L’intérêt était notamment la recherche d’harmonies entre plusieurs images, avec comparaison floue des profils colorimétriques des images. Collaboration avec H. Akdag, A. Aït Younes. Co-encadrements de M. C. Mamlouk et I. Zakhem. 2. D’un autre côté, nous avons entamé des travaux dont le principal domaine d’application était les arts de la scène (opéra, théâtre, etc.). On a commencé par définir un assistant virtuel de performer, où la machine analysait la performance (analyse de geste, de mouvement, de vitesse de déplacement, etc.) et cherchait à la qualifier, en fonction des consignes du metteur en scène. Autrement dit, la machine se faisait miroir (non déformant !) de l’acteur, en fournissant une analyse se voulant qualitative, mais systématique. Ce domaine entre bien dans le perceptual computing : ce qui est perçu par l’acteur, par le metteur en scène et ce que “perçoit” la machine. En outre, j’ai, dans ce cadre, proposé un algorithme de partitionnement flou (en classes) dépendant de la distribution des données et inspiré par les partitionnements non uniformes de Martínez et al. Les tests grandeur nature (plusieurs spectacles ont servi pour les tests) ont montré que l’algorithme était robuste et que l’analyse de la performance était pertinente (tant pour l’acteur que pour le metteur en scène). [23, 24]. Collaboration avec A. Bonardi. Co-encadrements de N. Lehallier, M. Göksedef, K. Yamashita. Toujours dans ce même cadre, j’ai entamé une collaboration avec l’IRCAM, et donc, me suis tournée davantage vers les questions de son. Nous avons imaginé une extension au logiciel Max/MSP (pour la synthèse et l’analyse sonores) pour assouplir la gestion des objets en permettant l’utilisation d’objets flous. Nous avons ainsi proposé une librairie (la FuzzyLib disponible en ligne) qui implémente la plupart des concepts flous dans Max/MSP. Une telle librairie n’existait pas, du fait de la conception sous Max/MSP très particulière de la notion d’objets, de fonctions, de variables, etc. Elle a notamment permis de coupler des travaux existants sur la reconnaissance et le suivi de geste utilisant les modèles de Markov cachés (cf. travaux de Bevilacqua) avec les techniques floues ; en particulier, il est possible désormais de reconnaître graduellement et de façon floue un geste : par exemple, “à 5 % d’exécution, le geste est reconnu comme étant 52 % A, 25 % B et 23 % C. [17, 19]. Collaboration avec A. Bonardi. 3. L’intérêt d’utiliser des approches linguistiques dans le domaine de l’autonomic computing (calcul autorégulé) semble de plus en plus évident. L’autonomic computing est une branche du génie logiciel apparue sous l’impulsion d’IBM en 2003. Son objectif général est de faire en sorte que l’informatique soit mise au service du contrôle et de l’optimisation des applications en automatisant toute une série de décisions et d’adaptations auparavant dévolues à des administrateurs système et en allant beaucoup plus loin pour créer des systèmes auto-adaptables. Si l’on considère le “modèle” général client / fournisseur, où le client a un besoin que le fournisseur peut lui offrir, on trouve plusieurs thématiques parmi lesquelles les architectures orientées services, l’informatique dématérialisée (mieux connue sous le nom de Cloud Computing) ou encore les systèmes à composants. Toutes ces thématiques impliquent des interactions client / fournisseur nécessitant un traitement des imprécisions sous forme linguistique puisque, inévitablement, l’humain est toujours derrière une demande (et une offre), à un moment ou à un autre. On constate, une fois de plus, qu’ici encore, le Computing with Words a toute sa place. Dans les architectures fondées sur les services (SOA), les logiciels sont conçus comme des processus métiers qui vont, le plus possible, utiliser des services existants pour réaliser plusieurs de leurs calculs. Dans ce contexte, un problème crucial est la sélection des services à utiliser. Des services apparaissent et disparaissent régulièrement et plusieurs services qui sont en compétition pour réaliser un même calcul offrent des qualités de service très différentes, et à des coûts différents. De nombreux travaux s’intéressent donc à cette problématique. Pour notre part, pour garantir au mieux la fraîcheur de l’information, nous cherchons à repousser au dernier moment la liaison entre service Université Paris 8
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demandé et service offert. Ainsi, on est sûr d’avoir l’information la plus récente pour satisfaire le client et lier sa demande au meilleur service disponible. Pour réaliser cela, il faut être capable, une fois que les contraintes fonctionnelles du service offert (c’est-à-dire le type de service rendu) sont respectées — cela revient à procéder à un premier tri — de faire coïncider les contraintes non fonctionnelles des services restant en lice à ce moment précis avec les demandes du client, autrement dit, ses préférences. A ce moment-là, il est important d’être suffisamment souple dans la mise en relation entre l’offre et la demande, afin d’éviter de ne faire ressortir aucun service. C’est pourquoi une approche linguistique a été proposée : le client exprime en amont ses préférences de façon imprécise et la liaison peut se faire au dernier moment en affectant une utilité à chaque service candidat encore en lice. Notons que les préférences dont nous parlons sont éventuellement conditionnelles, par exemple : “je préfère avoir plus ou moins la valeur V1 pour la propriété X, plutôt qu’exactement la valeur V2 si Y est égale approximativement à VY et Z et Z égale à un peu plus que VZ ”. J’ai donc proposé un modèle inspiré des Conditional Preferences networks (CP-nets de Brafman et Domshlak), graphes dans lesquels les nœuds sont les propriétés et les arcs les préférences conditionnelles (ou non conditionnelles) entre ces nœuds. Pour gérer l’imprécision, nous avons modélisé les valeurs V sous forme floue (sous-ensemble flou) ou sous forme de linguistic 2-tuples de Martínez. Ainsi, chaque nœud (et certains arcs avec une sémantique particulière) est associé à une table de préférences linguistiques contenant des valeurs floues ou des linguistic 2-tuples. Trouver l’utilité locale à un nœud (respectivement à un arc) revient en fait à calculer un modus ponens généralisé (MPG) sur ce nœud (respectivement sur cet arc). L’utilité globale sur tout le graphe (que nous avons baptisé LCP-net pour Linguistic CP-net) est calculée en affectant des poids aux nœuds (donc aux utilités locales) car la position des nœuds est significative. Cette utilité globale calculée pour chaque service encore en lice permet alors de les ordonner, et ainsi de proposer au client le meilleur service disponible à cet instant-là. Je pense que ce travail est intéressant car c’est la première extension des *CP-nets (famille des CP-nets incluant les TCP, UCP...-nets) au cas des variables définies sur des domaines continus, et que l’approche floue a permis d’avoir un formalisme qui construit une fonction d’utilité globale progressive et continue (propriétés de l’approche floue) là où des approches de discrétisation usuelles donnent des fonctions d’utilité globales constantes par morceaux, limitant nettement leur pouvoir de discrimination entre les alternatives. [3, 18, 20]. Collaboration avec J. Malenfant : co-encadrement de la thèse CIFRE (Thales/LIP6) de P. Châtel intitulée “Une approche qualitative pour la prise de décision sous contraintes non-fonctionnelles dans le cadre d’une composition agile de services” soutenue en mai 2010. Le domaine du Cloud Computing est de plus en plus au centre des préoccupations. La dématérialisation a commencé depuis plusieurs années déjà avec la notion de bureau virtuel, lecteur réseau, etc. Pour mettre en œuvre de tels systèmes, un point crucial souvent sous-estimé, est la décision et donc la définition de politiques capables de capturer la connaissance des experts et de les améliorer par de l’apprentissage en ligne. Le potentiel des approches floues pour ce faire est énorme. Déjà, nos travaux sur les LCP-nets et l’élicitation linguistique des préférences à l’aide d’un modèle simple et accessible aux non-experts (les ingénieurs logiciels) procèdent de cette idée. Un grand nombre de politiques d’allocation de ressources par exemple, nécessite de déterminer des valeurs pour des paramètres numériques que l’ingénieur logiciel n’est pas en mesure d’estimer précisément. Procéder par une approche linguistique, affiner cela par de l’apprentissage en ligne, pour obtenir enfin des paramètres numériques par défuzzification apparaît comme une démarche de choix pour un très large spectre d’applications en autonomic computing. Dans les centres de calcul, la problématique principale est, pour un client demandeur, de lui fournir une ou plusieurs machines virtuelles (VM) afin de lui offrir la ressource dont il a besoin pour faire fonctionner son application. Du côté fournisseur, le problème est de (i) satisfaire le client (atteindre les objectifs négociés (SLO) selon des accords-contrats (SLA)) en lui donnant la ressource nécessaire ; (ii) satisfaire le maximum de clients en dépensant le moins possible, c’est-à-dire en donnant au maximum de clients la ressource suffisante. Cette recherche de compromis est un problème de décision dans lequel beaucoup de variables peuvent jouer un rôle : il est évident que, à chaque ajout d’entrée ou de paramètre, la combinatoire augmente et finit par exploser. Il faut donc sélectionner les plus pertinents. Parmi les entrées déterminantes, on trouve le trafic ou charge entrant(e) (workload ) qui correspond au nombre de requêtes reçues par seconde, le nombre de VM déployées pour ce client
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(resource usage), le nombre de VM disponibles et la performance (nombre de requêtes satisfaites ou plus précisément la durée et le niveau de violation des SLA, sachant qu’un SLA est pour nous le temps de réponse maximal accepté par le client). Et parmi les paramètres, on cherchera à satisfaire les clients les moins exigeants à coût fournisseur constant, clients que l’on peut aussi voir comme les plus “rémunérateurs” (avec les SLA les plus facilement atteignables). Un autre paramètre est la latence, c’est-à-dire le temps qu’une ressource nouvellement ajoutée met à être opérationnelle. Tout ceci nous a amenés à considérer deux dimensions dans la scalabilité des ressources : la dimension horizontale qui correspond à la quantité de VM, la dimension verticale qui correspond à la qualité des VM. En effet, on peut décider d’allouer des VM différentes (plus ou moins de mémoire vive, une plus ou moins grande capacité de disque dur, un CPU plus ou moins performant, une bande passante réseau plus ou moins grande, etc.) selon les besoins. Notre système se propose donc de fonctionner en deux temps : (i) recherche du nombre de VM à allouer, en les considérant toutes comme identiques (solution grossière) ; puis (ii) affinage en ajoutant des paramètres comme le nombre de VM disponibles, et obtention d’un pool de VM personnalisées. On propose donc deux avancées dans ce domaine : – la définition d’un modèle flou de VM, en utilisant des variables linguistiques comme “machine très rapide”, “machine sûre”, “machine stable”, “disque dur de très grande capacité”, etc. Le passage par les variables linguistiques est d’un grand intérêt dès lors que le fournisseur propose cette possibilité via une IHM, le système de décision permettant ensuite, de façon transparente, d’affiner la (les) VM(s) proposée(s) ; – la définition d’un modèle de contrat (SLA) par (i) l’expression des besoins et des offres de façon imprécise (mais pas nécessairement) avec une mise en correspondance entre les deux, et par (ii) l’expression des préférences conditionnelles (notamment pour gérer les compromis) traitées comme des LCP-nets. A terme, ce travail pourra être vu comme une décomposition en une décision séquentielle et un contrôle flou, puis un couplage entre les deux. On pourrait faire collaborer une approche séquentielle, par le Q-learning, et une approche non-séquentielle fondée sur le contrôle flou et plus précisément l’approche neuro-fuzzy par apprentissage également. Les contraintes étant très fortes, nous espérons, avec ce découplage, arriver à ce que les coûts en calcul pour trouver une solution s’additionnent alors que l’intégration des deux aspects dans une unique approche séquentielle produirait plutôt une combinatoire des deux. Ce travail est en cours et les pistes annoncées en train d’être développées [12, 15]. Collaboration avec J. Malenfant : co-encadrement de la thèse CIFRE (Orange/LIASD/LIP6) de X. Dutreilh depuis le 1er octobre 2009. On l’a vu, ces différentes problématiques nous amènent à travailler autour des architectures et notamment des SOA et des PaaS (Platform as a Service). C’est ainsi que l’on s’est intéressé aux sytèmes à composants grande échelle, dans le cadre du projet financé par l’ANR : SALTY (Self-Adaptive very Large disTributed sYstems ou “très grands systèmes répartis auto-adaptatifs”). SALTY, projet dont je suis responsable pour le partenaire Paris 8/LIASD, est exemplaire du type de situations décrites plus haut. L’objectif central de ce projet est de produire une architecture d’autonomic computing capable de gérer et de passer à l’échelle de systèmes répartis de très grande taille. Le cas d’utilisation qui nous intéresse plus particulièrement est la géolocalisation, où l’objectif général est d’adapter la fréquence à laquelle les mobiles géolocalisés vont signaler leur position de manière à trouver un équilibre entre le coût de ces remontées de position et la précision avec laquelle sont atteints les objectifs métiers des entreprises, comme la vérification du suivi d’un corridor pendant tout le trajet. La fréquence optimale de remontée dépend de nombreux paramètres, comme la proximité du mobile des frontières du corridor, la tolérance accordée dans la détection du franchissement du corridor, le niveau de la batterie du GPS, la précision des mesures de position à cet instant précis, etc. Pour les opérateurs logistiques, l’appréciation linguistique et nuancée de ces éléments dans la décision sur la fréquence est une nécessité, dans la mesure où ils n’ont souvent ni la connaissance ni les moyens d’en déterminer des paramètres numériques précis. Ainsi, de nombreux scenarii sont envisagés, notamment le suivi d’une flotte de camions (i) devant rester dans un corridor et (ii) devant traverser des points de passage (pour péage ou livraison).
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Deux principaux types d’adaptation sont à considérer : les adaptations à bas niveau (par exemple changement dans la fréquence de remontée des informations depuis le boîtier, ou bien changement de moyen de localisation) et les adaptations à un plus haut niveau (adaptation du modèle de l’application qui capture la dynamique du système en termes d’états, de décisions, de transitions et de fonctions de coût). A bas niveau, nous conjecturons que l’utilisation de données linguistiques dans les boîtiers programmables comme dans la plateforme de géolocalisation permettra de traiter simultanément un ensemble de cas (à cause du passage d’un univers continu de valeurs à un univers partitionné en intervalles linguistiques) et ainsi, sur ce point, d’aider à passer à l’échelle. Et en délocalisant les décisions dans les dispositifs de plus bas niveau, il est probable que nous obtiendrons des temps suffisamment courts pour gérer de grosses flottes de véhicules (100000 camions). Nous prévoyons donc de déployer une boucle d’adaptation par camion, donc par boîtier. De plus, pour s’affranchir des paramétrages souvent complexes de ces boîtiers, nous proposons une abstraction de l’interface de configuration en offrant une IHM permettant la capture de l’expression des besoins par une interface de dialogue permettant une gestion de bout en bout des termes linguistiques (utilisation de techniques floues — modélisation sous forme de sous-ensembles flous ou de linguistic 2-tuples — couplées avec du traitement automatique de la langue. Ainsi, les utilisateurs pourront éliciter leurs buts à la fois au niveau application (par exemple, notifier l’application quand un camion est à 30 minutes d’un point de passage) et au niveau adaptation (par exemple, minimiser le nombre de positions transmises dès lors que la notification est assurée à plus ou moins 5 minutes). Une telle interface en langage naturel permettra de générer automatiquement de nouvelles interfaces métier, pas nécessairement prévues à l’avance. Par exemple, un utilisateur peut exprimer un besoin non prévu (suivi d’enfants à la sortie de l’école), qui génèrera ainsi une application métier dédiée (au suivi d’enfants), capable de dialoguer avec la plateforme de géolocalisation et de s’autoconfigurer, de sorte de remonter les informations nécessaires à des fréquences adéquates pour assurer le rôle demandé. Deux articles ont été publiés [11, 13] et un autre sous forme d’article court a été accepté (j’ai fait publier mon doctorant M-A. Abchir seul, à une conférence pour étudiants). Collaboration avec J. Malenfant et A. Pappa. Co-encadrement de M-A. Abchir (en thèse CIFRE LIASD/Deveryware) et de O. Melekhova (en thèse au LIP6 avec allocation MESR) depuis le 1er novembre 2009.



Et ensuite ? Après onze ans de recherche dans ces différents domaines, il apparaît comme évident que certaines de ces logiques (en tous cas, leur cadre théorique) peuvent être comparées, voire unifiées. D’abord, toutes ces notations partagent une caractéristique essentielle qui consiste à réussir à exprimer les SEF du domaine du discours en fonction des SEF de l’utilisateur, ce qui est essentiel pour le retour vers l’utilisateur pour lui donner une appréciation qualitative des résultats des calculs, donnant ainsi tout son sens à une approche linguistique de bout en bout. Compte tenu de cette caractéristique importante de ces modèles, une approche unifiée peut en exploiter les complémentarités, que ce soit pour l’expression qualitative des résultats des calculs mais aussi en exploitant la facilité de réaliser les calculs dans certains modèles en passant de l’un à l’autre au besoin pendant les calculs. Concrètement, si l’on considère la modélisation par 2-tuples linguistiques (Martínez), ou par 2-tuples proportionnels (Wang), ou encore la nôtre (modélisation par GSM), on remarque qu’elles ont toutes trois − − un point commun : celui d’être exprimable sous forme vectorielle comme une base (α→ v + β→ u ). J’ai proposé avec mon collègue Jacques Malenfant un article sur ce sujet [14] dans lequel nous redéfinissons chacun de ces trois modèles selon notre notation vectorielle. Nous utilisons cette même base que nous contraignons d’une façon ou d’une autre selon le modèle exprimé. Cela revient à imposer des conditions − − sur α, β, → v et → u. Cependant, le sujet est loin d’être épuisé, puisqu’il ne s’agit pour l’instant que de balbutiements. En effet, le lien entre les trois modélisations a été établi, mais il reste en particulier la définition des agrégateurs à unifier (seul un agrégateur — le nôtre, la médiane symbolique pondérée — a été réécrit dans cette base vectorielle). Et peut-être que ces travaux pourraient mener à une axiomatique de ces 3 modélisations unifiée ?



Université Paris 8



Décembre 2011



Isis TRUCK



Annexes



8



Références bibliographiques En révision (1) [1] Mohammed-Amine Abchir and Isis Truck. Towards an extension of the 2-tuple linguistic model to deal with unbalanced linguistic term sets. Kybernetika, Institute of Information Theory and Automation (Academy of Sciences of the Czech Republic).



Revues internationales (7) [2] Isis Truck and Jacques Malenfant. Towards a formalization of the Linguistic Conditional Preference networks. International Journal of Applied Management Science, special issue on “Modern Tools of Industrial Engineering : Applications in Decision Sciences”, x(y) :to appear, 2012 ? [3] Pierre Châtel, Isis Truck, and Jacques Malenfant. LCP-nets : A linguistic approach for non-functional preferences in a semantic SOA environment. Journal of Universal Computer Science, 16(1) :198–217, 2010. [4] Isis Truck and Herman Akdag. A tool for aggregation with words. International Journal of Information Sciences, Special Issue : Linguistic Decision Making : Tools and Applications, 179(14) :2317–2324, 2009. [5] Amine Aït Younes, Isis Truck, and Herman Akdag. Image retrieval using fuzzy representation of colors. Soft Computing — A Fusion of Foundations, Methodologies and Applications, 11(3) :287–298, 2007. [6] Isis Truck and Herman Akdag. Manipulation of qualitative degrees to handle uncertainty : Formal models and applications. Knowledge and Information Systems, 9(4) :385–411, 2006. [7] Amine Aït Younes, Isis Truck, and Herman Akdag. Color image profiling using fuzzy sets. Turkish Journal of Electrical Engineering & Computer Sciences, 13(3) :343–359, 2005. [8] Herman Akdag, Isis Truck, Amel Borgi, and Nedra Mellouli. Linguistic modifiers in a symbolic framework. International Journal of Uncertainty, Fuzziness and Knowledge-Based Systems. Special Issue : Computing with words : foundations and applications, 9 (supplément) :49–62, 2001.



Chapitres de livre (2) [9] Herman Akdag and Isis Truck. Uncertainty Operators in a Many-valued Logic. In chapitre de l’Encyclopedia of Data Warehousing and Mining - 2nd Edition, John Wang, ed., Information Science Reference, pages 1997–2003. 2009. [10] Isis Truck and Herman Akdag. A Linguistic Approach of the Median Aggregator. In chapitre du livre Fuzzy Systems Engineering Theory and Practice, Series : Studies in Fuzziness and Soft Computing, pages 23–51. Springer, 2005.



Conférences internationales (24 dont 3 posters et 1 best paper award ) [11] Mohammed-Amine Abchir and Isis Truck. Towards a New Fuzzy Linguistic Preference Modeling Approach for Geolocation Applications. In Springer-Verlag Berlin and Heidelberg GmbH & Co. K, editors, Proc. of the EUROFUSE Workshop on Fuzzy Methods for Knowledge-Based Systems, volume 107, pages 413–424, Portugal, 2011. [12] Xavier Dutreilh, Sergey Kirgizov, Olga Melekhova, Jacques Malenfant, Nicolas Rivierre, and Isis Truck. Using Reinforcement Learning for Autonomic Resource Allocation in Clouds : towards a fully automated workflow. In The 7th International Conference on Autonomic and Autonomous Systems (ICAS’2011), best paper award, pages 67–74, 2011.



Université Paris 8



Décembre 2011



Isis TRUCK



Annexes



9



[13] Olga Melekhova, Mohammed-Amine Abchir, Pierre Châtel, Jacques Malenfant, Isis Truck, and Anna Pappa. Self-Adaptation in Geotracking Applications : Challenges, Opportunities and Models. In The 2nd International Conference on Adaptive and Self-adaptive Systems and Applications (ADAPTIVE’2010), pages 68–77, 2010. [14] Isis Truck and Jacques Malenfant. Towards A Unification Of Some Linguistic Representation Models : A Vectorial Approach. In The 9th International FLINS Conference on Computational Intelligence in Decision and Control, pages 610–615, 2010. [15] Xavier Dutreilh, Nicolas Rivierre, Aurélien Moreau, Jacques Malenfant, and Isis Truck. From Data Center Resource Allocation to Control Theory and Back. In The 3rd IEEE International Conference on Cloud Computing (CLOUD’2010), pages 410–417, 2010. [16] Pierre Châtel, Jacques Malenfant, and Isis Truck. Qos-based late-binding of service invocations in adaptive business processes. In The 8th International Conference on Web Services (ICWS), pages 227–234, 2010. [17] Alain Bonardi and Isis Truck. Introducing Fuzzy Logic And Computing With Words Paradigms In Realtime Processes For Performance Arts. In The International Computer Music Conference (ICMC’2010), pages 474–477 (Poster), 2010. [18] Bao Le Duc, Pierre Châtel, Nicolas Rivierre, Jacques Malenfant, Philippe Collet, and Isis Truck. Non-functional Data Collection for Adaptive Business Process and Decision Making. In The 4th Middleware for Service-Oriented Computing (MW4SOC), Workshop at the ACM/IFIP/ USENIX Middleware Conference, pages 7–12, 2009. [19] Alain Bonardi and Isis Truck. Designing a Library For Computing [Performances] With Words. In The 4th International Conference on Intelligent Systems & Knowledge Engineering (ISKE’2009), pages 40–45, 2009. [20] Pierre Châtel, Isis Truck, and Jacques Malenfant. A linguistic approach for non-functional preferences in a semantic SOA environment. In The 8th International FLINS Conference on Computational Intelligence in Decision and Control, pages 889–894, 2008. [21] Imad El-Zakhem, Amine Aït Younes, Isis Truck, Hanna Greige, and Herman Akdag. Modeling personal perception into user profile for image retrieving. In The 8th International FLINS Conference on Computational Intelligence in Decision and Control, pages 393–398, 2008. [22] Imad El-Zakhem, Amine Aït Younes, Isis Truck, Hanna Greige, and Herman Akdag. Color image profile comparison and computing. In International Conference on Software and Data Technologies (ICSOFT), pages 228–231, 2007. [23] Alain Bonardi, Isis Truck, and Herman Akdag. Building fuzzy rules in an emotion detector. In The 11th International Conference on Information Processing and Management of Uncertainty in Knowledge-Based Systems (IPMU’2006), pages 540–546, 2006. [24] Alain Bonardi, Isis Truck, and Herman Akdag. Towards a virtual assistant for performers and stage directors. In 6th International Conference on New Interfaces for Musical Expression (NIME), pages 326–329 (poster), 2006. [25] Alain Bonardi and Isis Truck. First Steps Towards a Digital Assistant for Performers and Stage Directors. In The Int. Conf. Sound & Music Computing (SMC’2006), pages 91–96, 2006. [26] Amine Aït Younes, Isis Truck, Herman Akdag, and Yannick Rémion. Images Retrieval Using Linguistic Expressions of Colors. In The 6th International FLINS Conference on Computational Intelligence in Decision and Control, pages 250–257, 2004. [27] Amine Aït Younes, Isis Truck, Herman Akdag, and Yannick Rémion. Image classification according to the dominant colour. In 6th International Conference on Enterprise Information Systems (ICEIS), pages 505–510, 2004. [28] Isis Truck, Herman Akdag, and Amel Borgi. A Linguistic Approach of the Median Aggregator. In Proceedings of the 9th International Conference on Fuzzy Theory and Technology (FT&T’03), part of the 7th Joint Conference on Information Sciences (JCIS), pages 147–150, 2003. [29] Isis Truck and Herman Akdag. Supervised Learning using Modifiers : Application in Colorimetrics. In Proceedings of the ACS/IEEE International Conference on Computer Systems and Applications (AICCSA’03), page 116 (7 pages), 2003. Université Paris 8



Décembre 2011



Isis TRUCK



Annexes



10



[30] Isis Truck, Herman Akdag, and Amel Borgi. Generalized modifiers as an interval scale : towards adaptive colorimetric alterations. In Proceedings of the 8th Iberoamerican Conference on Artificial Intelligence (IBERAMIA), pages 111–120, 2002. [31] Isis Truck, Herman Akdag, and Amel Borgi. Comparison of fuzzy subsets : towards a linguistic approach. In Proceedings of the 8th International Conference on Soft Computing (MENDEL), pages 264–269, 2002. [32] Isis Truck, Herman Akdag, and Amel Borgi. A symbolic Approach for Colorimetric Alterations. In Proceedings of the 2nd International Conference in Fuzzy Logic and Technology (EUSFLAT), pages 105–108, 2001. [33] Isis Truck, Herman Akdag, and Amel Borgi. Colorimetric Alterations by way of Linguistic Modifiers : A Fuzzy Approach vs. A symbolic Approach. In Proceedings of the Symposium in International ICSCNAISO Congress on Computational Intelligence : Methods and Applications (FLA), pages 702–708, 2001. [34] Isis Truck and Jean-Michel Bazin. Automatic reasoning : Geometrical problem solving. In The 8th International Conference on Information Processing and Management of Uncertainty in KnowledgeBased Systems (IPMU’2000), pages 2002–2005 (Poster), 2000.



Conférences nationales (6) [35] Mohamed C. Mamlouk, Amine Aït Younes, Herman Akdag, and Isis Truck. Extraction des couleurs dominantes d’une image. In Conférence en Sciences de l’Electronique, Technologies de l’Information et Telecommunications (SETIT’2007), page 574 (6 pages), 2007. [36] Mohamed C. Mamlouk, Amine Aït Younes, Herman Akdag, and Isis Truck. Recherche d’images couleurs par le contenu. In International Conference on Control, Modeling and Diagnosis (ICCMD’2006), 2006. [37] Amine Saïdane, Herman Akdag, and Isis Truck. Une Approche SMA de l’Agrégation de la Coopération des Classifieurs. In Conférence en Sciences de l’Electronique, Technologies de l’Information et Telecommunications (SETIT’2005), page 126 (6 pages), 2005. [38] Anne Sedes, Benoît Courribet, Jean-Baptiste Thiébaut, Antonio de Sousa-Dias, Alain Bonardi, Isis Truck, Vincent Lesbros, and Curtis Roads. Groupe de travail ’visualisation du son’. In 12e Journées d’Informatique Musicale (JIM’2005), 2005. [39] Isis Truck, Herman Akdag, and Amel Borgi. Comparaison de sous-ensembles flous : compatibilité et comparabilité. In Rencontres Francophones sur la Logique Floue et ses Applications (LFA), pages 135–142, 2002. [40] Isis Truck, Francis Rousseaux, and Herman Akdag. Un exemple de personnalisation de sites Web utilisant des modificateurs linguistiques. In Journées Francophones D’Accès Intelligent aux Documents Multimedia sur l’Internet (MediaNet’2002), Hermès, pages 319–324, 2002.



Autres : séminaires invités ou non, vulgarisation (5) [41] Alain Bonardi and Isis Truck. Reconnaissance de geste : démonstration avec la Wii3. Technical report, Conférence Savante Banlieue, Université Paris 13, 2009. [42] Isis Truck, Alain Bonardi, Herman Akdag, and Francis Rousseaux. Vers une distanciation anticipation - cible du jeu d’acteurs : le cas de l’Opéra Interactif Alma Sola. Technical report, Séminaire “Retour sur l’Anticipation”, Maison St Gérard, Haguenau, 2006. [43] Alain Bonardi, Christine Zeppenfeld, and Isis Truck. Apport de la logique floue dans les arts numériques : cas d’Alma Sola. Technical report, Séminaire “Les Mardis des Sciences de l’Homme”, MSH Paris-Nord, Saint-Denis, 2005. [44] Isis Truck. Assistant virtuel pour acteur et metteur en scène. Technical report, Conférence Savante Banlieue, Université Paris 13, 2005. [45] Isis Truck, Christine Zeppenfeld, Alain Bonardi, and Murat Göksedef. Prototype d’un assistant virtuel de mise en scène. Technical report, Séminaire “Intelligence Artificielle et spectacle vivant”, Le Cube, Issy-les-Moulineaux, 2005.



Université Paris 8



Décembre 2011
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pour l'obtention de l'Habilitation à Diriger des Recherches de l'Université de Paris 8 (Spécialité Informatique). Les travaux d'Isis Truck depuis l'obtention de son Doctorat en 2002 portent sur l'utilisation d'informations linguistiques dans des tâches d'aide à la décision ou de classification où le jugement humain joue un rôle majeur. Sa formation l'a amenée à se familiariser avec une variante finie de la logique de Lukasiewicz, ainsi que la théorie des ensembles flous et sa capacité à rendre compte de l'information linguistique graduelle (termes se référant à des échelles de valeurs continues ou discrètes). Elle avait notamment développé dans sa thèse une notion de médiane pondérée ordinale, puis poursuivi ensuite par l'élaboration d'un calcul élémentaire de modificateurs linguistiques sur des échelles finies de valeurs (à base de connecteurs de la logique de Lukasiewicz). L'intérêt d'un tel calcul a été démontré sur un problème de modification de couleurs par intensification ou affaiblissement. Ce travail a amené Isis Truck à s'intéresser, à la suite de sa thèse, au problème de modélisation de la couleur et sa perception. Le manuscrit rend compte d'un travail sur la classification d'images par couleur dominante. L'idée est de se fonder sur une représentation de la couleur plus conforme à la perception humaine que le repère tridimensionnel par couleurs primaires: une échelle de teinte et un espace croisant luminance et saturation. Les termes linguistiques relatifs à ces dimensions sont modélisés par des ensembles flous trapézoïdaux correspondant à des termes linguistiques qui font sens pour un utilisateur, ce qui permet d'exprimer les distorsions de sensibilité de la perception visuelle. Sur cette base on peut évaluer la couleur de chaque pixel d'une image, et, par des sommations appropriées, évaluer la couleur dominante en accord avec la perception humaine. Un autre travail très original réalisé par la candidate est l'application des outils de modélisation d'échelles linguistiques à l'aide à la performance dans les arts de la scène. L'idée est d'automatiser la reconnaissance d'une émotion exprimés par le chant et le mouvement. La méthode consiste dʼabord à définir un certain nombre d'attributs mesurables à partir d'enregistrements audio et vidéo, et de définir des partitions floues linguistiquement pertinentes



sur ces attributs. Ainsi on peut définir des règles floues contextuelles pour la descriptions d'émotions à partir de ces attributs et analyser en ces termes les données de la performance. Ce travail a donné lieu au développement d'une bibliothèque d'objets informatiques de "calcul avec des mots" pour un environnement logiciel Max/MSP de traitement sonore temps réel. Enfin, la candidate s'est investie dans le problème de la qualité de service pour les applications informatiques distribuées, où il convient de modéliser les préférences d'un programmeur en matière de services que son application requiert. La description de ces préférences est souvent qualitative et contextuelle (les préférences dépendant du contexte ou de la situation courante). Ce type de problème est souvent abordé depuis une dizaine d'années à l'aide des réseaux de préférence conditionnels (CP-nets). Un aspect original développé par la candidate est l'articulation des CPnets avec les échelles linguistiques, notamment les 2-tuples de Martinez, mais aussi l'approche, due à la candidate, à base de modificateurs sur des échelles d'entiers, et enfin les variables linguistiques de Zadeh. La candidate propose donc une méthode d'évaluation de la QoS à base de CP-nets linguistiques (LCP-nets), laquelle permette l'expression qualitative de préférences conditionnelles et un calcul numérique de la QoS pourvu que l'on utilise des ensembles flous ou des 2-tuples sur des domaines d'attributs continus. Ce travail a donné lieu à une thèse CIFRE coencadrée par Isis Truck et soutenue en 2010. Ces outils sont utilisés pour contribuer à la réalisation dʼarchitectures logicielles auto-adaptatives dans le cadre d'un projet ANR SALTY dont est responsable Isis Truck pour la partie concernant son université. Deux thèses sont en cours, l'une sur la définition de composants réflexifs pour des applications informatiques auto-adaptatives, et l'autre sur une application de ces concepts à la géolocalisation. Plusieurs pistes de recherches futures sont indiquées dans le rapport scientifique. D'abord le développement d'outils de réutilisation de fragments de LCP-nets afin de pouvoir les modifier tout en préservant leur cohérence. L'auteur pense définir une algèbre de LCP-nets afin de rationaliser leur combinaison. Des travaux restent nécessaires pour l'optimisation de requêtes, et pour éviter le recours à des calculs numériques sur la base d'informations linguistiques (utilisation de représentations symboliques de bout en bout de la chaîne de traitement). Enfin Isis Truck se donne la tâche d'unification des diverses approches existantes du calcul de mots sur des échelles numéricolinguistiques. La conclusion du rapport résume la démarche de la candidate et replace ces avancées dans la perspective du génie logiciel et de l'aide à la décision. Le travail effectué par la candidate depuis une dizaine d'années est relativement original. Il poursuit systématiquement comme but le



traitement d'évaluateurs linguistiques dans des problèmes de classification et de décision dans diverses applications et notamment sur des questions très actuelles de génie logiciel. L'auteur a souci de relier son approche du "calcul par mots" à d'autres méthodes de traitement linguistique des échelles de valeurs. Relier ces problématiques à la méthode de représentation de préférences par des CP-nets est une ouverture théorique intéressante et originale. Dans lʼétat actuel, ce "calcul par mots", que ce soit par variables linguistiques, ou par 2-tuples, ou encore par modificateurs dits symboliques, passe en fait toujours par une représentation numérique (au minimum, des entiers). Il reste une idéalisation relativement simple, mais Isis Truck a bien montré qu'il pouvait être très utile en pratique sur des applications variées où l'information linguistique est très présente. On peut souhaiter que, dans le futur, la candidate approfondisse les fondements formels des LCP-nets en étroite liaison avec les chercheurs de l'intelligence artificielle qui travaillent autour de la théorie de la décision qualitative. Isis Truck a publié six articles dans des revues internationales, deux chapitres d'ouvrages et une trentaine de communications à des conférence, montrant ainsi son souci de valoriser ses travaux et de prendre sa place dans la communauté scientifique internationale. Elle est notamment en contact avec l'université de Jaen en Espagne. Elle a participé à l'encadrement de trois thèses, et de plusieurs travaux de mastère. Ces résultats, joints à l'originalité et le caractère pragmatique de la démarche scientifique de la candidate, son souci d'appliquer cette démarche dans divers domaines, avec un effort particulier plus récent autour du génie logiciel, font qu'Isis Tuck est digne de recevoir l'habilitation à diriger des recherches. Le 20 Juin 2011
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Rapport sur le manuscrit "Calculs à l’aide de mots : vers un emploi de termes linguistiques de bout en bout dans la chaine du raisonnement" Présenté par Isis Truck Le rapport de HDR proposé par Dr. Isis Truck se situe dans le contexte du calcul à l’aide de mots ; l’activité de recherche de Isis Truck a concerné la représentation et la combinaison des connaissances en milieu imprécis et vague. En particulier, à partir de son doctorat de recherche, les activités scientifiques de Isis Truck ont eu pour but l’étude des modificateurs linguistiques dans le cadre de la logique floue et de la logique multivalente (en particulier la théorie des multi-ensembles de De Glas), et la définition de nouveau modèles d’outils linguistiques dans le cadre du paradigme du computing with words et du perceptual computing, ainsi que leurs applications dans des contextes divers (telles que la classification des couleurs, le jeu théâtral et les architectures fondées sur les services). Les contributions décrites dans le manuscrit constituent un travail de recherche solide, conséquent, et très varié. Le manuscrit présente les principaux résultats du travail de recherche de Isis Truck à partir de sa thèse de doctorat. Le rapport est organisé en trois parties principales, correspondant aux chapitres 2, 3 et 4, plus un chapitre d’introduction (Chapitre 1) et un chapitre qui conclue la thèse et présente les perspectives de recherche (Chapitre 5). Chaque chapitre témoigne des activités de recherche qui ont amené à des résultats obtenus dans le cadre de différentes collaborations et projets. Les résultats principaux sont constitués de publications et de thèses de Master et de doctorat, ainsi que de logiciels. Le Chapitre 2 présente une synthèse du contexte de recherche considéré, en résumant les travaux amenés pendant la thèse de doctorat, ainsi que les résultats scientifiques obtenus dans les premiers travaux post-thèse. Le travail de recherche à la base de la thèse de doctorat a eu pour but une étude des modificateurs linguistiques, fondée sur la conjecture d’une liaison entre agrégation et modification (c'est-à-dire l’agrégation est vue comme une succession d’actions de modifications). Ce travail a amené à la proposition des Generalized Symbolic Modofiers (GSM), à la définition d’une taxonomie de modificateurs flous et à la définition de l’operateur de médiane symbolique pondérée (SWM). Dans la section 2.3 les premiers travaux post-thèse sont décrits (ce serait intéressant de spécifier la période) ; les contributions principales ont concerné une poursuite des travaux sur les GSM, en identifiant trois familles de GSM : les affaiblissant, les renforçant et les centraux. En outre, dans cette période le problème de la composition de



GSMs a été analyse, ainsi que celui de l’apprentissage de modifications au moyen d’operateurs d’adjonction. Le contenu du Chapitre 2 témoigne un travail de recherche bien focalisé et conséquent, aussi témoigné par les publications cités. Toutefois les descriptions sont parfois trop synthétiques : quelques simples exemples relatifs aux définitions introduites seraient appréciés. Ce serait aussi intéressant d’ajouter une partie synthétique sur la validation de l’approche proposée par rapport aux approches de modélisations préexistantes. Une section synthétique sur l’état de l’art serait aussi appréciée. La conclusion du Chapitre 2 (section 2.4) donne un aperçu critique des résultats de recherche obtenu pendant la période de doctorat et de post-doctorat, et donne une bonne motivation aux objectifs poursuivis âpres le doctorat. Dans le Chapitre 3 les travaux concernant l’application des modèles définis à trois domaines distincts sont présentés. Dans le but de vérifier et évoluer les outils linguistiques définis au domaine de la perception de la connaissance et de la capture des intentions, l’activité de recherche de Isis Truck s’est orientée au perceptual computing (application des calculs à l’aide des mots à la notion de perception humaine). Ce domaine de recherche est sans doute très intéressant et nécessite de contributions nouvelles. La définition de contextes applicatifs clairs est essentielle dans le but de définir une modélisation du concept de perception. Les contributions de recherche décrites dans ce chapitre son extrêmement diversifiées (plusieurs domaines de recherche) et ont été développes dans de collaborations différentes, aspect sans doute appréciable. Ces recherches ont amené soit a de bonnes publications, soit a l’encadrement d’étudiants de Master et the PhD. Les trois domaines applicatifs considérés sont : la colorimétrie (perception visuelle), perception pour les arts de la scène, et le service-oriented architecture. Dans la section 3.1 une modélisation floue d’un espace de couleurs est décrite, qui a été proposée dans le but d’envisager la perception visuelle. Dans cette section, âpres avoir synthétiquement analysé les limitations des approches dans la littérature, une nouvelle approche est proposée pour travailler avec des échelles non uniformément distribuées. Neuf couleurs fondamentales plus neuf qualificatifs sont définies au moyen de fonctions d’appartenance de sous-ensembles flous. Le profil d’une image est défini au moyen des valeurs d’appartenance de l’image aux catégories identifiées. Une évaluation de la représentation proposée a été conduite par la définition d’un système de recherche d’informations visuelles. La partie de la section 3.1 consacrée à la motivation et à l’explication du modèle défini est bien conçue, même si parfois un peu synthétique. Au contraire, le choix d’évaluer le modèle par un système de recherche d’information devrait être plus explicitement introduit et mieux motivé. En outre, une synthèse de l’évaluation comparative avec des autres systèmes devrait être schématisée ; l’approche plus directe semble être une comparaison avec des systèmes visuels que permettent de spécifier des query by example. Dans la section 3.1.2 une intéressante méthode pour améliorer le profil d’une image en détectant les zones uniformes de l’image et en leur associant une couleur dominante est décrite. En outre, une affectation des poids aux pixels qui tient compte de leur positions relatives est proposée : la nouvelle fonction Ft est sans doute plus « réaliste », car elle considère de façon différente les pixels isolés et ceux qui font partie d’une zone homogène. Un autre aspect très intéressant qui a constitué un problème de recherche considère par Isis Truck dans le domaine de la perception visuelle est celui de la subjectivité de la perception de l’utilisateur ; dans le but de définir un mécanisme



d’apprentissage de la perception de l’utilisateur, une approche à la modification des associations teinte-qualificatifs aux valeurs H, L et S à été proposée, qui amène soit à la modification du profil de l’image (sans le recalculer), soit à la définition d’un profil utilisateur (construit pendent l’apprentissage). La méthode présentée est sans doute originale car elle propose une classification dirigée par la perception oculaire. Les travaux scientifiques reportés en section 3.1 ont amené à la publication d’articles soit sur des revues internationales, soit dans les actes de conférences. On apprécie le fait que cette recherche a conduit Isis Truck à explorer (même si dans le milieu de la couleur) le domaine du traitement d’images, qui est assez vaste. Le travail de recherche a été conduit en collaboration avec des collègues avec lesquels Isis Truck a encadré deux étudiants. Dans la section 3.2 un autre domaine applicatif est considéré, c'est-à-dire les arts de la scène, dans le but de définir un assistent virtuel pour évaluer qualitativement la performance d’un acteur (perception des gestes de mouvement). L’opéra virtuel Alma Sola a été considéré, en analysant les vidéos de deux scènes au moyen du logiciel EyesWeb, dans le but d’extraire des descripteurs numériques des gestes, et de repartir les valeurs de chaque descripteur dans une partition floue, qui constitue la base pour la définition de règles floues. Dans une deuxième phase l’analyse des sons a été le but de la recherche d’Isis Truck ; dans ce contexte le logiciel Max/MSP a été étendu pour permettre la gestion d’objets flous, en amenant à la définition d’une nouvelle librairie (FuzzyLib) qui implémente les concepts flous dans Max/MSP. Dans la section 3.2.2 cette libraire est décrite ; la librairie a été utilisée par le directeur artistique et l’équipe des artistes d’une pièce de théâtre, comme décrit dans le manuscrit de HDR. Les taches auxquelles la librairie a été appliques sont trois : acquisition de la performance, qualification de la performance, modélisation sémantique de l’interaction homme machine en direct. Le logiciel à règles développé a le but de développer de sons de foule qui s’adaptent au comportement de l’acteur. Les travaux scientifiques reportés en section 3.2 ont amené à la publication d’articles en collaboration avec Alain Bonardi. Le fait que cette recherche a conduit au développement de logiciel en librairies est très valable. Enfin, dans la section 3.3 un troisième domaine applicatif est considéré, où les outils linguistiques développés ont été appliques. Le domaine considéré est celui des architectures fondées sur les services ; en particulier le problème considéré est celui de la sélection de services sur la base des préférences clients (sur les contraintes non fonctionnelles) d’une façon imprécise. Ce domaine de recherche a récemment reçu une attention croissante, liée à l’importance de sélectionner des services Web qui vont satisfaire les exigences des clients. Dans ce but, comme aussi témoigné dans la littérature, la définition de contraintes flexibles est sans doute très intéressante et importante. Cette application constitue sans doute un terroir fertile pour l’application de méthodes linguistiques pour la définition de préférences linguistiques. Dans la section 3.3 un nouveau formalisme de modélisation de préférences basé sur le *CP-nets et capable de décrire des propositions linguistiques est synthétisé ; ce nouveau modèle a été nommé LCP-nets (Linguistic CP-net). Dans l’approche proposée les valeurs d’utilité aussi sont exprimés de façon linguistique (soit au moyen de sous-ensables flous soit au moyen de 2-tuples linguistiques. Le travail de recherche décrit dans la section 3.3.1 a été réalisé en collaboration avec Jacques Malenfant, et a conduit à la publication de quatre articles scientifiques dans les



actes de conférences et workshop soit liés au contexte flou, soit liés au contexte Web Services (très appréciable). Le travail de recherche a aussi conduit au co-encadrement de doctorat de Pierre Chatel. Dans la section 3.3.2 des recherches en cours finalisées à l’adaptation dynamique des ressources dans le cloud computing sont décrites. L’attention est ici sur les politiques d’allocation de ressources (par les fournisseurs), dans le but de capturer la connaissance des experts et de l’affiner par de l’apprentissage en ligne. La proposition de recherche originale et très intéressante décrite dans cette section est finalisée à la sociabilité des ressources sur la base de deux dimensions : la quantité et la qualité des Virtual Machines (VMs). Dans ce but deux résultats scientifiques sont représentés par un modèle flou de VM et la définition d’un modèle de contrat (SLA). Le travail de recherche décrit dans la section 3.3.1 est amené en collaboration avec Jacques Malenfant, et a conduit à la publication de deux articles scientifiques dans les actes de conférences internationales prestigieuses. Le travail de recherche est aussi finalisé au co-encadrement de doctorat de Xavier Dutreilh. Enfin, dans la section 3.3.3 un travail de recherche en phase de développement dans un projet financé par l’ANR est décrit. Le contexte de ce projet est constitué par les architectures d’autonomic computing. Ici le traitement linguistique est principalement finalisé à la définition des règles de paramétrage des systèmes. Le cas d’utilisation considéré dans ce contexte est la geolocalisation ; le but est de définir une interface de configuration qui permet d’utiliser des termes du langage naturel, modélisés comme sous-ensembles flous ou comme linguistic 2-tuples. En outre, une recherche finalisée a la définition d’un modèle d’applications auto adaptables a été démarre dans ce projet. Ces travaux de recherche ont amené à deux publications et au co-encadrement de deux étudiants de doctorat (avec Anna Pappa et Jacques Malenfant). Le Chapitre 4 présente les perspectives de recherche de Isis Truck dans le domaine de la modélisation des préférences et dans celui des théories pour la modélisation de l’imprécision. Les pistes de recherche identifiées montrent une richesse d’idées et une continuité par rapport aux investigations faites et aux résultats de recherche obtenus jusqu’à maintenant. En conclusion, le rapport montre la richesse, la complexité et l’importance des problèmes considérés par Isis Truck. Il montre en outre une activité de recherche constante et soutenue, supportée par plusieurs publications bien diversifiées et aussi dans les actes de conférences dans les différents domaines de recherche considérés. Le travail de recherche a amené à plusieurs résultat: de très bonnes publications internationales, l’implémentation de systèmes et plusieurs encadrements soit de D.E.A. soit de doctorat. Les activités décrites dans le rapport ainsi que les perspectives envisagées démontrent la continuité et la richesse du travail de recherche. Je recommande donc sans aucune réserve que l’HDR soit soutenue.



Gabriella Pasi Professeur Associé Université Milano Bicocca
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OVERVIEW 



The research memory presented by the Dr. Isis Truck in order to obtain the habilitation à diriger des recherches from the University Paris 8 entitled, Computing with words: towards an end-to-end use of linguistic terms in the reasoning process, presents her past, current a future research in the topic of computing with words (CW) and the different applications that she has developed across her research career. The document is well structured and clearly defined. Initially the candidate introduces the structure and contents of the memory in which she reviews her main achievements obtained during her PhD research period in the topic of computing with words that established the basis to develop new research in different lines and its application to different fields such as visual perception, perception in the performing arts and software architectures. Afterwards a mature view of her research so far, lets her define and describe the challenges that the candidate will face in the future regarding different topics and fields related to her research. Eventually some conclusions and future research are pointed out.



RESEARCHCONTENTS The research presented in the memory is structured in different chapters according to different periods in which the candidate developed it. CONTEXTANDHISTORY In this chapter is introduced the research developed during the PhD period and the post-doc initial research. Initially the research was focused on the study of knowledge representation, preference modeling and aggregation of subjective judgments highly related to human beings perceptions. This type of information implies inherently imprecision and uncertainty, therefore different approaches has been defined to deal with it. The candidate was studying the use of the fuzzy linguistic approach presented by Zadeh and the multi-valued logic by De Glas. The use of linguistic information implies processes of Computing with Words (CW) that has been and still is a hot topic on research from



initial works of Zadeh, Tong, Bonissone etc., to nowadays with recent advances provided among others by Mendel, Yager, and so forth. Therefore, it is remarkable that she has got very interesting results regarding the use of linguistic modifiers that facilitate the elicitation of symbolic information and in the field of linguistic aggregation. First, she formalized the definition of a generalized symbolic modifier that allows modifying linguistic terms by reinforcing, weakening or centering their semantics also it was defined different operations over these modifiers to compose different operations over the linguistic terms. These results were applied to supervised learning of colorimetrics. Just the elicitation of linguistic information was insufficient because the use of such a type of information implies processes of CW so the second important achievement was the proposal of symbolic aggregation operators to combine linguistic information. Her proposal of a symbolic weighted median by using the fuzzy membership function of the linguistic information, is quite interesting and provide a novel and useful way to combine this type of information producing results in the initial term set but with the possibility of modifying it by the previous modifiers. These results were applied to supervised learning in colormetrics using linguistic modifiers having obtained good results in this application. Of course the proposals, results and applications obtained by that time did not solve all the problems related to computing with words, but they could applied to solve different types of problems in which the uncertainty or the qualitative aspects presented are better modeled by means of linguistic and symbolic information. PURSUEDAPPROACHESANDWORKS The theoretical results obtained previously were a good basis to face problems related to perceptual computing and computing with words in which the information is highly related to human beings perceptions and subjective judgments. Therefore the candidate focused her research on the application of previous achievements to different fields of application such as visual perception, perception in the performing arts and software architectures in which she has got good results and being pioneer in the use of these tools in some of the previous applications: x



In visual perception has been presented different proposals not only, for assigning profiles to images by means of linguistic symbols and linguistic



modifiers but also, to apply retrieval processes by using linguistic expressions. A more refined process for classifying images based on these tools to express the degree of colors in an image was also developed. x



The applications of processes of computing with words for the perception of performance arts are quite novel and interesting. Even more when such proposals are not just ideas but real applications used in real performances that have been implemented in well known software in the topic. There have been developed different libraries to introduce fuzzy concepts in the assistance of performance supervision and fuzzy rule base systems to facilitate such supervision.



x



Finally it is quite remarkable to observe that the candidate is quite aware of latest technologies as software architectures such as SOA, cloud computing and so on. This awareness and her previous research has allowed her to innovate in the application of processes of computing with words in different decision problems inherent to such technologies to obtain good results and transfer knowledge and research to companies that it is quite important in order to show the real applicability of the research done.



The development of previous applications confirmed that the initial tools developed during the PhD period were not enough to solve all the different situations presented by the previous problems. Therefore the Dr. Truck had to research new models to elicit and manage linguistic information in such problems. One of the most important results under my view is the proposal of definition and use of LCP-nets to elicit linguistic conditional preferences that it was one of the limitations found in previous research. AVENUESOFTHOUGHT Here the candidate shows her research inquietude trying to show that the previous research is not the end of a research process but rather than the beginning of new researches and the search of solving new problems. An overview about what formal mechanisms are necessary to deal with LCP-nets in real problems in order to avoid ambiguity and other problems. And it is also presented the necessity of dealing with a proper CW scheme where the inputs and the outputs are words.



Another important research line pointed out here is the study of the unification of different linguistic models that has been object of study recently in the literature. It is indicated that such unification can facilitate the use of linguistic information in different problems and that the study in the future of this topic can report good benefits for some applications.



To conclude the comments about the research contents just point out that the conclusions are in accordance with the contents provided across the memory and the future research seems promising because are based on previous experiences where they need to fulfill some problems that could be improved regarding the current solutions provided. 



WORKandRESULTS Following are revised the different results obtained by the candidate regarding her research and work developed across her career. PUBLICATIONS Most of research results obtained by the candidate since she started her PhD period has been published in different indexed journals and important international conferences related to her research topic. It should be highlighted her publication “A tool for aggregating with words” in Information Sciences one of the most important journals within her topic that it is indexed in the first quartile with an impact factor of 3.29 in 2009. It is important to remark as well that she has been continuously working in research as can be observed in the below graphic that shows her publications along the years:



Fig. 1. Isis Truck’s publications per year



Eventually just mention that the publications published reflect clearly the research that the candidate has developed and her interests in the different topcis and applications done. PROJECTSANDCONTRACTS It is observed in the candidate’s CV that she has been recently quite active in the development of research contracts with different companies in which she has applied some of the research results obtained in the past and as well they have provided her new problems to be researched in the future as it has been pointed out previously. PhDSUPERVISIONS The candidate has successfully supervised one PhD student and she is currently supervising three more students related to the research contracts mentioned previously. It is remarkable the results obtained with the supervisions and evolution suffered by the researcher along the time has produced new supervised research lines for the PhD students that show the good work accomplished so far. SERVICETOTHECOMMUNITY The candidate is very active member in different research and administrative services that she has carried out at the same time that her research. Her participation in different Scientific Councils shows her commitment with research and with the scientist community. All the other positions are quite relevant in the research policy both her university and national scale.



ASSESSMENT According to the previous report my assessment for the candidate is: Sans aucune hésitation, je suis très favorable à ce que Isis Truck soutienne son habilitation à diriger des recherches



Signature: Luis Martínez López



Marc BUI Professeur d’informatique a` l’Universit´e Paris 8 Directeur d’Etudes Cumulant a` l’EPHE mobile : +33 (0)6 31 41 41 59 email : [email protected] / [email protected]



Objet : Lettre de recommandation concernant Madame Isis Truck



C’est essentiellement par l’interm´ediaire de ses publications que j’ai pris connaissance des travaux de recherche de Madame Isis Truck. J’ai e´ t´e par le suite son garant HDR a` l’universit´e Paris 8 et j’ai donc examin´e son travail de recherche avec attention. Son travail a donn´e lieu a` plusieurs publications internationales, ainsi qu’`a de multiples conf´erences internationales et francophones. Il est ind´eniable que Madame Isis Truck d´emontre d’excellentes qualit´es de chercheure et d’enseignante, mais e´ galement elle fait preuve de qualit´es humaines, d’un esprit d’ouverture et d’´equipe tr`es appr´eci´es au sein de notre universit´e. Elle participe activement a` l’animation scientifique, notamment par l’encadrement d’´etudiants en th`ese, et elle a e´ galement d´evelopp´e des actions de valorisation de recherche au travers de plusieurs contrats dont elle a la responsabilit´e. En examinant son curriculum vitæ, on s’aperc¸oit qu’elle a su assurer un tr`es bon e´ quilibre entre enseignement, recherche et fonctions collectives. Madame Isis Truck a donc tout a` fait le profil, par ses comp´etences, son exp´erience en recherche et en enseignement, pour devenir professeure des universit´es. Je recommande donc vivement sa candidature a` la qualification aux fonctions de professeur des universit´es.



Paris, le 26 septembre 2011.



       



     



     



St  Denis,  le  5  Décembre  2011  



   



Objet  :  lettre  de  recommandation  pour  Mlle  Isis  Truck  



 



 



  A  qui  de  droit     -¶étais  GLUHFWHXUGHO¶8)50,76,&0DWKpPDWLTXHV,QIRUPDWLTXH7HFKQRORJLH6FLHQFHVGHO¶,QIRUPDWLRQ et  de  la  Communication)  au  moment  où  Mlle  Isis  Truck  fut  nommée  MdC  dans  notre  université.  Très  vite   M¶avais  été  impressionné  pDUODFDSDFLWpG¶DGDSWDWLRQHWO¶HIILFDFLWpGHVRQtravail.  Ses  qualités  pédagogiques   pWDLHQWUHPDUTXpHVSDUOHVpWXGLDQWVTXLP¶HQIDLVDLHQWSDUW,  confirmant  ainsi  que  ses  enseignements  étaient   très  appréciés.     Elle  a  SUpVHQWpUpFHPPHQWXQUDSSRUWVFLHQWLILTXHSRXUREWHQLUO¶+'5  intitulé  «  &DOFXOVjO¶DLGHGHPRWV  :   vers   un   emploi   de   termes   linguistiques   de   bout   en   bout   dans   la   chaîne   du   raisonnement  ».   Ce   document   permet  de  comprendre  mieux  la  démarche  scientLILTXHGHO¶DXWHXUHWSHUPHWDXVVLG¶DYRLUXQHPHVXUHSOXV REMHFWLYH GH VD FRQWULEXWLRQ VFLHQWLILTXH (Q HIIHW O¶DXWHXU PRQWUH VL[ SXEOLFDWLRQV GDQV GHV UHYXHV LQWHUQDWLRQDOHVGRQWTXDWUHVRQWGHWUqVERQQLYHDXDLQVLTX¶XQHDFWLYLWpLPSRUWDQWHGDQVGHVFRnférences   internationales.       Ce   dynamisme   a   permis  une  activité   de   rayonnement  avec   des   demandes   de   relecture   dans   des   revues  et   conférences   ainsi   que   des   demandes   de   participation   dans   des   comités   et   jurys   de   doctorat   au   niveau   international,   comités   de   pURJUDPPH HW FRPLWpV G¶RUJDQLVDWLRQ GH PDQLIHVWDWLRQV VFLHQWLILTXHV HW FR- encadrement   de   six   doctorants.   Cette   activité   scientifique   semble   compatible   avec   la   valorisation   et   contacts  industriels  (CIFRE,  etc.),  ce  qui  est  une  nécessité  dans  une  formation  doQWO¶RULJLQHpWDLWXQ,83 Sa   responsabilité   scientifique   dans   des   conventions   de   recherche   peut   aussi   être   appréciée   avec   presque   .¼GHFRQWUDWVFRQVROLGpVFHVGHX[GHUQLqUHVDQQpHV     Par  ailleurs  Mlle  Truck  est   ¾   Membre  élue  et  adjointe  à  la  vice-présidence  du  Conseil  Scientifique  (jusqu¶jO¶REWHQWLRQGHVRQ HDR).   ¾   &KDUJpHGHPLVVLRQjODWD[HG¶DSSUHQWLVVDJH3DUH[SpULHQFHMHSHX[WpPRLJQHUGHODFRPSpWHQFH GH VHV GpPDUFKHV HW GH O¶DLGH LQGpQLDEOH TX¶HOOH QRXV DSSRUWH j WRXV OHV QLYHDX[ Il   serait   intéUHVVDQWG¶DQDO\VHUO¶pYROXWLRQGHOD7$GHSXLVVDFKDUJHGHPLVVLRQGDQVQRWUHXQLYHUVLWp   ¾   0HPEUH GX %XUHDX ([pFXWLI GX 3{OH GH &RPSpWLWLYLWp &DS 'LJLWDO -¶DL SX DXVVL H[SpULPHQWHU UpFHPPHQWO¶HIILFDFLWpGHVHVDFWLYLWpV     En   vue   de   ses   qualités   pédagogiqXHV GH OD TXDOLWp GH VHV WUDYDX[ GH UHFKHUFKH PHQpV G¶XQH PDQLqUH autonome,  de  son  implication  dans  des  taches  de  direction  et  animation  collectives,  Mlle  Truck  a  toutes  les   qualités  pour  être  qualifiée  aux  fonctions  GXFRUSVGHSURIHVVHXUGHO¶HQVHLJQHPHnt  supérieur.     &¶HVW DYHF SODLVLU HW KRQQHXU TXH M¶DL DFFHSWp G¶écrire   cette   lettre,   conscient   que   Mlle   Truck   fera   un   professeur  des  universités  capable  aussi  bien  G¶DVVXUHUXQH[FHOOHQWHQVHLJQHPHQW  que  de  mener  à  bien  et   animer  des  projets  de  recherche  de  haut  niveau  et  de  V¶LPSOLTXHUGDQVGHVDFWLYLWpVDGPLQLVWUDWLYHVcomme   HOOHO¶DIDLW  MXVTX¶à  ce  jour.   Jaime  Lopez  Krahe   Professeur  des  universités  
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Book on "Decision Analysis and Support in Disaster Management" FRANCISCO JAVIER MONTERO DE JUAN Thu, Dec 8, 2011 at 12:07 PM To: [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected] Cc: [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected] Dear all, Sorry for our delay in submitting you some updated clear guideliness about this project after the shock for Da`s unexpected passing away. Some of you have already submitted your chapter contribution to "Decision Analysis and Support in Disaster Management" (see the attached first draft sent by Da). But the number of papers we have received till now is not enough for a book, that according to the agreement signed by Da should contain around 350 pages in the final format. With this message I am encouraging you to submit your contributions according to the following tight schedule: - Manuscript PDF reception: February 10 - Submission of review comments to authors: March 15 - Reception of final versions (PDF plus sources): April 15 - Submission to Atlantis Press: April 30 In this way we are trying not to delay too much the original delivery that Da agreed with Atlantis Press, March 15. I have been in contact with Atlantis Press editors and they of course understand the situation. As you can understand, for an efficient management it becomes extremely important to prepare your chapter accoding the required format. Please check carefully the Atalntis Press "Book Instructions and Style Files" at http://www.atlantis-press.com/index_atlantis_press.html?http%3A//www.atlantis-press.com/publications/books/ We would appreciate if you can confirm your willingness to submit a chapter meeting this tight schedlude. Thanks a lot in advance. Looking forward your prompt reaction, Javier Montero and Begona Vitoriano Faculty of Mathematics Complutense University Madrid 28040 (Spain) Tel.- 34 91394 4522
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a b s t r a c t The need of computing with words has become an important topic in many areas dealing with vague information. The aim of this paper is to present different tools which support computing with words. Especially, we are concerned with the weighted aggregation of linguistic term sets, whose results are just the words themselves without using the fuzzy numbers that represent the semantics of their linguistic terms. We propose a new aggregation operator, referred to as the symbolic weighted median that computes the most representative element from an ordered collection of weighted linguistic terms. This operator aggregates the linguistic labels such that its result is expressed in terms of the initial linguistic term set though is modified by using dedicated tools called the generalized symbolic modifiers. One advantage of this proposal is that the expression domain does not change: we increase or decrease the granularity only where it becomes necessary. Additionally this new operator exhibits several interesting mathematical properties. ! 2009 Elsevier Inc. All rights reserved.



1. Introduction The problem raised in this paper is the weighted aggregation of linguistic statements [2,18–20]. It is a part of the Computing with Words (CW) paradigm proposed by Zadeh [21] and recently discussed e.g., in [22]. The fuzzy logic framework and especially fuzzy sets themselves [21] that underlie CW are not always easy to obtain from the linguistic term sets. That is why we choose to keep the words themselves – called linguistic symbols – without going through a fuzzy modeling. An important point in the CW is the granularity of information that allows for a better approximation of the concepts when it is needed [6]. In [1,14] we introduced linguistic modifiers that offer refinements of a linguistic symbol. In such a way, data can be represented at the most appropriate level of precision. Linguistic modifiers associate linguistic terms with functions. In this paper, we focus interest on the mean, the median [20] and others operators for linguistic information [7,8]. As a result of the aggregation of linguistic symbols, the aim of the approach is to obtain a linguistic symbol, which more or less resembles another symbol coming from the initial set. The resemblance is expressed by means of linguistic modifiers and the proposed process allows for the use of the same linguistic term set by being only extended by these modifiers. This approach is quite convenient and interesting since experts, users, decision makers involved in the problem defined in the linguistic framework do not have to deal with new terms nor with an artificial expression domain. The paper is organized as follows: in Section 2, we focus on some interesting operators that deal with weighted linguistic information. We also present the basic aggregation operators like means or medians. In Section 3, we then introduce our tools which allow us to modify values in a linguistic context: the generalized symbolic modifiers. Section 4 details our proposal, i.e. a median for weighted linguistic values. Finally, Section 5 concludes this study. * Corresponding author. Tel.: +33 149 406 415. E-mail addresses: [email protected] (I. Truck), [email protected] (H. Akdag). URLs: http://www.ai.univ-paris8.fr/~truck (I. Truck), http://webia.lip6.fr/~akdag (H. Akdag). 0020-0255/$ - see front matter ! 2009 Elsevier Inc. All rights reserved. doi:10.1016/j.ins.2009.01.016
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2. Existing aggregation operators 2.1. Operators for weighted linguistic information Some authors like Herrera and Herrera-Viedma have proposed aggregation operators dealing with weighted linguistic information [7]. These operators are useful when there are various information sources providing linguistic information that is not equally relevant. The authors propose three aggregation operators: the linguistic weighted disjunction (LWD), the linguistic weighted conjunction (LWC), and the linguistic weighted averaging (LWA). According to them, aggregation comprises two operations: (1) the aggregation of weights and (2) the aggregation of information combined with the weights. To accomplish step (1) different operations such as LWD, LWC and LWA operators based on the LOWA (linguistic ordered weighted averaging) operator [11] can be used. For step (2), they propose a different function for each aggregation operator based on a min, max or a LOWA operator. Another aggregation operator has been introduced in [10,13] in order to deal with multiple linguistic scales. The result of the aggregation is determined by using linguistic hierarchies and their computational model. A linguistic hierarchy is a set of levels, where each level is a linguistic term set coming at a certain level of granularity. The authors also introduced the concept of 2-tuple [12] composed of a linguistic term in a certain hierarchy and a symbolic translation that mathematically expresses a reinforcement or a weakening of the term. The linguistic information (converted into 2-tuples) is aggregated using an arithmetic means that gives a new 2-tuple [9,12]. It is to notice that in [10] they consider the use of linguistic term sets that are non uniformly distributed on the given scale. Other authors like Valls and Torra use clustering techniques to aggregate data [17]. They consider heterogeneous data, often involved in multi criteria decision making, and propose a method to classify the alternatives according to criteria. The authors study each alternative in relation to the others. They give a result in linguistic terms as defined by one of the experts. We will see that the approach proposed in this paper also aims at giving a linguistic answer obtained from a dictionary. 2.2. Means and medians Let us present now the three usual forms of the median: let x1 ; x2 ; . . . ; xn be n arguments, with x1 < x2 < ! ! ! < xn . The pessimistic (i), optimistic (ii) and ‘‘middle” (iii) medians A are defined as: ( xnþ1 if n is odd 2 (i) Aðx1 ; x2 ; . . . ; xn Þ ¼ if n is even x2n (ii) Aðx1 ; x2 ; . . . ; xn Þ ¼



(



(iii) Aðx1 ; x2 ; . . . ; xn Þ ¼



xnþ1 2 xn2þ1



(



if n is odd if n is even



xnþ1 2



1 ðxn2 2



þ x2nþ1 Þ



if n is odd if n is even



Considering that the elements may not always be equally important, Yager has proposed a weighted median with the condition that the weights are ordered before the computation [20]: P P wi ¼ 1. Let T j ¼ ij¼1 wj be the sum of Let ðx1 ; w1 Þ; ðx2 ; w2 Þ; . . . ; ðxn ; wn Þ be the elements to aggregate, with wi 2 ½0; 1' and the first i weights. The weighted median is xk where k is defined by: T k(1 < 0:5 and T k P 0:5. However, operators such as medians are usually used to aggregate numbers. Aggregating fuzzy numbers (representing linguistic statements) with a median is very interesting. Let us suppose that the information is represented by means of trapezoidal fuzzy subsets. They can be characterized by using the end points of their core and support (cf. Fig. 1). We propose to compute one median per type of end point, i.e. we obtain four medians. The end points of the same kind (i.e. left support limits, or left core limits. . .) are grouped together and ordered (cf. definition of the median). Fig. 1 shows an example where the median is not equivalent to an initial subset: we can say that the result is composed of ‘‘some” B and ‘‘a little” C. The problem is now about a suitable representation of this median. Applying fuzzy modifiers [3–5] on the initial subsets shall provide good results. In this paper, the approach is similar to that one but the median deals with linguistic symbols directly, not with numeric values or fuzzy numbers. The median we define is expressed by the initial symbols after having applied a certain modification to them. This modification is performed by specific tools defined in [1] that is the generalized symbolic modifiers. 3. Generalized symbolic modifiers The truth of a proposition can be evaluated by means of adverbs that are represented on a scale of linguistic degrees or linguistic symbols. In [1], we have proposed tools to combine such degrees. In particular these tools are useful to measure differences between linguistic symbols. They allow us to express the modification that a linguistic symbol must undergo to
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Fig. 1. Median for fuzzy subsets.



resemble or to become another linguistic symbol: they are called the linguistic modifiers or generalized symbolic modifiers. Only one condition must be satisfied: the linguistic symbols have to be totally ordered. 0 A generalized symbolic modifier (GSM) is a mapping from an initial pair ða; bÞ to a new pair ða0 ; b Þ. A pair is composed of a symbol a (also called degree) and an integer b (corresponding to the total number of symbols). Using a certain radius q – considered as a strength – the new pair is more or less close to the initial pair: the higher the radius, the less the pairs are close. The position of a degree a in a scale is denoted pðaÞ, with pðaÞ 2 N. A general definition of a GSM is the following: Definition 1. Let Lb be a collection of b linguistic terms, with b 2 N) n f1g. A GSM mq is defined as:



mq : Lb a



! Lb0 # a0 0



0



i.e. mq ðaÞ ¼ a0 , with b 2 N) n f1g, pðaÞ < b; pða0 Þ < b and q 2 N) . A proportion or an intensity rate is associated with each linguistic degree on the considered scale; this rate is expressed as pðaÞ the ratio PropðaÞ ¼ b(1 . For example, if we consider a collection L5 with L5 ¼ f\very bad"; \bad"; \average"; \good"; \very good"g, then Prop(‘‘very bad”) = 0. Comparing the proportions between Prop(a) and Prop(a0 ), we will define three families of modifiers: weakening, reinforcing and central modifiers. The definitions of the weakening and reinforcing GSMs are given in Table 1 and EC0 and DC0 are central GSMs recalled in Definitions 2 and 3 [16]. Reinforcing and weakening GSMs increase or decrease the Prop of the initial pair while central GSMs (EC, DC, EC0 and DC0 ) act like a zoom on the initial pair, keeping the Prop unchanged. There is a link between EC and DC that erode or dilate the scale, and the 2-tuples (and the linguistic hierarchies) of Herrera and Martínez [12,13] which also offer a multigranular context when representing the knowledge. Indeed it is possible to define EC and DC with 2-tuples. An example of the usefulness of central GSMs becomes apparent when a teacher has to switch from a certain scale of marks to another one.



Table 1 Definitions of weakening and reinforcing GSMs. Mode nature



Weakening



Erosion



pða0 Þ ¼ maxð0; pðaÞ ( qÞ 0 b ¼ maxð2; b ( qÞ



Dilation



Conservation



Reinforcing EWðqÞ



pða0 Þ ¼ pðaÞ 0 b ¼bþq



DWðqÞ



pða0 Þ ¼ maxð0; pðaÞ ( qÞ 0 b ¼bþq



DW0 ðqÞ



pða0 Þ ¼ maxð0; pðaÞ ( qÞ 0 b ¼b



CWðqÞ



pða0 Þ ¼ pðaÞ 0 b ¼ maxðpðaÞ þ 1; b ( qÞ



ERðqÞ



pða0 Þ ¼ minðpðaÞ þ q; b ( q ( 1Þ 0 b ¼ maxð1; b ( qÞ



ER0 ðqÞ



pða0 Þ ¼ pðaÞ þ q 0 b ¼bþq



DRðqÞ



pða0 Þ ¼ minðpðaÞ þ q; b ( 1Þ 0 b ¼b



CRðqÞ
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Definition 2. Let ða; bÞ be a pair and q 2 N) n f1g. The GSM EC0 (q) gives a new pair ða0 ; b Þ, such that:



! " 8 pðaÞ b > ( 1 > q b(1 > > > < j ! "k pðaÞ b 0 pða Þ ¼ (1 ðpessimisticÞ q b(1 > > > or j ! " k > > pðaÞ b : ( 1 þ 1 ðoptimisticÞ b(1 q 8b if qb 2 N > > >q j k > < b 0 ðpessimisticÞ b ¼ q > > or otherwise j k > > : b þ 1 ðoptimisticÞ q



if



pðaÞ b(1



!



b



q(1



"



2N



otherwise



0



Definition 3. Let ða; bÞ be a pair and q 2 N) n f1g. The GSM DC0 (q) gives a new pair ða0 ; b Þ, such that:



" 8 ! q(1 > a bb(1 > > > < j ! "k q(1 ðpessimisticÞ pða0 Þ ¼ a bb(1 > > j ! " k or > > q(1 : a bb(1 þ 1 ðoptimisticÞ



if



bq(1 b(1



2N



otherwise



0



b ¼ bq



Fig. 2 shows examples of GSMs. For instance, if six corresponds to the symbol ‘‘interesting”, then applying a CW(1) it results in the expression ‘‘a bit less than interesting”. Applying EC0 (2) can produce ‘‘more or less interesting” and when applying a DC0 (3) we obtain ‘‘very precisely interesting”. 0



The proportions computed for initial and final degrees allow us for a comparison between the GSMs. Let ða; bÞ; ða01 ; b1 Þ and be an initial pair and two modified pairs obtained using GSMs m1;q and m2;q , respectively. For a given q and for any pair ða; bÞ, if Propða01 Þ < Propða02 Þ then m1;q is weaker than m2;q . The GSMs are thus ordered and a lattice can be established [16] (cf. Fig. 3). Another interesting result concerns the composition of the GSMs [14]. For example, composing a modifier ER with a modifier DR consists in applying (on an initial pair) first a modifier DR and then a modifier ER. Two kinds of compositions have to be distinguished: homogeneous and heterogeneous ones. Homogeneous compositions are compositions of modifiers from the same family with the same nature, same mode, same name but not necessarily the same radius. Any other form of composition is heterogeneous, including compositions of GSMs from different families. These compositions can reach any degree on any scale if necessary. Moreover, the linguistic counterpart can be expressed as combinations of adverbs, such as ‘‘very very” corresponding to CR(q) * CR(q). The following two theorems can be then proved easily [14]: 0 ða02 ; b2 Þ



Theorem 1. The result of the composition of generalized symbolic modifiers is also a generalized symbolic modifier: when composing n generalized symbolic modifiers (of any kind), a valid pair degree/scale is always obtained. Theorem 2. If mq1 is any weakening or reinforcing GSM with a radius q1 , and mq2 is any GSM of the same family than mq1 with a radius q2 ; . . . and mqn is any GSM of the same family than mq1 with a radius qn , then mqs ¼ mq1 * mq2 * ! ! ! * mqn is a GSM of the same mode than mq1 , with a radius qs equal to the sum of the radii. For example, 8q1 ; q2 ; . . . ; qn 2 N) , DRðq1 Þ * DRðq2 Þ * ! ! ! * DRðqn Þ ¼ DRðq1 þ q2 þ ! ! ! þ qn Þ.



Fig. 2. Examples of GSMs.
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Fig. 3. Lattice for the GSMs.



4. A new aggregation operator for linguistic weighted terms 4.1. Definition Let us consider the problem of a questionnaire with weighted answers obtained through an opinion poll. Definition 4. Let Lb ¼ fa0;b(1 ; a1;b(1 ; . . . ; ab(1;b(1 g be a collection of b ordered elements ai . The collection of b weighted P 0 1 b(1 ; aw ; . . . ; aw i 2 BLb (set of these collections) such that wi ¼ 1. The symbolic ordered elements is denoted haw 0;b(1 1;b(1 b(1;b(1 weighted median M is defined as:



M : BLb ! Lb0 w



w



w1 w0 w1 0 b(1 b(1 haw 0;b(1 ; a1;b(1 ; . . . ; ab(1;b(1 i#Mðha0;b(1 ; a1;b(1 ; . . . ; ab(1;b(1 iÞ # # 0 # # i(1 bP (1 0w0i #P 0 0# ¼ ai;b0 (1 such that : # wp ( wp # < e # #p¼0 p¼iþ1 w



j ¼ mðaj;b(1 Þ with wj ¼ 1



¼ mðaj;b(1 Þ



with mðaj;b(1 Þ a GSM applied to an element of the initial collection Lb .



Pi(1



0 p¼0 wp



(resp.



Pb0 (1



0 p¼iþ1 wp )



is the sum S1 (resp. S2 ) of w0



the weights of the elements that are before – remember that the collection is ordered – (resp. after) the element a0 i;bi 0 (1 .



Note that M does not have any weight, as it is the case for the classical aggregation operators. In order to obtain a correct median (i.e. a small e or e ¼ 0), a method is to split the element (with a weight w) into w ) 10 ‘‘sub-elements” with a weight of .1 if w is odd, and into w ) 5 ‘‘sub-elements” with a weight of w=2 if w is even. This way, a new collection is obtained and the sums S can be computed with this new collection. Thus the median is either an initial element (taken directly from Lb ) or a sub-element [15]. Fig. 4 shows a first example. The median M is an existing element because S1 ¼ S2 (i.e. e ¼ 0).



Fig. 4. Median: first example.
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In the second example (cf. Fig. 5) when computing the sums S (for each original element), the difference between S1 and S2 in both cases is too important (e would be too high). That is why the division is performed. Equality between the sums S 0:2 is obtained and the median is a sub-element. We denote a:4 1;2 the parent element of the median a3;5 . Another situation is shown in Fig. 6: when computing the sums S for each initial element, we obtain either P P wi =2 ¼ :5 (and S2 ¼ 0) or S2 ¼ wi =2 ¼ :5 (and S1 ¼ 0). In this case, the element supporting the division is a virS1 ¼ tual one, not an initial element. The weights associated to these new sub-elements are equal to zero since they don’t correspond to real answers given by people in the opinion poll. In all cases (except in Fig. 4) we can consider that the elements are presented as a tree – an initial tree – and the median is presented as an element coming from another tree – a derived tree. The accuracy of the median depends on the value of e. A compromise has to be made between computation time and accuracy. 4.2. Properties of the symbolic weighted median The symbolic weighted median satisfies the following properties that were proved in [14]: + Identity, monotonicity, idempotence, compensation. + Boundary conditions: this property means that p times the aggregation of the lowest element of the tree is the element itself. Similarly, p times the aggregation of the highest element of the tree is the element itself. + Continuity (adapted in this case to discrete elements): when the elements of the tree change slightly, the aggregation operator gives a result slightly different from the original one. + Counterbalancing: adding weights on leaves placed above the symbolic weighted median on the tree, will decrease the final result. And, conversely, adding weights on leaves below the symbolic weighted median on the tree, will increase the final result.



4.3. Linguistic counterpart of the symbolic weighted median After we have provided the definition and the algorithm to compute the median, we have to express a linguistic counterpart of the median. Looking carefully at what is done during the computation, we notice that it looks like applying modifiers to one of the initial elements (cf. Fig. 7). In the example a central modifier is used, followed by a reinforcing one. We propose to define which modifier(s) is (are) applied to the initial value when the symbolic weighted median is computed. To do this, two proportions will be considered: proportion PM of the element corresponding to the median



Fig. 5. Median: second example.



Fig. 6. Median: third example.
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Fig. 7. From the symbolic weighted median towards the GSMs.



Table 2 Correspondence between the sign of PM ( PPM and GSMs. Sign of PM ( PPM



GSM(s) to apply



0



CW(q1) * DC0 (q2) DC0 (q) CR(q1) * DC0 (q2)



Fig. 8. General diagram of our aggregation operator.



and proportion PPM of the element corresponding to the parent element of the median. We denote PM ¼ Propða0i0 ;j0 Þ and PPM ¼ Propðai;j Þ where a0i0 ;j0 is an element of Lb0 representing the weighted symbolic median and where ai;j is an element of Lb representing the parent element of a0i0 ;j0 . In the example shown in Fig. 7, PM ¼ 5=8 and PPM ¼ 1=2. In some other cases, the computation of PPM is not that easy: in 0:5 Fig. 6, for instance, the parent element is either a0:5 0;2 (pessimistic case) or a2;2 (optimistic case). By using the sign of the difference PM ( PPM, the correspondence between the modifiers and the symbolic weighted median can be carried out (cf. Table 2). The radii are computed using PM and PPM. In the example shown in Fig. 7, PM ( PPM ¼ 1=8, so the GSMs to apply are CR(1) * DC0 (3). The last step is to find an adequate linguistic equivalence of the symbolic weighted median. The idea is to use the GSMs since they can be associated to words, given an dictionary [16]. For example, and according to the context, the GSM DC0 (2) can be associated to the word ‘‘precisely” (remember that q ¼ 1 is not valid for DC0 ) and DC0 (3) to ‘‘very precisely”, CR(1) to ‘‘a little more than”, CR(2) to ‘‘rather more than”, CR(3) to ‘‘more than” and CR(4) to ‘‘much more than”, CW(1) to ‘‘a little less than”, CW(2) to ‘‘rather less than”, CW(3) to ‘‘more less” and CW(4) to ‘‘much less than”. As the GSMs, words can also be composed with each other: this depends on the application context, on the language, etc. Given the above dictionary, in Fig. 5, the median will be a CR(q1) * DC0 (q2) composition, with q1 ¼ 1 and q2 ¼ 2. Linguistically, the answer will be ‘‘precisely a little more than a:4 1;2 ”. Fig. 8 summarizes the construction of the symbolic weighted median. 5. Conclusions In this paper we have introduced a new aggregation operator such as the symbolic weighted median. This operator deals with linguistic information modelled by means of linguistic terms. The only assumption required to compute the weighted median is to consider a total order defined on the linguistic term set used to assess the linguistic information. It receives, as an input, several weighted linguistic terms from a linguistic term set and, as the output, the expression of the result is a modified linguistic term, taken from the initial set. Thus the aggregated answer is always equal to one of the initial symbols (as it is the case with a usual median), but the symbol may have been weakened or reinforced. The weights will determine the strength with which the element is weakened or reinforced. The expression of the aggregation is done with the use of weakening and reinforcing modifiers applied to the corresponding element. The result given by the median is more or less accurate, depending on the computation time.
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Abstract: This paper addresses the problem of expressing preferences among nonfunctional properties of services in a Web service architecture. In such a context, semantic and non-functional annotations are required on service declarations and business process calls to services in order to select the best available service for each invocation. To cope with these multi-criteria decision problems, conditional and unconditional preferences are managed using a new variant of conditional preference networks (CPnets), taking into account uncertainty related to the preferences to achieve a better satisfaction rate. This variant, called LCP-nets, uses fuzzy linguistic information inside the whole process, from preference elicitation to outcome query computation, a qualitative approach that is more suitable to business process programmers. Indeed, in LCP-nets, preference variables and utilities take linguistic values while conditional preference tables are considered as fuzzy rules which interdependencies may be complex. The expressiveness of the graphical model underlying CP-nets provides for solutions to gather all the preferences under uncertainty and to tackle interdependency problems. LCP-nets are applied to the problem of selecting the best service among a set of offers, given their dynamic non-functional properties. The implementation of LCP-nets is presented step-by-step through a real world example. Key Words: preference modelling, fuzzy linguistic approach, CP-nets, Web service filtering Category: H.3, J.0



1



Introduction



Service-oriented architectures (SOA) deal with the growing need for distributed applications capable of evolving continuously over their execution. In the context of the Web, atomic feature producers are called Web services, and consumers



Web processes. These Web services can appear and disappear at runtime, thus requiring a loose coupling between service providers and consumers. We adopt an SSOA (Semantic Service-Oriented Architecture) approach where usual service offers are enhanced with high level business concepts extracted from ontologies as well as non-functional commitments, and are published in dedicated service registries. Based on this information, a loose coupling is implemented at runtime by the late-binding of an abstract service request (originating from the orchestration of a Web process) to a concrete service offer. This paper focuses on the various steps involved in the implementation of the ultimate part of this matchmaking process: the dynamic selection of Web services based on non-functional consumer preferences and up-to-date QoS (Quality of Service) values of monitored services. In this multi-criteria decision making context, to obtain a total order over services and make specific binding decisions between consumers and producers, we propose a solution based on preferences established among the various non-functional properties of required services. Given the subjective nature of these preferences, they are elicited by business process programmers before running them in the SSOA framework. The idea is to imagine an approach to elicit and exploit consumers preferences expressed qualitatively, i.e. with linguistic concepts. In the rest of the paper, first the conceptual and technical framework is introduced, then we briefly describe a set of tools for representing and reasoning with conditional preference statements: the “*CP-nets”1. Section 3 introduces our proposal of using a fuzzy linguistic variant of CP-nets in modeling preferences, Section 4 gives a proof-of-concept example, while Section 5 points out conclusions and future work.



2



Background and Related Work



This work takes place in the SSOA and Web services environments that are introduced below. We then briefly detail the related work concerning the fuzzy linguistic approach and the formalism of *CP-nets. 2.1



SSOA and non-functional properties



SOA and Web services have recently gained broad industry acceptance as established standards. They provide for greater interoperability and some protection from lock-in to proprietary vendor software. However an SOA can be implemented using any kind of service-based technology. In our framework, two distinct roles are identified. Service providers implement (generic) functionalities made available to applications as Web services, 1



By *CP-nets we mean any kind of Conditional Preference Networks (the asterisk substitutes as the wildcard), i.e. CP-nets, TCP-nets, UCP-nets, etc.



thanks to SOA standards like, e.g., service registries. Service consumers request and use services available on the network according to their specific requirements through service invocations made by business processes. To cope with the dynamism of the Web, the binding of Web services (from providers) to business processes (of consumers) is established on the fly, at runtime. To achieve this, and to provide for high interoperability among heterogeneous service offers and requests, we make this binding go much further than the traditional syntactic approach by first using semantic annotations on service offers and requests to identify offers that match each request. This higher level of abstraction is complementary to the usual syntactic definition. In our approach, semantics encompasses not only functional (what services do and processes need) but also non-functional properties (QoS and related properties). Functionality of service offers concerns the core business work provided by each Web service. We strive to semantically describe the main features of the service: its end goal and the ontological concepts associated to its input and output parameters. We use SAWSDL [Lausen and Innsbruck, 2007], an extension to the WSDL service interface definition language that introduces semantic annotations, to annotate otherwise syntax-based service offers with classes (i.e. concepts) from domain ontologies. Service requests express similarly their semantic requirements for the completion of their task. Non-functionality, on the other hand, concerns the level of QoS guaranteed by Web services and required by business processes. For each service call, functionally matching offers from registries are further filtered to keep only the ones which non-functional commitments fulfill the requirements of the calling business process. But we also strive to build Quality of Service (QoS) awareness into the runtime SSOA platform to dynamically select the best service(s) available to fulfill each request. Indeed, after filtering with functional and non-functional constraints, we use non-functional information again to further seek the best offer(s) just prior invoking the service. Hence, at runtime, non-functional requirements become preferences applied to currently measured QoS values associated to the statically filtered services. These concepts are being implemented in the SemEUsE2 ANR project, as seen in Figure 1, where the various components involved in service filtering and selection are shown alongside a simple example: five available services from the registry are filtered then the remaining ones (S1 and S3 ) are dynamically selected upon given their current QoS values and statically defined preferences. A major issue when dealing with QoS is the large number of different dimensions (e.g. latency, precision, etc.) of importance. Because one rarely gets an offer that is the best for every different QoS dimension, we need consumer preferences to rank offers given their relative strength on the different dimen2
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Figure 1: SemEUsE service selection architecture.



sions. Preference elicitation and expression have received attention in past years and several formalisms to do so have been proposed. In the context of SOA, a good formalism must obey several requirements, among which usability by nonspecialists, like business process programmers, is of primary importance. To this end, we propose a new formalism based on the combination of CP-nets and the fuzzy linguistic approach [Zadeh, 1975] to qualitatively specify the preferences of Web consumers over the different non-functional properties of offers. 2.2



Fuzzy Linguistic Approach



The fuzzy linguistic approach represents qualitative aspects as linguistic values by means of linguistic variables [Zadeh, 1975]. Appropriate linguistic descriptors must be chosen to form the term set as well as their semantics. The universe of the discourse over which the term set is defined can be arbitrary. In this paper, we shall use the interval [0, 1]. Odd cardinality term sets, typically 5, 7 or 9, are preferred [Delgado et al., 1993, Herrera and Mart´ınez, 2000], representing the mid term by an assessment of “approximately 0.5”, other terms being placed symmetrically around it. For example, a set of five terms T , could be given as: T = {s0 : very low , s1 : low , s2 : medium, s3 : high, s4 : very high}. It is also required that there exist negation Neg, max and min operators defined over this set [Herrera and Mart´ınez, 2000]: (i) a negation operator Neg(si ) = sj such that j = g −i (g +1 is the cardinality), (ii) a max operator: max(si , sj ) = si if si ≥ sj , (iii) a min operator: min(si , sj ) = si if si ≤ sj .
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Figure 2: Lateral displacement of a linguistic label ⇒ (s2 , −0.3) 2-tuple. The semantics of the terms is given by membership functions. Linear trapezoidal (even triangular) functions are often considered good enough to capture the vagueness of those linguistic assessments. The use of linguistic variables implies the processes of computing with words for their fusion, aggregation, comparison, etc. To perform these computations, different models have been used such as the semantic [Degani and Bortolan, 1988], the symbolic [Delgado et al., 1993, Truck and Akdag, 2006] or the 2-tuple [Herrera and Mart´ınez, 2000] representation models. Given a linguistic term, the 2-tuple formalism provides for a pair (fuzzy set, symbolic translation) = (si , αi ) with αi ∈ [−0.5, 0.5) as can be seen in Figure 2 where the obtained 2-tuple is (s2 , −0.3). The computational model based on linguistic 2-tuples carries out processes of computing with words easily and without loss of information. 2.3



*CP-nets



*CP-nets designate a family of well-known graphical formalisms used for the expression of user preferences and naturally suited when preferences are easily approximable by lexicographic rules. We have chosen to ground our nonfunctional preference modeling on these formalisms since they exhibit specific benefits like ease of use for the preference modeler, relatively low computation cost, are strongly structured and could be easily extended to support additional properties needed in our context. Other formalisms exist in the literature such as GAI (Generalized Additive Independence) networks [Gonzales et al., 2008] but these approaches are not really suitable because of the elicitation effort they imply. Indeed they are useful when discriminating among a huge quantity of possibilities, which is not the case here. A CP-net (conditional preference network) is a compact graphical representation of qualitative user preferences [Boutilier et al., 2004]. It is relatively intuitive. Its main elements are: nodes representing the problem variables, arcs denoting preferences among these variables for given values, and conditional



preference tables or CPTs. CPTs express the preferences over values taken by variables, defining in extension the binary relationship between them. CP-nets allow for the preference modeling of statements such as “I prefer the V1 value for property X over V2 if properties Y equals VY and Z equals VZ ”. In fact, this graphical representation allows one to express the dependency between connected CPTs. Hence preferences can be expressed conditionally to the values taken by their parent nodes in the graph, but regardless of the values taken by the other nodes (this is the ceteris paribus property, central to CP-nets, meaning “all other things being equals”). There is also a notion of relative preference between the preferences themselves: a CPT associated with a specific node has a higher priority than the CPTs of its offspring. This notion of relative preference is taken into account when globally comparing complete assignments (tuples of values binding all of the preference variables). Most of the inference computations and logic reasoning that can be made on a CP-net are practicable from an algorithmic complexity point of view when this CP-net obeys some restrictions. The major restrictions pertaining to this framework are the generalized use of acyclic graphs, the limited use of the indifference relationship modeling preferences (neither explicitly better nor worse) among variables, and therefore the systematic definition of total pre-orders in the CPTs for each distinct parent node [Boutilier et al., 2004]. Utility CP-nets, or UCP-nets [Boutilier et al., 2001], differ from CP-nets by replacing the definition in extension of the binary relationship between node values in CPTs by numerical utility factors. Doing so, node values may retain their qualitative form: only preferences are quantified with utility values. This shift is motivated by the fact that the precision of a utility function (as opposed to a preference ordering) is often needed in decision making contexts where uncertainty is a factor. It is also motivated by the fact that a CP-net does not allow for the comparison or the ordering of all its alternatives. This limitation is also solved by the quantification of the preferences [Boubekeur and Tamine-Lechani, 2006]. A utility factor is a real number associated to an assignment of a node X from the network, given a specific assignment of its parent nodes. Utility factors express preference degrees for the different assignments. In UCP-nets, preference modelers use CPT utility factors to deliver their preferences local to the variables of this CPT, but rely on the UCP-net semantics to compute the global utility of each complete assignment to enable their comparison. Another extension of CP-nets, named Tradeoffs-enhanced CP-nets, or TCPnets [Brafman and Domshlak, 2002], allows one to express preferences of the form: “A better assignment for X is more important than a better assignment for Y ”. These are called relative importance statements. TCP-nets also generalize this class of preferences in order to accept conditional relative importance



statements. With these, it becomes possible to express preferences of the form: “A better assignment for X is more important than a better assignment for Y given that Z = z”. This formalism introduces a new kind of preference tables, the “Conditional Importance Tables” (or CIT), as well as two new types of arcs between nodes: i-arcs and ci-arcs. These arcs allow, respectively, for the modeling of basic and conditional relative importance statements. Basically, TCP-nets empower users to express the tradeoffs they are willing to concede between various preference criterions, given the current assignment to preference variables. The notion of conditional relative importance complements the one of conditional ceteris paribus independence in order to provide for a richer conceptual framework to model and reason about user preferences. The idea of mixing CP-nets and non-functional properties has already been addressed by Schr¨opfer et al. [Schr¨opfer et al., 2007]: the authors define preferences through CP-nets to select the best service in an SOA. But they don’t consider qualitative preferences nor continuous domains of variables. They only tack on the CP-nets formalism to their preference modeling.



3



Fuzzy Linguistic Approach and CP-nets



*CP-nets exhibit two important limitations to express preferences in a QoS setting. Many QoS dimensions are defined on continuous domains, but *CP-nets only deal with finite domain variables. We propose to discretize continuous domains using fuzzy linguistic terms [Zadeh, 1975] instead of crisp sets. In a context where users have to express preferences among values of continous domains, e.g. latencies, the qualitative nature of fuzzy sets with smooth transitions proved to better capture users intention. Hence, this shall allow for a better service selection when two services have properties like “latency” that have more or less similar values, by avoiding to artificially put large differences in preferences between otherwise nearby domain values. Another problem is that precise utility values are hard to get from non-specialist users. Indeed, giving numbers to express a perception (or a preference in our case) is not always feasible. Facing this, current *CP-net models provide for only two alternatives. On the one hand, the original CP-net model expresses preferences through a simpler and more intuitive order relation (without precise utility values) but suffers from lower performance when comparing two assignments. On the other hand, UCPnets allow for such a comparison to be performed quite efficiently but with much harder-to-get precise numerical utility values. Another proposition in this paper is to express utility values qualitatively, i.e. using words translated into fuzzy sets. As in UCP-nets with numerical utility values, comparisons between assignments use the global utility of these assignments, but it will be computed using fuzzy logic and aggregation tools.



3.1



Linguistic CP-nets (LCP-nets)



In [Chˆatel et al., 2008] we have proposed a new variant of CP-nets, called LCPnets (Linguistic Conditional Preference networks), to get the advantage of the fuzzy linguistic approach into a marriage of UCP-nets and TCP-nets. Compared to the previous *CP-nets, this new formalism allows for the preference modeling of more qualitative statements such as “I prefer the more or less V1 value for property X over exactly V2 if properties Y equals approximately VY and Z equals a bit more than VZ ”. Moreover, these statements that resemble elaborated fuzzy rules are interpreted in a context where the overall preference on X shall take into account every such preference statement that applies, to some degree, to the value of Y . The following constraints and properties from the SSOA context had to be taken into account: – preferences must be easy to define since business process programmers can’t rely on preference-modeling experts, nor do they have much resources to allocate for their elicitation. It implies that some imprecision must be tolerated in preference models, – typical problems to be dealt with use few variables (commonly in the order of 10 variables), – computation time for decision-making based on preferences can be seen as relatively small compared to the subsequent service invocation over the network. It leads to the following sought-after properties of the preference formalism: it is graphical to ease their definition without overly compromising computation, since LCP-net models are much easier to establish than writing several sets of fuzzy rules that can be interdependent, and they are qualitative to deal with user or QoS sensor imprecision. Due to the latter, linguistic variables [Zadeh, 1975] have been incorporated into LCP-nets, the semantic of each linguistic term being given by a fuzzy set. Thus, preference modelers can easily manipulate pre-existing linguistic terms during elicitation. Also, as in other graphical models, LCP-nets have nodes corresponding to problem variables which continuous domains are discretized as linguistic term sets. In the SSOA context, these variables refer to non-functional properties of services. To sum up, LCP-nets allow users to express tradeoffs among variables using i-arcs or ci-arcs from TCP-nets and have CPTs similar to the ones of UCP-nets, but express utilities with linguistic terms rather than numerical values. With LCP-nets, it is possible to:
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Figure 3: The imaging Web service QoS preferences example using LCP-nets.



– elicit preferred assignments for a specific QoS domain (or interdependent ones), using CPTs similar to the ones of UCPnets [Boutilier et al., 2001], – reveal relative importance of non-functional properties, using arcs from CP-nets, – indicate tradeoffs between non-functional properties, using i-arcs from TCP-nets [Brafman and Domshlak, 2002]. The aforementioned properties are illustrated in Figure 3, where user preference on the selection of an Imaging Web service (e.g. a security camera) is detailed. The overall goal of the user is to get images as fast as possible. This goal is translated into preferences according to three of its QoS properties: security (S), bandwidth (B) and image resolution (R). The user always prefers bandwidth over security, and if the bandwidth is low, she prefers low-resolution images to get them as fast as possible. More details on this preference model will be given in Section 4. While our last paper [Chˆatel et al., 2008] stressed only the formalism (and the framework) of LCP-nets, we focus in this study on their underpinnings, i.e. the inference process behind the formalism. 3.2 LCP-nets framework: from elicited preferences to service selection In the context of SSOA, the following conceptual steps are executed sequentially in order to implement the matchmaking process: a dynamic selection of Web services based on non-functional consumer preferences and up-to-date QoS values of monitored services. In particular, the preference representation and evaluation steps have been implemented in Java (using the jfuzzylogic 3 library for the fuzzy part) as an LCP-net support framework. 3
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Indeed, one of the key aspects of LCP-nets lies in the representation and evaluation of its models. While the formalism itself has been inspired by *CP-nets, its tooling introduces another approach to the *CP-nets family, more specifically a mapping from a graphical model to a representation through multiple Fuzzy Inference Systems (or FIS) at compile-time. Evaluation of an LCP-net model is then based on its associated FIS, using the fuzzy-logic theoretical setting. The main idea behind this representation system translation is to gain the same level of flexibility at evaluation time than during preference elicitation: for instance, inputs of an LCP-net model can be crisp or fuzzy values over the defined domains, despite the strict use of linguistic terms in the Conditional Preference Tables. 3.2.1



Preference elicitation



As previously indicated, preference retrieval is conducted before runtime. But LCP-net preferences tell how to select services given their run-time QoS, allowing users to easily tailor Web process executions to each deployment scenario. For example, in order to implement a pre-existing well-know process in the fire-fighting domain, dynamic service selection can be adjusted according to two of the possible deployment contexts: usual civil fire or crisis-management (where short intervention delays could be preferred over equipment capacities if the scene is distant). 3.2.2



Preference model translation



Backed by fuzzy logic, it is possible to translate preference models to an efficient decision-making representation used at runtime. In the process, each utility table in a preference model will be mapped to a single fuzzy rule set, as in fuzzy control [Driankov et al., 1993], to become a local FIS. The inputs of these node-bound FIS can be crisp or fuzzily measured values obtained from monitored Web services. 3.2.3



Preference model evaluation



In the following, the preference model evaluation process is broken down into four key steps for selection of the best-suited service at runtime. First, during QoS value injection, multiple QoS values are retrieved from a monitoring component of the SSOA framework or directly from the Web services themselves. These values can be of two kinds: crisp QoS values seen as “singleton” fuzzy sets of the considered QoS domain, or fuzzy QoS values that may need to be “adjusted” by a domain normalization on the [0,1] scale.



After QoS values have been retrieved, local utility value inference is launched. This inference of local node-bound utility values is made using Zadeh’s Generalized Modus Ponens. Currently, the fuzzy inference mechanisms are set once and for all in the implementation of LCP-nets, but some control could be given to the user over these, with the caveat that a good knowledge of fuzzy inference is needed to perform an enlightened choice. Another variant would call for an end-to-end linguistic treatment of this fuzzy inference; an approach that could better match user’s intentions in expressing her preferences. Indeed 2-tuples that have been introduced in section 2.2 deal with linguistic statements without loss of information. Considering the preferences and the values for properties as 2-tuples, an ad hoc inference process [Alcal´ a et al., 2007] should then be used instead of Zadeh’s Generalized Modus Ponens. Finally, during global utility value computation, aggregation of previously inferred local utilities is made. But, during aggregation, we have to take into account the fact that arcs in preference models give the relative importance to their nodes and attached local utilities. For instance in the previously mentioned preference model (see Figure 3), bandwidth is more important than both security and resolution, these last two being of equal importance. In UCP-nets, the numerical nature of utility values allows the user to express this relative importance by tuning the order of magnitude of utility values among the different tables. With linguistic terms, the user no longer has this possibility. In order to get this implicit relative importance back in LCP-nets when computing the global utility value, weights are associated to each node in the preference graph by a weight computation process correlated to their depth in the graph. The global utility of an assignment is then computed by aggregating local utilities according to a weighted averaging operator ∆, using the previously computed weights. The weights are values in [0,1] and their distribution is given by a decreasing depth in the graph: weight function defined over a specific interval (the lower the depth is, the higher the weight will be in the preference model), its outputs being subsequently normalized in order for them to sum to 1. Note that the weight distribution function might be a BUM (basic unit-interval monotonic) function [Yager, 2007]. A deeper study of this choice will be discussed in the future. Such a weighted mean of local utilities works hand-in-hand with crisp local utilities. While local node utilities are computed as crisp values, the aggregated global utility, also crisp at first, can then be converted into a 2-tuple instance in order to offer a linguistic assessment while still preserving the precision of the original crisp value. If we switch to an end-to-end linguistic treatment, local utility values could be computed as linguistic terms, such as 2-tuples, using an ad hoc inference process, and then several linguistic aggregation operators [Xu, 2008],



based on Yager’s OWA operators [Yager, 1988], may be used to compute a linguistic global utility value. The choice of an appropriate aggregation operator proved to depend upon the application and shall be the point of a dedicated study. This choice could then be given to the user. 3.2.4



Service comparison and selection



The last step consists in comparing the different outcomes according to their global utility value to select one as the result of the overall decision process. Service comparison in order to make a binding choice between a consumer and producer are meant to be made automatically. In a fully automatic case using our LCP-net evaluation framework, crisp global utility values are used for comparison. But in other LCP-net application contexts, such a selection may rely on human intervention. In such a scenario, a fully linguistic approach, backed up by fuzzy 2-tuples, would take its full meaning, by providing the decision-maker with the qualitative assessment of linguistic terms but without loss of precision.



4



Case study



The following case study goes through the previously introduced steps focusing on a specific part of the imaging service preference model presented earlier in Figure 3. 4.1



Preference elicitation



In this model, security can be either none or full, given utilities very low and very high respectively. The preference of bandwidth over security is accounted for by an i-arc from B to S (an arc with a middle black triangle). The bandwidth is discretized using three linguistic variables BL (low), BM (medium) and BH (high). Preferences among these values are given by the CPT beside B, expressing a very low preference for a low bandwidth, a medium one for the medium bandwidth and a very high one for a high bandwidth. Image resolution is also discretized using two linguistic terms: RL (low) and RH (high). The preferences among these values are conditional to the bandwidth. If the bandwidth is low (BL ), a low resolution (RL ) has higher preference (very high), but if the bandwidth is high (BH ), a high resolution (RH ) is preferred (very high). When the bandwidth is medium (BM ), a low resolution image is preferred, but with less intensity (high). The semantic of the linguistic terms used in the preference tables over bandwidth, resolution and utility is given beforehand by the fuzzy partitioning shown in Figure 4.
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Figure 4: Fuzzy partitionings over bandwidth, resolution and utility.



After elicitation, the preference model previously shown in Figure 3 is fully obtained. In this particular model, bandwidth is always preferred over security, and if the bandwidth is low, low-resolution images are preferred because we need images as fast as possible. 4.2



Preference model translation



This section focuses uniquely on node R and its associated CPT, since the same process can be applied as-is to the other nodes. Given the CPT for node R, linked to node B in the preference model, and the previously mentioned fuzzy partitioning of bandwidth and resolution, we obtain after translation the following FIS specific to this node (see Figure 5) and defined here using the FCL language4 used internally by our LCP-net evaluation framework. As what has been previously said, input and output variables for this FIS (B, R and Utility) are declared as real (crisp value only). If a fuzzy value needs to be input, it first needs to be defuzzified, also output could afterward be translated to a linguistic representation. 4.3



Preference model evaluation



Still focusing on node R, the value of node B needs to be taken into account during evaluation. This is due to the fact that there is an arc between B and R in the preference model, and that the CPT attached to node R uses values taken by B as input. During QoS value injection a bandwidth value of 30 kb/s is measured, then normalized over [0,1] to B ′ = 0.30, and finally fuzzified as a singleton, as seen in Figure 6. 4



FCL stands for “Fuzzy Control Language”, which is a standard for Fuzzy Control Programming published by the International Electrotechnical Commission [IEC, 2001].



FUNCTION_BLOCK fbName VAR_INPUT B : REAL ; R : REAL ; END_VAR VAR_OUTPUT Utility : REAL; END_VAR FUZZIFY B TERM Bandwidth_High := (0.5 , 0.0) (1.0 , 1.0) ; TERM Bandwidth_Low := (0.0 , 1.0) (0.5 , 0.0) ; TERM Bandwidth_Medium := (0.0 , 0.0) (0.5 , 1.0) (1.0 , 0.0) ; END_FUZZIFY FUZZIFY R TERM Resolution_High := (0.0 , 0.0) (1.0 , 1.0) ; TERM Resolution_Low := (0.0 , 1.0) (1.0 , 0.0) ; END_FUZZIFY DEFUZZIFY Utility TERM Utility_H := (0.5 , 0.0) (0.75 , 1.0) (1.0 , 0.0) ; TERM Utility_L := (0.0 , 0.0) (0.25 , 1.0) (0.5 , 0.0) ; TERM Utility_M := (0.25 , 0.0) (0.5 , 1.0) (0.75 , 0.0) ; TERM Utility_VH := (0.75 , 0.0) (1.0 , 1.0) ; TERM Utility_VL := (0.0 , 1.0) (0.25 , 0.0) ; ACCU : MAX ; METHOD : COG ; DEFAULT := 0.0; RANGE := (0.0 .. 1.0) ; END_DEFUZZIFY RULEBLOCK Rules ACT : MIN ; AND : MIN ; RULE 1 : IF (B is Bandwidth_Low ) and ( R is Resolution_Low ) THE N Utility is Utility_VH ; RULE 2 : IF (B is Bandwidth_Low ) and ( R is Resolution_High ) TH EN Utility is Utility_VL ; RULE 3 : IF (B is Bandwidth_Medium ) and (R is Resolution_Low ) THEN Utility is Utility_H ; RULE 4 : IF (B is Bandwidth_Medium ) and (R is Resolution_High ) THEN Utility is Utility_L ; RULE 5 : IF (B is Bandwidth_High ) and (R is Resolution_Low ) TH EN Utility is Utility_VL ; RULE 6 : IF (B is Bandwidth_High ) and (R is Resolution_High ) T HEN Utility is Utility_VH ; END_RULEBLOCK END_FUNCTION_BLOCK



Figure 5: FIS for node R CPT.



A fuzzy value for resolution is obtained and needs to be “adjusted” by a domain normalization on the [0,1] scale, as seen in Figure 7. In any case, since B and R are declared in Figure 5 as real input variables, a fuzzy input will first need to be defuzzified before FIS evaluation. Focusing on the local utility value inference for node B, only the previously normalized singleton bandwidth value is needed to compute its utility since it does not depend on any other node of the preference model. A visual output of the inference process for node B is given in Figure 8 using classical operators like Mamdani’s fuzzy implication and Zadeh’s T-Norm. This figure shows that the fuzzy output of the inference process is defuzzified using a Center Of Gravity (COG) approach in order to obtain a local utility value for node B of 0.35 on the [0,1] utility domain. The same process will also be applied to node R and S in order to compute their respective local utilities. In the node weight computation step, the weight distribution function used in this case study is given by the following formula defined over [1,100]: g(x) = 1/x2 + 0.8
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Figure 6: Singleton corresponding to measured bandwidth value.
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Figure 7: From measured fuzzy resolution value to adjusted fuzzy subset.



Given this function (see its overall shape in Figure 9), we obtain the following (depth, weight ) pairs after normalization: (1, 0.529), (2, 0.235). These pairs are then associated to each node in the preference model as seen in Figure 10. Finally, the process goes on with the global utility value computation for this preference model, given the following QoS value snapshot (B ′ , Sfull , R′ ), where B ′ =0.30, and the previously infered local utility values for each node: localUtility(B ′ ) = 0.35 (as was demonstrated earlier), localUtility(Sfull ) = 1 and localUtility(B ′ ,R′ ) = 0.20. The ∆ operator is then applied according to the previously computed weights: ∆(B ′ , Sfull , R′ ) = 0.529 × 0.35 + 0.235 × 1 + 0.235 × 0.20 ≈ 0.47 The global utility corresponding to the non-functional service offering (B ′ , Sfull , R′ ) is approximately 0.47 on a scale from 0 to 1. 4.4



Case study summary



Figure 11 summarizes the steps undertaken by users for preference modeling before runtime and by our framework for setting-up service comparison and
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Figure 8: Fuzzy inference, from input bandwidth to utility output. weight
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Figure 9: The increasing depth, weight function chosen for this case study.



selection at runtime. The final service selection step itself is not shown here as we focus on the global utility value computation of one particular service, with specific bandwidth and resolution QoS measured values. 4.5



Potential improvements



Based on the process summarized in Figure 11, some of the improvements expected from an end-to-end linguistic treatment discussed in the previous sections could be implemented as follows: – the domain(s) fuzzy partitioning including the utility domain of Step 1 would provide for linguistic term sets of 2-tuples, i.e. pairs (si , α) with α = 0. For example, the bandwidth would be represented as {(low,0); (medium,0); (high,0)}, – in Step 2, the linguistic preference tables would also contain 2-tuples (e.g. (very low,0) or (very low,−0.2)) instead of simple linguistic terms (e.g. very low ). Indeed the user expresses her preferences graphically, that is why a
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Figure 10: From node depths to node weights.



lateral displacement of the original linguistic term may appear. Thus the rules could be represented with 2-tuples: e.g. “If the resolution is (low,0) and the bandwidth is (high,0) then the utility is (very low,−0.2)”, – Step 3a would compile preferences through the fuzzy inference system (FIS) for 2-tuples, as proposed and discussed in [Alcal´ a et al., 2007], – Step 4 would inject current QoS values converted into 2-tuples as well, – meanwhile Step 3b wouldn’t change, – Step 5 would yield a local utility expressed by means of a 2-tuple, – and Step 6 would aggregate weighted 2-tuples [Herrera and Mart´ınez, 2000] in order to provide for a global utility expressed by means of a 2-tuple. Note that using fuzzy 2-tuples shall also be very convenient in the case where the user afterwards would like to modify the domain variable partitioning: it shall be relevant to offer her the possibility to change the CPTs automatically (adding or deleting a column/line), i.e. the system would compute new utilities that could be expressed as (very high,−0.1)) for instance even if the user had first defined utilities only with (si , 0) 2-tuples. Actually, as soon as we want to reconfigure the LCP-net automatically, we need to change the domain granularity and the 2tuples appear a tool of choice for that, allowing the system to keep a relationship to the original user term set.



5



Conclusions



In this paper, we have adressed the problem of coping with the dynamism of Semantic Service-Oriented Architectures by proposing a new form of late-binding of services to calls in business processes based on the current values of candidate services QoS properties. This form of late-binding improves the capability of business processes to sustain their own QoS guarantees and implements a form of fault-tolerance by keeping a set of candidate services for each call as late as the execution of invocations at run-time.
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FUNCTION_BLOCK fbName VAR_INPUT B : REAL; R : REAL; END_VAR VAR_OUTPUT Utility : REAL; END_VAR
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Figure 11: Case study summary.



To enable the selection of services in such a multi-criteria decision making process, preferences among their non-functional QoS properties must be expressed to get a total order among the candidates. To this end, the main contribution of this paper is to propose a new variant of CP-nets, called Linguistic CP-nets (LCP-nets), combining features of UCP-nets and TCP-nets with the advantages of a fuzzy linguistic approach to discretize continuous domain variables, and to express the utilities of assignments to variables in conditional preference tables. LCP-nets prove to be well suited for semantic SOA, as they allow users to effectively discretize continuous domain QoS with appropriate linguistic terms, and to express utility of assignments in a qualitative manner rather than an often contrived numerical one. We have assumed for the time being that utilities are always expressed using the same linguistic term set, but this restriction could easily be removed in a fully linguistic approach based on 2-tuples by using a multigranular approach when computing the global utility function [Herrera et al., 2002]. Similarly, the assumption on the linguistic sets as being centered on 0.5 with terms being equidistant could also be removed using approaches to cope with unbalanced term sets [Herrera et al., 2001]. It shall be further stressed that although originally established for the specific SSOA context as target, the LCP-net formalism and its inference and computational framework are domain agnostic and could be easily applied to other similarly constrained contexts. As future works, the next step is to implement the improvements discussed in section 4.5 but also to formalize the definition of LCP-nets as a variant of CPnets. In particular, we shall prove that, in borderline cases — where there is no imprecision — the service ranking with fully linguistic LCP-nets is exactly the same than the ranking with *CP-nets but making preferences easier to express.
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1 Introduction Optimizing complex systems and decision-making processes are among the main points of industrial engineering and management. This optimization



requires lots of tools from various disciplines such as mathematics, management science or artificial intelligence, and decision making is often seen as a central problem to be solved.
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To address the multi-criteria characteristics of these problems, the preference modeling and their elicitation have attracted widespread attention for many years. Several formalisms have been proposed to express the choices or wishes. Among them are the factored models that decompose preferences. Additive models are a subclass of factored models. Their principle is that the preference values on subsets of attributes may be expressed independently of each others. It is the ceteris paribus principle (Braziunas and Boutilier, 2006). This avoids to ask the user for the comparison of all the attributes which would require to go through their entire joint instantiation. The generalized additive independence model (GAI) allow for an additive decomposition (preferences are added instead of being multiplied, for example) of a utility function. In (Boutilier et al., 2004), the authors proposed a graphical and compact additive model called CP-nets (Conditional Preference networks) that links wished attributes to preferences. This model is a graph and is quite intuitive. It has three elements: nodes that represent the problem variables, arcs (or cp-arcs) that carry preferences among these variables for various given values, and conditional preference tables (CPTs) that express preferences on values taken by the variables. The CP-nets permit to model wishes such as “for property X, I prefer the V1 value instead of V2 if the property Y equals to VY and the property Z equals to VZ ”. There exists also a notion of relative preference between the preferences themselves: a CPT associated to a node has a higher priority than the CPTs of its descendants. This notion is taken into account when the complete outcomes are compared. A complete outcome is a tuple of values for all the variables of the graph. One of the interests of the CPnets is their ability to approximate preferences easily with inference rules that will be nothing else than the CPTs. But CP-nets must obey some restrictions in order to allow (“algorithmically” speaking) the inference computations. The first restriction is that the graphs must be acyclic. The second one implies a “reasonable” use of the indifference relation between the preferences and so it implies total preorders in the CPTs for each parent node (Boutilier et al., 2004). The Utility CP-nets (UCP-nets) (Boutilier et al., 2001) are inspired by the CP-nets but the definition of the binary relation  (“is preferred to”) between two values of nodes in the CPTs is replaced by numerical values (utility factors). Thus the CPTs contain numerical values. The recourse to values instead of order relations has been motivated by the fact that, in a CP-net, it was not possible to establish a comparison nor an order between the alternatives given as solutions to the problem (when there was more than a unique solution). By quantifying preferences, this problem becomes less important (Boubekeur and Tamine-Lechani, 2006). A utility factor is a real number associated to a node assignment given the assignment of its parent nodes. It expresses a preference degree between



several assignments. There are local utility factors that indicate choices local to a node and global utility factors computed for each complete outcome that permit to order the solutions without any ambiguity. A UCP-net indeed defines a total order on the outcomes. Another model inspired by the CP-nets is the Tradeoffs-enhanced CP-nets (TCP-nets). It allows to manage tradeoffs in the expression of the preferences (Brafman and Domshlak, 2002). TCP-nets deal with linguistic expressions such as:“a better assignment for X is more important than a better assignment for Y ”. These are called relative importance preferences. Moreover, TCP-nets deal with conditional relative importance preferences: “a better assignment for X is more important than a better assignment for Y if Z = z”. Thus, new elements are introduced in the model: the Conditional Importance Tables (CITs) and two new kinds of arcs: i-arcs and ci-arcs. These arcs permit to model basic and conditional clauses of relative importance. However these models (CP-nets, UCP-nets, TCPnets) have two important restrictions. The first one concerns the continuity of the variable definition domains. Only discrete and finite domains are handled. The second one is about the difficulty to obtain precise utility values from the users. Indeed, there are many situations where the user is doubtful about his wishes which leads to imprecision in the preferences. To overcome these limitations, we proposed in recent works an alternative to these models, the linguistic CPnets (LCP-nets) that can deal with linguistic clauses and that can take into account variables defined over continuous domains (Chˆ atel et al., 2008, 2010b). This model has been used in a specific use case to perform late binding between services consumers and service providers. But in order to make this model generic, a formalization is needed. The LCP-net approach to express conditional preferences bridges the gap between GAI-based techniques towards the field of fuzzy preference elicitation. Examplary of this field, Curry and Lazzari (2009) elicit preferences from the ground up using raw data about choices of deciders exhibiting their preferences. Their approach classifies the choices among fuzzy subsets representing utility classes. Our work and theirs complement each other and will allow for a more thorough comparison between bottom-up approaches treating preferences in extension and the top-down ones that aim at capturing preferences in intension. This paper lays the foundations of a formal definition of the LCP-nets. In Section 2, we recall our tool and then give two concrete examples. Section 3 exhibits the preliminary notations of the LCP-nets essential to the formal definitions of Section 4. Foundational properties are given in Section 5, especially regarding the CPcondition and the weights. Finally, we are interested in queries over LCP-nets in Section 6 (the dominance testing and the optimization query) while Section 7 concludes this study.
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In LCP-nets, we partition the continuous domains using linguistic terms associated to fuzzy subsets (Zadeh, 1965) or to linguistic 2-tuples (Herrera and Mart´ınez, 2000). Thus the utility factors are words. This allows for an easier way to capture the user wishes and for a better ordering of the outcomes that can be proposed to the user. Indeed if two outcomes exhibit more or less the same attributes, a use of discrete coarse-grained domains will prevent a ranking between them. Except if the granularity is increased and if the differences between the preferences are high enough — this is actually an explicit condition in the UCP-nets — to allow for a discrimination. LCP-nets, as the other models from the “CPnet family”, are acyclic graphs with nodes, arcs and preference tables. Linguistic descriptors must first be chosen to describe the term sets on each universe of discourse. As usual we take term sets with an odd cardinality (5, 7 or 9) (Delgado et al., 1993) in order to have a mid-term. For example, a term set T is: T = {s0 : very low , s1 : low , s2 : medium, s3 : high, s4 : very high}. It is also required to have the three following operators: 1. Neg(si ) = sj such that j = g − i (with g + 1 being the cardinality), 2. max(si , sj ) = si if si ≥ sj , 3. min(si , sj ) = si if si ≤ sj . In the linguistic 2-tuple model of Herrera and Mart´ınez, trapezoidal or triangular fuzzy subsets are enough to express the imprecision of the clauses. Given a linguistic term, the 2-tuple formalism provides for a pair (fuzzy set, symbolic translation) = (si , α) with α ∈ [−0.5, 0.5[ as can be seen in Figure 1 where the obtained 2-tuple is (s2 , −0.3).



3 original term set, i.e., the same linguistic term set can be kept during the whole process. Compared to the CP-, TCP- or UCP-nets, LCP-nets allow to deal with clauses such as “I tend to prefer the more or less V1 value for property X over exactly V2 if properties Y equals approximately VY and Z equals a bit more than VZ ”. These statements that resemble improved fuzzy rules must be interpreted in a context where the global preference on X has to take into account each preference to be applied to Y to a certain degree. Actually, this is equivalent to propose a flexible and intuitive model to express complicated sets of fuzzy rules that can be potentially interdependent. The LCP-nets allow the users to express relative importances (conditional or not) and tradeoffs among the variables in using i-arcs or ci-arcs from the TCPnets in addition to the cp-arcs from the CP-nets1 . They include CPTs similar to those from the UCP-nets but with linguistic utility factors. Let us now illustrate our LCP-nets with two examples. Example 1 (Evening dress). This example is inspired by the one explained in (Brafman et al., 2006). Imagine a woman that has to choose an evening dress: she has to attend a formal evening and she would like to impress people with a long dress if she can find shoes going with it. She always prefers to optimize the length (L) over the color (C) of her dress (or skirt). Her preference about the color of her shoes (S) and about the height of heel (H) is conditioned by the color of the dress. And her preference between the optimization of the color of the shoes and the height of heel is conditioned by the length of the dress. (If the dress is long, she doesn’t really care about the height of heel and prefers to take care about the color of shoes.) Figure 2 sums this example up: four CPTs, one CIT and the three kinds of arcs are used.
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In this example, the α translation can be seen as a weakening modifier of the linguistic term s2 . Thus, using this model for the computations, one can give a result more or less equals to one of the elements from the
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Example of preferences for an evening dress.
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I. Truck and J. Malenfant The glossary that is used is the following: Ls short dress Lm medium dress Ll long dress Cd dark color Cm medium color Cl light color Hnone no heel HM medium height of heel HH high heels Sd dark color of shoes Sm medium color of shoes Sl light color of shoes vvl very very low utility vl very low utility low low utility med medium utility high high utility vh very high utility vvh very very high utility
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Example 2 (Purchase). Imagine a person that has to purchase some good (any kind: a TV, a car, a computer, etc.). He wishes to receive his purchase as soon as possible, at the best price, unless he gets a really good deal. He always prefers to optimize the delivery time (D) on the quantity (Q) of options and on the price of the item (P ). He also always prefers to optimize D over the rebate (R). And his preference between Q and P is conditioned by R: if the rebate is weak or medium, a good price is more important than the options. But if the rebate is high, he prefers to obtain as many options as possible. Figure 3 sums this example up: four CPTs, one CIT and the three kinds of arcs are used. Dimm high
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Dw med



Dind low



RL low



RM med
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RH high



PH high low vvl
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Figure 3



Example of preferences for a purchase.



The new terms added in this example are the following:



immediate week indefinite low rebate medium rebate high rebate a few options a medium number of options a lot of options low price high price



LCP-nets have been implemented in Java using EMF (Eclipse Modeling Framework) to represent the LCP-net itself, and delegating the fuzzy inferences to the library jfuzzylogic (which has been improved with the consideration of linguistic 2tuples by a member of our team (Abchir, 2011)). This work is available at the following Internet address: http://code.google.com/p/lcp-nets/. This implementation has already been used in the context of service-oriented computing to add a new programming abstraction to BPEL (Business Process Execution Language) that selects services to be called given their current quality of service (QoS). This work has been done in the context of the French ANR project SemEUsE (07-TLOG-018) (Chˆ atel et al., 2010a). The implementation proceeds in three steps. The first one is the elicitation process. It is performed before execution and creates the EMF model of the LCP-net. The second step is the translation of the preference model into an efficient representation that can be used during execution. Each CPT is translated into an inference system with a rule per table line. These inference systems are then translated to the jfuzzylogic format and loaded to be ready for computations. The last step is the preference model evaluation that corresponds to the valuation algorithm, see Subsection 4.3. At runtime, current attribute values are injected after a fuzzification phase (into fuzzy sets or into linguistic 2tuples). Then the system computes local utilities for each node thanks to the CPTs with the inference systems. Finally the global utility is obtained by aggregating local utilities. The aggregation operator cannot be a simple weighted mean. Indeed we must take into account the fact that the arcs give the relative importance of the nodes they interconnect. This implicit relative importance due to the node position in the graph, also called CP-condition (see §5.1), must be reflected in order to be considered while computing the global utility factor. For instance, for the purchase example, delivery time D that is the higher vertex of the graph is necessarily more important than rebate, quantity of options and price. Let us imagine that R equals RH , so Q dominates P . Thus, R and Q have the same depth, i.e., are of equal importance. A weight is thus attached to each node i.e., to each utility factor (see figure 4).



Towards a formalization of the LCP-nets (depth=2, weight≈.055)
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(depth=1, weight≈.883)



(depth=2, weight≈.055)



Figure 4



(depth=3, weight≈.007)



From node depth to node weights.



It has to be noted that UCP-nets don’t use any weights on nodes but rather constrain the utility factors themselves to contain this information. Indeed, the UCPnets formalism requires gaps between utility values big enough to carry this information implicitly. Because LCP-nets use linguistic terms instead of real numbers to express the utilities, it is much more difficult to introduce such gaps. Weights are thus given to the nodes of the LCP-net, taking into account their depth and beginning with the root node. The assignment of the weights needs a monotonous and strictly decreasing function according to depth. Weights are between 0 and 1 and sum to 1. This point is discussed and detailed in Subsection 5.2. The resulting global utility allows for a simple and quick comparison (since we have real numbers after defuzzification) of the various outcomes for a given decision and permits a precise ranking. If we want to give the final proposed choices to a human, it can be useful to give a linguistic answer for their utilities (and give instead linguistic 2-tuples answers). Now we introduce all the preliminary notations needed to define the LCP-nets formally and to guarantee their reusability in any context.



3 Preliminary notations Following TCP-net notations, we define our LCP-nets in a formal manner. To illustrate this work, we take the purchase example. Let: • Vi be a variable (i ∈ {1, . . . , p}): e.g., price, • D(Vi ) be the definition domain of Vi : e.g., [0, 100], • TVi be the linguistic term set associated to Vi : e.g., {PL , PH }, • LV (a linguistic variable) be the following triplet: LV = hV, D(V ), TV i: e.g., hprice,[0, 100],{PL , PH }i, • Ker (t) be the kernel of the fuzzy set that represents the linguistic term t, e.g., PH , • supKer (t) be the maximum value of abscissa of the kernel of t, • inf Ker (t) be the minimum value of abscissa of the kernel of t,



5 • δ(t1 , t2 ) = inf Ker (t1 ) − supKer (t2 ). As in the UCP-net formalism, preferences are expressed through utilities in our framework. But they are expressed through linguistic variables, as the other variables. For all tables in the LCPnet, they take their values in the single triplet hVU , D(VU ), TVU i defined once for all (for each LCPnet) over a normalized domain [0, 1]: e.g., hutility,[0, 1], {very very low, very low, low, medium, high, very high, very very high}i. This definition of linguistic utilities entail an order relation on the linguistic terms so that the first one (here, very very low) is the weakest. One utility is a triplet LVU = hVU , D(VU ), SVU i, with SVU ∈ TVU , e.g., hutility,[0, 1], lowi. A conditional preference table CPT (LV ) associates preferences over D for every possible value assignment to the parents of LV denoted Pa(LV ). In addition, as in the TCP-nets formalism, each undirected ci-arc is annotated with a conditional importance table CIT (LV ). A CIT associated with such an edge (LVi , LVj ) describes the relative importance of LVi and LVj given the value of the corresponding importance-conditioning linguistic variables LVk . Graphically, a preference table (CPT or CIT ) is a tuple of triplets, i.e., a table with N dimensions. N is the number of the linguistic variables interrelated with LV , including LV (N = |Pa(LV )| + 1) and a utility SVU is defined in each case. Thus a preference table may be represented by the tuple hLVi , LVi0 , . . . , LVi00... 0 , LVU1 , LVU2 , . . . , LVUη i with η ∈ {2N, . . . , K} and K = |TVi | × |TVi0 | × . . . × |TVi00... 0 |. For example, a preference table is the tuple: hhprice,[0, 100],{PL , PH }i, hdelivery time,[0, 90],{Dimm , Dw , Dind }i, hutility,[0, 1], very highi, hutility,[0, 1], highi, hutility,[0, 1], highi, hutility,[0, 1], lowi, hutility,[0, 1], very lowi, hutility,[0, 1], very very lowii. More precisely, a preference table is equal to: h hSVi1 , SVi0 , . . . , SVi00...0 , SVU1 i, 1 1 hSVi2 , SVi0 , . . . , SVi00...0 , SVU2 i, 2 2 ... hSViη , SVi0 , . . . , SVi00...0 , SVUη i η η i So we get η tuples hSVi , SVi0 , . . . , SVi00... 0 , SVU i with min(η) = 2N and max(η) = K. The reason why the minimum is equal to 2N is because it is necessary that |TV | ≥ 2 in order to be able to express a preference (!).
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Following the same example and knowing that price and delivery time are interrelated, the associated preference table can be defined as these six (η = 6) tuples: hhPL , Dimm , very highi, hPL , Dw , highi, hPL , Dind , highi, hPH , Dimm , lowi, hPH , Dw , very lowi, hPH , Dind , very very lowii.



• ci is a set of undirected ci-arcs. A ci-arc (LVi , LVj ) is in L iff we have RI(LVi , LVj |LVk ), i.e., iff the relative importance of LVi and LVj is conditioned on LVk , with LVk ⊆ SL r {LVi , LVj }. We call LVk the selector set of (LVi , LVj ) and denote it by S(LVi , LVj ),



This is to be read as six rules implying two different linguistic variables, i.e., six triplets hV, D(V ), SV i and six triplets hVU , D(VU ), SVU i:



• cit associates with every ci-arc between LVi and LVj a CIT from D(S(LVi , LVj )) to orders over the set {LVi , LVj },



R1. If we have hprice,[0, 100],PL i and hdelivery time,[0, 90],Dimm i then we have hutility,[0, 1],very highi; R2. . . . ... R6. If we have hprice,[0, 100],PH i and hdelivery time,[0, 90],Dind i then we have hutility,[0, 1],very very lowi.



4 LCP-net formal definition We now introduce some structural definitions to be able to define our LCP-nets formally.



4.1 Structural definitions Definition. An LCP-net L over variables {LV 1 , . . . , LV p } is a directed graph over {LV 1 , . . . , LV p } whose nodes are annotated with conditional preference tables CPT (LV i ) and with conditional importance tables CIT (LV i ) for i ∈ {1, . . . , p}. Thus L is a tuple hSL,cp,i,ci,cpt,cit,W i where: • SL is a set of linguistic variables {LV 1 , . . . , LV p }, e.g. SL = {hdelivery time,[0, 90],{Dimm , Dw , Dind }i, hrebate,[0, 100],{RL , RM , RH }i, hquantity,[0, 10],{QL , QM , QH }i, hprice,[0, 100],{PL , PH }i},



−−−−−→ • cp is a set of directed cp-arcs. A cp-arc hLVi , LVj i is in L iff the preferences over the values of LVj depend on the actual value of LVi . For each LV ∈ −−−−−→ SL, Pa(LV ) = {LV 0 |hLV 0 , LV i ∈ cp},



−−−−−→ • i is a set of directed i-arcs. An i-arc (LVi , LVj ) is in L iff LVi . LVj , i.e., iff LVi is more important than LVj (see Definition 3 in (Brafman et al., 2006)),



• cpt associates a CPT with every linguistic variable LV ∈ SL, where CPT (LV ) is a mapping from D(Pa(LV )) × D(V ) (i.e., assignments to LV ’s parent linguistic variables) to D(VU ),



• W is a weight vector as defined in Section 4.3.



4.2 Structural invariants When implementing the LCP-nets in EMF, we construct the graphs incrementally. So, it is very important to factorize the objects. In particular, we define LCP-nets fragments that are pieces of graphs (e.g., only a node and its CPT), that are incrementally added to the LCP-net. But this way of doing doesn’t guarantee the obtention of structurally valid LCP-nets. Verifying the validity of LCP-nets a posteriori is far from trivial. Therefore, we propose to construct LCP-nets by gradually adding coherent fragments that, given a valid LCP-net, augment it to a larger valid one. There is a certain number of conditions that have to be fulfilled. We define an atomic valid LCP-net (a minimal LCP-net) as an object with only one node and its CPT (or CIT). The elementary operators to manipulate valid LCP-nets are: addition (of a node, of an arc, etc.), subtraction, etc. These operators have invariants, preconditions and postconditions. In this paper we only focus on invariants. Let consider the following objects: • n is a node; • SN is the set of nodes; • an arc is denoted (s, t) with s the source node and t the sink node. In the ci-arcs, s can be exchanged with t; • SA is the set of arcs (cp, i and ci) : SA = {cp,i,ci}. Invariants that share all the operators on LCP-nets are the following: • the total number of arcs (cp, i, ci) is not greater than the number of pairs (s, t) where s, t ∈ SN and s 6= t ; • there is mutual exclusion between the kinds of arcs: – if (s, t) ∈ cp then (s, t) ∈ / i and (s, t) ∈ / ci; – if (s, t) ∈ i then (s, t) ∈ / cp and (s, t) ∈ / ci; – if (s, t) ∈ ci then (s, t) ∈ / i and (s, t) ∈ / cp.



Towards a formalization of the LCP-nets • the dimension of the CPT associated to s node is equal to 1 + the number of cp-arcs that are indegrees of s; • each CPT has a dimension that is less or equal than the number of domain values of the associated node; • there is no conditional cycles in the graph; • there is at least one node (i.e., at least a CPT) and there are from 0 to n arcs; • there are at least as many CPTs than nodes, i.e there are exactly ]nodes CPTs and ]ci-arcs CITs. Under these conditions, we construct structurally valid LCP-nets, i.e., acyclic graphs, with a number of arcs less or equal to the number of nodes minus 1 (]nodes − 1).



4.3 LCP-nets semantics The LCP-net semantics defines how a structurally valid LCP-net is used to compute the global utility function it is expressing. The CPT (attached to an LV ) supplies with a local utility for this LV . Let lu be this local utility which is also an object of LV type. It is computed thanks to an inference engine using the aforementioned rules. So we get on the one hand an LCP-net that expresses the preferences and on the other hand p local utilities denoted by the tuple: LU = hlu 1 , lu 2 , . . . , lu p i Then each node of L is associated with a weight w, i.e., we obtain a weight vector W : W = hw1 , w2 , . . . , wp i where wi depends on the node depth (see Section 5). W is combined with LU to obtain the global utility associated to an outcome o denoted GU o . GU o = Agg(LU o , W ), with Agg a weighted aggregator such as an OWA operator (for example a simple weighted average aggregation). A local utility is either a linguistic term, or a linguistic 2-tuple, or a number corresponding to the defuzzification (through operator d) of the subset: lu equals hVU , D(VU ), SVU i and denotes either µSVU , or (SVU , α), or d(µSVU ) with µSVU the membership function of SVU such that:  ⊥(µSV1 (y), . . . , µSVη (y))   U  U  if the η rules are independent µSVU (y) =   >(µSV1 U (y), . . . , µSVηU (y))   otherwise



with y ∈ D(VU ), ⊥ a triangular conorm and > a triangular norm. For sake of simplicity, we assume that lu i = µSVU (y). i GU o is thereof either a linguistic term or a number. We



7 Algorithm 1 Valuation algorithm Require: o is a tuple hSV10 , . . . , SVp0 i, SO is the set of o, L is valid 1: for i = 1 to p do 2: compute wi and add it to the weight vector W 3: end for 4: for each outcome o ∈ SO do 5: for each table CPT (LV i ) or CIT (LV i ) do 6: inject observed values of o and apply an inference such as the generalized modus ponens, 7: compute and retrieve the set of lui for this o. 8: end for 9: compute and retrieve GU for this o 10: end for 11: return the set of GU , one per outcome assume that in the case where it is a linguistic term, it is always possible to find a defuzzification operator d that provides for a number. Considering that the rules are independent and applying the generalized modus ponens (GMP), µSVU (y) =



n h > g(µSV 0 (x1 ), . . . , µSV 0 (xN ), 1 N (x1 ,...,xN )∈D(V1 )×···×D(VN ) i Φ(g(µS 1 (x1 ), . . . , µS 1 (xN )), µS 1 (y)) sup



V1



Φ(g(µS η



V1



∨ . h. . ∨



VN



VU



> g(µSV 0 (x1 ), . . . , µSV 0 (xN ), 1 N i o (x1 ), . . . , µS η (xN )), µS η (y)) VN



VU



with µX (x) the membership function of element x ∈ X, Φ any fuzzy implication, V 0 the real variables observed (retrieved, given by the user), SV10 the linguistic term associated to the first variable (V10 ) observed and g an aggregation operator such as a triangular norm (min for example). Let us precise that the linguistic terms of the real variables observed SV 0 can be of two types. If the LCP-net deals with fuzzy sets, SV 0 are possibly modified 2 fuzzy sets. If the LCP-net deals with 2-tuples, SV 0 are 2-tuples (si , α) with α possibly different from zero. Thus an outcome o is actually a tuple hSV10 , . . . , SVp0 i. The valuation algorithm that permits to compute the global utility factor for each outcome is defined as follows (see Algorithm 1). First thing to do is the computation of the node weights wi , i.e., the weight vector W . The observed values are then injected in the fuzzy inference system that gives local utilities, one per node. Each local utility is combined with its associated weight and a global utility is then obtained thanks to Agg.



5 Properties for the LCP-nets This section examines in more details conditions on utility values that make them compatible with the preferences expressed through the arcs, and then looks at ways to compute them.
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5.1 Weights and the CP-condition As in UCP-nets, the use of utilities in CPT, rather than order relations in other kinds of CP-nets, can come in contradiction with the preferences expressed through the arcs. The underlying concept is the one of dominance, which is better understood through an UCPnet example. Example Consider the two following pseudo-UCP-nets that define two preference sets for the binary variables A, B: 89:; ?>=< A  89:; ?>=< B



fA



a 4



a ¯ 5



fB b ¯b



a 8 9



a ¯ 2 1



89:; ?>=< A  89:; ?>=< B



fA



a 5



a ¯ 10



fB b ¯b



a 4 3



a ¯ 2 1



UCP-nets tables are filled with utilities taken from R, and the global utility function is computed by adding the values from the different tables that provide for its GAI decomposition. For instance, GUab = fA (a) + fB (ab) = 4 + 8 = 12 with fX (·) the value of factor at the level of X variable. On the left side, the cp-arc from A to B makes a better assignment to A more preferable than a better assignment to B, so a ¯ is preferred to a given their respective utilities. Yet, when we compute the global utility of ab, GUab = 12, it is better than any one of a ¯b or a ¯¯b, i.e., GUa¯b = 7 and GUa¯¯b = 6. In this case, we say that the utilities defined in fB invert the preference expressed by the cp-arc from A to B. One can see that the UCP-net on the right hand side does not exhibit such an inversion.  The pseudo-UCP-net on the left side in the example is not a UCP-net, as it does not ensure the CP-condition (Boutilier et al., 2001), while the one on the right is. Intuitively, the utilities in the right UCP-net ensures that any potential gain given by changing the choice for A in fB will exhibit a more important loss in fA , thus refraining the decider to make this change. In the UCPnet terms, this property is called the dominance of a node over all of its children, a property that is adapted to the case of linguistic utilities of LCP-net as follows. Definition (adapted from (Boutilier et al., 2001)) Let X be a variable with parents U and children Y = {Y1 , ..., Yn } and let Zi be the parents S of Yi excluding X and any element of U. Let Z = Zi . Let Ui be the subset of variables in U that are the parents of Yi . We say that X dominates its children given u ∈ D(U) if, for all x1 , x2 such that fX (x1 , u) ≥ fX (x2 , u), then for all z ∈ D(Z), for all hy1 , ..., yn i ∈ D(Y), we have: δ(fX (x1 , u), fX (x2 ,nu)) ≥ X δ(fYi (yi , x2 , ui , zi ), (1) i fYi (yi , x1 , ui , zi )) X dominates its children if this relation holds for all u ∈ D(U). 



Based on this definition, the following proposition establishes how a fully valid LCP-net respects the CPcondition. Proposition (adapted from (Boutilier et al., 2001)) Let L be a DAG over {Vi } whose CPT reflect the GAIstructure of the utility function it defines. Then L is a LCP-net iff each variable Vi dominates its children. Proof: see (Boutilier et al., 2001).  Observing this condition puts an annoying burden over the elicitation process. Boutilier et al. have shown that stronger but simpler conditions can be adopted to facilitate the elicitation. If the domain of utilities is normalized to [0, 1], then, for each X and instantiation of its parents u, they show that there exist a multiplicative u u tradeoff weight πX and additive tradeoff weights σX such that the global utility function obtained by applying these weights to the values of the CPT respects the CPcondition and thus always gives a UCP-net. Using only multiplicative tradeoff weights gives an even stronger condition but allows to ensure the CP-condition on LCPnets merely by a careful choice of the weights used to aggregate the local utilities, therefore freeing the users from this burden. Proposition For any LCP-net, there exist weights w1 , ..., wp such that the global utility function respects the CP-condition. Proof: The proof is constructive, exhibiting a set of weights that ensures the respect of the CP-condition. Consider the equation 1. Let A be A = min δ(fX (x1 , u), fX (x2 , u))



(2)



x1 ,x2



then if each of the terms in the right hand side sum in equation 1 is affected of a weight A/n, observe that the inequation will always be verified. Indeed, as the utilities are normalized to [0, 1], then 1 is an upper bound of δ(fYi (yi , x2 , ui , zi ), fYi (yi , x1 , ui , zi )), so n X i=1



δ(fYi (yi , x2 , ui , zi ), ≤ fYi (yi , x1 , ui , zi ))



n X



1 = n (3)



i



And if we multiply this result by the weight A/n, we get A as an upper bound for the right hand side of the inequation. As A is taken as the minimal value for the left hand side, the inequation will always be true. Let Vl , l = 1, ..., m be the partition of the set of variables V into the levels 1, ..., m of the LCP-net, then the weights that are the solution to (nodes on the same level have the same weight):   δ(fV (v1 , u), min min fV (v2 , u))   V ∈Vl v1 ,v2 ∈TV ,u (4) wl = wl−1   max ]C (V ) V ∈Vl



for l = 2, ..., m, and m X 1=1



(]Vl )wl = 1



(5)



Towards a formalization of the LCP-nets
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where C (V ) is the set of children of V and ] the cardinality operator. Then the CP-condition will hold on the LCP-net because the decrease in the weights over the levels just implements the above necessary condition for the weighted inequation to be always true.  Indeed, this way to look at LCP-nets considers them as discretized into their linguistic terms. In general, outcomes are not restricted to take only their values among the linguistic terms of variable definitions, but rather observed values over the entire continuous domains to give utilities also covering the entire continuous domain D(U ). In the continuous domain case, the CP-condition is more subtle. Intuitively, the dominance requires that for all values of the parent variable X and all values of its children Yi , any changes in the value of X that would give better utilities in the tables of the children would give a more important loss in utility in the table of X. Such a condition can be expressed using directional derivative: in any direction changing the values of the outcome where the gradient is positive among the CPT of the children, if the gradient found for the projection of this direction onto the dimension X in its CPT is negative, then it is larger in absolute value than the former. The following therefore adapts the above definition to the continuous case of LCP-nets. Definition (continuous domains case) Let X, U, Y = {Y1 , ..., Yn }, Zi , Z and Ui as in the previous definition. For all variables V , let FV be the functions from D(P a(V )) × D(V ) → D(U ), defined from their associated CPT given the underlying fuzzy inference system,Pwhich are derivable everywhere, and n FY (y, x, u, z) = i=1 FYi (yi , x, u, z). We say that X dominates its children given u ∈ D(U) if, for all x, for all z ∈ D(Z), for all y = hy1 , ..., yn i ∈ D(Y), for all vectors b in the space D(Y) × D(X) × ˆ onto the dimension D(X), D(Z) and its projection b ˆ then if b · ∇fX (x, u) < 0, we have ˆ · ∇fX (x, u) | > b · ∇FY (y, x, u, z) |b



(6)



where ∇ is the usual gradient operator, and the directional derivative obtained by the scalar mutiplication of the direction vector b and the gradient vector. As before, X dominates its children if this relation holds for all u ∈ D(U). 



Unfortunately, this condition is very difficult to verify. The form of the functions FV depends upon the underlying GMP used to do the fuzzy inference and it also depends upon the shapes of the fuzzy subsets that are adopted. Cases that do not respect it are easy to construct. It is also very difficult to get an analytical definition of these functions, that would be required to verify the condition. Moreover, expressing simpler sufficient conditions that would allow for the assignment of weights to guarantee the CP-condition, as it has been done in the discrete case, remains an open



problem. In practice, when using for example Mamdanistyle GMP over well-spaced triangular fuzzy subsets, the weights computed for the discretized case in the previous definition appears to also respect the CP-condition for the continuous case.



5.2 Fuzzy interpretation of weights The algorithm for computing W can be based on a BUM (Basic Unit-interval Monotonic) family function (Yager, 2007). A BUM function fBUM is a mapping from [0, 1] to [0, 1] and assumes the following properties: • fBUM (0) = 0 • fBUM (1) = 1 • fBUM is increasing (i.e., if x > y then fBUM (x) ≥ fBUM (y)) So weights W are computed thanks to fBUM in the following manner: wi = fBUM (i/p) − fBUM ((i − 1)/p) The chosen fBUM function can be fBUM (x) = x (in this case, all weights equal (1/p) with p the number of nodes) ; or fBUM (x) = x3 (in that √ case, w1 is very small compared to wp ) ; or fBUM (x) = x (in that case, w1 is the greater weight). To be able to analyze the choice of fBUM , we can compute a measure of orness on this weight vector (Yager, 1988): orness(W ) =



p 1 X (p − i)wi p − 1 i=1



This measure, between 0 and 1, allows us to express to which extent the aggregator using these weights resembles an OR. For example, when fBUM (x) = x, orness(W ) = 0.5. But when w1 is much bigger than the “following” weights, orness(W ) tends towards 1. As in the CP-nets, the deeper we go, the smaller the weights: we will then choose a vector W whose √ measure √ orness is between 0.5 and 13 , i.e., fBUM (x) = x or 3 x, etc. Assigning weights to nodes of a graph is slightly different from a classical weight assignment to values. The difference is in the order of the values. In an LCPnet graph several nodes can have the same depth, so the order is not total. That is why assigning w only thanks to a BUM function, even appropriately chosen, doesn’t permit to completely answer our problem, since nodes of the same depth would be discriminated. We apply a BUM function such as the associated w be decreasing (wi > wi+1 , with i ∈ [1, p]). Then for every node of the same depth, we sum their associated weights and make an equirepartition of the obtained sum between these nodes. Thus, every constraint is fulfilled, by constructing weights through fBUM :
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p X i=1



wi,li = 1 with li the depth of node i, li ∈ [1, L]



and L ≤ p



• ∀i ∈ [1, p], ∀li ∈ [1, L],







wi,li > wi+1,li+1 if li 6= li+1 wi,li = wi+1,li+1 otherwise



The two major uses of preference networks are to compare two outcomes and to look for an optimal outcome. The LCP-nets algorithms for these two kinds of queries are now presented.



6.1 Dominance testing A basic query with respect to the LCP-net model is preferential comparison between outcomes. In order to perform the dominance testing, we shall prove that an outcome o1 can be found as being preferred to another outcome o2 . In the theorem that follows, the notations used are those from the sequent calculus (Gentzen, 1935). Sequents are expressions of the form Γ ` ∆, where Γ and ∆ are (possibly empty) sequences of logical formulas. A statement ∆ follows semantically from a set of premises Γ (Γ |= ∆) iff the sequent Γ ` ∆ can be derived by the above rules. And with the horizontal lines, we proceed to sequential derivations. Theorem. Given an LCP-net L and a pair of outcomes o1 and o2 , we have that L |= o1 4 o2 iff GUo1 is weaker than GUo2 . We say that o2 is preferred o1 and that o2 dominates o1 with respect to L. U,1



...



lu op = µSV o



U,p



L ` LU o = hlu o1 , . . . , lu op i



L ` LU o1 = hlu o11 , . . . , lu op1 i L ` LU o2 = hlu o12 , . . . , lu op2 i L ` ∆(LUo1 , W ) ≤ ∆(LUo2 , W ) L ` ∆(LUo1 , W ) ≤ ∆(LUo2 , W ) L ` d (GUo1 ) ≤ d (GUo2 ) L ` d (GUo1 ) ≤ d (GUo2 ) L ` GUo1 4 GUo2 L ` GUo1 4 GUo2 L |= o1 4 o2



After stating precisely the problem, the optimization algorithm is presented in two steps, global optimization and per CPT local optimizations, before looking forward to remove the current underlying hypothesis.



6.2.1 Problem statement



6 Queries over LCP-nets



L ` lu o1 = µSV o



6.2 Optimization query



(7)



(8) (9) (10) (11)



This means that starting with a well-formed LCPnet, i.e., a valid LCP-net, it is always possible to infer whether an outcome is preferred to another one. Of course, that doesn’t mean that in all situations, indifference is impossible. Indeed, if two outcomes are very close (granularity would be too coarse to distinguish between them) then both will be equally chosen as the best ones.



The outcome optimization query on a LCP-net defined over a set of variables V = {V1 , ..., Vp } consists in finding the outcome o = hv1 , ..., vp i such that ∀o0 6= o, o < o0 . In CP-nets, where the domains are discrete and finite, this amounts to select the most preferable tuple of values among the combinatorial set of possible tuples. As LCP-nets are defined over linguistic variables which themselves have continuous domains, optimization queries can take one of two flavors: • a linguistic flavor, consisting in finding the most preferable outcome defined over the linguistic term sets, or • a fuzzy logic flavor, consisting in finding the most preferable outcome defined over the (infinite and continuous) set of fuzzy subsets for every variable. Note that finding the optimal crisp outcome is just a special case of the second flavor, albeit a bit simpler as crisp values are represented by singleton fuzzy subsets. As LCP-nets are defined over linguistic variables and foster a qualitative assessment of preferences, the optimization queries tackled in this section is from the first flavor. Hence, the problem statement is: given a LCP-net L, find the optimal outcome o = hv1 , ..., vp i such that v1 ∈ TV1 , . . . , vp ∈ TVp .



6.2.2 Forward sweeping over LCP-nets Performing optimization queries over LCP-nets inherits much of the properties of UCP-nets. As for UCP-nets, the fact that LCP-nets satisfy the CP-condition enables a forward sweep procedure to optimize each variable in turn from the outmost to the inmost level in the DAG. In UCP-nets, a simple topological sort of the nodes in the DAG produces an order in which variables can be optimized. In LCP-nets, it is not as simple, because of the ci-arcs, which are undirected and becomes directed i-arcs only when the variables they depend upon receive values. Such values will only be known during the forward sweep, so the topological sort must be done in parallel with the optimization. Thus the forward sweep algorithm for LCP-nets becomes the following. Let LV, cp, i, ci be initially the whole set of variables, cp-arcs, i-arcs and ci-arcs respectively in the LCP-net, then 1. Extract a variable LVi from LV such that for all LVj ∈ LV \ {LVi } −−−−−−−→ • (LVj , LVi ) ∈ / cp



Towards a formalization of the LCP-nets −−−−−−−→ • (LVj , LVi ) ∈ /i



• (LVj , LVi ) ∈ / ci 2. Let LVi = hVi , D(Vi ), TVi i, find vi ∈ TVi that gives the highest utility in the CPT of Vi given the partial assignment to the previous variables LV1 , ..., LVi−1 . 3. For each ci-arc in ci which selector set LVk ⊆ {LV1 , ..., LVi } of variables already optimized, convert the ci-arc to the i-arc selected from the optimal assignment to LVk . 4. Delete from cp and i all arcs originating from LVi . 5. Repeat steps 1 to 4 with LV \ {LVi } until it becomes empty. This algorithm gives the optimal outcome hv1 , ..., vp i, subject to the proper implementation of step 2, which is tackled in the next subsection.



6.2.3 Abductive reasoning over CPT The step 2 in the forward sweep algorithm calls for finding the values that will give the best utility. Because of the fuzzy inference systems, this turns out to be a complex task. To do this, we have to reverse the inferences in order to obtain the linguistic term defined by µSVm+1 (x) that gives the best possible conclusion, knowing that the m first nodes have been already assigned. This depends on the way (i.e., with a triangular conorm or norm) the aggregation of the rules is performed. In our running example, it should be a purchase that would propose PL as price, given that delivery time equals to Dimm . This reverse inference is an abduction problem. Peirce (1839 – 1914), a famous logician, defined the abduction this way: in case “C is true if A is true”, and C is observed (C is called the manifestation), then there is some reasons to think A may be true. Since, many works have focused on this problem. Miyata et al. define cause-and-effect relationships. They try to give a definition of maximum and minimum fuzzy sets which can explain the manifestations (Miyata et al., 1995). In our case, the manifestation is the best outcome. Revault d’Allonnes et al. also tried to construct a set of likely explanations for a manifestation (Revault d’Allonnes et al., 2007), but they noticed that it is very hard to extend formal fuzzy abductive results to different classes of implications. A set of explanations can be constructed only for ‘deductioncoherent’ implications, not for all the implications (Revault d’Allonnes et al., 2009). All these studies show us that it is not possible to prove the outcome optimization query without fixing some conditions on different entities, such as: • the shapes of all the fuzzy sets (considering only linguistic 2-tuples shall be a great simplification),



11 • the implication operators, • the operators conclusions,



used



to



aggregate



the



rule



• the operator Agg that aggregates the local utilities lu thanks to vector W . The conditions to transform this general abduction problem into a simpler one to solve the optimization queries are the following: (C1) As in the CP-nets, we always want clear preferences, i.e., no indifference in the CPTs (the highest preference among the different values of the variable is always unique, for any partial assignment of its parents). (C2) All the observable values are bounded and the whole set of values they can take is represented in the CPTs. The union of the whole values they can take covers the entire universe, instead of being strictly included in it. (C3) All the variables are expressed through fuzzy sets or linguistic 2-tuples that fulfill Ruspini condition (Ruspini, 1969), i.e., that get into a well-formed partition. Under these conditions, the implications of the rules become equivalences in the case where conclusions are equal to the highest preferences (and only in this case). So the optimization query problem becomes: for each table, look for the tuple of fuzzy-sets (or linguistic 2tuples) among the premises that maximize the user preferences. Inside the CPT of node X, knowing the (best) values taken by P a(X), we only have to search for the highest preference (we recall that it is unique, according to (C1)) in one dimension (the one of X). This permits to abduce the (best) associated value for X (we recall that the implications can be considered as equivalences according to (C2)) and to save this value.



7 Conclusion In previous works, we have proposed the LCP-nets, a new model to express conditional preferences over variables of continuous domains in a qualitative way, thanks to the linguistic modeling of both the problem variables and the utilities expressing user preferences. In this paper we have established LCP-nets on a firmer ground by formally defining their structure, their semantics, and their validity. We have also formalized the dominance testing and optimization queries (for a discretized version of the problem in this latter case), in the line of previous CP-nets models. For LCP-nets themselves, future work will essentially have to address the optimization query and the hypothesis that we have put on it. First, we will need to complete the current assessment of the conditions to
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be put on the inference process used to map outcomes to local utilities through their conditional preference tables in order to guarantee correctness of the global optimization. Also, we will address the extension of the optimization query to the continuous outcome case. Another line of work is the comparison of LCP-nets with other models for expressing conditional preferences, especially at the frontier between the CP-net family of models and the fuzzy preference models. As LCP-nets bridges the gap between the two worlds, we conjecture that they will allow for a more precise comparison between the two, in order to better characterize their respective limitations, advantages and disadvantages.



References Abchir, M. (2011). A jFuzzyLogic Extension to Deal With Unbalanced Linguistic Term Sets. In Proc. of the 12th International Student Conference on Applied Mathematics and Informatics (ISCAMI’11), pages 54– 55. Boubekeur, F. and Tamine-Lechani, L. (2006). Recherche d’information flexible bas´ee CP-Nets. In Proc. Conference on Recherche d’Information et Applications (CORIA’06), pages 161–167. Boutilier, C., Bacchus, F., and Brafman, R. I. (2001). UCP-Networks: A directed graphical representation of conditional utilities. In Proc. of the Seventeenth Conference on Uncertainty in Artificial Intelligence, pages 56–64. Boutilier, C., Brafman, R. I., Domshlak, C., Hoos, H. H., and Poole, D. (2004). CP-nets: A tool for representing and reasoning with conditional Ceteris Paribus Preference Statements. Journal of Artificial Intelligence Research, 21:135–191. Brafman, R. I. and Domshlak, C. (2002). Introducing variable importance tradeoffs into CP-nets. In Proc. of the Eighteenth Annual Conference on Uncertainty in Artificial Intelligence (UAI’02), pages 69–76. Brafman, R. I., Domshlak, C., and Shimony, S. E. (2006). On graphical modeling of preference and importance. J. Artif. Intell. Res. (JAIR), 25:389–424. Braziunas, D. and Boutilier, C. (2006). Preference elicitation and generalized additive utility. In Proc. of the TwentyFirst National Conference on Artificial Intelligence (AAAI’06), pages 1573–1576, Boston, MA. Chˆ atel, P., Malenfant, J., and Truck, I. (2010a). QoSbased Late-Binding of Service Invocations in Adaptive Business Processes. In The 8th International Conference on Web Services (ICWS’10), pages 227–234. Chˆ atel, P., Truck, I., and Malenfant, J. (2008). A linguistic approach for non-functional preferences in a semantic SOA environment. In The 8th International FLINS Conference on Computational Intelligence in Decision and Control, pages 889–894. Chˆ atel, P., Truck, I., and Malenfant, J. (2010b). LCP-nets: A linguistic approach for non-functional preferences in a semantic SOA environment. Journal of Universal Computer Science, 16(1):198–217.



Curry, B. and Lazzari, L. (2009). Fuzzy consideration sets: a new approach based on direct use of consumer preferences. International Journal of Applied Management Science, 1(4):420–436. Delgado, M., Verdegay, J., and Vila, M. (1993). On Aggregation Operations of Linguistic Labels. International Journal of Intelligent Systems, 8:351–370. Gentzen, G. (1935). Untersuchungen u ¨ber das logische Schließen. Mathematische Zeitschrift, 39:176–210. Herrera, F. and Mart´ınez, L. (2000). A 2-tuple fuzzy linguistic representation model for computing with words. IEEE Trans. Fuzzy Systems, 8(6):746–752. Miyata, Y., Furuhashi, T., and Uchikawa, Y. (1995). A study on fuzzy abductive inference. In Proc. of the International Joint Conference of the Fourth IEEE International Conference on Fuzzy Systems and The Second International Fuzzy Engineering Symposium, pages 337–342. Revault d’Allonnes, A., Akdag, H., and Bouchon-Meunier, B. (2007). Selecting implications in fuzzy abductive problems. In IEEE Symposium on Foundations of Computational Intelligence (FOCI), pages 597–602. Revault d’Allonnes, A., Akdag, H., and Bouchon-Meunier, B. (2009). For a data-driven interpretation of rules, wrt gma conclusions, in abductive problems. Journal of Uncertain Systems, 3(4):280–297. Ruspini, H. (1969). A New Approach to Clustering. Information and Control, 15:22–32. Yager, R. (1988). On ordered weighted averaging aggregation operators in multicriteria decision making. IEEE Trans. Syst. Man Cybern., 18(1):183–190. Yager, R. (2007). Using Stress Functions to Obtain OWA Operators. IEEE Trans. on Fuzzy Systems, 15(6):1122– 1129. Zadeh, L. A. (1965). Fuzzy sets. Information Control, 8:338– 353.



Note 1



Cp-arcs are symbolized by a simple arrow, i-arcs by an arrow with a black triangle I on it and ci-arcs by a line with a black square  on it. 2 modified through linguistic modifiers. 3 In our implementation, the obtained weight vector verifies this criterion.



KYBERNETIKA — MANUSCRIPT PREVIEW



TOWARDS AN EXTENSION OF THE 2-TUPLE LINGUISTIC MODEL TO DEAL WITH UNBALANCED LINGUISTIC TERM SETS Mohammed-Amine ABCHIR and Isis TRUCK



In the domain of Computing with words (CW), fuzzy linguistic approaches are known to be relevant in many decision-making problems. Indeed, they allow us to model the human reasoning in replacing words, assessments, preferences, choices, wishes. . . by ad hoc variables, such as fuzzy sets or more sophisticated variables. This paper focuses on a particular model: Herrera & Mart´ınez’ 2-tuple linguistic model and their approach to deal with unbalanced linguistic term sets. It is interesting since the computations are accomplished without loss of information while the results of the decision-making processes always refer to the initial linguistic term set. They propose a fuzzy partition which distributes data on the axis by using linguistic hierarchies to manage the non-uniformity. However, the required input (especially the density around the terms) taken by their fuzzy partition algorithm may be considered as too much demanding in a real-world application, since density is not always easy to determine. Moreover, in some limit cases (especially when two terms are very closed semantically to each other), the partition doesn’t comply with the data themselves, it isn’t close to the reality. Therefore we propose to modify the required input, in order to offer a simpler and more faithful partition. We have added an extension to the package jFuzzyLogic and to the corresponding script language FCL. This extension supports both 2-tuple models: Herrera & Mart´ınez’ and ours. In addition to the partition algorithm, we present two aggregation algorithms: the arithmetic means and the addition. We also discuss these kinds of 2-tuple models.



1. INTRODUCTION Decision making is one of the most central human activities. The need of choosing between solutions in our complex world implies setting priorities on them considering multiple criteria such as benefits, risk, feasibility. . . The interest shown by scientists to Multi Criteria Decision Making (MCDM) problems, as the survey of Bana e Costa shows [6], has led to the development of many MCDM approaches such as the Utility Theory, Bayesian Theory, Outranking Methods and the Analytic Hierarchy Process (AHP). But the main lack of these approaches is that they represent the preferences of the decision maker about a real-world problem in a crisp mathematical model. As we are dealing with human reasoning and preference modeling, qualitative data and linguistic variables may be more suitable to represent linguistic preferences and
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their underlying aspects [5]. Mart´ınez et al. have presented in [11] a wide list of applications to show the usability and the advantages that the linguistic information (using various linguistic computational models) produce in decision making. The preference extraction can be done thanks to elicitation strategies performed through User Interfaces (UIs) [4] and Natural Language Processing (NLP) [3] in a stimulusresponse application for instance. In the literature, many approaches allow to model the linguistic preferences and the interpretation made of it such as the classical fuzzy approach from Zadeh [13]. Zadeh has introduced the notions of linguistic variable and granule [14] as basic concepts that underlie human cognition. In [7], the authors review the computing with words in Decision Making and explain that a granule “which is the denotation of a word (. . . ) is viewed as a fuzzy constraint on a variable”. Among the existing models, there is one that permits to deal with granularity and with linguistic assessments in a fuzzy way with a simple and regular representation: the fuzzy linguistic 2-tuples introduced by Herrera and Mart´ınez [9]. Moreover, this model enables the representation of unbalanced linguistic data (i.e. the fuzzy sets representing the terms are not symetrically and uniformly distributed on their axis). However, in practice, the resulting fuzzy sets do not match exactly with human preferences. Now we know how crucial the selection of the membership functions is to determine the validity of a CW approach [11]. That is why an intermediate representation model is needed when we are dealing with data that are “very unbalanced” on the axis. The aim of this paper is to introduce another kind of fuzzy partition for unbalanced term sets, based on the fuzzy linguistic 2-tuple model. Using the levels of linguistic hierarchies, a new algorithm is presented to improve the matching of the fuzzy partitioning. This paper is structured as follows. First, we shortly recall the fuzzy linguistic approach and the 2-tuple fuzzy linguistic representation model by Herrera & Mart´ınez. In Section 3 we introduce a variant version of fuzzy linguistic 2-tuples and the corresponding partitioning algorithm before presenting aggregation operators (Section 4). Then in Section 5 another extension of the model and a prospective application of this new kind of 2-tuples are discussed. We finally conclude with some remarks. 2. THE 2-TUPLE FUZZY LINGUISTIC REPRESENTATION In this section we remind readers of the fuzzy linguistic approach, the 2-tuple fuzzy linguistic representation model and some related works. We also review some studies on the use of natural language processing in human computer interfaces. 2.1. 2-tuples and fuzzy partition Among the various fuzzy linguistic representation models, the approach that fits our needs the most is the representation that has been introduced by Herrera and Mart´ınez in [9]. This model represents linguistic information by means of a pair (s, α), where s is a label representing the linguistic term and α is the value of the symbolic translation. The membership function of s is a triangular fuzzy set.
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Let us note that in this paper we call a linguistic term a word (e.g. tall) and a label a symbol on the axis (i.e. an s). The computational model developed for this representation one includes comparison, negation and aggregation operators. By default, all triangular fuzzy sets are uniformly distributed on the axis, but the targeted aspects are not usually uniform. In such cases, the representation should be enhanced with tools such as unbalanced linguistic term sets which are not uniformly distributed on the axis [8]. To support the non-uniformity of the terms (we recall that the term set shall be unbalanced), the authors have chosen to change the scale granularity, instead of modifying the shape of the fuzzy sets. The key element that manages multigranular linguistic information is the level of a linguistic hierarchy, composed of an odd number of triangular fuzzy sets of the same shape, equally distributed on the axis, as a fuzzy partition in Ruspini’s sense [12]. A linguistic hierarchy (LH) is composed of several label sets of different levels (i.e., with different granularities). Each level of the hierarchy is denoted l(t, n(t)) where t is the level number and n(t) the number of labels (see Figure 1). Thus, a linguistic label set S n(t) belonging to a level t of a linguistic hierarchy LH can be n(t) n(t) denoted S n(t) = {s0 , . . . , sn(t)−1 }. In Figure 1, it should be noted that s25 (bottom, plain and dotted line) is a bridge unbalanced label because it is not symmetric. Actually each label has two sides: the upside (left side) that is denoted si and the downside (right side) that is denoted si . Between two levels there are jumps so we have to bridge the unbalanced term to obtain a fuzzy partition. Both sides of a bridge unbalanced label belong to two different levels of hierarchy. Linguistic hierarchies are unions of levels and assume the following properties [10]: • levels are ordered according to their granularity; • the linguistic label sets have an odd number n(t); • the membership functions of the labels are all triangular; • labels are uniformly and symmetrically distributed on [0, 1]; • the first level is l(1, 3), the second is l(2, 5), the third is l(3, 9), etc. Using the hierarchies, Herrera and Mart´ınez have developed an algorithm that permits to partition data in a convenient way. This algorithm needs two inputs: the linguistic term set S 1 (composed by the medium term denoted SC , the set of terms on its left denoted SL and the set of terms on its right denoted SR ) and the density of term distribution on each side. The density can be middle or extreme according to the user’s choice. For example the description of S = {A, B, C, D, E, F, G, H, I} is {(2, extreme), 1, (6, extreme)} with SL = {A, B}, SC = {C} and SR = {D, E, F, G, H, I}. 1 When



is used.



talking about linguistic terms, S (calligraphic font) is used, otherwise S (normal font)
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s98 A 3-level linguistic hierarchy



(s97 , −.15)



Fig. 1. Unbalanced linguistic term sets: example of a 3 level-partition



2.2. Drawbacks of the 2-tuple fuzzy partition in our context First, the main problem of this algorithm is the density. Since the user is not an expert, how could he manage to give the density? First, he should be able to understand notions of granularity and unbalanced scales. Second, it is compulsory to have an odd number of terms (cf. n(t)) in order to define a middle term (cf. SC ). But it may happen that the parity shall not be fulfilled. For example, when talking about a GPS battery we can consider four levels: full, medium, low and empty. Last, the final result may be quite different from what was initially expected because only a “small unbalance” is allowed. It means that even if the extreme
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density is chosen, it doesn’t guarantee the obtention of a very thin granularity. Only two levels of density are allowed (middle or extreme) which can be a problem when considering distances such as: arrived, very closed, closed, out of reach. “Out of reach” needs a level of granularity quite different from the level for terms “arrived”, “very closed” and “closed”. As the fuzzy partition obtained by this approach does not always fit with the reality, we proposed in [1] a draft of approach to overcome this problem. This is further described in [2] where we mainly focus on the industrial context (geolocation) and the underlying problems addressed by our specific constraints. The implementations and tests made for this work are based on the jFuzzyLogic library. It is the most used fuzzy logic package by Java developers. It implements Fuzzy Control Language (FCL) specification (IEC 61131-7) and is available under the Lesser GNU Public Licence (LGPL). Even if it is not the main point of this paper, one part of our work is to provide an interactive tool in the form of a natural language dialogue interface. This dialogue, through an elicitation strategy, helps to extract the human preferences. We use NLP techniques to represent the grammatical, syntactical and semantic relations between the words used during the interaction part. Moreover, to be able to interpret these words, the NLP is associated to fuzzy linguistic techniques. Thus, fuzzy semantics are associated to each word which is supported by the interactive tool (especially adjectives such as “long”, “short”, “low”, “high”, etc.) and can be used at the interpretation time. This NLP-Fuzzy Linguistic association also enables to assign different semantics to the same word depending on the user’s criteria (business domain, context, etc.). It allows then to unify the words used in the dialogue interface for different use cases by only switching between their different semantics. Another interesting aspect of this NLP-fuzzy linguistic association lies in the possibility of an automatic semantic generation in a sort of autocompletion mode. For example, in a geolocation application, if the question is “When do you want to be notified? ”, a user’s answer can be “I want to be notified when the GPS battery level is low ”. Here the user says low, so we propose a semantic distribution of the labels of the term set according to the number of the synonyms of this term. Indeed, the semantic relations between words introduced by NLP (synonyms, homonyms, opposites, etc.) can be used to highlight words associated with the term low semantically and then to construct a linguistic label set around it. The more relevant words found for a term, the higher the density of labels is around it. In comparison with the 2-tuple fuzzy linguistic model introduced by Herrera & al., this amounts to deduce the density (in Herrera & Mart´ınez’ sense) according to the number of synonyms of a term. In practice, thanks to a synonym dictionary it is possible to compute a semantic distance between each term given by the geolocation expert. If two terms are considered as synonymous they will share the same LH. Moreover, a word with few (or no) synonyms will be represented in a coarse-grained hierarchy while a word with many synonyms will be represented in a fine-grained hierarchy. We can see here how much the unbalanced linguistic label sets can be relevant in many situations. To couple NLP techniques and fuzzy linguistic models seems very promising.
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Fig. 2. The ideal fuzzy partition for the BAC example.



3. TOWARDS ANOTHER KIND OF LINGUISTIC 2-TUPLES Starting from a running example, we now present our proposal that aims at avoiding the drawbacks mentioned above. 3.1. Running example Herrera & Mart´ınez’ methodology needs a term set S and an associated description with two densities. For instance, when considering the blood alcohol concentration (BAC in percentage) in the USA, we can focus on five main values: 0% means no alcohol, .05% is the legal limit for drivers under 21, .065% is an intermediate value (illegal for young drivers but legal for the others), .08% is the legal limit for drivers older than 21 and .3% is considered as the BAC level where risk of death is possible. In particular, the ideal partition should comply with the data and with the gap between values (see Figure 2 that simply proposes triangular fuzzy sets without any real semantics, obtained directly from the input values). But this prevents us from using the advantages of Herrera & Mart´ınez’ method, that are mainly to keep the original semantics of the terms, i.e. to keep the same terms from the original linguistic term set. The question is how to express linguistically the results of the computations if the partition doesn’t fulfill “good” properties such as those from the 2-tuple linguistic model? 3.2. Extension of jFuzzyLogic and preliminary definitions With Herrera & Mart´ınez’ method, we have S = {NoAlcohol, YoungLegalLimit, Intermediate, LegalLimit, RiskOfDeath} and its description is {(3, extreme), 1, (1, extreme)} with SL = {NoAlcohol, YoungLegalLimit, Intermediate}, SC = {LegalLimit} and SR = {RiskOfDeath}. jFuzzyLogic extension (we have added the management of Herrera & Mart´ınez’ linguistic 2-tuples) helps modeling this information and we obtain the following FCL script:
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VAR_INPUT BloodAlcoholConcentration : LING; END_VAR FUZZIFY BloodAlcoholConcentration TERM S := ling NoAlcohol YoungLegalLimit Intermediate | LegalLimit | RiskOfDeath, extreme extreme; END_FUZZIFY The resulting fuzzy partition is quite different from what was initially expected (see Figure 3 compared to Figure 2 where we notice that the label unbalance is not really respected). We recall that each label si has two sides. For instance, the label si associated to NoAlcohol has a downside and no upside while the term sj associated to RiskOfDeath has an upside and no downside.



Fig. 3. Fuzzy partition generated by Herrera & Mart´ınez’ approach. Two problems appear: the use of densities is not always obvious for final users, and the gaps between values (especially between LegalLimit and RiskOfDeath) are not respected. To avoid the use of the densities that can be hard to obtain from the user (e.g., see the specific geolocation industrial context explained in [2]), we have evoked in [1] a tentative approach which offers a simpler way to retrieve unbalanced linguistic terms. The aim was to accept any kind of description of the terms coming from the user. That is why we propose an extension of jFuzzyLogic to handle linguistic 2-tuples in addition to an enrichment of the FCL language specification. Consequently, we suggest another way to define a TERM with a new type of variable called LING (see the example below). VAR_INPUT BloodAlcoholConcentration : LING; END_VAR
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FUZZIFY BloodAlcoholConcentration TERM S := ling (NoAlcohol,0.0) (YoungLegalLimit,0.05) (Intermediate,0.065) (LegalLimit,0.08) (RiskOfDeath,0.3); END_FUZZIFY It should be noted that the linguistic values are composed by a pair (s, v) where s is a linguistic term (e.g., LegalLimit) and v is a number giving the position of s on the axis (e.g., 0.08). Thus several definitions can now be given. Definition 3.1. Let S be an unbalanced ordered linguistic term set and U be the numerical universe where the terms are projected. Each linguistic value is defined by a unique pair (s, v) ∈ S × U . The numerical distance between si and si+1 is denoted by di with di = vi+1 − vi . Definition 3.2. Let S = {s0 , . . . , sp } be an unbalanced linguistic label set and (si , α) be a linguistic 2-tuple. To support the unbalance, S is extended to several n(t) n(t) balanced linguistic label sets, each one denoted S n(t) = {s0 , . . . , sn(t)−1 } (obtained from the algorithm of [10]) defined in the level t of a linguistic hierarchy LH with n(t) labels. There is a unique way to go from S (Definition 3.1) to S, according to Algorithm 1. Definition 3.3. Let l(t, n(t)) be a level from a linguistic hierarchy. The grain g of n(t) l(t, n(t)) is defined as the distance between two 2-tuples (si , α). Proposition 3.4. The grain g of a level l(t, n(t)) is obtained as: gl(t,n(t)) = 1/(n(t)− 1). n(t)



n(t)



P r o o f . g is defined as the distance between (si , α) and (si+1 , α), i.e., between two kernels of the associated triangular fuzzy sets because α equals 0. Since the hierarchy is normalized on [0, 1], this distance is easy to compute using ∆−1 operator n(t) i i + α = n(t)−1 . As a result, gl(t,n(t)) = from [10] where ∆−1 (si , α) = n(t)−1 (i+1) n(t)−1



i − n(t)−1 = 1/(n(t) − 1). For instance, the grain of the second level is gl(2,5) = .25.







Proposition 3.5. The grain g of a level l(t − 1, n(t − 1)) is twice the grain of the level l(t, n(t): gl(t−1,n(t−1)) = 2gl(t,n(t)) P r o o f . This comes from the following property of the linguistic hierarchies. Let l(t, n(t)) be a level. Its successor is defined as: l(t + 1, 2n(t) − 1) (see [8]).  3.3. A new partitioning n(t)



The aim of the partitioning is to assign a label si (indeed one or two) to each n(t) term sk . The selection of si depends on both the distance dk and the numerical value vk . We look for the nearest level — they are all known in advance, see
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Algorithm 1 Partitioning algorithm Require: h(s0 , v0 ), . . . , (sp−1 , vp−1 )i are p pairs of S × U ; t, t0 , . . . , tp−1 are levels of hierarchies 1: scale the linguistic hierarchies on [0, vmax ], with vmax the maximum v value 2: precompute η levels and their grain g (η ≥ 6) 3: for k = 0 to p − 1 do 4: dk ← vk+1 − vk 5: for t = η to 1 do 6: if gl(t,n(t)) ≤ dk then 7: tk ← t 8: end if 9: end for 10: tmp = vmax 11: for i = 0 to n(tk ) − 1 do n(t ) 12: if tmp > |∆−1 (si k , 0) − vk | then n(t ) 13: tmp = |∆−1 (si k , 0) − vk | 14: j←i 15: end if 16: end for n(t ) n(t ) n(t ) n(t ) 17: sk k ← sj k ; sk+1k ← sj+1k 18:



n(tk )



depending on the level, αk = vk − ∆−1 (sj



, 0) or n(t )



αk+1 = vk+1 + ∆−1 (sj+1k , 0)



end for n(t ) n(t ) n(t0 ) , α0 ), (s1 0 , α1 ), (s1 1 , α1 ), . . . , 20: return the set {(s0 19:



n(t



)



n(t



)



(sp−2p−2 , αp−2 ), (sp−1p−2 , αp−1 )}



Table 1 in [8] — i.e., for the level with the closest grain from dk . Then the right n(t) si is chosen to match vk with the best accuracy. i has to minimize the quantity n(t ) mini |∆−1 (si k , 0) − vk |. By default, the linguistic hierarchies are distributed on [0, 1], so a scaling is needed in order that they match the universe U . The detail of these different steps is given in Algorithm 1. We notice that there is no condition on the parity of the number of terms. Besides, the function returns a set of bridge unbalanced linguistic 2-tuples with a level of granularity that may not be the same for the upside than for the downside. Herrera & Mart´ınez’ partitioning does not follow exactly the user wishes because it transforms them into a model with many properties, such as Ruspini conditions [12]. As for us, we try to match the wishes as best as possible by adding lateral n(t) translations α to the labels si . From this, it results a possible non-fulfillment of the previous properties. For instance, what we obtain is not a fuzzy partition. But we assume to do without these conditions since the goal is to totally cover the universe. This is guaranteed by the minimal covering property.



10



MOHAMMED-AMINE ABCHIR AND ISIS TRUCK



n(t)



Proposition 3.6. The 2-tuples (si , α) (from several levels l(t, n(t))) obtained from our partitioning algorithm are triangular fuzzy sets that cover the entire universe U . n(t)



n(t)



Actually, the distance between any pair h(sk , αk ), (sk+1 , αk+1 )i is always strictly greater than twice the grain of the corresponding level. P r o o f . By definition and construction, dk is used to choose the convenient level t for this pair. We recall that when t decreases, gl(t,n(t)) increases. As a result, we have: gl(t,n(t)) ≤ dk < gl(t−1,n(t−1)) (1)



After having applied the steps of the assignation process we obtain two linguistic n(t)



2-tuples (sk n(t)



n(t)



, αk ) and (sk+1 , αk+1 ) representing the downside and upside of labels



n(t)



and sk+1 respectively. Thanks to the symbolic translations α, the distance between the kernel of these two 2-tuples is dk . Then, according to Proposition 3.5 and to Equation 1 we conclude that: dk < 2gl(t,n(t)) (2) sk



which means that, for each value in U , this fuzzy partition has a minimum membership value ε strictly greater than 0. n(t) Considering µsn(t) the membership function associated with a label si , this i property is denoted: ∀u ∈ U,



µsn(t0 ) (u) ∨ · · · ∨ µsn(ti ) (u) ∨ · · · ∨ µ 0



i



n(t



sp−1p−1



)



(u) ≥ ε > 0



(3) 



To illustrate this work, we take the running example concerning the BAC. The set of pairs (s, v) is the following: {(NoAlcohol, .0), (YoungLegalLimit, .05) (Intermediate, .065) (LegalLimit, .08) (RiskOfDeath, .3)}. It should be noted that our algorithm implies to add another level of hierarchy: l(0, 2). We denote by L and R the upside and downside of labels respectively. Table 1 shows the results, with α values not normalized. To normalize them, it is easy to see that they have to be multiplied by 1/.3 because vmax = .3. See Figure 4 for a graphical representation of the fuzzy partition. 4. AGGREGATION WITH OUR 2-TUPLES 4.1. Arithmetic mean As our representation model is based on the 2-tuple fuzzy linguistic one, we can use the aggregation operators (weighted average, arithmetic mean, etc.) of the unbalanced linguistic computational model introduced in [8]. The functions ∆, ∆−1 , LH and LH−1 used in our aggregation are derived from the same functions in Herrera & Mart´ınez’ computational model.
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linguistic term NoAlcohol R YoungLegalLimit L YoungLegalLimit R Intermediate L Intermediate R LegalLimit L LegalLimit R RiskOfDeath R



level l(3, 9) l(3, 9) l(5, 33) l(5, 33) l(4, 17) l(4, 17) l(1, 3) l(1, 3)



2-tuple (s90 , 0) (s91 , .0125) (s33 5 , .003) (s33 6 , 0) (s17 3 , 0) (s17 4 , .005) (s31 , −.07) (s31 , 0)



Table 1. The 2-tuple set for the BAC example.



Fig. 4. Fuzzy partition generated by our algorithm for the BAC example.



In the aggregation process, linguistic terms (sk , vk ) belonging to a linguistic term set S have to be dealt with. After the assignation process, these terms are associated n(t) to one or two 2-tuples (si , αi ) (remember the upside and downside of a label) of a level from a linguistic hierarchy LH. We recall two definitions taken from [8]. Definition 4.1. LH−1 is the transformation function that associates with each linguistic 2-tuple expressed in LH its respective unbalanced linguistic 2-tuple. Definition 4.2. Let S = {s0 , . . . , sg } be a linguistic label set and β ∈ [0, g] a value supporting the result of a symbolic aggregation operation. Then the linguistic 2tuple that expresses the equivalent information to β is obtained with the function ∆ : [0, g] −→ S × [−.5, .5), such that  si i = round (β) ∆(β) = α = β − i α ∈ [−.5, .5) where si has the closest index label to β and α is the value of the symbolic translation.
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Thus the aggregation process (arithmetic mean) can be summarized by the three following steps: 1. Apply the aggregation operator to the v values of the linguistic terms. Let β be the result of this aggregation. 2. Use the ∆ function to obtain the (srq , αq ) 2-tuple of LH corresponding to β. 3. In order to express the resulting 2-tuple in the initial linguistic term set S, we use the LH−1 function as defined in [8] to obtain the linguistic pair (sl , vl ). To illustrate the aggregation process, we suppose that we want to aggregate two terms (two pairs (s, v)) of our running example concerning the BAC: (YoungLegalLimit, .05) and (LegalLimit, .08). In this example we use the arithmetic mean as aggregation operator. Using our representation algorithm, the term (YoungLegalLimit, .05) is associated 17 to (s91 , .125) and (s33 5 , .003) and (LegalLimit, .08) is associated to (s4 , .005) and (s31 , −.07). First, we apply the arithmetic means to the v value of the two terms. As these values are in absolute scale, it simplifies the computations. The result of the aggregation is β = .065. The second step is to represent the linguistic information of aggregation β by a linguistic label expressed in LH. For the representation we choose the level associated to the two labels with the finest grain. In our example it is l(5, 33) (fifth level of LH with n(t) = 33). Then we apply the ∆ function on β to obtain the result: ∆(.065) = (s33 7 , −.001). Finally, in order to express the above result in the initial linguistic term set S, we apply the LH−1 function. It associates to a linguistic 2-tuple in LH its corresponding linguistic term in S. Thus, we obtain the final result LH−1 ((s33 7 , −.001)) = (YoungLegalLimit, .005). Given that countries have different rules concerning the BAC for drivers, the aggregation of such linguistic information can be relevant to calculate an average value of allowed and prohibited blood alcohol concentration levels for a set of countries (Europe, Africa, etc.). 4.2. Addition As we are using an absolute scale on the axis for our linguistic terms, the approach for other operators is the same as the one described above for the arithmetic means aggregation. We first apply the operator to the v values of the linguistic terms and then we use the ∆ and the LH−1 functions successively to express the result in the original term set. If we consider for instance that, this time, we need to add the two following terms: (YoungLegalLimit, .05) and (LegalLimit, .08), we denote (YoungLegalLimit, .05) ⊕ (LegalLimit, .08) and proceed as follows: • We add the two v values .05 and .08 to obtain β = .13.
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• We then apply the ∆ function to express β in LH, ∆(0.13) = (s33 14 , −.001).



• Finally, we apply the LH−1 function to obtain the result expressed in the initial linguistic term set S : LH−1 ((s33 14 , −.001)) = (LegalLimit, .05).



This ⊕ addition looks like a fuzzy addition operator (see e.g. [9]) used as a basis for many aggregation processes (combine experts’ preferences, etc.). Actually, ⊕ operator can be seen as an extension (in the sense of Zadeh’s principle extension) of the addition for our 2-tuples. The same approach can be applied to other operators. It will be further explored in our future works. 5. DISCUSSIONS 5.1. Towards a fully linguistic model When dealing with linguistic tools, the aim is to avoid the user to supply precise numbers, since he’s not always able to give them. Thus, in the pair (s, v) that describes the data, it may happen that the user doesn’t know exactly the position v. For instance, considering five grades (A, B, C, D, E), the user knows that (i) D and E are fail grades, (ii) A is the best one, (iii) B is not far away, (iv) C is in the middle. If we replace v by a linguistic term, that is a stretch factor, the five pairs in the previous example could be: (A, VeryStuck); (B, Far); (C, Stuck); (D, ModeratelyStuck); (E,N/A) (see Figure 5). (A, VeryStuck) means that A is very stuck to its next label. (E,N/A) means that E is the last label (v value is not applicable).



A B



C



D



E



(A, VeryStuck); (B, Far); (C, Stuck); (D, ModeratelyStuck); (E,N/A)



Fig. 5. Example of the use of a stretch factor



This improvement permits to ask the user for: • either the pairs (s, v), with v a linguistic term (stretch factor);



• or only the labels s while placing them on a visual scale (i.e., the stretch factors are automatically computed to obtain the pairs (s, v)); • or the pairs (s, v), with v a numerical value, as proposed above.



It should be noted that the first case ensures to deal with fully linguistic pairs (s, v). It should also be noted that our stretch factor looks like Herrera & Mart´ınez’ densities, but in our case, it permits to construct a more accurate representation of the terms.
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Algorithm 2 Simplification algorithm Require: o is a node, T is a binary tree, o0 is the root node of T 1: o0 ← (s30 , 0) 2: for each node o ∈ T, o 6= o0 do 3: let (sji , k) be the parent node of o 4: if o is a left child then 5: o ← (s2j−1 2i−1 , 0) 6: else 7: o ← (s2j−1 2i+1 , 0) 8: end if 9: end for 10: return the set of linguistic 2-tuples, one per node



5.2. Towards a simplification of binary trees n(t)



The linguistic 2-tuple model that uses the pair (si , α) and its corresponding level of linguistic hierarchy can be seen as another way to express the various nodes of a tree. There is a parallel to draw between the node depth and the level of the linguistic hierarchy. Indeed, let us consider a binary tree, to simplify. The root node belongs to the first level, that is l(1, 3) according to [10]. Then its children belong to the second one (l(2, 5)), knowing that the next level is obtained from its predecessor: l(n+1, 2n(t)−1). And so on, for each node, until there is no node left. In the simple case of a binary tree (i.e., a node has two children or no child), it is easy to give the n(t) position — the 2-tuple (si , α) — of each node: this position is unique, left child is on the left of its parent in the next level (resp. right for the right child). The algorithm that permits to simplify a binary tree in a linguistic 2-tuple set is now given (see Algorithm 2). If we consider the graphical example of Figure 6, the linguistic 2-tuple set we obtain is the following (ordered by level): 17 3 5 {(s31 , 0), (s51 , 0), (s53 , 0), (s95 , 0), (s97 , 0), (s17 9 , 0), (s11 , 0)}, where a ← (s1 , 0), b ← (s1 , 0), 17 17 5 9 9 c ← (s3 , 0), d ← (s5 , 0), e ← (s7 , 0), f ← (s9 , 0) and g ← (s11 , 0). The last graph of the figure shows the semantics obtained, using the representation algorithm described in [8]. In a way, this algorithm permits to flatten a binary tree into a 2-tuple set which can be useful to express distances between nodes. The opposite is also true: a linguistic term set can be expressed through a binary tree. One of the advantages to perform this flattening is to consider a new dimension in the data of a given problem. This new dimension is the distance between the possible outcomes (the nodes that can be decisions, choices, preferences, etc.) of the problem and this would allow for a ranking of the outcomes, as if we had a B-tree. The fact that the level of the linguistic hierarchy is not the same, depending on the node depth, is interesting since it gives a different granularity level, and, as with Zadeh’s granules, it permits to connect a position in the tree and a precision level.
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a



a



l(1, 3)



b



b



c



c



l(2, 5)



d



d



l(3, 9)



e



f



f



e



g



g



l(4, 17)



b



a f d g c



e



Fig. 6. Example of the simplification of a binary tree



6. CONCLUDING REMARKS In this paper, we have formally introduced and discussed an approach to deal with unbalanced linguistic term sets. Our approach is inspired by the 2-tuple fuzzy linguistic representation model from Herrera and Mart´ınez, but we fully take advantage
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of the symbolic translations α that become a very important element to generate the data set. Our 2-tuples are twofold. Indeed, except the first one and the last one of the partition, they all are composed of two half 2-tuples: an upside and a downside 2-tuple. Despite the changes we made, the minimal cover property is fulfilled and proved. Moreover, the aggregation operators that we redefine give consistent and satisfactory results. Next steps in future work will be to study other operators, such as comparison, negation, aggregation, implication, etc. ACKNOWLEDGEMENT This work is partially funded by the French National Research Agency (ANR) under grant number ANR-09-SEGI-012. (Received 2011/07/31)
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ANNEXES POUR 
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TP nÂ°4 Scripts en bash - Isis TRUCK 

2017-2018. 3/ 3. Color Codes (ANSI Escape Sequences). Foreground colors, Normal (non-bold) is the default, so the 0; prefix is optional. \e[0;30m = Dark Gray.
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annexe 1. déclaration de qualification du joueur pour représenter la ... 

30 mai 2017 - XV (représentative) ou de la première Équipe Nationale à VII (représentative) de la Fédération pour laquelle j'ai l'intention de jouer ; ou.
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ANNEXE XII DEMANDE DE RESSOURCEMENT POUR LA 

DEMANDE DE RESSOURCEMENT POUR LA FORMATION EN LIGNE EN GROUPE. Direction de la formation professionnelle. 2, Place Alexis Nihon, 20e Ã©tage, ... L'organisme responsable est agrÃ©Ã© par le CollÃ¨ge des mÃ©decins du QuÃ©bec pour les fins de la formatio
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Formulaire de demande pour la subvention Medavie 

Formulaire de demande pour la subvention Medavie pour l'acquisition de compÃ©tences alimentaires - page 1 de 6. Veuillez remplir le prÃ©sent formulaire et ...
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Formulaire de demande pour un permis d'accès aux 

1. Assurez-vous d'avoir rempli correctement tous les champs avant de soumettre votre demande. Les champs obligatoires sont indiqués par un astérisque. 2.
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Formulaire de demande pour un permis d'accès aux terrains 

Une fois rempli, vous pouvez envoyer le formulaire par la poste, ou encore par télécopieur ou courriel. SECTION 1 — À L'USAGE DE LA CCN SEULEMENT.
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Formulaire de demande pour un permis d'accès aux 

Formulaire de demande pour un permis d'accès aux terrains. Au sujet du formulaire. Il faut remplir ce formulaire pour mener une activité dans un parc, un sentier ...
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SECTION 5 — FRAIS D'USAGE DES TERRAINS ET ASSURANCE DE RESPONSABILITÉ CIVILE. Vous pourriez devoir vous procurer une assurance de responsabilité civile d'une protection minimale de 2 000 000 $. La Commission de la capitale nationale doit être indiqué
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Annexe 3 - L'alphabet comique de Daumier. (Source : http://classes.bnf.fr/dossiecr/atelier/grand/sq05-01.htm) page 12. Annexe 4. - Le rÃ©gime chromatique de ...
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Annexes 

par des sÃ©ries essentiellement sableuses issues des grÃ¨s et conglomÃ©rats du ... un contraste entre un faciÃ¨s sableux Ã  matÃ©riel surtout issu du Permo-Trias et ...
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ANNEXES 

1 avr. 2016 - tifs, telle une visite chez le physiothérapeute ou le masso- thérapeute. Par la suite, il y a les soins ponctuels à prendre en considération.
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annexes 

caténaire. 1. Panamericana Norte salida de Guayllabamba hasta la "Y" de Tabacundo aucun. 0 non. 0. 2. Panamericana Norte entre Guayllabamba y Calderón.
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yves_klein/ENS-Yves_Klein.htm) page 19. Annexe 6 - Deux danseurs d'Henri Matisse. (Source :http://www.acgrenoble.fr/artsvisuels26/corps_mouvement/corps.
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Champ. de qualification-Europe 

LUX. 3/2/1987. RODIC Smiljka. 119. SRB. 29/4/1985. KOCK Catharina. 125. FIN. 26/6/1991. MARINUK Avital. 130. ISR. 26/10/1992. NELYUBOVA Yulia. 131.
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