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Sommaire 

Un résumé est un texte concis qui rend compte du contenu "essentiel" d'un document. 
Son objectif est d'aider le lecteur à cerner la pertinence du document par rapport à l'in- 
formation recherchée. Bien que l'idée de produire des résumés de manière automatique ne 
soit pas nouvelle, de nos jours. arec le volume croissant de textes électroniques disponibles. 
le développement d-outils informatiques pour la production de résumés de textes se fait sentir. 

Mais comment faire pour qu'un ordinateur puisse calculer le contenu essentiel d'un 
document et l'exprimer sous la forme d'un nouveau texte cohésif et cohérent? C'est la 
problématique du résumé automatique abordée dans cette thèse. Produire des résumés est 
une tâche fort difficile, car elle nécessite des connaissances linguistiques et du monde qui ne 
sont pas faciles à incorporer dans des systèmes automatiques. 

En explorant cette problématique. cette thèse propose une nouvelle méthode de produc- 
tion de résumés pour le teste technique. Sotre démarche méthodologique a consisté à étudier 
un corpus de résumés techniques et leurs documents sources. L'objectif de cette étude fut 
de répondre à deux questions fondamentales : comment sélectionner le contenu du résumé 
et comment l'exprimer. Sous montrons quelles parties structurales du document source sont 
ie plus souvent utilisées pour repérer le contenu essentiel; quel est le statut de ce contenu 
et corr,rnent il est reformulé sous la forme d'un nouveau teste. Sous avons défini un modèle 
linguistique et conceptuel qui identifie des concepts et des relations ayec des marqueurs lin- 
guistiques. Sotre étude fait donc ressortir les liens entre le texte source et le résumé dans le 
cas particulier des testes techniques et scientifiques. 

Sous avons développé une approche calculatoire appellée Analyse Sélective, pour la pro- 
duction des résumés basée sur la  structure du texte et sur les types d'informations habituel- 
lement trouvées dans les résumés techniques. Xotre méthode propose d'abord à l'utilisateur 
un résumé qui introduit certains thèmes considérés importants dans le texte source ; l'utili- 
sateur peut ensuite décider d'explorer ces thèmes en demandant plus d'information du texte 
source comme des définitions ou des descriptions. Nous abordons ainsi la production d'un 
résumé d-pamique en fonction de l'intérêt du lecteur. Le résumé est produit par un processus 
d'identification conceptuelle et re-génération de testes. 

SumUM, notre prototype, a été développé pour démontrer la viabilité de notre a p  
proche. Sous y avons implanté quelques fonctionnalités de l'Analyse Sélective avec des tech- 
niques robustes de traitement du langage naturel tels que des programmes d'etiquetage le*- 

iii 



ca13 l'application d'automates à états finis pour reconnaître des constructions syntaxiques 
simples, la classification des phrases, l'extraction d'informations, l'instanciation de patrons 
et la régénération de textes. Ces techniques nous ont aidé à implanter quelques phénomènes 
observés lors de notre étude- 

Kous avons démontré la viabilité de notre approche au moyen de trois évaluations au 
cours desquelles nous avons comparé les résumés produits par SumUM avec d'autres tech- 
nologies de production de résumés. À l'aide d'évaluations avec des sujets humains, nous 
avons pu montrer que la qualité des textes produits par 1'Analyse Sélective est supérieure à 
celle d'autres systèmes d'extraction de phrases. 

Mot clés : traitement du langage naturel, résumé automatique, régénération de textes, 
évaluation de résumés 



Abstract 

An abstract is a text of a recognizable genre mith a very specific purpose : to give the 
reader an exact and concise knowledge of the contents of a document. Kowadays. the ovenv- 
helming quantity of information and the need to access the essential content of documents 
accurately to satisfi. users' demands calls for the development of cornputer programs able 
to produce test summaries. This is a difficult task because it requires linguistic and liorld 
knon-ledge which are difficult to incorporate in automatic systems. 

In this dissertation, w e  explore the problem of automatic test summarization and propose 
a new method of text summarization of technical articles. Our research method consisted 
of the study of a corpus of abstracts ivritten by professional abstractors. We have studied 
relations between abstracts and their source documents in order to answer the follon-ing ques- 
tions : n-here does the information reported in abstracts come from? how can it eventually 
be found in source documents? what is its status? and ho\: is it conveyed in the abstract ? 
We show that the information brought into the technical abstract has a il-ell-defined status 
and can be identified on the basis of general concepts and relations. Based on this s t u d s  w e  
have defined a conceptual and linguistic model for the task of technical test surnmarization. 

Selective Analysis, our method for text surnmarization, produces abstracts relying on the 
structure of the source document and on specific types of information from the conceptual 
model. The method was designed to produce short summaries in two steps : first, the reader 
is presented with an abstract which identifies the topics of the document. Then, if the rea- 
der is interested in some of the topics, additional information about them is presented. The 
abstracts are produced by the processes of conceptual identification and text regeneration. 

SumUM, Our prototype, \vas developed in order to validate this methodology of text 
summarization. We have implemented some functionalities of Selective Xnalysis using state 
of the art techniques in natural language processing such as text segmentation, part of speech 
tagging. partial syntactic and semantic analpis, template instantiation and text regenera- 
tion. 

We have evaluated Selective Analysis by cornparing the abstracts produced by Su- 
mUM with abstracts produced using other summarization methodologies. In an evaluation 
of content! we show that the automatic abstracts help readers in a classification task and also 

0 t hat SumUM selects sentences considered more important t O readers t han t hose selected 
by other summarization technologies. An evaluation of text quality with human informants 



demonstrates t hat the abstracts produced with SumUM are of better qualit? t han abst racts 
produced by a sentence extraction methodology. 

Ke~words : Xatural Language Processing. Automatic Abstracting? Test Re-generation. 
El-aluation 
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Chapitre 1 

Introduction 

Un résumé est un texte concis qui rend compte du contenu "essentiel" d'un autre teste, 
dit texte source. Son objectif est d'aider le lecteur à cerner la pertinence du document source 
vis-à-vis de I'information recherchée. Après la lecture d'un résumé, le lecteur sera en position 
de décider si le document contient I'inforrnation pertinente pour sa tâche actuelle ou pas. Il 
se peut aussi que le lecteur n'ait pas besoin de lire le document original simplement parce 
que les informations recherchées sont comprises dans le résumé. 

Dans la plupart des cas' les résumés sont produits par des humains mais: de nos jours' 
la quantité de teste disponible en format électronique est énorme (en 1998 on a calculé son 
volume quelque part entre 400 et 500 millions de documents (Filman and Pant, 1998)) et en 
conséquence l'incorporation d'outils informatiques pour la production de résumés de testes 
se fait sentir. 

En particulier, au  cours de la dernière décennie plusieurs événements scientifiques se sont 
plongés dans la problématique de la production automatique de résumés (Dagstuhl' 1993: 
ACL/E.ACL' 1997: AAAII 1998; RIFRA, 1998; WAS, 2000) et la communauté scientifique 
réunie lors du Dagstuhl Seminar a identifié des a,Yes de recherche nécessaires dans ce do- 
maine. Parmi les questions soulevées se trouvent l'étude des différents types de résumés et 
de leurs fonctions, l'étude de la relation entre texte source et résumé: le développement de 
procédures d'évaluation du résumé automatique et l'étude des stratégies mixtes (statistiques 
et symboliques) dans la résolution de ce problème. 

Tout en esplorant quelques aspects de la problématique du résumé automatique, cette 
thèse propose une nouvelle méthode de production de résumés pour le texte technique. Bien 
que l'idée de produire des résumés de manière automatique ne soit pas nouvelle, les résumés 
produits à l'heure actuelle par ordinateur n'ont pas la qualité des résumés rédigés par un hu- 
main. Dans l'état actuel de l'art, les résumés automatiques sont le plus souvent, des estraits 
du teste source; les techniques et méthodes utilisées ne garantissent pas la conservation du 
contenu du teste source et  ceci peut entraîner le manque de cohésion, voire de cohérence. 
Mais ceci a une raison d'être, la tâche de produire des bons résumés est très difficile car elle 
nécessite la compréhension d u  teste source qui ne peut pas être atteint avec les techniques 



actuelles de traitement du langage naturel, sauf pour des domaines limités- Les limitations 
actuelles ne peuvent pas être ignorées lors de la conception des systèmes de production de 
résumés et ceci a grandement influencé notre travail de recherche. 

1.1 Résumons 
Cn résumé est obtenu à partir des opérations de : 

- sélection de ce qui est important dans le texte so urc el 
- condensation de cette information par généralisation et élision des répétitions et, 

- expression du contenu propositionnel qui reste sous la forme d'un texte cohésif. 

Dans ce processus il y a: évidemment,'une perte d'information mais le message original 
et sa cohérence sont préservés. Dans la Fig. 1.1 on présente le teste narratif "llargie" et son 
résumé1. 

lfargie serrait. son beau et nouveau ballon par la corde. Tout à coup, une 
rafale le captura. Le vent l'entraina vers un arbre. Le ballon frappa une 
branche et espIosa. lfargie pleura et pleüra. 

hfargie pleura quand le vent  cassa son ballon. 

FIG. 1.1: Uargie : texte court de type narratif et son résumé 

On peut voir que le résumé préserve le contenu essentiel de l'histoire. Les informations re- 
tenues (Le. sélectionnées) à inclure dans le résumé sont : l'état final de la protagoniste : 
elle pleure, et les causes de cet état : son ballon a crevé. Il n'y a pas d'information cir- 
constancielle : ni le fait que le ballon était nouveau et beau, ni le fait que Lfargie serrait le 
ballon avant qu'il crève: ni le fait que l'instrument causant le déchirement du ballon était 
une branche d'arbre ne sont inclus dans le résumé. 

La production d'un résumé dépend de l'interprétation du texte source : reconnaissance 
des relations entre les informations exprimées dans le texte source et déduction, entre autres. 
Il n'y a pas un seul résumé possible d'un texte car il dépend entre autres de l'état de connais- 
sances de l'interprète, de ses objectifs, e t  de son état d'attention. 

Produire des résumés est une faculté cognitive de l'être humain : lors de la lecture d'un 
teste, certaines propositions sont "retenues" par le lecteur alors que d'autres sont "oubliées" : 
on produit des résumés de manière naturelle dans le cadre du processus de compréhension. 
Mais, les résumés sont aussi produits dans des contextes professionnels par des "rédacteurs de 
résumés." Ces professionnels sont capables de rédiger des testes très succincts (par rapport 
au texte source) pour une "audience" bien ciblée. Dans la Fig. 1.2 on présente un résumé 

'Le texte est une traduction libre en fiançais d'un exemple de Rumelhart (1975). 



d'un texte de t s e  scientifique de neuf pages. Le résumé a été produit par un rédacteur des 
résumés de la revue Library & Information Science Abstracts. Le texte est très succinct, il 
présente à peine les thèmes abordés dans l'article. Dans notre travail de recherche nous nous 
intéressons surtout aus  résumés des textes scientifiques et techniques tel que celui présenté 
à la Fig. 1.2- 

Presents a more efficient Distributed Breadth-First Search algorithm for 
an asynchronous communication network. Presents a mode1 and gives an 
overvien. of related research. Analyzes the complexity of the algori t hm, 
and gives some examples of performance on typical networks. 

FIG . 1.2: Résumé de l'article : Efficient distributed breadth-first search aigorithm. S-A.3I .  
hIakki. Computer Communications, 19(8) Jul96- p628-36 

Sotre objectif est de produire des résumés de manière automatique à partir du teste 
source. Mais, afin de comprendre ce qu'est un résumé et comment les informations essen- 
tielles du tex?e source peuvent être identifiées et exprimées, nous avons décidé dlétudier des 
exemples réels de résumés. 

Xotre démarche méthodologique consiste à étudier un corpus de résumés techniques et 
leurs documents sources. Les résumés ont été rédigés par des rédacteurs professionnels. Sous 
a\+ons choisi d'étudier ce type de résumés car: généralement, ils sont mieux structurés que 
les résumés d'auteurs et aussi parce qu'en général ils respectent les mots de l'auteur. Il est 
important de noter que dans cette thèse nous ne nous intéressons pas au processus cogni- 
tif de la production des résumés par des professionnek mais que nous utilisons les résumés 
pour comprendre comment on pourrait les produire de manière automatique. Ces processus 
cognitifs ont déjà été étudiés dans les travaux de Endres-Siggemeyer et al. (1991$ 1995). 

Par contre, la relation entre teste source et résumé que nous abordons dans cette thèse 
a été généralement négligée. Sous explorons les aspects suivants de la relation entre docu- 
ment source et résumé : ( i)  où l'information du résumé se trouve-t-elle dans le document 
source? (ii) quel est le statut de cette information? (iii) comment peut-elle être repéré? 
et (iv) comment les informations sont-elles utilisées pour construire le résumé? L'objectif 
de cette étude est de répondre à deux questions fondamentales dans la problématique du 
résumé automatique : comment sélectionner le contenu du résumé et comment l'exprimer. 
Kous n'adressons cette question que dans le contexte du texte technique et nous le faisons 
en analysant un nombre limité de données. 

Xotre étude de corpus indique qu'il y a certains types d'information qui sont généralement 
retenues pour un résumé et que cette information peut être repérée en utilisant des marqueurs 
linguistiques et de position dans le texte source. -4 partir de cette étude, nous avons défini 
une méthode calculatoire pour la production des résumés qui se base fortement sur la struc- 
ture du teste et sur des marqueurs linguistiques. 



Sotre méthode propose à l'utilisateur d'abord un résumé qui introduit certains thèmes 
considérés importants dans le texte source et ensuite, l'utilisateur peut décider d'explorer ces 
thèmes en demandant plus d'information du teste source telles que définitions et descrip- 
tions. De cette manière, nous abordons la production d'un résumé dynamique en fonction 
de l'intérêt du lecteur. Le résumé est produit par un processus d'identification conceptuelle 
et de re-génération. 

1.2 Plan de la thèse 
La thèse est organisée de la manière suivante. Dans le chapitre 2, nous introduisons 

d'abord la terminologie nécessaire et le processus de production des résumés chez les hu- 
maines. -4u chapitre 3: nous détaillons quelques approches pour la production de résumés 
automatiques. Parmi l'éventail des approches existantes: nous n'en avons choisi que quelques- 
unes qui montrent l'état d'avancement de la recherche et qui ont influencé le développement 
de notre méthode. Le chapitre 4, détaille l'analyse du corpus et le modèle linguistique et 
conceptuel développé pour la tâche de production des résumés de type technique. L'Analyse 
Sélective: notre méthode pour produire des résumés basée sur les résultats du chapitre 4. 
est introduite au chapitre 5. Ln prototype computationnel a été développé pour montrer la 
viabilité de l'approche. Celui-ci implante quelques fonctionnalités du modèle théorique al-ec 
des techniques robustes de traitement du langage naturel telles que la reconnaissance des 
groupes nominaus et verbaus de base, la fouille de modèles et l'instanciation de patrons, 
et quelques techniques de re-génération de testes. Le prototype est décrit au  chapitre 6. 
Le chapitre 7 présente le problème de l'évaluation de résumés automatiques, en particulier 
nous nous intéressons à l'évaluation en utilisant des juges formés en science de l'information. 
Finalement, des conclusions et un panorama des travaux futurs sont présentés au chapitre 8. 

Les chapitres 4 à 7 ont été rédigés en anglais car ils reprennent et étendent des articles qui 
ont été présentés dans des conférences internationales : l'analpe du corpus a été présentée 
à la Rencontre Internationale sur l'Extraction le Filtrage et le Résumé -lutornatique (RI- 
FR4'98) (Saggion and Lapalme' 1998b), le modèle conceptuel et l'Analyse Sélective ont été 
presentés lors du Intelligent Text Summarization Symposium (Saggion and Lapalme, 1998a) 
et lors du 37th ..annual Meeting of the -4ssociation for Computational Linguistics (ACL'99) 
(Saggion, 1999), et finalement les évaluations ont été présentés au Computer-Assisted In- 
formation Searching on Internet Conference (RIXOo2000) (Saggion and Lapalme, 2000~) '  
au \Vorkshop on Automatic Summarization (workshop of the ANLP-XAACL2000) (Saggion 
and Lapalme, 2000a) et au Sixth International ISKO Conference (Saggion and Lapalme, 
2000d). Aspects préliminaires de notre recherche ont été presentés lors du Ph-D. Iorkshop 
on Xatural Language Generation (Saggion, 1997). 



Chapitre 2 

Les résumés 

Dans ce chapitre nous nous intéressons aux types de résumés et au processus de pr* 
duction de résumés chez les humains. Plus spécifiquement nous introduisons les notions de 
résumé indicatif et informatif qui constituent le sujet de notre recherche et nous explorons 
brièvement les processus de compréhension et condensation tels qu'étudiés en linguistique 
testuelle, science cognitive: intelligence artificielle et science de 13nformation. 

2.1 Types de résumés 

Dans cette recherche nous nous intéressons exclusivement au résumé du texte technique 
et scientifique qui en langue anglaise est appelé abstract. Selon Rowley (1982) l'abstract est 
différent d'autres types de substitut du document source tels que l'edrait qui est un ou 
plusieurs passages tirés d'un teste ; le sommaire qui est une énumération des points princi- 
paux d'un discours (1-oir Figure 2.1) ; l'abrégé qui est un écrit réduit aux points essentiels; 
le précis qui est un exposé exact et succinct d'un teste (voir par example Russell (1988)) : 
la paraphrase qui est une interprétation des idées de l'auteur du document source qui seront 
esprimés dans le langage de l'auteur de la paraphrase ; le digest qui est un condensé d'un livre 
ou d'un article journalistique (voir Figure 2.2) ; Ie hzghlight qui est un commentaire ajouté 
dans des parties spécifiques d'un document pour attirer l'attention du lecteur sur les points 
importants ( ~ o i r  Figure 2.3) ; et le synopsis qui, plutôt appliqué en cinématographie, est un 
récit très bref constituant un schéma de scénario (k-oir Figure 2.4). Les types de résumés ont 
aussi été étudiés dans (Pouzet, 1981; Hadjadj and Russeau-fayen, 1981). 

The specific improvements offered by SIP over IP can be itemized as follows : 

- Larger, more hierarchical addresses to support long-term growth of the In- 
ternet. 

- "Cluster addresses" for more powerful source-directed routing. 

LI 
FIG. 2.1: Fragment du sommaire à la fin de l'article "SIP : Simple Internet Protocol'. Deering. 
S.E.: IEEE Setwork: May 1993, 16-27 



There were cornplaints of intimidation but few reports of violence during the first 
day of Zimbabwe's crucial parliamenta- eIections. PoUs wi11 reopen Sunday for 
a last round of voting before results are tallied. 

FIG. 2.2: Digest du service CBC Sewsx-orld Online S e m  Digest pour lvarticle PHE.IVY 
TCRSOLT IX ZI3IBABIVE ELECTIOX", June 25: 2000 

Seuronet provides immediate access to real-time life-critical da ta  being acquired 
a t  multiple sites across the health center and allows one neurophysiologist to 
simult aneously monit or multiple surgical procedures. 

FIG. 2.3: Highlight ajouté à l'article Teuronet : -4 Distributed Real-Time System for IIoni- 
toring Seurophysiologic Function in the Medical Environment": Krieger, D. et al, Cornputer, 
hfarch 1991: 45-53 

Alfred Hitchcok's landmark masterpiece of the macabre stars Antony Perkins as 
the troubled S'orman Bates, whose old dark house and adjoining motel are not 
the place to  spend a quiet evening. Ko one k n o n  that better than Marion Crane 
(Janet Leigh), the ill-fated traveler whose journey ends in the notorious '-shower 
scene." First a private detective, then Marion's sister ( Iëra  Miles) seach for her. 
the horror and suspense mount to a terrifing clima,~ when the misterious killer is 
finally revealed. 

FIG. 2.4: Synopsis du  film "Psycho" d'-Alfred Hitchcok 

Dans le conteste du texte technique est scientifique: deux types de résumés sont considérés 
(AFSOR: 1984: ASSI. 1979: ERIC. 1980; SIaizell et  al., 1971) : les résumés indicatifs et les 
informatifs. L'objectif d'un résumé indicatif est de signaler au lecteur le type d'informa- 
tion qui apparait dans Ie teste source. L n  résumé informatif rapporte des informations du 
teste source comme des résultats ou des conclusions. En général on trouve des résumés qui 
combinent les caractéristiques de ces deux types. Il faut mentionner qu-en science de l'in- 
formation! on identifie aussi le résumé critique où le rédacteur a pour tâche de commenter 
l'information originale et de la mettre en conteste. 

The work of Consumer Advice Centres is esamined. The information sources used 
to support this work are reviewed- The recent closure of many CAC's has seriouslx 
affected the availability of consumer information and advice. The contribution 
that Public libraries can make in enhancing the availability of consumer infor- 
mation and advice both to the public and other agencies involved in CO__ nsumer 
information and advice, is discussed. 

FIG. 2.5: Résumé indicatif de l'article : "Consumer information and advice : the role of public 
libraries" J. Rowley, D. Butcher and C. Turner, Aslib proceedings 32 (11/12), December 1980, 
117-424 



Dans la Fig. 2.5 on trouve un résumé indicatif produit par un rédacteur professionnel. O n  
peut effectivement vérifier que l'information dans le texte du résumé est à peine signalée. La 
phrase "The work of Consumer Advice Centres is examined" n'informe pas sur le travail des  
Centres de Conseil au Consommateur, mais signale que l'information est élaborée dans le 
texte source. Le même phénomène peut être observé dans la deuxième et quatrième phrase 
du résumé. Par contre la troisième phrase informe sur un problème : on peut apprendre que 
certains Centres de Conseil au Consommateur ont fermé et que ce fait a une incidence snir 
la disponibilité d'information et de conseil pour les consommateurs. 

Dans la Fig. 2.6 on présente un résumé informatif du même article. Le résumé contiext 
de l'information sur les tâches accomplis par les CACs, sur les sources d'information utilisées 
ainsi que sur la contribution des bibliothèques pour résoudre les problèmes soulevés. 

An examination of the work of Consumer Advice Centres and of the informa- 
tion sources and support activities that public libraries can offer. CACs have 
dealt with pre-shopping advice, education on consumers' rights and complaints 
about goods and services, ad\ising the client and often obtaining expert assess- 
ments. They have drawn on a wide range of information sources including case 
records. trade literature, contact files and external links. The recent closure of 
man' CAC's has seriously affected the availability of consumers information and 
advice. Public libraries can make man>- kinds of information sources more widely 
amilable. both to the public and to the agencies non- supplying consumer infor- 
mation and advice. Libraries can cooperate closely with adrice agencies through 
local coordinat ing commit teed. shared premises. joint publicit- referral and the 
sharing of professional espertise. 

FIG. 2.6: Résumé informatif de l'article : "Consumer information and advice : the role 
of public libraries" 3. Rowlec D. Butcher and C. Turner, Aslib proceedings 32 (11/1%)~ 
December 1980, 417-424 

Dans cette thèse nous nous intéressons surtout aus  résumés indicatifs et informatifs q u e  
nous étudions en détails au chapitre 4. La différenciation entre les types informatif et indica~if  
semble étre applicable dans le contente de textes informatifs. Il serait rare, bien que possible. 
de trouver un résumé comme "On décrit E t a t  d'une fille et les causes." pour l'histoire d e  
Margie présenté à la Fig. 1.1. Il y a donc des contraintes qui empêchent la génération d ' a n  
résumé si bizarre. 

2.2 Organisation 

Dans lamesure où les résumés sont un genre textuel; l'information et l'organisation d e  
l'information dans un résumé de texte scientifique est prévisible (Bhatia? 1993). En général. 
un résumé d'un article scientifique contient les catégories d'informations suivantes (Ron-leu. 
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- Objectif : description de la problématique, les objectifs de l'auteur, les limites du travail, 
ce que l'auteur a étudié, etc. 

- 'ciéthodologie : description de la méthode employée, les variables? les sujets, les procédures, 
etc. 

- Résultats : les valeurs mesurées, etc. 

- Conclusions : les relations entre les variables, conséquences pour la théorie, les nouveau 
problèmes, etc. 

Dans la Fig. 2.7 on montre un résumé d'un article de science et technique publié par la 
revue PASCAL Bibliographie Internationale. Les catégories d'information incluses dans le 
résumé sont : l'objectif de  l'article dans les phrases (1) à (3) : le problème étudié et quelques 
particularités ; la méthodologie employée pour obtenir les résultats dans la phrase (4) : les 
chaînes de Markov sont utilisées, et les résultats obtenus dans les phrases (3) et (6) : la 
mesure de complexité est donnée. 

(1) Sous étudions le problème de la recherche d'un mot, appelé le motif: dans 
un autre, appelé le teste. (2) Sous considérons l'analyse exacte et l'analyse en 
moyenne des algorithmes. (3) En particulier, nous donnons les bornes optimales 
lorsque seulement une tête de lecture se déplaçant de la gauche vers la droite 
du texte est utilisée : (2-l/m)n comparaisons entre caractères pour tout le teste, 
et min (l+ log m, card(A)) comparaisons sur chaque caractère de texte, avec 
m la longueur du motif, n celle du teste, log le logarithme binaire. et -4 un 
alphabet général peut être inconnu des algorithmes. (4) Sous utilisons les chaînes 
de Markov pour l'analyse en moyenne. (5) Sous prouvons que la complexité de 
la plupart des algorithmes peut être exprimée sous la forme Kn + o(n), où K 
ne dépend pas de n. (6) Des analyses précises de quelques algorithmes sont aussi 
données. 

FIG. 2.7: Résumé PASCAL numéro 5802 de l'article "Analyse exacte et en moyenne d'algo- 
rithmes de recherche d'un motif dans un texte." 

L'information contenue dans un texte scientifique est parfois tellement prévisible que des 
résumés structurés (Hartley et al., 1996) dans lesquels des etiquettes sont ajoutées au teste 

a du résumé (voir Figure 2.8) ont été proposés pour faciliter le répérage de l'information. 



Objective : Localized application of a vasoconstricting agent ont0 the w.11 of an 
arteriole results not only in [...] We investigated the effect of intravenous infusion 
of angiotensin II (AXG II) [...] 
Methods : In anesthetized male Wistar rats (n=43) S E  (0.1 mM) or a local 
depolarizing current was continuously applied onto rnesenteric arterioles using 
micropipet tes [. . .] 
Results : Systemic infusion of AXG II (4 ng/rnin) raised mean arterial blood 
pressure by 6it2 mm Hg [...] 
Conclusion : The findings suggest that conducted vasoconstriction to XE and 
Iocd electrical stimulation in rat mesenteric [...] 

FIG . 2.8: Résumé de l'article "Angiotensin II modulates conducted vasoconstriction to no- 
repinephrine and local electrical stimulation in rat mesentenc arterioles" , Gustafsson' F.: 
Cardiot-ascular Research, Vol 44, Issue 1, October 1999, 176-184 

Mais des classifications plus subtiles existent chez les résumés des textes scientifiques en 
général (Alilas-Bracovié and Zajec, 1989; Trawixiski, 1989). pour des résumés du domaine de 
la recherche empirique (Liddy, 1991): et pour des résumés de  la médecine (Hartley et al.. 
1996). Ces aspects seront explores dans le chapitre 4 à la section 4.1. 

En ce qui concerne l'organisation de l'information (ordre de lïnformation) dans le texte 
du résumé, elle est généralement présentée dans le même ordre que dans le document source. 
Mais. il se peut que l'information soit réorganisée : par exemple un rédacteur professionnel 
peut décider de rapporter d'abord les résultats d'un travail scientifique avant d'en donner 
les aspects méthodologiques. et ceci pour respecter la politique de l'agence de diffusion de 
l'information (exemples de cette situation sont présentés à la section 4.2.3, pages 44 et 17). 

Production des résumés 

La production d'un résumé, étant directement liée aux processus de compréhension et 
production du langage naturel, a été l'objet de recherches en science cognitive, linguistique 
textuelle. intelligence artificielle, linguistique informatique et science de l'information. Plu- 
sieurs théories ont été proposées pour expliquer le processus de résumer, l'enfance est mis 
sur la compréhension par un agent intelligent et ceci contraste avec les théories et méthodes 
calculatoires que nous présentons au chapitre 3. 

2.3.1 Macro Structures 

Selon van Dijk (1977) et Kintsch and van Dijk (1975, 1978) un discours est interprété: 
stocké et rappelé en fonction de sa structure d'ensemble qu'ils appellent macro-structure. 
Un teste est une séquence de propositions, appelé micro-structure et lors de sa lecture. 
certaines propositions sont "effacées" et d'autres sont activement intégrées dans la macro- 
structure, représentation de signification globale du texte. &Ainsi dans un texte narratif, on a 

0 



10 CHAPITRE 2. LES RÉSCJIÉS 

une macro-structure composée formellement d'un épisode, qui contient Ia description de la 
situation initiale et qui domine une complication (événements remarquables) et une résolution 
(réactions subséquentes des personnages), qui est suivie d'une évaluation (réactions m e n t a u  
à l'épisode) et puis d'une morale (conséquences possibles dans l'état actuel). Cette macro- 
structure est instanciée lors de la compréhension du texte, elle est absolument nécessaire pour 
la compréhension et la production des résumés. En effet: van Dijk affirme que le résumé est Ia 
réalisation concrète de la macro-structure du texte. Les rnacro-structures sont aussi connues 
pour d'autres types de textes tels que les textes d'argumentation (Sprenger-Charolles, 1992). 
Pour interpréter un texte et en déduire sa macro-structure, des macro-règles sont appliquées 
à la micro-structure. Il existe piusieurs versions des macro-règles, telle celles qu'on trouve 
dans (Sprenger-Charolles, 1992). 

(AIRI) Effacement : suppression des propositions qui ne sont pas pertinentes pour la com- 
préhension du teste. Ainsi pour une phrase comme Wargie a un ballon rouge" qui est 
composée des propositions Margie a un ballon et l e  ballon est rouge, il est pos- 
sible que la seule proposition qui reste après le processus de compréhension soit Margie 
a un ballon car l'attribut rouge n'est pas important dans le contexte particulier. 

(1IR2) Intégration : étant donné P et Q. P est intégrée dans Q si P est une condition. 
composante ou conséquence normale de Q. Par exemple, la séquence de propositions 
Une rafale captura l e  ballon et Margie n'a plus son ballon est intégrée dans 
Une rafa le  captura l e  bal lon.  

(MR3) Construction : P est substituée par Q si P est une composante ou une conséquence 
normale de Q. Par esemple, à partir de l e  matin Margie prend son lait, ses 
cereales e t  des œufs on peut construire Margie prend l e  petit déjeuner. 

(S1R-l) Généralisation : une proposition P peut être remplacée par Q: si P est contenu dans 
Q (en sens ensembliste). Pour un teste comme "SIargie a mangé une fraise puis une 
pomme et enfin une orange" il est possible que lors du processus de compréhension. la 
proposition Margie a mange des f r u i t s  soit la seule qui reste de la micro-structure. 

Pour un texte comme celui de Margie (Fig. 1.1) on aura un épisode qui contient une 
situation initiale (description de Margie et son ballon) suivie d'une complication (le vent 
capture le ballon), d'une résolution (le ballon crève) et, finalement, d'une évaluation (11 argie 
pleure). Les macro-règles expliquent parfaitement les propositions qui ont été effacées pour 
produire le résumé de la Fig. 1.1. 

Étant donné que les règles sont assez puissantes, elles doivent être spécifiées en fonction 
du type de discours (narratif, d'argumentation, etc.). Toutefois, une contrainte générale pour 
I'application des règles est celle de la moindre généralisation : on généralise l'argument d'une 
proposition ou le prédicat de manière minimale. Cela explique en partie le fait que le résumé 

a 'On décrit l'état d'une fille et les causes." pour l'histoire de 3~1argie soit bizarre. 
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2.3.2 History Grammars 

En particulier dans le cas des textes narratifs, Rumelhart (1975) explique la production - 
des résumés en modélisant le processus de compréhension par des History Grammars Elles 
sont définies en utilisant les éléments suivants : 

(a) catégories syntaxiques : telles que Setting (description des personnages, conditions 
initiales; etc), Episode (événement e t  réaction a l'événement), Action (action d'un être 
humain ou d'une force naturelle), Story (discours qui est centré sur les réactions des 
personnages), etc. 

(b) règles syntaxiques : telles que : 
Story * Setting + Episode (une histoire est composée de la description des per- 

sonnages suivie d'un épisode) 
Episode Event + Reaction (un épisode est composé d'un événement: puis d'une 

réaction à l'événement) 
Setting + (States)* (la description des personnages est une séquence de zéro ou 

plus états) 
Ezent * Episode[Change-of -Sate[-4ctionlErent + Ecent (un événement est un 

épisode ou un changement d'état ou une action ou une séquence d'événements) 
etc. 

(c) catégories sémantiques : teiles que Allow, And, Initiate, Cause, Motivate, ... 

(d) régles d'interprétation sémantique. Par exemple' la règle syntaxique Story * 
Setting + Episode est interprétée comme .4llow(Setting, Episode) et la règle syn- 
taxique Episode E.üent+ Reaction est interprétée comme Init iate (Erent, Reacf ion).  

(e) règles de condensation qui sont appliquées à la représentation sémantique. par 
exemple : l'information -4llow(Setting, Episode)  peut être condensée simplement par 
Episode, mettant en évidence l'importance de I'épisode central par rapport à l'intro- 
duction des personnages. 

L'interprétation de l'histoire en utilisant les règles syntaxiques produit un arbre syn- 
taxique (voir Fig. 2.9) à partir duquel on produit la représentation sémantique de l'histoire. 
par exemple on peut obtenir la relation sémantique Allow("Margie serrait..-", "Tout d'un 
coup, une rafale.. . "). Ensuite, I'ensemble de règles de condensation peut être appliqué a la 
représentation sémantique pour obtenir le contenu essentiel de l'histoire. Ceci explique la 
production du résumé "Rlargie pleura quand le vent cassa son ballon" pour l'histoire de 
Irlargie. Les règles peuvent être appliquées à plusieurs niveaux mais il n'est pas clair com- 
ment les décisions sont prises et quelles sont les contraintes pour l'application continue des 
règles dkterpré t  ation. 

2.3.3 Plot Units 

D'autres théories mieux motivées ps~chologiquement ont été élaborées dans le cadre de 

a la science cognitive et d'intelligence artificielle. Lehnert (1981, 1981) et Lehnert and Loiselle 
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Margie ... 

Tout d'un coup. ... Margie pleure ... 

FIG. 2.9: Interprétation de hlargie selon les History Grammars 

(1989) introduissent les Plot Units comme éléments pour interpréter une histoire de type 
narratif. Son modèle inclut l'interprétation d'un texte en événements (positifs et négatifs) 
et  états des personnages, le rapport entre les événements et  les états par des relations cau- 
sales et, ensuite, la reconnaissance des Plot Units de haut niveau conceptuel, qui mettent 
en évidence des patrons thématiques (par exemple un patron comme Cornpetition apparaît 
dans un teste comme "Avec l'argent qu'ils ont ramassé Jean veut acheter un vélo tandis 
que Marie veut un skate" aussi bien que dans "Paul et Pierre ont en\-oy-é leurs CS7.s pour 
le poste de programmeur"). Les plot units qui sont plus centrales dans l'histoire, c-est-à-dire 
celles qui sont plus connectées avec le reste de l'histoire, constituent la base pour obtenir 
un résumé. FormeIlement l'histoire doit être transformée dans un graphe qui est coupé en 
plot units. Puis. on construit un nouveau graphe où les plot units sont des nœuds et deus 
plot units sont connectées si elles ont des événements en commun. Les plot units les plus 
connectées sont considérées comme essentielles pour le résumé. L'histoire de 'Ilargie est assez 
simple pour appliquer cet théorie, en effet, elle ne contient qu'une plot unit : loss (la perte 
du ballon). 

2.3.4 Concept Coherence 

dlterman (1992, 1985) et Alterman and Bookman (1990) espliquent le processus de 
condensation de l'information par la construction d'un graphe de concepts qui sont connectés 
par des relations des cohérence (Concept/ Coherence). Les concepts sont obtenus à partir des 
propositions du texte ou bien par déduction. Les relations de cohérence rendent compte 
de rapports temporels, taxonomiques, etc. entre les concepts. Un dictionnaire contient les 
concepts et leurs relations qui sont restreintes en type et nombre. Si l'on considère par 
esemple les propositions (1) l e  vent captura le ballon et (2) il l'entrains vers un 
arbre on peut constater que la proposition (1) est en rapport avec la proposition (3) l e  
vent a l e  ballon par une relation de Consequence, mais aussi que la proposition (2) est en 
rapport avec (3) par une relation de Antecedent. Donc, on peut dire que la proposition (1) 
et (2) sont en rapport en utilisant la proposition (3) (qui a du  être inférée pour construire 
la cohérence du texte). Pour l'histoire de Margie on aura une représentation comme à la 
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Fig. 2.10. Les concepts sont les nœuds du graphe, obtenus à partir de l'histoire, et les arcs 

a sont des relations de cohérence : Antecedent (ANT), Subclass (SC), Coordinating (COORDI, 
Consequent (CONS), Sequence (SEQ). Les concepts qui dominent toutes les composantes de 
l'histoire sont pris comme base pour la construction du résumé. Ainsi, dans cet exemple les 
concepts Prendre, Mouvoir(1) et Frapper "résument' une partie de l'histoire de Margie. 

-- - - - 

FIG . 2.10: Interprétation de Margie selon les Concept/Coherence 

2.3.5 Production chez les rédacteurs professionnels 

Le processus de production de résumés du coté professionnel ccmporte certaines différences 
et similarités avec le processus de condensation de l'information sémantique lors de la 
compréhension d'un teste. Le rédacteur professionnel a comme objectif la production d'un 
résumé et il utilise des stratégies particulières pour - arriver. Le processus a été étudié 
en science cognitive (Endres-Siggemeyer e t  al., 1991- 1993) et en science de l'information 
(Pinto SIoIina' 1987. 1995). 

La plupart des études séparent le processus de production en deus étapes : l'étape ana- 
lytique, dans laquelle le rédacteur lit le texte source, obtient les informations essentielles et 
les condense. et l'étape synthétique, dans laquelle le texte du résumé est rédigé (Pinto Mo- 
lina, 1993). L'étude la plus complète des stratégies appliquées par des rédacteurs de résumés 
professionnels est celui de Endres-Siggemeyer. En se basant sur des cas réels, elle a identifié 
les étapes du processus d'élaboration du résumé et a développé un système de simulation 
qui sert de tutoriel pour apprendre ce métier (Endres-Niggemeyer. 2000). Dans une pers- 
pective éducative: Cremmins (1982) suggère trois étapes pour produire le résumé : retrieval 
readzng pour la sélection de l'information, creative reading pour l'organisation et rédaction 
d'une version préliminaire du résumé, et finalement. critical reading pour l'édition de la ver- 
sion préliminaire et rédaction de la version finale. Plusieurs facteurs influencent les étapes 
analytique et synthétique. Ils ont été classifiés par Spark Jones (1993a) en : 

facteurs d'entrée : caractéristiques du texte source tel que type de document source et la 
quantité. Généralement un article technique qui traite un seul sujet favorise la produc- 
tion d'un résumé informatif, tandis que les actes d'une conférence ou plusieurs sujets 
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sont traités favorisent des résumés indicatifs (voir example à la Figure 2.1 1). D'autres 
facteurs d'entrée tels que les parties du document qui méritent être résumés ont été 
signalés par Maizell et al. (1971) ; 

The following topics were dealt with : recursive sets ; module verification ; Prolog ; 
set theoretic reduction ; existent i d  linear theoq- of reals ; test classes ; SLDSF- 
resolution ; information systems and domain ; Davis-put man resolution ; structu- 
ral complexity theory ; Occam ; propositional provability ; polyrnorphic recursion ; 
Horn classes ; branching programs ; predicate calculus ; reducibility of monotone 
formulae ; proof theories ; data representation in lambda calculus ; temporal com- 
pleteness theorem ; temporal logic ; abstract fairness ; set partitioning time com- 
plexity ; SLD-resolution ; logic programs ; disjunctive deductive databases ; and 
primitive recursive funct ions. 

FIG. 2.11: Résumé indicatif 63034 de la revue Computer & Control Abstracts pour les annales 
du CSL'89 3rd Iorkshop on Computer Science Logic 

facteurs de but : tels que la fonction du résumé et l'utilisateur. Par example: si l'objectif 
est de signaler la parution d'un nouvel article, un résumé indicatif est suffisant tandis 
que si l'objectif est dtinformer, alors le résunié doit être informatif. Si l'audience est 
spécialiste, l'information de type contestuel sera probablement omise tandis qu'elle 
sera pertinente si l'utilisateur est non spécialiste. Les guides de l'agence de diffusion de 
l'information auront une influence sur le résumé : Borko and Bernier (1973) signalent 
qu'une agence de diffusion de résumés du domaine de la chimie sera plutôt intéressée à 
résumer seulement les aspects qui portent la chimie d'un travail en biochimie. Russell 
(1988) indique que le type de résumé (indicatif vs. informatif) détermine le type d'in- 
formation à inclure : les résumés indicatifs doivent signaler les objectifs et méthodologie 
de la recherche tandis que les résumés informatifs doivent aussi indure des résultats 
et des conclusions. Dans le cas d'un synopsis d'un film sur un crime qui à pour but 
d'attirer l'attention du lecteur, il serait essentiel de ne pas dévoiIer dans le synopsis 
l'identité de l'assassin afin d'assurer le succès du résumé- La figure 2.4 présente un 
synopsis du film "Psycho" où l'identité de l'assassin n'est pas dévoilée. 

facteurs de sortie : caractéristiques du résumé par exemple des listes de mots clés, teste 
complet, langue dans laquelle le résumé doit être rédigé, espace disponible pour le 
résumé, etc. 

Ces facteurs sont pris en considération afin de produire un résumé approprié pour chaque 
situation. Selon Cremmins (1982), pour l'étape analytique, les rédacteurs professionnels se 
basent sur des éléments de repère pour obtenir les informations essentielles du texte source 
tel que les expressions "11 est important" ou est nécessaire" utilisés par les auteurs pour 
signaler les points relevant du document mais aussi la première section du document (nor- 
malement introduction) et la dernière section du document (normalement conclusion) sont 
des parties à repérer. 
En ce qui concerne lTétape synthétique, les parties du texte qui ont été sélectionnées dans 
l'kt ape analytique sont transformées pour obtenir des expressions linguistiques succinctes 



(Cremmins, 1982; Mathis and Rush, 1985; Maizell et al., 1971). Tous ces aspects seront 

a abordés plus en profondeur dans le chapitre 4 à la section 4.4. 

2.4 Conclusion 

Malgré la variété de types de résumé existants, la plupart des études considèrent qu'il y 
a deux types principaux de résumés dans le contexte du texte technique et scientifique : le 
résumé indicatif et le résumé informatif. Ces deux types de résumés constituent notre sujet 
de recherche et sont étudiés en profondeur au chapitre 4. Ici, nous avons brièvement montré 
comment la tâche de produire des résumés est complexe car elle nécessite la compréhension 
du texte source, la condensation sémantique et la reformulation. Ces processus font appel à 
des compétences linguistiques et sémantiques présentes chez l'être humain mais généralement 
difficiles à implanter de manière automatique. Dans le chapitre 3 nous montrons comment 
des ordinateurs n'ayant pas ces compétences peuvent produire des résumés acceptables pour 
une tâche donnée. 





Chapitre 3 

Le résumé automatique 

Ce chapitre détaille quelques approches calcuiatoires pour la production de résumés au- 
tomatiques. Étant donné la quantité d'études sur ce sujet nous nous sommes concentrés 
sur des approches qui montrent l'état d'avancement de la recherche et qui ont influencé le 
développement de notre méthode- 

3.1 Introduction 

L'idée de produire des résumés de manière automatique n'est pas nouvelle. Ia première 
implantation d'un q-stème résumeur date des années 50s (Luhn. 1958). Jusqu'aus années 
70s. les méthodes utilisées étaient plutôt statistiques alors que des idées issues de I'intelli- 
gence artificielle sont apparues dans les années 80s avec leobjectif de démontrer la capacité 
de compréhension d'un agent artificiel. De nos jours, on constate l'application d'une combi- 
naison de plusieurs méthodes car aucune ne peut garantir un bon résultat de manière absolue. 

On peut considérer deus approches généraIes dans Ia production des résumés automa- 
tiques. D'une part le paradigme d'extraction de phrases qui "semblent'? contenir le contenu 
essentiel du document : l'objectif est de produire un estrait du document source avec lequel 
le lecteur puisse obtenir une idée de ce dont l'article parle. L'autre possibilité est d'utiliser 
des systèmes fondés sur la "compréhension" du texte source pour produire un vrai teste, 
soit une suite de phrases qui soit grammaticale, cohérente et cohésive. Le paradigme domi- 
nant de nos jours continue à être celui de l'extraction des phrases bien que des essais visant 
à produire des vrais testes existent. Quelle que soit la méthode utilisée pour produire un 
résumé automatique, on peut considérer que le processus de production automatique d'un 
résumé est composé des étapes suivantes : 

Acquisition du texte : ici on inclut la transformation du texte en papier en format binaire. 
la segmentation du teste en différentes unités (phrases, paragraphes, etc.) et l'éventuel 
balisage des éléments (titres, sections, bibliographie, notes: etc.) 

Interprétation du texte : qui transforme la chaîne de caractères en une représentation 
syntaxique: rhétorique ou conceptuelle, dépendant du cadre théorique utilisé. 
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a Sélection des unités : qui utilise la représentation pour décider quelles sont les unités 
de "contenu" les plus représentatives du texte que ce soit des mots, des phrases: des 
paragraphes, des sections ou des propositions. 

Condensation des unités : qui élimine des propositions répétées et produit des générali- 
sat ions 

Génération du résumé : qui, à partir du contenu "propositionnel" essentiel: génère un 
nouveau texte grammatical e t  respectant les caractéristiques du genre textuel. 

Dans ce qui suit, le problème de l'acquisition du texte et de son balisage ne seront 
pas abordés. On suppose que le texte est déjà disponible en format électronique. Sous nous 
concentrons sur les aspects plus centraux du processus de production du résumé automatique. 
De plus. on mettra en évidence les particularités de chaque étape des méthodes existantes. 
Pour chaque méthode nous incluons une table qui résume les processus de interprétation, 
sélection, condensation et génération. 

3.2 Les méthodes d'extraction de phrases 

Comme on l'a déjà dit, l'objectif des méthodes d'extraction des phrases est de repérer 
dans le texte source les phrases les plus importantes. Le résultat obtenu est alors un estrait du 
teste source qui, même avec des problèmes de cohésion et cohérence. est utile pour certaines 
tâches. 

3.2.1 Méthode de distribution de termes 

Le pionnier dans le domaine de la génération de résumés est Luhn (1958) qui a introduit 
la méthode de distribution de termes. L'idée de cette méthode est de considérer comme "im- 
portantes" les phrases qui contiennent des mots "importants" du texte. Cn mot est considéré 
important s'il est employé assez fréquemment dans le texte. 

Le processus d'interprétation s'effectue en deus étapes. Dans la première, le texte source 
est traité pour calculer la fréquence de chaque mot de Lkontenu" du texte et dans la deu-sièrne 
Ies fréquences sont utilisées pour associer un poids à chaque phrase. 

Pour le calcul des fréquences on considère généralement les mots qui appartiennent à des 
dasses non fermées de la langue tels que les noms et les verbes. On considère comme un même 
mot les mots dérivés de la même racine (par exemple, "résumé", "résumés" et "résumer"). Le 
q-stème nécessite une liste des mots qui ne doivent pas être considérés même s'ils sont assez 
fréquents dans un texte, par exemple prépositions, conjonctions, pronoms, déterminants, etc. 
Lne fois la fréquence de chaque mot calculée, une liste triée par  fréquence est obtenue. il 
s'agit de la Iiste de distribution de termes. Il faut noter que lorsqu'on traite un texte qui ap- 
partient à un corpus sur un sujet particulier (informatique, économie, etc.) d'autres mesures 
doivent être prises en considération. En effet, pour une collection de documents sur l'inforrna- 
tique il est très probable que des mots tels que "ordinateur" et "algorithme7' soient fréquents 
dans tous les documents tandis que d'autres comme "système distribué" soient seulement 
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spécifiques à un sous-ensemble de documents. Dans ces cas, la fréquence de chaque mot doit 
être normalisée (Salton: 1988). D'abord il faut calculer la fréquence de chaque mot dans la 
collection complète dt  fi (nombre de documents contenant le mot i), puis la fonction inverse 
de la fréquence, idfi, est calculée (il y en a plusieurs mais en générale la formule log(N/dtf,) 
où N est le nombre de documents de la collection, est utilisée) et finalement la fréquence 
normalisée du mot i est donnée par la formule t f i  * idfi où t f i  est la fréquence du mot i dans 
le document à résumer. Seulement une partie de la liste est considérée pour l'étape suivante 
qui calcule le poids de chaque phrase. 

Pour mesurer le poids d'une phrase, on utilise le texte source et la liste de distribution de 
termes. Plusieurs critères peuvent être appliqués pour calculer le poids d'une phrase : ainsi 
on peut considérer que le poids d'une phrase est la somme des fréquences des mots dans la 
phrase, la quantité de mots importants qu'elle contient, ou le fait que plusieurs mots cooc- 
current dans la même phrase. Cette dernière approche, qui est d'ailleurs l'approche originale 
de Luhn, permet de considérer par exemple que la proximité des mots "base" et "données' 
dans l'expression "base de données" est plus importante que l'apparition isolée de chaque 
mot, cette heuristique met en évidence l'importance des termes. Ce processus permet d'af- 
fecter un poids à chaque phrase. Ensuite, le processus de sélection choisit les phrases les 
plus "pesantes". La sélection peut être faite en terme d'un pourcentage du teste original, en 
nombre de phrases ou en nombre de mots. 

Dans cette approche. il n'y a pas de processus de condensation des unités. 

Le processus de génération consiste à justaposer Ies unités sélectionnées en ordre d'appari- 
tion dans le teste source. 

La Table 3.1 résume les étapes de la méthode de distribution de termes. Les avantages de 
la méthode sont sa robustesse (n'importe quel teste aura un résumé) et sa facilité d'implan- 
tation. Les limitations sont toutefois nombreuses. Comme on ne prend pas en considération 
les relations entre les différents éléments du texte, le résultat risque d'être incohérent et 
même d'omettre de l'information importante. 

Par exemple, dans le teste suivant : 

(1) Dans cet article nous décrivons le projet X.42) Ses objectifs sont ...( 3) Il vise 
a... 

Les trois phrases parlent de l'entité "le projet X' mais étant donné que l'entité est es- 
primée par le biais de trois expressions linguistiques différentes (une expression définie, un 
pronom possessif et un pronom personnel), la méthode n'est pas capable d'identifier que les 
phrases (2) et (3) contiennent de l'information essentielle pour le résumé. 

Toutefois dans le texte suil-ant : 

(1) Xous présentons une méthode nouvelle pour X qui est correcte ... (2) Des 
travaux antérieurs ont utilisé Y pour X . 4 3 )  Cette méthode était partiellement 



correcte.. . 

Bien que dans ce texte les deux occurrences du mot "méthode" aient le même sens' dans 
la phrase (1) on parle d'une méthode nouvelle tandis que dans (3) on parle d'une méthode 
antérieure. Si le système décide d'inclure les phrases (1) et (3) dans un résumé tout en ou- 
bliant la phrase (2) le résultat sera incohérent ou, pire, induira en erreur. 

Ln  autre problème est l'arnbigui'té des termes : la même forme est considérée avec le 
même sens, ainsi les deux utilisations de ia forme "bank" en 'Yeu should ask the bank for a 
loan" et :'I mas by the river ban/?' sont considérées identiques. 

Même avec ses limitations, cette méthode est utilisée en combinaison avec d'autres dans 
la plupart des systèmes actuels. Lorsqu'on considère l'approche de fréquences des mots, on 
risque de considérer toutes les apparitions du même mot avec le même sens et d'ignorer les 
relations entre les mots tels que la synonymie; en plus: il faut y ajouter le problème des 
anaphores pronominales. 

Pour donner plus d'importance aux concepts dont on parle dans un document, deux 
approches ont été récemment exploitées (à part les chaînes lexicales que l'on décrira à la 
section 3.2.3) : tout en exploitant une base de connaissances lexicales très riche, un proces- 
sus complese de parsage et de résolution des anaphores, Hahn (1990) et Hahn and Reimer 
(1999) arrivent à mesurer l'importance des concepts, ainsi que leurs relations et propriétés 
dans un domaine restreint. Ils considèrent qu'un teste fait référence à un concept aussi bien 
quand on le mentionne explicitement que lorsqu'on y fait référence de manière anaphorique 
et qu'on mentionne une propriété : par exemple. on parle du concept ordinateur quand on 
mentionne le concept en utilisant le mot "ordinateur", quand on utilise I'espression "cette 
machine", et quand on utilise l'expression ;'sa mémoire." Des opérateurs de proéminence ont 
été définis qui considèrent par exemple qu'un concept est important s'il a été mentionné (di- 
rectement ou indirectement) plus fréquemment que d'autres. Ces opérateurs de proéminence 
sont utilisés pour choisir parmi les concepts ceus qui ont été plus fréquemment référés. 

Lin (1995) et Hoq- and Lin (1999) mesurent l'importance des concepts plutôt que des 
mots, et ceci afin de fusionner Ies concepts plus importants d'un document en les généralisant 
(Le. le concept Yruit" est obtenu à partir de "pomme" et "orange"). L'importance de chaque 
concept est mesuré tout en considérafit la mention explicite ou implicite du concept en utili- 
sant une hiérarchie de concepts (par example la hiérarchie de noms de WordXet (Fellbaum, 
1998)). Ainsi, le mot L'fruit" compte pour une mention explicite du concept fruit et le mot 
"banane" compte pour une mention implicite du mëme concept. Étant donné que tous les 
noms peuvent être généralisés avec le concept "chose" des heuristiques sont appliquées afin 
d'obtenir des généralisations plus spécifiques. Les phrases du document source contenant les 
concepts retenus sont utilisées pour le résumé. 

Il faut noter que de nos jours il existe des outils informatiques qui permettent de classifier 
avec fiabilité des mots selon leur catégorie syntaxique et que en particulier nous pouvons de 
manière très fiable reconnaître des groupes nominaux dans un texte quelconque. En nous 
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basant sur ce fait, nous utilisons la méthode de distribution pour calculer la distribution des 
noms comme une des heuristiques de sélection de l'information (notre mesure de pertinence 
est détaillé à la page 73). 

Unité t ext uelIe 
Interprétation 

Phrase 
-4ttribuer un poids à chaque phrase en fonction de la 

Sélection 

TAB. 3.1: Résumé des étapes de la méthode de distribution de termes 

distribution des mots dans le document source 
Les ~hrases les  lus   es an tes 

Condensation 1 
Génération ( 

3.2.2 La méthode de la position 

Juxtaposition 

Cette méthode a été introduite par Edmunson (1969) pour compléter la méthode de 
distribution de termes qu'il a appelé "key method." elle est utilisée en combinaison avec 
d'autres méthodes d'attribution de poids pour faire augmenter ou diminuer le poids d'une 
phrase lors de son interprétation. 

La méthode de la position considère que les premières et dernières phrases de chaque 
paragraphe sont importantes car elles sont considérés comme thématiques. c'est-à-dire elles 
"résument" le contenu du paragraphe, donc ces phrases auront leurs poids augmentés (cette 
affirmation est appuyée par les espériences de Baxendale (1958)). La méthode considère aussi 
des phrases positionnées dans certaines sections conceptuelles importantes, par exemple dans 
"Introduction" et "Conclusion." 

Lin and Hovy (1994) ont récemment développé des algorithmes capables d'identifier 
les positions thématiques dans un genre textuel quelconque (Le., article technique: jour- 
nalistique) a condition d'avoir un corpus de testes accompagnés d'une liste de mots clés 
et /ou de résumés. Les positions constituent une liste appelée Optimal Position Policy. Leurs 
expériences constituent une validation empirique de la méthode de la position. 

Dans notre recherche nous avons aussi vérifié empiriquement l'importance de Ia position 
des phrases : nous montrons au chapitre 4, section 4.2.4 que certaines sections d'un article 
technique contiennent a priori de l'information pertinente pour un résumé, mais nous ne 
considérons la position dans la structure du texte que comme guide pour la recherche de 
l'information (voir page 70) . 

3.2.3 Expressions indicatives 
Cette méthode a été introduit par Paice (1981) avec l'objectif de produire des résumés in- 

dicatifs. Elle est aussi connu avec le nom de "cue method." Dans la littérature scientifique, on 



Sélection 

Unité textuelle 
Interprétation 

Condensation 

Phrase 
Augmenter le poids de la phrase si elle se trouve au début 

Génération 
Comment aire 

Juxtaposition 
Utilisée avec d'autres méthodes 

1 
, 

TAB. 3.2: Résumé des étapes de la méthode de la  position 

ou à la fin d'un paragraphe ou dans une section considéré 
importante (Le., "htroduc tion" , "Conclusion" ) 
Les phrases les plus pesantes 

trouve souvent des expressions qui, indépendamment du domaine particulier du texte. font 
référence à des catégories conceptuelles. Ainsi- si dans I'introduction d'un article on trouve 
une phrase avec l'expression "L'objectif de cet article est...". on peut être presque sûr que ce 
qui suit dans la phrase est l'information sur les objectifs de l'article et lorsqu'on trouve une 
phrase qui commence par "Pour en conclure...", on a la certitude qu'il s'agit d'une conclusion. 
L'idée de la méthode des expressions indicatives est de sélectionner dans tout le texte des 
phrases contenant ces types d'expression. Chaque expression indicative pourra avoir un poids 
associé et, alors, la sélection des phrases sera basée sur leur poids tel que fait Lehmam ( 1997). 

Encore une fois, si on ne fait pas une analyse du conteste, des problèmes peuvent ap- 
paraître. Comment différencier, que dans une phrase qui commence par "La méthode a les 
avantages ..." on fait référence à une nouvelle méthode présentée dans l'article tandis que dans 
une phrase comme "cette méthode a les désavantages suivants ..." on parle d'une méthode 
qui n'a pas abouti à de bons résultats. L a  méthode des expressions indicatives peut être 
appliquée dans le domaine technique et scientifique mais il est peu probable qu'elle soit ap- 
plicable dans la littérature journalistique où ce type de marqueur est assez rare. 

Edmunson (1969) considère qu'il y a des expressions qui sont en soit même importantes 
et qui peuvent être utilisées pour identifier les phrases plus importantes d'un teste. Suppo- 
sons une phrase qui commence par "Le résultat le plus significatif ...", a priori on pourrait 
penser que cette phrase est indépendamment de son contenu & cause du mot 
"significatif-'. L'idée de cette méthode est justement de considérer comme importantes des 
phrases contenant des mots qui, a priori, marquent des informations importantes, il appelle 
ces mots de "cues" et sa méthode de "cue method." Généralement, trois listes de mots sont 
considérées : (i) mots pour augmenter le poids des éléments à retenir (bonus words), (ii) 
mots pour faire diminuer le poids d'une phrase (stigma words) e t  (iii) mots qui n'ont pas 
d'influence sur le poids de la phrase (nul1 words). Encore une fois, l'utilisation des mots hors 
tout contexte peut entraîner la sélection d'information non désirée. Aussi importante dans 
cette approche sont les mots qui apparaissent dans les titres et sous-titres du document, cette 
méthode est connue sous le nom de "title method." L'idée étant que le titre du document et 
les sous-titres de sections indiquent respectivement le thème et les sous-thèmes du texte. Ceci 
est vrai dans certains cas, mais il faut faire attention car des titres tels que "Introduction" 
et "Conclusion" qui apparaissent souvent dans la littérature technique sont des marqueurs 
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meta-teduels et  des titres tels que "Méthodes et Matériaux" et "Résultats" sont des mar- 
queurs du domaine textuel de la littérature scientifique. Dans le domaine de la médecine on a trouve des sous-titres tels que cL1ntroduction" , "Methods" , "Statistical Xnalysis" ? "Results- , 
"Discussion", "Prevïous Work" : "Limitations of the Study" et "Conclusion" qui marquent 
des sections conceptuelles et qui sont indépendantes du sujet particulier de l'article (tous les 
articles contiennent ces catégories conceptuelles). 

La Table 3.3 résume les étapes de la méthode des expressions indicatives. 

Dans notre approche qui traite du domaine technique et scientifique, nous avons fait 
un inventaire des expressions qui nous aident à classifier des phrases où cooccurrent des 
marqueurs linguistiques tels que suggérés par Paice (voir Appendices C et D) . Kous utilisons 
à fond la structure de titres du document pour baser la sélection de l'information (voir 
page 90): mais nous n'attribuons pas des poids aux phrases selon les occurrences des mots 
des titres ou d'espressions indicatives. 

Unité textuelle 
Interprétation 

TAB. 3.3: Résumé des étapes de la méthode des expressions indicatives 

Phrase 
Repérer les phrases contenant des expressions indicatives 

Sélection 
Condensation 
Génération 
Commentaires 

3.2.4 Analyse rhétorique 

préalablement définies 
Sélectionner un sous-ensemble des phrases repérées 

Juxtaposition 
Les ~h ra se s  ~eu l -en t  a ~ o i r  un ~ o i d s  

Supposons les deus testes suivants : 

(1) Chute du  pris des pommes. (2) La production a augmenté dans la province 
cette année. 

(3) Chute du prix des pommes. (4) Mangez-en ! 

Dans le premier texte, la proposition qui semble plus importante est la (1) parce que la 
proposition (2) donne les Lcraisons" pour la chute dans le prix (l'auteur veut nous informer 
que le prix est en baisse tout en donnant les raisons). Dans le deuxième texte. la proposition 
(3) est seulement un argument en faveur de (4) et alors (4) est plus important (l'auteur 
veut qu'on mange des pommes et alors il nous motive avec l'information sur la chute du 
prix). Entre les propositions (1) et (2), il y a une relation de cause et entre les propositions 
(3) et (4) il y a une relation de motivation. RST (Rhetorical Structure Theory) (Mann and 
Thompson. 1988) est une théorie descriptive sur l'organisation des textes qui essaie de mettre 
en évidence les rapports entre les propositions d'un texte. Les éléments de la théorie sont : 

0 
des Relations pour décrire le rapport entre deux éléments du texte qui sont généralement 



appelés noyau et satellite. Pour déduire la  relation qui existe entre deux propositions il faut 
appliquer des jugements de plausibilité (par exemple le lecteur ne croit pas N mais si l'on 
dit S alon il croit S avec une certain certitude). L'autre élément qui s'ajoute à la théorie 
sont des Schémas qui spécifient la composition structurale du  texte. La théorie est censée 
permettre la description de n'importe quel type de texte, alors elle prévoit 3 modèles de 
schémas qui sont montrés à la Fig. 3.1 et qui peuvent être utilisés récursivement pour décrire 
des textes de taille arbitraire. Les lignes horizontales indiquent des éléments du texte, les 
verticales ou obliques indiquent les noyaux et  les lignes courbes indiquent la  relation entre 
les éléments (marqué Re1 dans la  figure). Le schéma (c) qui ne contient pas de relation entre 
les éléments peut être utilisé pour mettre en rapport deux éléments quelconques. 

FIG. 3.1: Schemas RST 

Pour analyser un texte s e l ~ n  la RST, il doit d'abord être segmenté en unités. en général 
elles sont des propositions et représentent les nœud terminaux de l'arbre RST qui est obtenu 
à partir de l'application d'un certain nombre de schémas. -linsi dans la Fig. 3.2: on présente 
une interprétation RST des textes suivants. 

( 5 )  Jean aime les pâtes. (6) Sa famille est italienne. 

(7) Jean aime les pates. (8) Quand il va au restaurant (9) il en mange toujours 
un plat. 

L'idée de "nucléarité" est centrale dans la théorie, étant donné que la plupart des re- 
lations mettent en rapport un élément qui est plus important que l'autre (le noyau), les 
représentations construites peuvent être utilisées pour déterminer les propositions les plus 
importantes du texte. Ces idées ont été implantées dans les systèmes développés par Ono 
et al. (1994), Mike et al. (1994) et par Marcu (1997a) visant la production des résumés. 

Bien que les auteurs de la RST affirment que les relations sont indépendantes de tout 
marqueur grammatical (connecteur, élément lexical, etc.) les approches que l'on vient de 

0 
mentionner se basent fortement sur l'existence des signaux explicites dans les textes. 



3.2. LES MÉTHODES D2EXTR4CTI0N DE PHRASES 

EVIDENCE 

n 
EVIDENCE 

FIG. 3.2: Arbres RST 

Dans ces approches, l'objectif du processus d'interprétation est d'obtenir l'arbre rhétorique 
du text.e original. Dans Ono et al.. l'unité minimale d'analyse est la phrase tandis que dans 
Marcu elle est la clause. Des relations entre les éléments sont déduites sur la base de signaux 
linguistiques obsen-és (connecteurs? etc.) et des heuristiques sont appliquées pour construire 
les arbres rhétoriques possibles. Le "meilleury? arbre est sélectionné sur 1a base de mesures 
de préférence. 

Ce ne sont pas tous les noyaux qui sont considérés importants pour un résumé. Pour 
décider lesquels sélectionner il faut d'abord les mesurer. Dans l'approche de Ono et al. les 
phrases sont pénalisées selon leur rôle dans l'arbre rhétorique. Cn poids de 1 est attribué 
à chaque segment satellite et un poids de O est attribué au noyau de chaque relation. Pour 
calculer le poids d'une phrase, il faut sommer les poids depuis la racine jusqu'à la phrase. 
Dans la Fig. 3.3 on présente un arbre RST ' et l'assignation des poids. On a marqué dans 
l'arbre les noyaux (Xu) et satellites (Sat) des relations. Bien que Ono et al. considèrent que 
l'unité d'analyse soit la phrase, nous présentons un exemple avec des clauses pour comparer 
les résultats avec ceux de Marcu. Les clauses du teste sont représentées par les étiquettes 
( 4 :  ( b ) :  (4, (a: (el: (f 1. 

Dans cette approche, les poids attribués à chaque clause sont : (a) : 1, (b) : 2; (c)  : O. ( d )  : 
1' ( e )  : 1, (f)  : 1. Comme le poids représente une pénalité, les clauses les moins "pesantes" 
seront sélectionnées pour le résumé. On obtient un ordre partiel en utilisant les poids des 
clauses : (c) > ( a )  ( d )  ( e )  (f)  > (b). .klors le processus de sélection doit décider l'un des 
ensembles de clauses suivantes : 

Ce qui donne les "résumés?' : 

ln s'agit d'un exemple tiré de (Marcu, 1998) 



(a) Srnart cards are becoming more attractive 

n-omnos (b) as the price of microcomputing power and stonge continues 10 &op 

(c)  They have two main advantages over mapnetic smpe m d s  
JOt?ir 

(d) Fint. they can carry 10 or even 100 times as much information 

JOmT 
(e) and hold it much more robustly 

(f) Second they can execute complex tasks in conjunction with a terminal 

(dl ie) 

FIG. 3.3: Attribution de poids dans Ono 

1) They haue two main advantages over magnetic stripecards. 

2) Smart  cards are becoming more attractive. They have two m a i n  advantages 
over magnetic stripecards. First, they can curry 10 or 100 t imes as much infor- 
mation and hold it much more robustly. Second, they can execute complex tasks 
in conjunction zuith terminals. - 
3) Smart cards are becoming more attractive as the pBce of rnicrocomputing and 
storage continues to drop. They haue two main advantages ouer magnetic stri- 
pecards. First, they can carry 10 or  100 t imes as much information and hold it 
much  more robustly. Second, they can execute complex tasks in conjunction with 
terminals- 

Dans l'approche de Slarcu: les unités sont promues de manière recursive. Une phrase dans 
le niveau n de 1-arbre est promue au niveau n - 1 si elle est le noyau de la relation au niveau 
n - 1. Les unités placés plus haut dans l'arbre sont sélectionnées pour le résumé. Dans la 
Fig. 3.1. on montre comment les unités ont été promues. coté de chaque nœud interne on a 
placé les unités qui ont été promues (ici les clauses ont été etiquettées (A). (B), (C): ( D )  ( E )  

JCST~FICATIOS 
SAT (A) Srnart car& are becoming more atuactive 

ELABORATION (B) as the price of microcomputing power and srorage continues to drop 

JOINT (C) They have two main advantages over magnetic suipe car& 
(D) 

ln  (D) Fmt. they can cany 10 or even 100 times as rnuch information . (B) (O h;ü 

J,:,slG, 
(E) and hold it much more robustly 

Y \;. '" (F) Second. they can execute complex tasks in conjunction with a terminai 

FIG. 3.4: Promotion des nœuds dans Marcu 



3.2. LES ME THODES D 'EXTR4CTI0.h7 DE PHRASES 

-4vec cette approche on obtient l'ordre suivant : (C) > ( A )  > (B) ' ( D ) ,  (E) .  (F). Alors le 
processus de sélection pourra sélectionner entre les ensembles suivants : 

- {(C)) (niveau O) 

- {(C), ( A ) )  (niveau O et 1) 

- {(B), (El' (FI ,  (-4)' (a' (C) ) (niveau 0, 1 et 2) 

Donc, les résumés que l'on obtient sont : 

4)  They have two main advantages over magnetic stripecards. 

5) Smart curds are becoming more attractive. They have two main advantages 
over magnetic stripecards. 

6) Srnart cards are becoming more attractive as the pn'ce of microcontputing and 
storage continues to drop. They have two main advantages over magnetic stri- 
pecards. First, they can c a r y  10 or 100 times as much i n . a t i o n  and hold it 
much more robustly. Second, they can execute complex tasks i n  conjvnction with 
t erminals. 

Dans les deux cas: la sélection dépend d'un paramètre du système qui indique la propor- 
tion de phrases à sélectionner. 

Dans cette méthode, il n'y a ni processus de condensation (pourtant étant donné que 
la méthode considère des clauses plutôt que des phrases, un bon niveau de réduction peut 
être obtenue) il n'y a pas de processus de génération à part la juxtaposition des propositions 
sélectionnées- La Table 3.4 résume les étapes de la méthode d'analyse rhétorique . 

Les expériences avec l'utilisation de RST montrent que l'arbre rhétorique permet de 
prédire assez bien les unités qu'un juge humain aurait sélectionné. Mais tel qu'affirmé par 
Marcu: d'autres éléments doivent être ajoutés pour obtenir de bons résultats. En effet. les 
informations sémantiques véhiculés dans les phrases ne sont pas prises en considération pour 
la sélection d'éléments (elles n'apparaissent pas dans la représentation). Les testes traités 
par 'larcu sont %ssez:' courts et il faudra se demander si, quand on passe du simple para- 
graphe au texte multi paragraphe, l'approche continue d'être applicable. Il suffit d'imaginer 
un article technique contenant un paragraphe avec des "travaux antérieurs" et ensuite un 
paragraphe qui parle de l'objectif de l'article; la méthode calculera alors une relation joint 
entre les deux paragraphes et le système sera obligé d'inclure dans le résumé des informations 
généralement non désirées (';travaux antérieurs"). Il faut aussi se demander si l'approche est 
valide pour n'importe quel domaine; On0 et al. ont montré que dans le domaine technique, 
les écrivains marquent les relations entre les éléments explicitement, tandis que dans d'autres 
domaines: les relations sont plutôt sémantiques. D'autres travaux ont utilisé la théorie RST 
dans le contexte du résumé automatique. Notamment, Rino and Scott (1996) utilisent une 
représentation sémantique et rhétorique du texte source qui est la base pour la sélection 
cohérente de l'information. Cependant, l'approche reste au niveau théorique car une telle 
représentation ne peut pas être obtenue de manière automatique. 



L'analyse rhétorique appliquée dans un contexte limité comme la phrase ou le paragraphe 
n'a pas été explorée dans notre travail actuel mais on compte Ie faire dans nos travaux 
futurs. telle approche permettra d'effacer de l'information peu importante dhne  phrase 
contenant de l'information importante. 11 faut noter qu'une grammaire du  discours peut 
aussi être utilisé pour guider la sélection de l'information pour un résumé tel que proposé 
par Charolles (1991). 

1 Unité textuelle II Phrase et clause 1 
1 Interprétation 

II 

11 Construction de l'arbre rhétorique du texte et attribution 1 
1 [I d'une pénalité à chaque unité ou promotion des unités 1 

/ Condensation 
Il 

Il 

Sélection 

1 I 

Génération 11 Juxtaposition 

basée sur la notion de noyau 
Les unités moins pesantes ou plus proches de la  racine de 
l'arbre 

TAB. 3.4: Résumé des étapes de la méthode rhétorique 

3.2 -5 Cohésion lexicale 

Les propriétés cohésives du texte ont été prises en considération dans les t r a v a u  de 
Benbrahirn and -Ahmad (1995) et Barzilay and Elhadad (1997) pour faire des systèmes d'es- 
traction de phrases. Ils se basent sur l'utilisation des thesaurus pour établir d'abord des liens 
entre les noms d'un teste et ensuite. des relations entre les phrases (interprétation). Dès qu'on 
met en rapport le mot "ordinateur" de la phrase SI avec le mot ';calculatrice" de la phrase S2 
une relation est créée entre les phrases SI et S2. Ces relations sont la base pour la sélection 
des phrases. Dans l'approche de Benbrahim and Ahmad (1995), les phrases sont classifiés 
en "debut de thème''l "continuation de thème3, Wôture de thème" et "marginale" selon la 
quantité et type de connections (Le. en arrière, en avant). Le système peut ainsi sélectionner 
des phrases qui introduisent, continuent et terminent les thèmes (sélection). Dans celui de 
Barzilay and Elhadad (1997) des chaînes lexicales qui représentent chaque "concept" traité 
dans le texte sont construites et les chaînes les plus "longues" sont rétenues pour le résumé 
(sélection). Les particularités de ces méthodes sont présentées dans les Tables 3.3 et 3.6. 

Salton et al. (1997) appliquent techniques de recherche d'information pour construire des 
résumés par extraction des paragraphes plutôt que des phrases isolées. Leur méthode se base 
sur l'identification de segments du texte et sur l'importance des paragraphes. Un segment 
est un groupe de paragraphes bien connectés: les rapports entre les paragraphes sont calculés 
en utilisant des mesures de similarité issues de recherche d'information (interprétation). Les 
paragraphes avec plus de connections sont sélectionnés pour construire le résumé (sélection). 
Quelques heuristiques sont appliquées pour garantir la couverture de tous les aspects du 
teste, c'est ici que les segments jouent un rôle majeur dans cette approche. La Table 3.7 
résume les étapes de cette méthode. Les auteurs prétendent que tout en sélectionnant des 



3.2. LES AIÉTHODES DyE...TR-1CTION DE PHRASES 

Unité textuelle 
Interprétation 

Phrase 
Construire des relations de cohésion lexicale entre les 

Sélection 

[ Génération 1) Juxtaposition 1 

phrases et classifier Ies phrases selon "debut de thème", 
"continuation de thème", "clôture de thème" et "margi- 
nale" 
Sélectionner un sous-ensemble de phrases qui intro- 

Condensation 

TAB. 3.5: Étapes de la méthode de cohésion lexicale 

duisent, continuent e t  terminent les thèmes 

Unité textuelle 
Interprétation 

1 II ensemble de ~ h r a s e s  de chaoue chaîne 1 

Phrase 
Construire des chaînes lexicales qui lient des phrases 

Sélection 

1 Condensation 
1 I A 

Il 

contenant des mots liés par des relations de cohésion lesi- 
cale 
Sélectionner un sous-ensemble de chaînes et ensuite un i 

1 Génération If Juxtaposition 

TAB. 3.6: Étapes de la méthode des chaînes lesicales 

paragraphes les chances d'obtenir des résumés plus cohérents augmentent. 

d 

Unité textuelle (1 Paragraphe 
Interprétation II Calculer les connections entre les paragraphes d'un teste 

I I  

Génération 11 Juxtaposition 

Sélection 
Condensation 

TAB. 3.7: Étapes de la méthode d'extraction de paragraphes 

en utilisant des mesures de similarité 
Sélectionner les paragraphes les plus connectés 

1 

3.2.6 Classification des éléments 

Dans les textes de science et technique il y a des phrases qui font référence à des catégories 
conceptuelles telles que : Connaissances Antérieures: Contenu, Méthode e t  Résultat, on peut 
également constater que dans les résumés de science et technique des informations relatives 
à ces catégories sont souvent retenues pour le résumé. Lehmam (1997) a développé un the- 
saurus d'expressions qui permettent de décider hors c0ntext.e si une phrase appartient à une 



a catégorie conceptuelle. Le thesaurus contient l'inventaire d'expressions qui sont associées à 
chaque catégorie. En plus, chaque expression à un poids qui permet de mesurer la pertinence 
de l'expression en tant qu'indicateur de la  catégorie. L'interprétation du texte consiste en la 
classification de chaque phrase et dans l'attribution d'un poids, tout en utilisant le thesaurus. 
Le processus de sélection choisit les phrases qui ont été classifiées selon les catégories concep- 
tuelles. Les phrases sont présentées dans l'ordre du texte source. Il n'y a pas de processus de 
condensation de l'information. Aussi dans le contexte du texte scientifique Teufel and Xoens 
(1998, 1999) ont utilisé des méthodes de classification des phrases en catégories de argu- 
mentation tels que Background, Topic, Related Wo~k, Purpose, Solution, Result, Conclusion. 
Pour y arriver ils utilisent des traits superficiels (Le., information lexicale et position de la 
phrase dans la structure du document) et des règles de classification statistiques que nous 
décrirons à la section 3.3.2. 

Dans I'approche de 'clinel et al. (2000), les phrases sont classifiées en catégories séman- 
tiques hiérarchisées (Hypothèse, Objectif, Définition, Soulignement, etc.) ; pour en déduire 
la catégorie, un ensemble de règles d'exploration contestuelle doivent être appliquées a la 
phrase. Les règles attribuent une étiquette sémantique à une phrase lorsqu'un ensemble de 
marqueurs cooccurrent dans la phrase. Par exemple, la phrase "Il est important de sou- 
ligner que.. ." sera classifié avec l'étiquette Soulignement à cause de l'occurrence combinée 
des marqueurs "souligner", "il+être"et "important". Chaque phrase sera classifiée selon une 
catégorie (interprétation) et les phrases seront sélectionnées selon la hiérarchie des étiquettes 
qui indique l'importance des informations sémantiques selon l'usager du système. Une inter- 
face permet aussi d'obtenir le conteste textuel (Le. phrase antérieure) de l'information que 
l'utilisateur trouve importante dans le résumé. La Table 3.8 résume les étapes de la méthode 
de classification sémantique. 

Ces approches essaient de classifier sémantiquement les phrases d'un texte tout en ou- 
bliant le contexte. Étant donné que l'on se base sur  des marqueurs, il n'est pas possible 
d'assurer que la classification des éléments soit correcte. Pourtant l'approche de Slinel a été 
évaluée par des juges humains qui ont trouvé leurs résumés automatiques de bonne qualité. 

Dans notre approche, nous classifions aussi les phrases en types d'information selon la 
cooccurrence des marqueurs, mais nous considérons en plus le contenu de la phrase, l'im- 
portance inhérente de l'information et son rôle par rapport à l'information thématique (ceci 
sera élaboré au  chapitre 5) .  

Unit 6 textuelle 
Inter~rétation 

1 Génération 
I I  

(1 Juxta~osition 

1 Phrase 
1 Attribuer à chaaue ~ h r a s e  une étiauette sémantiaue 

Sélection 
Condensation 

Commentaires 
I I  

II Les phrases peuvent avoir un poids 

Les phrases ayant certaines étiquettes 

- - - 

TAB. 3.8: Résumé des étapes de la méthode de classification sémantique 



3.3. APPROCHES HYBRIDES 

3.3 Approches hybrides 

Les méthodes présentées dans les sections précédentes utilisent des traits (Le., fréquence. 
position, expression indicative: etc.) qu'isolément ne peuvent pas garantir des résultats opti- 
maux  Ici nous considérons des approches qui combinent ces traits manuellement ou à l'aide 
d'évidences statistiques a6n de produire de meilleurs résultats. 

3.3.1 Combinaison manuelle 

Edmunson (1969) a été le premier à combiner I'évidence de quatre méthodes : "cue" 
(C), Yitle" (T), "position" (P) et mot clés (ou "ke- method (K)) en proposant l'équation 
al * + a2 * T + * P + a4 * C qui mesure le poids combinés des différentes méthodes. Les 
poids ai ont été déterminé de manière expérimental. Les expériences de Edmunson avec 200 
textes ont montré que si on combine les méthodes "cue", 'kitle" et "position" (poids zéro 
pour la méthode %ey") on obtient des meilleurs résultats que si on les combine avec la "key 
method." Les trois méthodes ont été reprises par Rush et al. (1971) qui les ont combinés avec 
une méthode d'exclusion de phrases pour produire des résumés indicatifs. L'idée est d'utiliser 
un dictionnaire contenant des indices sur des phrases qui ne devront jamais apparaître dans 
un résumé (matériel historique. exemples, spéculations, etc.). 

Dans le contexte du texte journalistique, Strzalkowski et al. (1998) ont combiné la 
méthode de distribution de termes, la méthode du titre, la "cue method" et la position. 
mais ils ont aussi considère l'évidence spécifique du genre tesquel journalistique : d'une part 
le fait que les phrases qui contiennent de nominaux qui ont été introduit au debut du teste 
semblent être plus pertinentes que des phrases n'ayant pas ce trait, et d'autre part le fait 
que des mots mentionnés dans quelques paragraphes sont plus importantes ou discrimina- 
toires que les mots qui sont mentionnés dans tous le paragraphes (Le. pour les identifier on 
utilise une espèce de mesure idfi appliqué au paragraphe). Dans cette approche. la sélection 
se fait au niveau du paragraphe (un poids est associé à chaque paragraphe du teste) et ceci 
augmente les possibilités d'obtenir un résumé plus cohérent. 

Finalement, Lin (1998) et Hovy and Lin (1999) ont combiné l'éridence des méthodes de 
la position (basée sur l'identification des positions thématiques tel que décrit à la page 21). 
distribution de termes, et expressions indicatives. L'évidence est combiné de manière linéaire 
avec des paramètres déterminés expérimentalement. Une fois que les thèmes plus importants 
ont été identifiés dans les phrases sélectionnées, la méthode décrite à la page 20 et une 
technique d'identification de topic szgnatures sont utilisées pour généraliser les concepts du 
teste. 

3.3.2 Combinaison statistique 

Kupiec et al. (1995) ont introduit des méthodes de classification statistique pour le résumé 
automatique. L'idée est la sui\-ante : supposons que, à partir d'un texte quelconque. on se 
donne la tâche de produire un extrait d'une taille donnée en nombre de phrases. A priori, 



chaque phrase du teste source a la même probabilité d'être sélectionnée pour l'extrait. 

SIaintenant supposons que l'on a observé une "grande' quantité de testes et leur extrait 
(fait par des humains) et qu'on a constaté que des phrases ayant certains "traits" sont plus 
souvent sélectionnés pour produire l'extrait que des phrases ne les ayant pas. Par exemple. 
on a observé que des phrases avec des marqueurs indicatifs comme "Cet article", "Cette 
étude", %eus concluons". etc. sont fréquemment retenues pour l'extrait. 

Maintenant, produire un extrait d'un texte qu'on n'a jamais vu peut être fait avec plus 
de confiance quoavant. Si l'on trouve dans le texte une phrase avec un marqueur indicatif, 
alors étant donné que dans Ie passé des phrases avec des marqueurs indicatifs ont été souvent 
sélectionnés la probabilité de sélectionner cette phrase sera plus élevée. loi là  l'idée de base 
des modèles statistiques. 

Ii faut bien comprendre que l'objectif final est d'estimer la probabilité qu'une phrase 
avec un certain nombre de traits soit sélectionnée pour un extrait (ainsi par esemple quelle 
est la probabilité qu'une phrase ayant un marqueur "expression indicative'' soit sélectionnée) 

Donc: il faut se donner un ensemble de traits à considérer pour classifier les phrases. Par 
esemple on peut travailler avec les traits discrets suivants pour une phrase : 

- elle 
- elle 
- elle 
- elle 
- elle 
- elle 

a une espression indicative, 
figure dans l'introduction, 
apparaît dans la conclusion. 
contient un mot de contenu, 
est située au début d'un paragraphe. 
contient des mots du titre. l 

Ces traits sont facilement identifiables de manière aut ornatique. 

La probabilité de sélectionner une phrase s pour l'estrait E est donnée par la formule : 

où : 
P(s  E Eltl, ..., tk) la probabilité que la phrase s appartienne 

à l'extrait étant donné qu'on a observé les 
traits tl! ..., tk 

P(s  E E )  la probabilité a priori que la phrase s soit 
sélectionnée 

P(t l :  ...: tk 1s E E) la probabilité de l'ensemble de traits 
t l ,  ...? tk dans l'estrait 

P ( b  tk) la probabilité de l'ensemble de traits 
t l ,  ..., tk  dans les testes 



3.3- APPROCHES HYBRIDES 

En général, les systèmes considèrent l'estimation suivante des paramètres : 

Dans ces systèmes on doit ajouter à l'architecture de base un processus qui est en charge 
d'estimer les paramètres statistiques P(ti) et P(tils E E) pour chaque trait à considérer dans 
le système. Il s'agit du processus d'entrainement. Pour le faire on a besoin d'un corpus de 
textes et des extraits alignés (les expériences jusqu'à présent ont utilisé des corpus d'entre 50 
et 200 textes). On peut calculer autant la probabilité qu'un certain trait soit observé dans 
les extraits que la probabilité qu'un certain trait soit obsewé dans un texte quelconque en 
comptant chaque apparition du trait dans le corpus. 

Étant donnés les paramètres du système et un nouveau tex?e, le processus dointerprétation 
doit calculer pour chaque phrase s du teste source la probabilité qu'elle soit retenue pour 
l'extrait étant donné qu'on a observé dans la phrase les traits t l ,  ..., tk :  pour le faire on utilise 
la formule (3.1). -4 la  fin du processus, on aura que chaque phrase a une probabilité d'être 
sélectionnée. 

Le processus de sélection choisit les phrases qui ont la plus grande probabilité. 

Dans cette approche il n'y a pas de processus de condensation de l'information sélectionnée. 

Le processus de génération consiste en la juxtaposition des phrases dans l'ordre du teste 
source. La Table 3.9 résume les étapes de la méthode probabiliste. 

L'avantage des méthodes statistiques est leur robustesse, n'importe quel teste aura un es- 
trait. On peut évaluer la performance des différents systèmes de traits et leurs combinaisons. 
Mais on ne peut pas garantir la cohérence du résultat. Cn autre désavantage est le manque 
de disponibilité de corpus de textes et extraits, et même avec des corpus électroniques, il 
y a le problème de l'alignement des phrases du teste avec celles de l'estrait ; on doit faire 
normalement ces trayaux à la main ce qui rend le système très couteaux. Des espériences 
récentes montrent comment construire ce type de ressource de manière automatique (Uarcu, 
1999). 

D'autres travaux récents ont utilisé ces méthodes de classification : Teufel and Moens 
(1998) étudient la classification des phrases en rôles rhétoriques ou d'argumentation (Le., 
thème, résultat! objectif, conclusion, etc.) afin de produire des résumés d'articles scientifiques. 
Ici l'objectif n'est pas de répondre à la question : quelle est la probabilité que la phrase P soit 
sélectionnée pour un extrait ? mais plutôt de répondre à la question : quelle est la probabilité 
que la phrase P contienne de I'information sur C ?  où C est une catégorie du modèle. Ils 
affirment qu'une telle classification peut être obtenue en considérant des traits linguistiques et 
de position des phrases. La classification statistique n'est pas utilisée dans notre approche, 
pourtant elle sera explorée dans notre travail futur, les résultats des expériences de ces 
chercheurs étant prometteurs. 



CHAPITRE 3. LE RÉSUA.IÉ A UT05114T.lQ UE 

Unité textuelle 
Interprétation 

- - 

Phrase 
Pour chaque phrase, calculer la probabilité qu'elle soit 

Sélect ion 

1 Commentaires 
II * 

II Il faut un processus d'entraînement pour estimer les pa- 1 

sélectionnée pour un extrait 
Les phrases avec la plus haute probabilité 

Condensation 
Génération 

I II rarnètres I 

Jaxta~osition 

TAB. 3.9: Résumé des étapes de la méthode 

3.4 Le problème de la cohésion 

Lorsqu'on utilise une méthode d'extraction, on ne peut 
cohérent. Comme on l'a vu a la section 3.1, lorsque certaines 

probabiliste 

garantir que 
phrases sont , 

le résultat soit 
juxtaposées des 

problèmes peuvent apparaître tels des contradictions. Un autre problème est le suivant sup- 
posons que le processus de sélection ait décidé de sélectionner une phrase contenant une 
référence anaphorique (pronom, expression définie, etc.) dont l'antécédent n'appartient pas 
à l'ensemble des phrases sélectionnées, le résumé devient alors illisible. Plusieurs chercheurs 
ont proposé des méthodes pour résoudre le problème de la sélection des phrases avec des 
expressions anaphoriques (Paice, 1990; SIathis and Rush, 1985). La plupart des approches 
proposent comme solution l'inclusion des phrases qui sont adjacentes à la phrase contenant 
l'anaphore de manière & réduire l'incohérence mais lorsque le résumé ainsi produit devient 
trop long il faut prendre une décision telle l'élimination de la phrase contenant l'anaphore. 
Ces approches ne cherchent pas à résoudre les anaphores mais à donner le contexte pour 
que le lecteur puisse le faire. Sans analyse ni syntaxique ni conceptuelle le problème s'avère 
assez difficile à résoudre. Dans notre approche nous ne traitons pas ce problème, pourtant 
comme dans la plupart des approches nous considérons certains marqueurs qui nous aident 
à exclure les phases avec des marqueurs anaphoriques. 

Méthodes de compréhension et génération 

A la différence des mesures "quantitatives" attribuant un poids à chaque phrase, les 
méthodes de compréhension et génération essaient de découvrir comment chaque phrase 
contribue à l'organisation du texte, quelle est la fonction de chaque phrase dans le tout. 
Étant donné une phrase, le système pourrait se demander si la phrase est la proposition 
principale ou secondaire d'un argument, s'il s'agit de la description d'un personnage dans 
une histoire, etc. Lorsqu'on a calculé la fonction de chaque partie du texte (phrase, para- 
graphe, etc.), on peut appliquer un critère pour décider quels sont les éléments à conserver 
pour le résumé, ainsi par exemple on pourra dire que les descriptions des personnages ne 
sont pas nécessaires dans les résumés. Pour produire un texte correct, il faut un module de 

0 génération qui décide comment les informations seront présentées à l'usager. 



Mais, pourquoi un système de production de résumés devrait-il utiliser des techniques 

0 
de génération de textes? D'abord si le résumé est utilisé pour des fins d'indexation ou 
de classification ou si les phrases sélectionnées sont présentées avec le document original. 
la  génération n'est pas nécessaire. Toutefois, quand le résumé est présenté à l'utilisateur 
indépendamment du document source (tel que dans des moteurs de recherche d'information 
sur le Web ou pour les services de "news digest" tel que http ://cbc.ca/digest.html), la 
régénération devient nécessaire. Plusieurs études ont montré la nécessité de regénérer dans 
le domaine de la production automatique de résumés : d'abord tel que montré par Saggion 
and Lapalme (1998b)l pour produire des résumés qui sont cohérents et cohésifs plusieurs 
transformations sont appliquées aux phrases qui contiennent l 'informat ion saillante du teste 
source. Au chapitre 4 à la page 63 nous montrons que dans un corpus de résumés produits 
par des rédacteurs professionnels, la plupart des phrases sélectionnées pour les résumés ont 
été transformées et réorganisées afin d'obtenir des expressions plus concises et pour res- 
pecter le style du genre textuel. Marcu (1999), suggère que pour construire un résumé de 
taille X (en nombre de mots), il faut d'abord sélectionner des phrases contenant en moyenne 
2.5 * S mots: et ceci parce que pour produire un bon résumé il n'est pas suffisant de repérer 
l'information importante mais aussi de la r4gériérer. Jing and .\lcKeown (1999) montrent 
qu'une partie significative des phrases d'un résumé humain sont produites par combinaison 
et réorganisation de l'information de plusieurs phrases du document source (cut-and-paste 
summarization) . 

Dans cette section nous nous concentrons sur deus approches : d'abord l'utilisation des 
scénarios pour le processus de compréhension. et ensuite la fouille de patrons et la génération. 

3.5.1 Scénarios 

Quand on lit une dépêche de presse sur un attentat terroriste. on a un certain nombre 
d'attentes sur l'information qui apparaîtra dans l'article. En général, on trouvera des in- 
formations sur le groupe terroriste: ses objectifs politiques (changement de la politique du 
pays. libération des prisonniers, etc.), les armes utilisées pour I'atrentat (bombe. etc.) et  les 
victimes. 

Pour modéliser les connaissances d'une personne pour comprendre ce type de situation. 
plusieurs formalismes de représentation ont été proposés tels que les frames? les plans, les 
goals et les scripts (Shank and Abelson: 1977). Les scripts ou scénarios sont des structures 
de connaissance sur des suites stéréotypées d'actions dans une situation particulière. Par 
exemple si l'on considère une situation comme voyager en train on sait qu'il y a certains 
faits et événements qui sont probables tels que : 

- acheter le billet (avec des pre et post conditions) 

- composter le billet (avec des pre et post conditions) 

- montrer le billet au chef de train 

- payer une amende (si l'on n'a pas le billet ou s'il n'est pas composté) 



CHAPITRE 3. LE RÉSUME AUTOIL4TIQ CE 

DeJong (1982) a observé que lorsqu'on doit produire un résumé d'un événement, certains 
éléments de la situation seront toujours décrits tandis que d'autres ne sont pas nécessaires. 
Ainsi considérons le texte sur un tremblement de terre qui su i t  (Hutchins, 1987). 

A small earthquake shook several Southern il l inois coun t i e s  Monday nzght, the 
National Earthquake Information Service in Golden, C d o - ,  reported. 
Spokesman D o n  Finley said the quake rneasured 3.2 on  the Richter  scale, "pro- 
bably no t  enough t o  do  a n y  damage o r  cause any  injuries." T h e  quake occurred 
about 7 :48 p.m. CST and was centered about 30 mi les  east of Mount  Vernon, 
Finley said. It was felt in Richland, Clay, Jasper, E f i n g t o n  and Marion Coun- 
t ies. 
Small earthquake are common  in the area, Finley said. 

Un résumé possible de ce teste est : 

There tuas a n  earthquake in Illinois with a 3.2 richter scale reading. 

C'est-à-dire, les informations retenues pour le résumé sont : le fait qu'il y a eu un tremble- 
ment de terre, le lieu où l'événement s'est passé et la force du tremblement. Ces informations 
sont essentielles pour l'histoire, tandis que d'autres comme le fait que les tremblements sont 
habituels dans la région ne le sont pas. 

Pour modéliser la capacité de résumer? DeJong a développé des  sketchy-scripts, fondés sur 
les scripts, ce sont des structures de connaissances pour représenter les événements les plus 
intéressants d'une histoire. Ainsi on peut avoir des sketchy-scripts pour plusieurs situations 
(tremblement de terre, attentat terroriste: enlèvement, cambriolage, etc.). Pour produire le 
résumé d'un teste, il faut d'abord identifier le sketch-script qui donne les attentes sur l'his- 
toire et ensuite les utiliser pour "comprendre" tout le texte. 

Dans cette approche. les processus d'interprétation et de sélect ion peuvent être considérés 
ensemble. Le teste original est examiné pour obtenir certains 'kues'' qui permet tent d'acti- 
ver un script. Ainsi par exemple un mot tel que "secouer" peut activer le sketchy-script du 
tremblement de terre et un mot tel que "bombe", un attentat terroriste. Plusieurs scripts 
peuvent être actifs à un même temps et, à la fin du traitement, il faudra décider sur la base 
des slots instanciés dans les scripts quel est celui qui représenbe le sujet de l'histoire. 

Pour le processus de génération, on utilise un modèle de résumé qui est associé au sketch- 
script, les structures instanciées lors du traitement sont passées au  générateur. 

Il y a condensation de l'information lors de l'interprétation du texte : certaines informa- 
tions d'une phrase complexe pourront être directement ignorées. Il y a aussi condensation 
lors de la génération quand une proposition plus conceptuelle est générée à la place des in- 
formations spécifiques sur l'événement. Ainsi pour le texte q u i  suit, on a condensation de 
I'information car la proposition du résumé n'est pas explicite dans le texte. 

Marie est partie dinner.  Elle s'est assise sur la table. ElLe a appellé le garçon. 
Elle a mangé  une  hamburguer. 



Un résumé acceptable est : 

Marie est allée au restaurant. 

La Table 3.10 résume les étapes de la méthode des scénarios. Pour développer un tel 
système il est nécessaire de disposer d'une codification des connaissances sur plusieurs do- 
maines, ce qui n'est pas trivial. Les systèmes qui utilisent des scripts essaient toujours de faire 
un "match" entre le texte et l'un des sujets que le système est censé de traiter parfois avec 
des mauvais résultats. Bien que le système soit censé comprendre certains sujets: la technique 
pour y arriver est d'ignorer les parties du texte qui ne sont pas prévue par le script. Une 
approche censée régler cet inconvénient est celui de Tait (1982) qui essaie de mettre dans un 
résumé justement les informations inattendues, cette approche à été appliquée aussi dans des 
domaines trés restreints (manger au restaurant, aller au zoo, etc.). Il nous faut ajouter que 
l'emphase des systèmes est surtout sur la sélection de l'information à véhiculer, les testes 
générés sont assez fixes en structure. 

L'approche de DeJong est la base des systèmes actuels d'extraction d'information (1IIJG 
4, 1992). Selon Gaizauskas et al. ( 1997), un système d'extraction d'information s'occupe de 
transformer le langage naturel en représentations structurées telles que les templates qui, 
instanciés, représentent un extrait de l'information clé contenue dans le teste original. En- 
suite, l'information peut être enregistrée dans une base de données, utilisée pour répondre 
à des questions et même utilisée pour produire des résumés. Dans cette perspective, des 
travaux récents ont montré la possibilité d'utiliser des templates MCC instanciés par des 
systèmes d-extraction d'information pour régénérer un teste cohérent et cohésif (Cancedda, 
1999; Radel- and .\fcKeown, 1998). Étant donné que notre objectif n'est pas de produire un 
système de compréhension du langage naturel, les aspects décrits dans cette section n'ont 
pas eu une grande influence dans notre démarche méthodologique. Séanmoins, nous utilisons 
l'approche de régénération à partir de templates (voir section 5.4) que nous avons définie 
pour les tâches de sélection de contenu et régénération (voir pages 94 à 101). 

1 Unité textuelle 11 Phrase 
1 Interprétation et / (  Identification d'un script et traitement en fonction des 

l I 

1 Sélection II attentes 
1 Condensation II Propositions déduites à partir des propositions du teste 

II - - 
Génération II Modèle associé au script identifié 

TAB. 3.10: Résumé des étapes de la  méthode des scénarios 

3.5.2 Instanciation de patrons et génération 

Supposons que l'on doive faire des résumés pour des articles d'un domaine textuel res- 
treint (Paice and Jones' 1993) et qu'on sache que : 

- les articles dont on doit faire les résumés parlent toujours de concepts et des relations 
bien définies dans le domaine ; 



- les formes linguistiques utilisées pour exprimer autant les concepts que les relations 
sont limitées ; 

- les résumés à produire doivent toujours décrire un certain nombre de concepts et de 
relations. 

Ces hypothèses sont assez vraisemblables, en effet, une étude menée par Liddy (1991) sur 
les résumés du domaine de la recherche empirique a montré que certains concepts abstraits à 
inclure dans un résumé et leurs relations doivent toujours apparaître dans le résumé lorsqu'ils 
se trouvent dans le texte source. 

Si l'on prend, par exemple, le domaine de l'agricuhure on peut constater qu'on parle des 
concepts suivants : 

- SPECIES 

- PROPERTIES 

- PEST 

aussi qu'il y a des relations entre ces concepts telles que : 

- est -une-parasite-de (PEST,  SPECIES) , 
- est-une-propriete-de(PROPERTY, SPECIES) 

Lorsqu'on trouve une phrase comme "-4.lohi is a common Pest of ryegrass" on peut 
déduire que "-Uolii" est une PEST, que "rygrassy est une SPECIES et aussi que la relation 
entre ces deux concepts est est-une-parasite-de("A.lolli", "ryegrass"). On peut repérer cette 
phrase du teste avec Ie modèle "PEST is a ?  pest of SPECIES" où : 

- PEST et SPECIES sont les variables du modèle à être instanciées 

- ? indique un segment quelconque de teste entre les mots "a" et "pest" 

Si l'on est capable de faire un inventaire des modèles qui sont utilisés pour esprimer les 
concepts et les relations dans le domaine, on pourra les utiliser pour chercher Ilinformation 
dans le texte source et ensuite l'exprimer dans un résumé. L'inventaire de modèles doit être 
fait à partir de l'analyse d'un corpus. 

On peut identifier un seul processus qui est en charge de l'interprétation et de la sélection 
de l'information. Le texte est traité pour chercher tous les modèles possibles. Lorsqu'un 
modèle est trouvé, ses '%lots" sont instanciées avec le matériel textuel contre lequel on a fait 
l'appariement. En cas d'ambiguïté, des heuristiques sont appliquées pour décider l'instancia- 
tion d'un slot. 

Pour le processus de génération, on utilise un ensemble de patrons avec lesquels on décrit 
les relations entre les concepts. Ainsi on pourrait avoir un patron comme "This papet stu- 
dies the effect of X on Y' où X et Y sont des variables à être instanciées. Avec lui on peut 
produire les phrases suivantes : "This paper studies the effect of the pest G-paluda has on 
the yield of potato" et 'This paper studies the effect of soi1 temperature on the emergence of 
winter wheat." Cette approche permet d'obtenir des résumés indicatifs, car la sélection de 



matériel de type résultat et conclusion est beaucoup plus difficile. La Table 3.11 résume les 
étapes de la méthode de patrons. 

Ceci est l'une des seules approches qui essaient de générer un nouveau texte, mais elle 
reste très limitée tant dans le type de résumé généré que dans le domaine traité. La limi- 
tation du domaine est nécessaire afin de pouvoir définir les concepts et les relations entre 
les concepts. L'implantation du modèle est assez simple une fois qu'on a une description 
formelle du domaine et l'inventaire de modèles. 

Tout comme dans cette approche, nous avons exploré l'utilisation de modèles et I'instan- 
ciation de patrons. Pourtant, notre méthode a été développée indépendamment d'un domaine 
particulier. Tous ces aspects sont détaillés aux chapitres 5 et 6. 

1 Unité textuelle I I  Phrase 
1 I 1 Interprétation et II Fouille des patrons préalables dans les testes 

1 II ments de ~hrases  

Sélection 
Condensation 

1 Génération 
I l  

II Plusieurs modèles fixe de résumé associé au domaine tex- 

Informations répétées ignorées et extraction des frag- 

TAB. 3.11: Résumé des étapes de la méthode des patrons 

3.6 Conclusion 

Dans ce chapitre nous avons exploré quelques approches qui ont été proposées pour 
résoudre le problème de produire des résumés de manière automatique. Il semble bien que 
les approches purement statistiques, simples à implanter et rapidement adaptables à d'aurres 
domaines sont arrivées à la limite de leur puissance. D'autre part les approches symboliques 
fondées sur des connaissances syntaxiques, lexicales et du monde. ne peuvent être appliquées 
que dans des domaines restreints où l'acquisition des connaissances à tous les niveaux se 
fait presque toujours à la main, sauf pour l'approche de Rau et al. (1989), rendant l'adap- 
tation à un nouveau un domaine très coûteuse. L'avenue à explorer dans le domaine de la 
génération de résumés est celle de la combinaison de différentes méthodes et l'incorporation 
d'outils robustes de traitement du langage naturel et d'acquisition automatique des connais- 
sances (apprentissage par machine) car aucune ne garantit des résultats optimaux. Quelques 
groupes ont commencé à paver cette avenue (Lin, 1998; Holy and Lin. 1999) avec la combi- 
naison des connaissances symboliques (analyseurs syntaxique rhétorique et bases de donnés 
lexicales) et statistiques (distribution de termes et positions thématiques), mais il reste en- 
core beaucoup de travail à faire pour en tirer des conclusions. Des nouvelles tendances dans 
la génération des résumés sont la considération de l'utilisateur du résumé (Tombros et al.. 

a 1998) et aussi la production des résumés de plusieurs articles qui traitent du mëme sujet 



(Radev and McKeown, 1998; Barzilay et al., 1999). 

-Afin de produire un modèle bien fondé, nous nous basons sur l'étude d'un corpus. 
Séanmoins. pour l'implanter nous utilisons plusieurs techniques qui ont été présentées dans 
ce chapitre. 



Chapitre 4 

Observations from the Corpus 

In this chapter, we esplore human produced abstracts in order to  answer the following 
questions : where does the information reported in abstracts corne from? how can it even- 
tuaII? be found in source documents? n-hat is its status? and how is it conveyed in the 
abstract? The answer to these questions wili provide a well-founded basis for the definition 
of a method for automatic test  sumrnarization of technical tests. 

4.1 Human Produced Abstracts 

Abstracts of technical articles are produced b -  their author or by professional abstractors 
working for abstracting sen-ices. These professionals do not need to understand the whole 
document in order to identify n-hat the document is about. The' use specific strategies in 
order to  grasp the essential content of the document to  further write their abstracts bj- reu- 
sing already stated conceptual information, and el-entually using standard patterns of test 
production (Endres-Siggemej-er et al., 1993). Most studies in Information Science agree on 
a two stage logical account for describing the human production of abstracts : the analytical 
stage in n-hich the salient facts of the test  zre obtained and condensed and the synthetic 
stage in n-hich the test of the abstract is produced (Pinto Ifolina, 1993). The question is hon- 
to identifj- the salient information in a technical article and how to  espress that information 
in a concise test. 

While al1 the concepts of a technical article contribute somehon- to  the message of the 
text? not al1 of them constitute the topic, subject or theme of the document. The topics are 
those concepts the author talks more about, the question is which specific information about 
them has to  be brought in the abstract. -4s abstracts report the essential content of their 
source documentsl the study of the relations between the source and the abstract can bring 
out conceptual and linguistic evidence for the identification of the topics. 

Abstract ing manuals (Borko and Bernier: 1975; Cremmins, 1982; Rowley: 1982) specify 
that the information to be reported in an abstract of a technical article refers to the "purpo- 
se" , 'Lmethod'' "results" , and "findings3 of the work, but unfortunately. little 
indication about the procedures to  use to  produce such classification of the information is 



@en. In the case of computer science abstracts, Maeda (1981) identifies four main t-ypes 
of information generally reported : "theme", "method" , "results" and "discussion" of the 
research work; again, no information is available about the particular patterns used to inter- 
pret the text in the given framework. Liddy (1991) studied types of information in abstracts 
of empirical research and showed that the material reported in the abstract has a well-defined 
informational status comprising 36 types of information grouped in a three-level hierarchy- 
The most important information in this teut-type refers to "purpose", "hypothesis'?, "rnetho- 
dology" , "subject" , "results" , "conclusions" and "references" and these categories constitute 
the first level of her mode1 cdled Prototypical Structure. The other two Levels are the Typical 
Structure and the Elaborated Structure which include less frequent information. She also in- 
dicates lexical clues that can eventually be used in order to classify the information. To our 
knowledge, this is one of the most complete work in this field and it inspired our research. 

4.2 Where is the Topic ? 

4.2.1 Corpus Description 

Our corpus is composed of 100 items, each composed of an abstract produced by a profes- 
sional and its source (or parent) document. We used as source for the abstracts the journals 
Li brary & Information Science -Abst racts (LIS-%), Information Science Abstracts (IS.1) and 
Computer -1bstracts. The parent documents were found in journals of Computer Science 
(CS) and Information Science (1s) such as -41 Communications; AI Magazine; American 
Libraries ; Annals of Library Science & Documentation ; -1rtificial Intelligence : Cornputers 
in Libraries: IEEE Expert ; among others (a total of 44 publications where examined, see 
Appendis A). The professional abstracts contain 3 sentences on the average, with a maxi- 
mum of 7 and a minimum of 1. The source documents cover a variety of subjects from 1s 
and CS. We examined 62 documents in CS and 38 in IS, some of them containing author 
prorided abstracts. Regarding the form of the documents, most of them (97) are structured 
in sections ; but apart from conceptual sections such as "Introduction" and "Conclusion" 
they do not follow any particdar style (articles from medicine, for example, usually have a 
fised structure like "Introduction", "LIethod" : "Statistical Analysis" "Result" "Discussion", 
"Previous Work" ! "Limitations", "Conclusion" but this is not the case in our corpus). The 
documents are 7 pages on the average, with a minimum of 2 and a maximum of 45. Xeither 
the abstracts nor the source documents were electronically available: so the information was 
collected through photocopies, thus, Ive do not have information regarding number of sen- 
tences and words in the source document. 

4.2.2 Corpus Analysis 
We rnanually aligned each sentence of the professional abstract with one or more elements 

of the source document. This tvas done by looking for a match between the information in 
the professional abstract and the information in the parent document. The structural parts 
of the parent document we e m i n e d  are : the title of the parent document, the author 



4.2. W - E R E  IS THE TOPIC ? 

abstract, the first section, the last section, the subtitles and captions of tables and figures. 
When the information n.as not found, tve looked in other parts of the parent document. 
The information is not always found in the source document, in which case we acknon-ledge 
that fact. This methodological process was established after studying procedures for abstract 
writing (Cremmins, 1982; Rowley, 1982) and some initial observation in Our corpus. 

For each element of the corpus, we construct a table of dignment that associates the in- 
formation of the abstract with the matched information in the source document. The tables 
contain three columns : the first column contains the sentences of the professional abstract, 
the second one contains the matched information from the source document and the third co- 
lumn contains a label which specifies in nhich particular location of the source document the 
information \.as found (Ist/Introduction, Last/Conclusion, -/Abstract, -/Title, -/Subtitle, 
-/Captioning, etc.). 

In the following we will present three complete examples from the corpus, and then several 
examples of alignments from different items of the corpus. These are good representatives of 
the different situations obsen-ed and give a general idea about the distribution and use of 
the information. 



a 4.2.3 Tables of Alignment 

In Table 4.12 we show an item from the corpus. The 3 sentences of the professional abs- 
tract u-ere aligned mith 4 elements of the source document, 2 in the introduction and 2 in 
the author provided abstract. In this example the information of the abstract was "literally" 
found in the source document. 

Professional Abstract 
Presents the results of an empirical 
study t hat investigates the movement 
characteristics of a rnulti-modal mouse 
- a mouse t hat includes tactile and re- 
Ievance feedback, 
Uses a simple target selection task 
while varying the target distance, tar- 
get size, and the sensory modality. 

Significant reduction in the overall 
movement times and in the time 
taken to stop the cursor after 
entering the target were discovered, 
indicating that modifying a mouse to 
include tactile feedback, and to a 
lesser extent , force feedback. offers 
performance advantages in target 
selecting tasks. 

Source Document 
In this paper, we present the results 
of an empirical study that investi- 
gates the movement characteristics of 
a multi-modal mouse - a mouse that 
includes tactile and force feedback- 
Our experiment used a simple target 
selection task while varying the target 
distance, target size, and the sensory 
modalitv. 
We found si,@ficant reductions in the 
overall movement time and in the time 
to stop the cursor after entering the 
target. 
The results indicate that modifying a 
mouse to include tactile feedback,, and 
to a less extent: force feedback, offers 
performance advantages in t arget se- 
lection tasks. 

TAB. 4.1: Alignment of the professionaI abstract LISA 3024 and the source document "Mo- 
vernent characteristics using a rnouse n-ith tactile and force feedback" International Journal 
of Human-Cornputer Studies, 43(5), Oct'96 p-183-93 

The information of the first sentence of the abstract, which introduces the therne of the 
document, is found in the introduction of the source document. l e  observe differences in 
the expression of the verbs, Presents vs. We present, and also the presence of the marker In 
this paper, in t he  source document. 
In the second sentence, again stylistic differences are noted : persona1 style in the source 
document, Our experiment use. and impersonal style in the abstract, Uses. 
The information of the third sentence n-as found in two sentences of the author provided 
abstract. Here, t he  abstractor changed the verbs, find into discover and the persona1 style 
into impersonal, We found into were discovered, and also merged the information in one 
sentence. 
This alignment shows that the organization of the information in the abstract does not 
always mirror the  organization of the source document. 
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In Table 4.2, the three sentences of the professional abstract uTere aligned with three 
sentences from the introduction of the source document. In this case: the information was 
"literally" found in the source. 

1 Professional Abstract II 
II 

The next generation of fuzzy expert II 
1 systems will combine techniques such 1) 
1 as hic programming, fuzzy theory, II 
1 and neural networks to improve per- II  

formance and productivity. - 
Introduces hybrid architecture and 

1 describes combination and fusion II 
types. 
Discusses the development and imple- 

1 mentation of a combination architec- II 
1 ture fuzzy system for steel making II 
1 plant, and considers the significant al- II 
1 gorithmic strength that fusion archt II 
( tectiire lends fuzzy syst ems. 

Source Document IP/T 1 

TAB. 4.2: Alignment of the professional abstract LISA 4600 n-ith the source document "Fuzzy 
and neural hybrid expert systems : synergic AI", hl. Funabashi and others. IEEE Expert, 
10 (4) -4ug 95: p32-42 

The next generation of fuzzy expert 
systems will combine techniques such 
as logic programming, fuzzy theory, 
and neural networks to ùnprove per- 
formance and productivity. 
After a brief introduction to  hybrid 
architecture, we describe two types : 
combination and fusion. 
We discuss the development and im- 
plementation of a combination archi- 
tecture fuzzy sÿstem for steel making 
plant, and consider the significant al- 
gorithmic strength that fusion archi- 
tecture lends fuzzy systems. 

In the first aligned sentence no differences are noted. Some differences are noted in the 
second sentence of the abstract : the impersonal style in the abstract, describes, YS. the 
personal s t ~ l e  in the source document, we describe; the use of the verb Introduces in the 
abstract instead of the noun introduction, and the elision of the marker After (breaking the 
sequentiality of the information given by that marker) ; and the restatement of the nominal 
(combination and fusion types from the original formulation two types : combination and 
fusion). 
F i n a l l ~  in the third sentence of the abstract, n-e observe impersonal style in the abstract. 
Discusses, and persona1 style in the source, We discuss. 

1st/Int1 

lst/Intr 

lst/Intr 
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The information of the professional. abstract on Table 4.3 was found in different sections 
and structural parts of the source document (first, second. forth, sixth and last sections and 
subtitles) . 

The information of the first sentence of the professional abstract was found in the first 
and Iast sections of the source document. Sote that the abstract contains less information 
than the matched sentences : the objectives of the CEC Libraries Programme, which are 
explicit in the source, are not reported in the abstract. 

Professional Abstract 
1 he ULUMAL project is 1 of 4 
projects supported under the 
commission of the European 
Cornmunities' Libraries 
Programmes's CAMILE (Concerted 
Action on Management Informat ion 
for Libraries in Europe) project. 

It aims to produce an integrated deci- 
sion support module for library mana- 
gement systems. 
It is being developed from an assess- 
ment of the needs and practices of ii- 
brary managers in small to medium 
size libraries in the UK, Spain and 
It aly. 

1t began in kèb 95: and comprises 4 
phases : management, research, 
technical development and 
evaluat ion. 

ject supported under the Commission 
of the European Communities (CEC) 
Libraries Programme (Framework 3: 
Action Line IV, Theme 19 bis) for the 

- ---  

Source Document 
DECIMAL is one 9f four RTD Pr* 

development of models and tools to ( 

P/T 
lst/Intr 

tion which commenced during autumn 
1996, involving all the Partners in the 

support decision-making in libraries. 
CAMILE is a CEC Concerted Ac- 

four existing Projects. 
'l'he aim of the L>-IAL 
(DECision-Making in Libraries) 

Last/- 

Project is to produce a cornmercially 
viable integrated Decision Support 
Module for library management 
systems, developed from a 
fundamental assessment of the needs 
and practices of library managers in 
srnail to medium size libraries in the 
UK, Spain and Italy. 

The DECIMAL project comrnenced in 
February 1995 and will run for two 
years. 
The project involves t hree practical 
phases (in addition to a management 
'phase') : research, technical develop 
ment and evaluation. 

TAB. 4.3: -4lignment of the professional abstract LISA 6863 with the source document "The 
DECIMAL project : decision-making and decision support in small to medium size libraries" 
S. Oulton and others. Vine, (103) 1996, p13-19. (continues on Table 4.4) 
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The information brought in the second and third sentence of the abstract was found in 
one sentence of the source, in the second section of the document. The source contains more 
information than the abstract : the expression a comrnercially viable integrated decision sup- 
port module is more detailed than the expression an integrated decision support module. The 
linguistic expression used to introduce the objectives and development of the DECIMAL 
project is also different in source and abstract (It  aims to instead of The aim of X is, and It 
is being developed instead of developed). 
The information in the fourth sentence was found in two sentences from the fourth section- 
The duration of the project is omitted and some stylistic variations are also noted (use of 
the pronoun it in the abstract and change of the verb commence to begin) . 

Professional Abstract 
Describes its objectives and structure 
and details progress in the technical 
development to date and a summary 
of the funding of the research phase. 

'l'he module 1s being developed to 
incorporate bot h textual and numeric 
information to support the decision 
process. 

Source Document 
The article describes the aims, objec- 
tives and structure of the DECIMAL 
project and gives an account of pro- 
gress to date with a summary of the 
findings of the Research phase. 
Development of the decision support 

-4 key focus of the technical spe- 
cification was that of data types 
and data structures to accommodate 
and integrate operational data genera- 
ted from library management systems 
with data internal or imported from 
external sources. 
Such data m a -  be numeric or tes- 
t ual . 

TAB. 4.4: (Continues from Table 1.3) Alignrnent of the professional abstract LIS-4 6863 with 
the source document "The DECIlL4L project : decision-making and decision support in 
small to medium size libraries2 T. Oulton and others. Vine: (103) 1996, p13-19 

Regarding the fifth sentence, its content was found "litteraly" in the introduction with 
the follon-ing differences : the expression Describes in the abstract vs. This  article describes in 
the source document, the expression its objectives and structure in the abstract vs. objectives 
and structure of the DECIMAL project in the source document, and the use of the verb detail 
in the abstract instead of the original giue. 
 final^ the information of the last sentence is found, but not literall'; in subtitles and sisth 
section of the source. -%gain in this example, the structure of the abstract does not mirror 
that of the source. 



CH-4PITR.E 4. OBSERKilTIONS FROM THE CORPUS 

Other examples of aligned sentences which come from several items of the corpus are 
shoivn in Table 4.5. They give an insight about the alignments of sentences in the abstract 
with each type of structural element in the source document which will be used for reference 
in the following sections. 

1 II communication network 1 

Ex. 

(1) 

1 service organization for the en- II 1 

Professional Abstract 
Presents a more efficient 
Distributed Breadth-First 
Search algorithm for an 
asynchronous 
network- 

- - 

(3) / Sumarizes and make sugges- II Summary and future research 1 -/Subt. 

1 

Source Document 
Efficient distributed breadth-fkst search algo- 
rithm 
In this paper we have presented a more effi- 
cient distributed algorit hm which construct a 
breadt h-first search tree in an asynchronous 

I 

The Danish Library Centre. A service organi- 
zation for the entire Danish library system 

(2) 

1 the problem of optimal pru- (1 cing some of the subtrees of DT by leaves. 1 

P/T 
-/Title 

Lst/  
Concl. 

-/Title Describes the work of the Da- 
nish Library Centre (DBC), a 

(4) 

I pectives. I I  ~ectives I 

tions for future research. 
Gives a forma1 description of 

(5) 

(6) 1 Shows how relation algebras 1) The idea in this paper is to see how relation 1 lst/Intr. 

1 
Pruning a decision tree is the process of repla- 1 lst/Intr 

1 can be used to handle interval II algebras can be used to handle interval reaso- 1 

ning of decision trees. 
Compares France and US pers- 

the algorithm, and gives some and give some examples of performance on ty- 
examples of performance on 11 picaf networks. 

Cornparison between the French and CS pers- 

(7) 

-/Capt. 

1 tion in binary constraint satis- II tisfaction problems, Le. the transition fkom a 1 

reasoning. 1 
Analyzes the complexity of 1 

(8) 

1 faction problems. II region in which aimost all problem have many ( 

ning. I 
We analise the complexity of our algorithm' 1 Ist/Intr. 

I II solutions to a region in which almost dl pro- ( 

typical networks. 
Investigates the phase transi- 

I 11 blems have no solutions, as the constraints be- 1 
1 (1 corne tighter, is investigated. 

The phase transition in binary constraint sa- 

TAB. 4.5: Alipments of DifFerents Sentences from the Corpus (continues on Table 4.6) 

-/Abs. 
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addressing and using tesseral arithmetic, 
which offers the advantage that it is directly 
compatible with existing GIS technology. 

it is compatible with existing 
GIS technology. 

TAB. 4.6: (Continues from Table 1.3) Alignments of Differents Sentences from the Corpus 

4.2.4 Distributional Results 

The 309 sentences of the professional abstracts were manually aligned wîth 568 elements 
in the source document. We were not able to align 6 sentences of the professional abstracts. 
Other studies have already investigated the alignment between sentences in the abstract 
and sentences in the source document. Kupiec et al. (1995) report on the semi-automatic 
alignment of 79% of sentences of professional abstracts in a corpus of 188 documents with 
professional abstracts. Using automatic rnezns it is difficult to deal with conceptual align- 
ments that appeared in Our corpus such as the relation we show in example (4) of Table 4-5. 
Teufel and Sloens (1998) report on a similar work but this time on the alignment of sen- 
tences from author pro\-ided abstracts. The>- use a corpus of 201 articles obtaining only 31% 
of alignable sentences b -  automatic means. 3'0 information is given about the distribution 
of the sentences in structural parts in the source document. 

1 Documents 1 with A.Abs. 1 w/o A.Abs. 1 Average 1 

1 Title 

l 
- - 

I 
- - 

1 Last section 
1 I I 

I 181 3 1  6 1  2 1  1 2 1  4 I 4 

Author Abstract 
First section 

TAB. 4.7: Distribution of Information 

U 

% 
2 

I I I  

In Table 4.7, we present the distribution of the sentences in the source documents which 
were aligned with the professional abstracts in our corpus. Mye consider al1 the structured 
documents of our corpus (97 documents). The first three columns contain respectively the 
information for al1 the documents, for documents with author abstract and for documents 

a without author abstract (the information is given in total of elements and in percent). The 

# 
10 

I I 

L I I 

134 
83 
195 

115 
58 

Subtitles & Capt. 
Other sections 

% 
2 

42 

36 
17 

191 
?1 

% I  # 
2 1  4 

X 
6 

20 
40 

34 
26 

15 
34 

23 
11 

% 
1 

' 83 
61 

33 1 76 
13 1 13 

31 
5 
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last column indicates the average of the information. UTe found that 72% of the information 
for the analytical stage cornes from the following structural parts of the source document : 
the title of the document, the first section, the 1 s t  section and the subtitles and captions. It 
is important to note that even in the case of documents with author provided abstract, infor- 
mation frorn other parts of the source document would be used in the professional abstract 
as Table 4.7 shows. In addition, a "typical" element of the corpus (average information) will 
contain 40% from the introduction. Our findings are in agreement with the study of Endres- 
Siggemeyer et al. (1995). They found that in order to produce the "topical" sentence of an 
abstract the professional abstractor will use the introduction and conclusion of the source 
document. 

4.2.5 Analysis of the Results 

The results so far indicate a correlation between the information in the abstract and 
structural parts of the source document. But it is necessary to understand why some in- 
formation is considered important for the abstract, how to identify the information in the 
source document and how to use it in order to produce an abstract. 

Sharp (1989) reports on esperiments carried out with abstractors were it is shown that 
introductions and conclusions provide a basis for producing a coherent and informative abs- 
tract. In fact abstractors use a "short-cut" strategv (looking at introduction and conclusion) 
prior to regarding the whole paper. But our results indicate that using just those parts is not 
enough to produce a good informative abstract. Important information is found in sections 
other t han the introduction and conclusion. Our observations regarding the use of structural 
parts of the source document are as follon-s (refer to Tables 4.3 and 4.6 for the alignments) : 

- Titles of articles usually contain complete descriptions of the themes of the document 
so they could be used by the abstractor in order to convey the information in a more 
precise form. Examples of such a situation are alignments (1) and (2) where the com- 
plete descriptions of the title is used in a sentence. 

- Lsually, statements related to the purpose, the method, and the problem studied in a 
technical article are found in introductions. These conceptual categories are generally 
reported in abstracts and can thus be extracted frorn the introduction because they are 
lexically rnarked. In sentence alignment (1) the objective or topic of the paper is stated 
in the introduction. In the alignment (7) the author States the plan of the document. 

- In the conciusion, the author usually restates the objective or main topic of the docu- 
ment, t his case is exemplified in sentence alignment (1). 

- Subtitles of sections usually indicate the sub-themes of the document and also complete 
descriptions of entities. In sentence alignment (3) the subtitle indicates the content of 
the section so it is used in the abstract to indicate that information. 

- As tables (and figures) usually convey information about the results of an investigation, 
their captions could be used to indicate the content reported in tables as sentence 
alignment (5) shows. 
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- An important part of the abstracts came from other sections of the document : one 
example is given in the dignment presented in Tables 4.3 and 4.4, where the details 
about the project being described in the article are stated. In that case the information 
is relevant because it  refers to the main entity being described in the document and 
not because of a- lesical marker. 

- Sometimes author procided abstracts are less structured than professional abstracts 
but abstractors use the information found in the author abstract because it  is clearly 
stated. As sentence dignment (8) shows, the information about the investigation is 
stated in the author provided abstract and used in the professional abstract. 

Abstractors not only select the information for the abstract because of its particular po- 
sition in the source document, they also look for specific types of information which happen 
to be lexically marked. Having no access to the abstractors' working environment, n7e can 
just make the follo\ving observations about the characteristics of the extracted information. 

We found that the information extracted by professionals contains lexical markers of rele- 
vance of a topical entity ( '' The principal distinguishzng features of EQLIPSE are. .." ) : theme 
or topic of the paper ("The subject of this paper zs the concept of descriptor equivalence 
and. .." ), purpose of the article ( " The purpose of this paper zs to assess retrospectively ...'?), 

main conclusion ("Our concZusion was that simple and local transformations can be automa- 
tized ..." ), results of the work ( '' U'e found that significant ..." ) and plan of the document ("we 
will first put the TVord Manager project in perspective ... we d l  then describe the progress 
made...") among others (see Appendix B for the initial list of markers). 

In fact 205 aligned sentences from the main sections of the source documents in our cor- 
pus contain strong lexical markers referring to concepts and relations n-hich are tp ica l  of 
technical papers. This represents 35% of the total of the aligned sentences. If, in addition, Ive 
take into account the fact that 32% of the aligned eiements come from titles and subtitles. u-e 
obtain that 70% of the information is somehow "indicative" of the content of the documents. 
In s u m m a q  looking for test  spans containing "indicative expressions" and using titles and 
subtitles when they clearly mark the themes being described is a good strate= for grasping 
the content of a text. 

The results of our analysis indicate that it is useful to  look for information in specific 
parts of the source document using lexical markers t o  obtain part of the information for 
the abstract but, the material obtained in this manner is sornetimes too indicative. In order 
to produce a good informative abstract, the information from introductions and conclusions 
have to be expanded sornehow. Which information to  expand depends in part on the readeros 
interests : if the abstract is to be used as a decision tool, an  indicative abstract is useful but 
if the reader wants more information about the entities being described in the document, 
then some additional information has to be obtained from other sections of the document 
and integrated as a coherent 11-hole. 
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0 
4.3 Conceptual and Linguist ic Mode1 

The scientific and technical article is the result of the complex process of scientific inquiry 
(Bunge, 1967) that starts mith the identification of a problem and ends with its solution. 
It is a complex linguistic record of knowledge referring to a variety of real and hypothetical 
concepts and relations. Some of them are domain dependent (diseases and treatments in 
Medical Science, atoms and fusion in Physics; algorithms and proofs in Computer Science) 
\\*hile ot hers are common to  al1 the technical Iiterature (authors, the research article, the 
problem, the solution, etc.). 

In Table 1.8, tnvo alignments are presented. 

TAB. 4.8: Concepts in Source Documents and Professional Abstracts 

Professional Abstract 
Reports work comparing speech and 
keying in the contest of a (simulated) corn- 
rnand and control application. 
The performance of a particular two- 
connected mesh network, the 1Ianhattan 
street network (SIS-\;et), is compared with 
that of the distributed queue dual bus 
(DQDB) network. which has been stan- 
darized by the IEEE 802.6 committee for 

Ignoring for the moment differences in linguistic expression, it is clear that in the first sen- 
tence alignment of Table 4.8, the sentence of the source document is introducing one specific 
type of information : the theme or topic of the document and that the evidence comes from 
lexical items such as this paper, a strong reporting verb like report, and the esplicit mention 
of the authors, we. In the second sentence alignment, the main theme is also introduced but 
this is done by specifying what the author studies in the document, another different tvpe 
of information. The evidence for that comes from the lexical item compare, a strong verb 
associated with that cognitive activity, and the explicit mention of the authors, we. Sote 
that in the first esample, the verb compare is also used but not as the main verb of the 
sentence. Those two types of information are independent of any domain because they refer 
to normal activities done by authors of research papers : looking for a problern, studying, 
investigating, thinking, concluding, reporting, describing, etc. 

Source Document 
In this paper, we report work comparing 
speech and keying in the contest of a simu- 
lated command and control application. 
In this paper, ive compare the performance 
of a particular two-connected mesh net- 
n-ork, the Manhattan street network [43] 
(WLXet): with the DQDB net\-ork, that 
has been standarized by the IEEE 802.6 
committee for Sl.4';~ [6]. 

We have identified 55 concepts and 39 relations, which are typical of a technical article, 
relevant for the task of identifying types of information for text summarization. This was 
done by the process of collecting domain independent lexical items and linguistic construc- 
tions from the corpus and classifying them using a thesaurus (Vianna, 1980). Afterwards, we 

a expanded the initial set with more valid linguistic constructions not observed in the corpus. 



Concepts can be classified in categories such as : the authors (the authors of the article, 
their affiliation, resekhers,  etc.), the work of the authors (work, study, etc.)? the research 
actidty (actual situation, need for research, probiem, solution, met hod, etc.) , the research 
article (the paper, the paper components, etc.): the objectives (objective, focus, etc.), the 
cognitive activities (presentation, introduction, argument etc.). Some of these concepts are 
presented in Table 1.9 while the complete specification is presented in Appendiv C. 

related 

research F-- 
research r 
problem 

' Exphnation & Example 1 Lexical Items 1 
~ h e  authors of the articie. 

¶ 

1 we, 1, author, u s  
"1 refer to ..? 
Authors' related entity. our, rny 

"The core of our system is comprised of. .." 
The technical article 

1 t ion 1 

article, here, paper 

"In this article..," 
The research work. research. znvestiga- 1 I 

I I 

need 1 A necessity 1 need: necessity. ... 

" ... a broad range of scientific research ..." 
The problem under consideration 
"The lack of a library severely limits the 
impact of...'' 

dificulty, issue, . . . 

1 component 1 I l 

acronym 

Pape= 

TAB. 4.9: Some Concepts from the Conceptual Mode1 

". . . the need for an interface between .. ." 
An acronym 

"The World Uïde  Web (WWW) ..." 
-4 component of the research paper. 

f ocus -. 

Relations refer to geceral activities of the author during the research and mriting of the 
work : studying (investigate, study, etc.), reporting the work (present, report, etc.)? motiva- 
ting (objective, focus, etc.), thinking (interest. opinion, etc.), identif>-ing (define, describe, 
etc.). Some of these relations are presented in Table 4.10 (the complete list is included in 
Appendix D). 

Soun Group (Acro- 
I 

nym) 

section, subsection 

". . .some successful applications (Section .- 3) ..:, 
The general focus. 
" A  key focus of the technical specification 
was ..." 

focus 



1 Relation 1 Explanation & Exam~le r 
t - * 

I 1 The phase transition in bina. constraint 1 

make knom 

investigate 

satisfaction problems, i-e. ..., is investiga- 1 t e d  

Introducing the topic of the paper. 

"In this paper we present ..." 
Investigating. 

1 1 "The accuracy of a prediction based on the 1 

1 

explain 

I 1 "The classical generative planning process 1 

Explaining. 

describe 

espected number of solutions is discussed 
.-- 
Describing. 

I 1 "... simulated annealing and evolutionary 1 
advant age 

conszsts of a search ..." 
Identifying advantage. 

ident if y 

investigate, ,,. 

__1 

programrning outperform back propaga- 
tion." 
Characterizing ent ity. 

ef fect ive  

dis cz~ss: explain, 71 

".-.a new algorithm called OPT-2 for opti- 
*. mal pruning. .:- 

Identifying effectiveness. 
"Our algorithm is eflective for ..." 

compose: form: ... - 
tu have advantage 7 
contain? classify. __i 
to be effective, ... 1 

TAB. 1.10: Some Relations from the Conceptual Sfodel 

Ive have identified 52 types of information for the process of automatic text summari- 
zation referring to the following aspects of the technical article : background information 
(situation, need, problem, etc.). reporting of information (presenting entities, topic: sub- 
topics, objectives, etc.); referring to the work of the author (study, investigate, rnethod, 
hypothesis, etc.) ; cognitive activities (argue, infer, conclude, etc.) ; and elaboration of the 
contents (definitions, advantages, etc.). 
Concepts and relations are the basis for the classification of types of information referring to 
the essential contents of a technical abstract. 'ievertheless, the single occurrence of a concept 
or relation in a sentence is not sufficient to understand the type of information it  conveys. 

The CO-occurrence of concepts and relations in appropriate linguistic-conceptual patterns 
is used in Our case as the ba i s  for the classification of the sentences. Here we present only 

a a few types of information (for the complrte list refer to Appendix E3 : 
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Topic of Document: The author explicitly marks the topic of the document. This 
is identified in sentences from first or last sections of the document containing the 
make known relation, and concepts like author and research paper. 
Ex.: In this paper we have preserrted a more efficient distributed algorithrn which 
construct a breadth-first search tree in an asynchronous communication network. 

Author Development: The explicit mention of a development of the author. We 
identify this information by the CO-occurrence of the author concept and create 
relation. 
Ex.: As part of the UK Electronic Libraries programme, the authors have developed a 
simple decision support tool which allows a library manager to compare the total cost 
of acquiring a given item of information from each of a number of different sources. 

Goal of Entity: The explicit mention of the objective of a non conceptual entity 
This is marked by the objective concept or relation. 
Ex.: T h e  goal of CC-4D is to support exploratory design, while keeping the user 
central to the design activit .  

Description of Entity: .ln entity is being described. This is identified by the 
des cribe relation. 
Ex.: The algorithm is based on dynamic programming. 

The types of information are classified in Indicative or Informative depending on the 
type of abstract they will contribute to. For example: Topic of Document and Author 
Development are indicative \\-hile Goal of Entity and Description of Entity are infor- 
mative. 

4.4 R o m  Source to Abstract 

According to Cremmins (1982), the last step in the production of the summary test is 
the "extracting" into "abstracting" step in which the extracted information will be mentally 
sorted into a pre-established format and will be "edited" using cognitive techniques. The 
editing of the raw material ranges from minor to major operations. However: he gives little 
indication about the process of editing. Major transformations are those of the cornples 
process of language understanding and production such as deduction, generalization and 
paraphrase. Some esamples of edition given by Cremmins are sh011-n in Table 4.11. 
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1 dose related. 

Edited Material 
Mortality in rats and mice of both sexes was 

( between the ckcentrations of the substance 

Source Material 
There were significant positive associations 

1 1 administered and mortality in rats and mice 

1 any of the animals. 1 that endrin ingestion induced any of the dif- 
No treatment related tumors were found in 

1 1 ferent types of tumors which were found in 

of both sexes. 
There was no convincing evidence to indicate 

1 1 the treated anirnals. 

TAB. 4.11: Text Editing in Human Abstracting 

In the first esample: the concept rnortalzty in rats and mice of both sexes is stated n-ith the 
n-ording of the source document instead the concept expressed through the concentrations 
of the substance adrninzstered is stated n-ith the espression dose. In the second example, the 
relation between the tumors and endrin ingestion is expressed through the complex nominal 
treated related tumors. 

In his rules for abstracting, Bernier (1985) states that redundanc~ repetition, and cir- 
cirmlocutions are to be at-oided. He gives linguistic expressions which could be safely removed 
from the estracted sentences or re espressed in order to gain conciseness these include es- 
pressions such as It was concluded that X to be replaced by X and It appears that to be 
replaced by Apparently. Also SIathis and Rush (1983)? indicate that some transformations 
in the source material are allowed such as concatenation, truncation, phrase deletion, voice 
transformation. paraphrase. division and word deletion. Rowley (1 982) mentions the inclu- 
sion of the lead or topical sentence, the use of active voice, and advocates for conciseness. 
But in fact: the issue of edition in text surnmarization (either manual or automatic) has 
been systematically neglected. In our work, w e  partially address this by enumerating sorne 
transformations frequently found in our corpus which are computationally implementable. 

The transformations are always conceptual in nature and not textual (they do not ope- 
rate on the string level), even if some of them seem to take the form of simple string deletion 
or substitution. The rephrasing transformations we have identified are : 

(1) Syntactic Verb Transformation : some verbs from the source document are re- 
expressed in the abstract, usually in order to make the style impersonal. The person, tense 
and voice of the original verb is changed. Also, verbs that are used to state the topic of 
the document are generally expressed in present tense (in active or passive mice): the same 
applies for verbs introducing the objective of the research paper or investigation (this is a 
pragmatic situation usually acknowledged in the domain of abstract writing : objectives are 
reported in present tense and results in past tense). In Table 4.12, we present two examples. 
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1 Professional Abstract 

First Search algorithm for an asynchronous 
communication network. 

TAB. 4.12: Syntactic 

Addresses the issue of scdability of structure 
discovery using Subdue. 
Presents a more efficient Distributed Breadth- 

Source Document 
Finally, we address the issue of scalability of 
structure discovery using Subdue. 
Zn this paper we haue presented a more effi- 
cient distributed algorithm which construct a 
breadth-first search tree in an asynchronous 
communication network. 

Verb Transformation 

In the first example, the main verb of the sentence, address, is re-stated in the third 
person, simple present, active voice, without grammatical subject . In this example, also the 
structural marker finally, is deleted. In the second example, the main verb have presented 
is re-stated in the third person, simple present , active voice. without grammatical subject. 
Note that in this text-type, it would be incorrect to present the topic in p s t  tense (i-e.. 
have presented). Also the concepts this paper (research paper) and we  (author) are not 
expressed in the abstract. 

(2) Lexical Verb Transformation : the domain verb from the source information is chan- 
ged and re stated in the impersonal form. The examples are presented in Table 4.13. 

1 Professional Abstract 
1 The changes required for other protocols in 
1 the TCP/IP suite to accommodate SIP are 
1 discussed. as are the mechanisms available to 

allow gradual transition of the Internet from 
IF' to SIP. 

1 Simple mechanisms for introducing hierarchy 
1 into interdomain routing system, making it 
1 practical to route a truly Iarge Internet, are 
1 described. 

Source Document 
I t  identifies the changes required for other 
protocols in the TCP/1P suite to accomrne 
date SIP, and explains the mechanisms avai- 
lable to d o w  gradual transition of the Inter- 
net from IP to SIP. 

- -- 

This article details simplemechanisms for in- 
troducing hierarchy into interdomain routing 
system. making it practical to  route a truly 
large Internet. 

TAB . 4.13: Lexical Verb Transformation 

In the first esample, the nominals are stated as in the original, instead of the domain 
verbs identify and ezplain of the source document, the abstractor decided to employ the verb 
discuss. In the second example, the information is reported with the verb describe instead 
than with the verb detail used on the source document. Xdditionally, the concept this article 
(research paper) is deleted. 

(3) Verb Selection : the topic or subtopic of the document is introduced by a domain verb. 

0 Let see the examples in Table 4.14. 
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- - 1 over SNA networks, which requires support 1 SNA nitworks requires support for tram- 1 
' Professional Abstract Source Document 
The running of existing socket applications 

1 1 system t hat undert akes contex-sensitive deci- 1 

7 

Running existing socket applications over 

for transparent ly masking the differences bet- 
ween TCP/IP and SNA £kom the applications, 
is descn'bed. 
Gives an overview of intelligent agents. 

1 1 sion making and task enforcement in an open ( 

parently masking the differences be tween 
TCP/IP and SNA fiom the applications. 

1 define an intelligent agent as a self-contained 

I 1 (or semi-open) environment. J 
TAB. 3.14: Verb Selection 

The f isr  example shows the selection of the verb descn'be to introduce a topic of the 
document. Some additional transformations are required in this case such as the nominali- 
sation of the cerb run into the running and the use of a relative clause introduced by which. 
In the second esample, instead of presenting the definition of the topic, the actual topic is 
presented with the verb give. 

(4) Conceptual Deletion : domain concepts such as research paper, author.  paper 
cornponent. etc. are omitted in the abstract. 

1 bras and their representation together with 1 tion algebras and their representations toge- 1 
Professional Abstract 
Gives the basic definitions for relation alge- 

Source Document 
Section 2 gives the basic definitions for rela- 

1 in the context of a simulated command and ( speech and keying in the context of a (simu- 1 

some properties of representat ions. 
Reports work comparing speech and keying 

1 control application. 1 lated) cornrnand and control application. 1 

t her with some properties of representat ions. 
In this pape? we report work comparing 

TAB . 4.15: Conceptual Deletion 

In the first example in Table 4.15, the expression which refers to the paper component 
Section 2 is not reported in the abstract. In the second one, the concepts research article 
(thzs paper) and author  (we) are not expressed in the abstract. The verb report is changed 
consequently. 

(5) Concept re-expression : domain concepts such as author, research paper? a u t h o r  
related ent i t y  are stated in irnpersonal such as in the first example in Table 4.16 where the 
concept our algorithm is expressed in the abstract with the impersonal form the algorithm. 
In the second exarnple, the entity our Genie system is stated in the irnpersonal form Genie. 
The information of the abstract cornes from two different parts of the document. 
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nomous, distributed systems. 
Intelligent middle-ware will enable providers 
and consumers of satellite imagery to interact 
on a large scale. 

Professional Abstract 
Analyzes the complexity of the algorithm, and 
gives some examples of performance on typi- 
cal networks. 
Genre 1s a PrototYPe software infrastructure 
which enables ~roviders and consumers of 
satellite imagery data to  interact. 

TAB. 4.16: Concept re-expression 

Source Document 
We analyse the complexity of our ulgonthm, 
and give some examples of performance on ty- 
pical networks- 
Our Genie system, a prototype software infra- 
structure; demonstrat es t hat a software agent - 
based approach is a powerfirl, flexible para- 
digm for implementing such large-scale, auto- 

(6) Structural Deletion : discourse markers (contrast. structuring? logical consequence. 
adding, etc.) such as first, nezt: finally, howeuer, although are deleted. In Table 4-17? the 
discourse marker Indeed, is not kept in the abstract. -4dditionall~ the jargon the uNet" is 
presented using the more appropriate form The Internet, and the expression in order to  
facilitate is replaced by to facilitate. 

1 Professional Abstract 1 Source Document 
1 The Internet has become a poweriul tool to 1 Indeed, the 'Net* has become a powerful tool 

1 global environmental issues. 1 cal and global environmental issues. 

facilitate the analysis, sharing and distribu- 
tion of information regarding both local and 

- - - 

TAB. 4.17: Structural Deletion 

in order to facilitate the analysis, sharing. and 
distribution of information regarding both 10- 

(7) Clause Deletion : one or more clauses (principal or complement) of the sentence are 
deleted as shown in the esamples in Table 4.18 where only the complement phrase introdu- 
ced by that is presemed. 

Professional Abstract 
The designer description of an application 

Source Document t 

The work described in this paper addresses 
contains much information that is useful in 
explaining its working. 

f theorv. 1 metatheorv of a mechanized ob iect theorv. 1 

these by noting that the designer description 
of an application contains much information 

MT is a metatheory of a mechanized object 

TAB. 4.18: Clause Deletion 

that is useful in explaining its working. 
To emphasize this fact we say that MT is a 

(8) Parenthetical Deletion : some parenthetical expressions are eliminated. In the first 

a example in Table 4.19, the parenthetical expression is deleted as well as the initial clause It 
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will show how (only the complement phrase introduced by how is preserved). In the second 
esarnple, the parenthetical expression (in this case an acronym) is not expressed in the abs- 
tract. 

Professional Abstract 1 Source Document 
I 

Extending the designer's description of the in- 1 It will show how extending the designer's des- 

pianatory. 

formation processing system c m  allow for the 
construction of applications that are self ex- 

thin the application occurs) can allow for the 
construction of applications that are self ex- 

cription of the information processing system 
(with a language that details how changes wi- 

Archon provides a software framework t hat 
planatory. 
The Archon (architecture for coopera tive he- 

assist interaction between the subcomponents 
of a distributed AI application and a design 

/ actions. 

terogeneus on-line systems) provides a soft- 
ware framework that assists interaction bet- 

methodology that helps structure t hese inter- 
actions. 

TAB. 4.19: Parenthetical Deletion 

ween the subcomponents of a distributed ar- 
tificial intelligence application, and a design 
methodology that helps structure these inter- 

(9) Acronym Expansion : acronyms introduced for the first time are presented along with 
their expansions or only the expansion is presented. Two examples are given in Table 4.20. 

Professional Abstract 
The focus is on a subset of networks and corn- 

TAB. 4.20: Acronym Expansion 

Source Document 
The work focuses on a subset of networks and 

municat ions application programming inter- 
faces. 
The network protocols used are SNA (Systems 
Network Architecture) and TCP /IP (Trans- 
mission Control Protocol/Internet Protocol). 

In the first example, the acronym APIs is expanded. Xdditionally: the information is re- 
stated a i t h  the expression the focus is on. In the second one, the acronyms SNA and TCP/IP 
are expanded. 

communications APIs. 

The network protocols used are SNA and 
TCP /IP. 

(10) Abbreviation : a shorter expression is used to refer to an entity. This could be an acro- 
nym or an anaphoric expression. The example shows the noun the National Railway Museum 
abbreviated nith the NRM acron-m. In addition, the verb discuss is chosen to present the 

a actual subtopic. 
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( Professional Abstract 1 Source Document 1 

(11) Merge : information from several parts of the source document are merged in a single 
sentence, this is the usual case when reporting entities stated in titles and captioning- In 
Table 4.22, two titles are merged in a single sentence and presented as subtopics a i t h  the 
verb describe. 

a Discusses the future of digital imaging at  the 
NRM. 

Professional Abstract 
Protocol selection: address mapping, and 

(12) Split : information from one sentence of the source document is presented in separate 
sentences in the abstract, this could be because the sentence of the source contains two 
different types of information. In Table 4-23. the information about the development of the 
system and its advantages is presented in two sentences. But instead in the original appears 

The future of digital imaging at  the National 
Railway Museum. 

Source Document 
Protocol Selection 

connection management are also described. 

in one comples sentence. 

Address Mapping and Connection Manage- 
ment 

reaoning SYStem: basPd on tesserd 
addressing and using tesseral arithmetic, 
which offers the advantage that it is directly 

wit h existing GIS technology. compatible with existing GIS technology. 

Professionai Abstract 
A tesseral temporal reaçoning system has 

TAB. 4.23: Split 

Source Document 
'l'bis bas resulted in a tessera1 temporal 

(13) Complex Reformulation : a comples reformulation takes place : this could involve 
several cognitive processes such as generalization and paraphrase. In Table 4.24, the infor- 
mation from different parts including a title, which contains the complete description of the 
entity being introduced, is reformulated. 
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/ Professional Abstract 1 Source Document 

SCULPTOR, a 3D intuitive interactive 
modeling tool, is being developed to create a 
design environment for architects based on 
virt ual interaction tools, fast graphic 
libraries, and new approaches in Artificial 
Intelligence. 

SCULPTOR - an intuitive 3D modeling tool 

The motivation for our work is to invent a de- 
sign environment for architects, based on the 
mos t recent hard- and software development S. 

These are rnainly virtual r e a l i ~  (VR) inter- 
action tools, fast graphic libraries, and new 
a ~ ~ r o a c h e s  in Artificial Intelligence- 

TAB. 4.24: Complex Reformulation 

(1-1) Noun Transformations : we also have observed other transformations such as nomi- 
nalisations. generalization, restatement of complex norninals: deletion of complex nominals. 
espansion of complex nominals (different classes of aggregation) and change of case. Several 

--esamples illustrate these situations in TabIe 4.25. 

1 Professional Abstract 1 Source Document 1 
1 ... business telecommunication prices in Eu- 1 Business telecommunications prices (UK. 

Sweden. France, Austria, Germany. ... 
the University of Liverpool 
Maxcess Library Systems, Inc. with hiaxcess 
Librarv Svstem 

Experiment 1.. . 
.... regulation of cable TV in the UK ... 

1 The integration of speech and natural lm- 
p a g e  processing 
The Aus trian telecommunication infras truc- 

The 1st experiment 
UK : regulation of cabie TV 
Integrating Speech and Natural Language 
Processing 
The Austrian situation in the field of telecom- 

ture 1 rnunicat ion infrastructure 

TAB. 4-25: Xoun Transformations 

(15) No Transformation : the information is reported as in the source. 

-4s shown in the examples, the "edition3 of the source material involve several trans- 
formations a t  a time. The distribution of the 15 transformation in our corpus is shonn in 
Taable 4.26. 



Tkansforrnation 
Stntactic Verb Transformation 

1 Conce~tual  Deletion 
1 I 

1 43 1 13% 1 

" ' Lexical Verb Transformation 
Verb SeIection 

# 
48 

1 Parenthetical Deletion 
I 1 

I 10 1 3% 1 

%~ 
15% 

13 
70 

Conceptual re-expression 
Structural Deletion 
Clause Deletion 

1 Acronvm Expansion 
1 

I 

4% 
21% 

4 
7 

47 

1% 
2% 
14% 

L - 
Abbreviation 
3 Ier ~e 
Split 
Complex Reformulation 

TAB. 4.26: Distribution of the 15 Transformation in the Corpus 

3 
124 

1 1 

lé found that transformations involving domain verbs appeared in 40% of the sentences, 
nouns editing occurred in 38% of the sentences, discourse level editing occurred in 19% of 
the sentences, merge and split of information occurred in 38% of the sentences: comples re- 
formulation account for 23% of the sentences, and finallx only 11% of the information from 
the source document is stated without transformation. 

1% 1 
38% 

3 
75 

Xoun Transformation 
Xo Transformation 

If-hile most approaches to automatic test summarization present the estracted informa- 
tion in both the order and the form of the original, this is not the case in human produced 
abstracts. Newrtheless, some transformations in the source document can be implemented 
by cornputers with state of the art  techniques in natural language processing in order to im- 
prove the quality of the automatic summaries. This issue will be elaborated in the following 
chapter. 

1% 
23% 

4.5 Summary 

70 
35 

In this chapter, we have studied relations between abstracts and their source documents, 
this study was motivated by the need to answer to  the question of content selection in test 
summarization (Spark Jones, 199313)- We have also addressed here another important re- 
search question : how is the information expressed in the abstract. 

21% 
11% 

Our study was based on the manual construction of alignments between sentences of 
professional abstracts and elements of source documents. In order to obtain an appropriate 
coverage, abstracts from different secondary sources and source documents from difi'erent 
journals were used. 
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Ive have shown that : 

1. More than 70% of the information for abstracts comes from introduction, conclusion: 
titles and captioning of the source document. This is an empirical verification of nhat is 
generally acknowledged in practical abstract writing in professional settings. In C h a p  
ter 5 ,  Section 3.5, we show how the structural parts of the document are used in order 
to autornatically compute the content of an abstract. 

2- The information brought into the abstract has a well-defined status and can be iden- 
tified on the basis of general concepts and relations refemng to the technical article. 
This motivated the specification of a conceptual and linguistic model for text sum- 
marization. The implementation of this model in an automatic system is detailled in 
Chapter 5 ;  and in particular n7e show through Sections 5.3 to 5.6 how the content of 
the abstract can be automatically identified and estracted. 

3. We have identified 15 types of transformations usually applied in the source docu- 
ment in order to produce a coherent piece of text. 89% of the sentences of our corpus 
have been edited. The issue of text edition in test summarization has been until now 
practically ignored. In Chapter 5, Section 5.7 we detail the specification of patterns of 
sentence and text production inspired from Our corpus study that were implemented 
in an automatic system. 

Our initial corpus \vas espanded with 100 abstracts and source documents from the jour- 
nal Computer & Control Abstracts, mainly in the field of Computer Science, in order to 
validate and enrich our model. While the linguistic information for our mode1 has been ma- 
nually collected, Teufel (1998) has shon-n how this labor-intensive task can be accomplished 
in a semi automatic fashion. The analysis presented here and the idea of the alignments \vas 
greatly influenced by the explorations of abstracting manuals (Cremmins, 1982) and work on 
cognitive science (Endres-Niggemeyer et al., 1991). Our conceptual model comes mainly from 
the empirical analysis of the corpus, but was also influenced by work on discourse modeling 
(Liddy, 1991) and in philosophy of science (Bunge, 1967). It is interesting to note that our 
concerns regarding the presentation and editing of the information for test  summarization 
are now being addressed by other researchers as well. Jing and McKeonn (2000) and Jing 
(2000) propose a cut-and-paste strategy as a computational process of automatic abstracting 
and a sentence reduction strategy in order to produce concise sentences. Knight and lIarcu 
(2000) propose a noisy channel model and a decision-based model for sentence reduction also 
aiming a t  conciseness. 



Chapitre 5 

Select ive Analysis 

In this chapter: we present Selective -Analysis, a method for text summarization of tech- 
nical articles whose design is based on the study of the corpus described in the previous 
chapter. The method emphasizes the selection of particular types of information and its 
elaboration esploring the issue of dynamic summarization. We show hon. the information 
from the source document is selected and integrated in a new text using some heuristics and 
simple schemas of sentence and test production. \\;hile some editing is incorporated into the 
model, most of the information is presented as found in the source document. 

5.1 Introduction 

Our method is designed to produce short indicative and informative abstracts for techni- 
cal articles. The function of the indicative abstract is to point t o  some of the main topics or 
themes considered in the source document (what the author presents, discusses. addresses, 
etc.) \\-hile the function of the informative abstract is to espand the main topics to provide 
the reader with specific types of information about them such as definitions, descriptions 
and statements of relevance. 

This is done in two steps : first: the reader gets the indicative part of the abstract and 
a list of topics, which are terms obtained from the indicative abstract that are available 
for expansion; should the reader be interested in knowing more about the topics (s)he will 
get test spans from the source document elaborating them. While the indicative abstract 
depends on the structure. content, and to some extent, on specific types of information ge- 
nerally reported in this kind of surnmarv. the informative abstract depends on the interest of 
the reader to  know more about the topics. We have implernented this method in a cornputer 
system called SumUM1, which will be described in Chapter 6. 

The rnethod is independent of any particular implementation. Xevertheless, it was desi- 
gned keeping in mind the needs for accessing the content of long documents and the limita- 
tions of natural language processing of domain independent texts. The general architecture 

lSummarization at Université de Montréal 



of the v s t em is depicted in Figure 5.1. 
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FIG . 5.1: hlain Processes in Selective Analysis 

t - SELECTED TOPICS 

The method consists of the follon-ing main steps : 

- Pre-processing and Interpretation : its function is to identify the structure of the 
document and to interpret sentences according to our conceptual mode1 (Chapter 4). 
This is described in Section 5-3 ; 

- Indicative Selection : it aims to identify sentences of indicative type in order to 
construct the content for the indicative abstract. This is described in Section 5.5 : 

- Informative Selection : its function is to identify sentences of informative type in 
order to construct the content for the informative abstract. This is described in Sec- 
tion 5.6 ; and 
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- Indicative and Informative Generation : for the presentation of the indicative 
abstract to  the reader and the expansion of the indicative text with topic elaborations 
depending on the reader's interests. These are described in Section 5.7- 

The Input 

The input to the system is a technical article in English nithout a- mark-up containing 
the following structural elements : 

- Title of the article : 

- Author information and affiliation : 

- Introductorj- section ; 

- 11 ain sections without prototj-pical structure : 

- References ; and optionally 

- -4uthor abstract, list of keywords: and acknowledgernents. 

This specification of the input is to be considered as a precondition for the application of 
the method. A n  example of input text which will be used in the complete esample provided 

a in Section 5.8 is shown in Figure 5.2. 
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Copyright 1997 UCB. Al1 rights reserved 
Assembly Automation, Vol 17 Issue 3 Date 1997 ISSN 0144-5154 

Features systems for rapid prototyping 

J M  Clark 
Jim Clark is an Industrial Applications Engineer with 3D Scanners Ltd.. - 

Keyvords: Motor industry, Rapid prototyping, Sensors, 3D 

Type of Article: Technical 

Discusses the use of tvo commercially available non-contact laser 
triangulation sensors.... 

1 ntroduction 

Rapid prototyping of industrial parts and the acquisition of 3D models are 
increasingly important stages in the mechanicalmanufacturing process. For 
example, in the automotive ,.. 

REVERSA 

REVERSA is a dual vieupoint non-contact laser scanner which cornes complete 
with scauning software and data manipulation tools. The sensor head is 
shown in Figure 2 REVERSA sensor head . 

ModelMaker 

The ModelMaker scanning system (Figure 3 The Mode1 Maker scanning system ) 
is a combination of a 3D laser stripe sensor, ... 

Conclusions 

Two non-contact scanning systems, REVERSA and ModelMaker, have been 
described amd their application in industry demonstrated ... 

FIG. 3.2: Sample Input Test 

5.3 Pre-processing and Interpretation 

The purpose of this step is to analyze the input text in order to  identik its structure 
(e.g., titles, author information, main sections and references) and interpret its content. This 
process is done using a segmentation algorithm developed for the purpose of this research 
and which is fully described in Section 6.2. This process is essential since the selection of 
information for an abstract is highly influenced by the documents' structure? as ive have 

a shown in Chapter 4. 



The main sections are syntactically and sernantically interpreted in the following way t 

first, a te= tagger is applied (details about the tagger are given in Section 6.2) ahich iden- 
tifies the lexical category and citation form of each word. Shen, in each section: titles and 
sentences are detected and interpreted using the information provïded by the tagger. The 
interpretation consists of the application of a parser (cascade of finite state transducers) to 
i den t i -  some syntactic constructions such as noun, verb, adjectival and adverbial groups, 
and dornain specific constructions (e.g., the parser identifies that the string "the following 
Section" is a reference to a paper component as soon as it scans it). The process associates 
a semantics to each construction and interprets each element according to the conceptual 
model (this is fully described in Section 6.3). In order to do that, we use the conceptual 
dictionary (described in detail in Section 6.3) which associates lexical items wîth elements 
of the conceptual rnodel : noun groups are interpreted as concepts, verb groups as relations 
and adjective groups as qualities (as we did in the specification of concepts and relations 
in Section 4.3). For example, the string " a  straightforward process" is interpreted as the 
concept method because the word "process" is associated with that particular concept ; the 
string "have been studied' is interpreted as the relation study because the verb "study is 
associated n-ith that relation in the conceptual model; the string "the most  important as- 
pects" is interpreted as a relevance quality of our conceptual model and n-il1 be used to 
identify relevant entities like in "The most important aspects of our  sys tem are y ; and finally. 
the string "the algon'thn' has no particular interpretation because the noun "algorithm" 
does not belong to  any concept in our conceptual rnodel. The actual implernentation of Su- 
mUM does not deal n-ith ambiguities, so different interpretations can be associated to the 
same syntact ic construction. 

SumUM represents each sentence as a list of lesical and sp tac t i c  elements enriched 
n-ith semantic labels that indicate their interpretation. The representation is fully described 
and esemplified in Section 6.3. 

SumUM uses the conceptual information it finds in the sentence to  classify it accor- 
ding to types of information (the concepts, relations and types of information are given in 
Appendixes C, Dt and E). For example, if SumUM detects that a sentence contains the 
domain relation make known and a reference to a paper component, then it ni11 classify this 
sentence as Topic of Section. In Tables 5.1 and 5.2, we present the information used 
by SumUM in order to classify sentences according to types of information. The sentence 
position in the source document and its type are recorded in the conceptual index (in the 
previous example, the sentence position and the type Topic of Section will be recorded). 
Xo ambiguities are resolved in SumUM- 



Indicative Type Criteria for Classification 

suggestion (dc) V summary (dc) V survey (dc) 

Situation 

problem/solut ion 

Need 
entity introduction 
entity identification 
Topic 

Topic Description 

Possible Topic 
Research Goal 

Conceptual Goal 
Focus 

Conceptual Focus 
Development 
Interest 

Study 
Method 
Experiment 
Result 
Inference 
knowledge 

S ummarization 
Topic of Section 
Signaiing Structural 
Signaling Concept 

(date (dc) V past perfect V past progressive V situation (dc/dr)) A first 
section 
(problem (dc/dr) V solution (dc/dr) V dif f iculty (dc) v dif f icult 
(da) ) A fkst section 
(need (dr) V necessity (dc) V necessary (da)) A first section 
identify (dr) A first section 
ident if y (dr) A 1 first section A 1 Iast section 
make knovn (dr) A (author (dc) V research paper (dc) V study (dc) V 
research (dc) V vork (dc) ) A (first section V last section) 
make knovn (dr) A (author (dc) V research paper (dc) V study (dc) V 

research (dc) V vork (dc) ) A (first section V Iast section) 
(make knoun (dr) A passive voice) A (first section V last section) 
objective (dr) A (author (dc) V research paper (dc) V study (dc) V 

research (dc) V vork (dc) V institution (dc) V pro ject (dc) V research 
group (dc)) 
conceptual objective (dc) 
f OCUS (dr) A (author (dc) V research paper (dc) V study (dc) V research 
(dc) V vork (dc) V institution (dc) V project (dc) V research group 
(dc) 
conceptual f ocus (dc) 
create (dr) 
interest (dr) A (author (dc) V research paper (dc) V study (dc) V 

research (dc) V vork (dc) V institution (dc) V pro ject (dc) V research 

c o u p  (dc)) 
study (dr) v investigate (dr) 
method (dc) 
experiment (dc/dr) 
resulc (dc) 
inf er (dr) 
(explain (dr) V discover (dr)) A (author (dc) V research paper (dc) V 

study (dc) V research (dc) V vork (dc) ) 
summarize (dc/dr) 
make known (dr) A paper component (de) 
structural (dc) 
analysis (dc) V application (dc) V cornparison (dc) V concept (dc) v 
conclusion (dc) V def init ion (dc) V description (dc) V detail (dc) V 
development (dc) V discussion (dc) V explanation (dc) V introduction 
(dc) V method (dc) V outline (dc) V overvieu (dc) V presentation (dc) 
V recommendation (dc) V result (dc) V reviev (dc) V study (dc) V 

TAB. 5.1: Information used to Classify Sentences in Indicative Types using Domain Concepts 
(dc), Dornain Relations (dr) and Domain Adjectives (da) 



Informative Type Criteria for Classification 

Definit ion 
Description 
Elaboration 
Advantage 
Developmeat 
Interest 
Relevance 
Identification 
Uniqueness 
Study 
Usefulness 

Goal 
Focus 
Positiveness 
Novelty 
Effect iveness 

define (dr) 
describe (dr) 
elaborate (dr) 
advantage (dc/dr) 
create (dr) V development (dc) 
interest (dr) V interesting (da) 
relevance (da) v essential (da) 
identif y (dr) 
unique (da) 
study (dr) v investigate (dr) 
practical (da) v use (dr) V application 

(dc) 
objective (dc/dr) 
f ocus (dc/dr) 
positive (da) 
novel (da) 
effective (da) 

Need (need (dr) V necessity (dc) v necessary 
(da) 

Characteristics characteristic (dc) 

TAB. 5.2: Information used to Classify Sentences in Informatil-e Types using Domain 
Concepts (dc). Domain Relations (dr) and Dornain Adjectives (da) 

The process then estracts terms and their semantics from the sentences. Terms are noun 
groups in citation form without determinants and their semantics is the citation form of the 
head noun (Le., from the noun group Yhree on-line algorithrns" the term "on-line ~lgor i thrn '~  
is obtained along with its semantics Kalgon'thm ") . SumUM gradually cornputes term and 
word frequencies and records the positions n-here the terms appeared. Al1 this information 
about the terms is recorded in the term tree. SumUM also extracts acronyms and their 
expansions from the sentence and records that information in the acronym information 
structure (a simple algorithm that looks for patterns of acronyms and expansions was im- 
plemented for this task) . 

The final step is to produce the t o p i c a l  structure of the text which is the list of terms 
and words appearing on the title of the document and the titles of sections- Sote that Su- 
mUM knows which elements are titles in order to estract the right terms. The information 
about the structure of the article is recorded in the text representat ion (sentences. titles' 
paragraph structure: etc.). 



5.4 Representing the Information for the Abstract 

We have decided to represent the information for both the indicative and the informative 
abstracts R-ith templates. Templates are simple data structures composed of slot-filler pairs 
that record information for the tasks of content selection and text re-generation. The slot 
name in a template somehow indicates the semantics of the information of its filler which is 
a dat um of specific type (numeric, alphanumeric' string, parsed sentence fragment, etc.) - 

In Chapter 2, we have presented one indicative abstract in Figure 2.5 and one informative 
abstract in Figure 2.6. We have observed that a sentence like "The work of Consumer Aduise 
Centres is examined. " in the indicative abstract is used to introduce a topic (e.g., "The work 
of Consumer Advise Centres") while a sentence like "CAC's have dealt with pre-shopping 
advice, education on consumers' rights and cornplaints about goods and services, advising 
the client and often obtaining expert assessments." from the informative abstract gives ac- 
tua1 information about that topic. In order to make evident this difference in the status of 
the information reported in a sentence, nre work with two kinds of ternplates : indicative 
ternplates (Section 5.4.1) ; and informative templates (Section 5.4.2). -4 sentence will be 
used to instantiate a template of type T only if : 

- it was classified as type T during interpretation; 

- it matches a specific pattern associated with type T and 

- it satisfies some restrictions during the process of template instantiation. 

The patterns used in the implementation of SumUM and the restrictions applied for 
instant iatinn were obtained during analysis of the corpus and testing of SumUM. In Our a p  
proach patterns are sequences of concepts, relations, words? syntactic categories and variables 
X*, for example : Sl+experirnent (dc) +Prep+X2+experiment (dr) +& which matches 
a sequence of zero or more elements (XI) followed by a concept experiment followed by a 
preposition followed by a relation experiment and a sequence of zero or more elements (the 
sentence "Some experiments on  automatic abstracting were conducted at ..." matches this 
pattern) . 

In this chapter we will give the complete specification of the templates and some examples 
of the process of instantiation (see Section 5.8) while the complete computational process of 
template instantiation is given in Chapter 6 (Sections 6.1 and 6.3). 

5.4.1 Indicative Templates 

The indicative templates contain the following mandatory slots : 

- Type that specifies the type of the template (an alphanumeric constant), 

- Id that contains a unique identifier (an integer), 

- Position that contains the position of the sentence t.hat was used to instantiate the 
template (section number and sentence number): 
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- Topic candidates filled in with a list of the terms mentioned in the sentence (not 
with al1 the terms from the sentence that is used for instantiation), 

- Weight instantiated n i th  an  integer representing the "relevance" of the terms. 

Term relevance is computed using the following formula : 

%E T e r m ~  noun(-\') nounfrequency (X) 
relevance (Term) = 

: N E TermA noun(?;)l 

where noun(X) is true if '\' is a noun, nounfrequency(N) is a function computed during 
pre-processing and interpretation that gives the word count for noun N and the notation 1S1 
stands for the number of elements in the set S. As complex terms have lower distribution 
than single terms, this formula give us an estimate of the distribution of the terrn and its 
components in the document. Sote  that in doing sot a terrn like "robot architecture" with 
low frequenc- in the whole document, will have great relevance because of the distribution 
of its component nouns "robot " and "architecture ". 

The Weight dot is filled in r i t h  the following value : 

Template.Keight = x relevance 
T e r m ~  Template.Candidates 

Term) 

We now gix-e the complete set of templates used in SumUM. 

Situation : records information about the situation like in the sentence "Robotics approaches 
have  been applied since the late 1970s uith more and more advanced devices and strategies." 
that  contains two markers of situation : a concept date (e-g., "the late 1 9 7 0 s y )  and a rerb in 
the past perfect (e.g., "have been applied"). Its specification is given in Figure 3.3. The main 
slot is S i t u a t i o n  containing the complete sentence n-ithout parenthetical or references. 

Type : situation 
Id : integer 
Situation : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : list of terms from the Situation filler 
Weinht : nurnber 

FIG. 5.3: Specification of the Situation Template 

Problem Identification : records information from a sentence identifying a problem like 
in "Another  problem is the workpieces are very large- " that contains the concept problern 
and matches the pattern : Sl+problem (dc) i-def ine (dr)+A\. The specification is given 
in Figure 5.4. The main dots are the Marker slot used to record an instance of the concept 



problem (e-g., "Another problem"), the d o t  About that records the description of the pro- 
blern (e.g.. ' the workpieces are uery large "), and the Content slot that records the cornplete 
sentence. 

Type : 
Id : 
Marker : 
About : 
Content : 
Position : 
Topic candidates : 
Weinht : 

problem identification 
integer 
instance of concept problem 
parsed sentence fragment 
parsed sentence fragment 
section and sentence id 
list of terms from the About filler 
number 

F ~ G  . 5.4: Specification of the Problem Identification Template 

Problem Solution : records information from sentences containing references to problem- 
/solution structures Iike in "Learning methods have been applied su far essentially to  solving 
problems related tu dealing with a static environment, e.g., leaning the topography of an ofice 
enuironment, recognin'ng faces f r o n  sets of static images. " This sentence contains a solut ion 
relation and a concept problem and matches the pattern : &+solut ion (dr)+problem 
(dc) +&. This template is specified in Figure 5.P : the main dots are the Problem slot that 
contains a description of the problem (e.gao cproblems related t c  ... "); the Solut ion slot that 
contains a description of the solution (e-g., "Leaming methods have been applied ... ") and 
the slot Content that contains the cornpiete sentence. 

Type : problem solution 
Id : integer 
Problem : parsed sentence fragment 
Solution : parsed sentence fragment 
Content : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : list of terms from the Problem and Solution 

fillers 
Weight : number 

FIG. 5.5: Specification of the Problem Solution Template 

Need for Research : records information about a need like in the sentence "Off-line 
programming systems require the availability of CAD data describing the workpieces t o  be 
welded." This sentence contains a need relation (e-g., "require") and matches a pattern : 
&+need (dr)+X2 The main dots are the S i tua t ion  slot that records the enti t -  in need 
(e-g.' "Off-line programming systems"), the Necess i t y  slot that records the actual need 
(e-g., 9th auailabzlity of ... ") and the Content slot that records the complete sentence. The 
specification is shown in Figure 5.6. 



Type : need 
Id : integer 
Situation : parsed sentence fragment 
Necessity : parsed sentence fragment 
Content : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : list of tenns fiom the Situation fiUer 
Weight : number 

FIG. 5.6: Specification of the Need for Research Template 

Entity Introduction : records information about entities being introduced in the first sec- 
tion of the document like in the sentence "The Laboratory for Flexible Production Automation 
is partner in a cooperative project, named Delft Intelligent Assembly Ce11 (DIA C), between 
four faculties of Delft University of Technology, partly jinanced by SPIN, a funding by Dutch 
government." This sentence matches the pattern of introduction : X'i+Prep+&+identify 
(df )+X3 Its specification is given in Figure 5.7 : the main slots are the E n t i t y  slot that 
records the entity being introduced (e-g.. "The Laboratory for Flexible Production Automa- 
tion') and the dot  What that contains the information about the entity (e-g.. "zs partner in 
a cooperative project, . . . ") . 

Type : ent ity introduction 
Id  : integer 
Entity : noun group 
What : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : list of terms from the Entity filler 
Weight : number 

FIG. 0.7: Specification of the Entity Introduction Template 

Topic of Document : records information about the explicit introduction of the topic by the 
author like in the sentence "In this paper, we present details of our S WERS. " This sentence 
contains a research paper concept and a make knom relation and matches the pattern of 
topic : &+author (dc)+make knoun (dr)+X2. The specification is giwn in Figure 5.8. 
The main slots are the Predica te  do t  that records information about the verb introducing 
the topic (e.g., "present ") and the Uhat dot that records the information introduced by the 

O 
verb (e.g., "details of our S WERS"). 



1 Type : 
i Id : 
Predicate : 
ühere : 

Who : 

Uhat : 
Position : 
Topic candidates 
Weight : 

- 

topic 
integer 
instance of make knoun relation 
instance of {research paper, study, 
uork, research) 
instance of {research paper, author, 
study, vork, research) 
parsed sentence fragment 
section and sentence id 

: list of terms from the What filler 
number 

- .- -. - - - - - - - - 

FIG. 5.8: Specification of the Topic of Document Template 

Topic Description : records information about the explicit description of the topic by 
the author like in the sentence "Another interesting activity, also reported here, was the 
realization, within the framework of a EUREKA project, of a tele-manzpulator for servi- 
cing a new concept of urban infrastructures- " that matches the pattern : &+malce knovn 
(dr) f research  paper (dc) +&. The main slot is Description that records the descrip- 
tion of the topic avoiding the elements that help identify the topic (e.g.? W s o  reported here "). 
The specification is shown in Figure 3.9. 

Type : topic description 
Id : integer 
Description : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : list of terms from the Description filler 
Weight : number 

FIG . 5.9: Specification of the Topic Description Template 

Possible Topic : records information from sentences introducing the  topic implicitly (e-g., 
no concept research paper or author are present, but a relation make knoun in pasive voice 
was detected) like in "An overview of d i ferent  robotic systems developed for perfonning tasks 
in hazardow environments has been presented. " that matches the pattern : Xt+make knom 
(dr) +X2. The specification is presented in Figure 5.10. The main slots are the Predicate dot 
that records information about the verb introducing the topic (e-g., "has been presented "). 
the Argument dot  that contains the main information introduced by the verb (e-g., "An 
overuiew of different . . . ") and the slot Continuation containing additional information from 
the sentence. 
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Type : possible topic 
Id : int eger 
Predicate : instance of make knom relation 
Argument : parsed sentence fragment 
Continuation : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : list of terms from the Argument filler 
Weinht : number 

FIG. 5.10: Specification of the Possible Topic Template 

Research Goal : records information about the goal of the author or other entitv like in 
the sentence "Because w e  aimed for a general robot control mechanism, as independent as 
possible from the particular environment and hardware used for the implementation, AN-Ys 
were more interesting t o  u s  than RL and EA techniques. " matching the pattern : -Yl +author 
Cdc)+objective (dr)tdS2.  The main slots are the Predicate dot  that contains the verb 
(e-g.. "aimed"), the Who do t  that contains the conceptual entity (e-g.. b e " ) ,  and the dot  
Goal that describes the goal (e.g.. "for a general robot control ..."). The specification is 
shown in Figure 5.1 1. 

/ Type : research god 
1 Id  : integer 
Predicate : instance of objective reiat ion 
Who : instance of {author, research ,  

institution, uork, research paper,  
project) 

Goal : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : list of terms from the Goal filler 
Weight : number 

FIG. 5.1 1: Specification of the Research Goal Template 

Conceptual Goal : records information referring to the esplicit goal of a conceptual entity 
like in the sentence "The aim of the project is t o  obtain a reiiable, working demonstration- 
sys tem of a ftexible assembly ce11 that is capable of assembling industn'al products." that 
matches the pattern of goal : dyL+conceptual objective (dc) +def ine ( d r )  +&. The 
template is g i ~ e n  in Figure 5.12. The main do t s  are the Marker dot that records the concep- 
tua1 goal (e-g., "The a i m  of the project"). the slot Predicate that records the predicate 
introducing the goal (e.g., "is") and the slot Goal that records the goal (e.g., 20 obtain a 
reliable: ... ")- 



Type : conceptual goal 
Id : integer 
Marker : instance of (goal of paper, author, study, 

vork,  research, institution, pro ject, 

Predicate : instance of def ine relation 
Goal : parsed fiagrnent sentence describing the goal 
P o s i t i o n  : section and sentence id 
Topic candidates : list of terms £tom the Goal filler 
Weight : number 

FIG. 5.12: Specification of the Conceptual Goal Template 

Focus : records information from sentences referrîng to the focus of a conceptual entity like 
in the sentence m e r  some successful developments in the field of industrial robotics, the 
department focused its attention on the area of robots for hostile/hazardous environments." 
that matches the pattern : Xl+ins t i tu t ion  (dc) +f ocus (dr) +a. The specification is 
presented in Figure 5.13. The main slots are the Predicate slot to record information about 
the verb introducing the focus of attention (e-g., "focused"): the Marker slot that records the 
conceptual entity (e.g., 'Yhe department") and the Focus dot  that records the focus (e.g.. 
"the area of robots for ... "). 

Type : 

Id : 

Predicate : 
Marker 

Focus : 
Position : 
Topic candidates : 
Wei~ht : 

focus 
integer 
instance of f ocus relation 
instance of {author. paper, pro jec t ,  study, 
research, institution) 
parsed fragment describing the focus 
secticn and sentence id 
list of terms from the Focus filler 
number 

FIG. 5.13: Specification of the Focus TempIate 

Conceptual Focus : records information referrïng to the explicit focus of a conceptual 
entity like in the sentence "The focus of this paper is  to  consider usability issues in catalogs 
independently of current trends on the Internet. " that matches the pattern : XL+conceptual 
f ocus (dc) +def ine (dr) +X2.  This templates is presented in Figure 5.14. The main dots 
are the Marker dot  to record the conceptual focus (eg. ,  "The focus of this paper"), the 
Predicate slot to record the verb introducing the focus (e-g., "is"),  and the slot Focus to 
record the focus (e-g., "to consider . .. ") . 



Type : conceptual focus 
Id : int eger 
Marker : instance of {f ocus of paper, author, study, 

work, research, ins t i tu t ion ,  pro ject ,  

POUPI 
Predicate : instance of def ine relation 
Focus : parsed fragment sentence describing the focus 
Position : section and sentence id 
Topic candidates : list of terms fkom the Focus fiUer 
Weight : number 

FIG. 5.14: Specification of the Conceptual Focus Template 

Author Development : records the explicit mention of a development by the author or 
other conceptual entity like in "K'e implemented the DRAMA architecture in a number 
of ezperiments with wheeled LEGO or FISCXERTECHNIK robots which are widely used 
tools for research on mobile robots. '' that matches the pattern : &+author (dc) +create 
(dr) +-Y2. The template is specified in Figure 5.13. Its main slots are the Predicate slot 
that records the verb referring to the development (e-g., "implemented"), the do t  Who that 
contains the concept (e-g.. "We")? and the d o t  Argument that contains the development 
(e-g.. ''the DRAMA architecture in . . . "). 

Type : aut hor development 
Id  : int eger 
Predicate : instance of create  relation 
Who : instance of {author, research, 

i n s t i tu t ion)  
Argument : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : list of terms from the Argument filler 
Weinbt : number 

FIG. 5-15: Specification of the Author Development Template 

Something Developed : records information about sentences containing references to de- 
velopments like in "The gantry zuas designed to accommodate the I2m x I2m panel size 
requirements i n  Keppel FELS, a shipyard in Singapore. " that matches the pattern of de- 
velopment : &+create (dr)+&. The template specification is given in Figure 5.16. The 
main dots are the Predicate slot that records the information about the rerb referring to 
the development (e.g., "was designed7'), the Argument slot used to record the information 
about the thing developed (e.g., "The gantry"), and the Continuation slot that records 
additional information from the sentence (e.g., " to accommodate the . . . "). 



Type : 
Id : 
Predicate : 
Argument : 

Continuation : 
Position : 
Topic candidates 
Weight : 

development 
integer 
instance of create relation 
parsed sentence fragment 
parsed sentence fragment 
section and sentence id 

: list of terms from the Argument filler 
number 

FIG . 5.16: Specification of Development Template 

Author Interest : records information about sentences referring to the explicit mention of 
the interest of a conceptual entity like in "For SWERS, we are interested in providing the 
robot with a wak-through programmirtg capability." that matches the pattern : &+author 
(dc) f i n t e r e s t  (dr) +&. This template is specified in Figure 5.17. Its main dots  are the 
Who dot  that contains the entity (e.g., "we") and the slot What that records information 
about the interest (e-g., providing the robot ... "). 

Type : 
Id : 
Predicate : 
Who : 

What : 

Position : 
Topic candidates : 
Weip;bt : 

author interest 
int eger 
instance of interest relation 
instance of {research paper, 
study, uork, research, group, 
institution, project) 
parsed sentence fragment 
section and sentence id 
list of terms fiom the mat filler 
number 

author, 

FIG . 3.17: Specification of the Author Interest Ternplate 

Author Study : records information about the expiicit mention of the study of the author 
or other conceptual entity like in "We have measured the cost to inspect the configuration 
files for all places." that matches the pattern : &+author (dc) fstudy (dr) +S2. The 
ternplate is given in Figure 5.18. The main dots  are the Predicate d o t  that records the 
verb that introduces the study (e.g., "have measured"), the Argument d o t  that contains the 
thing studied (e-g., "the cost"), and the Who d o t  that records the entity (e-g., "We "). 



Type : aut hor study 
Id : integer 
Predicate : instance of study relation 
Uho : instance of (research paper , author, 

study, work, research) 
Argument : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : list of terms from the Argument filler 
Weight : number 

FIG. 5.18: Specification of the Author Study Template 

Something Studied : records information about a study like in "The t ime to complete para- 
bolic trajectorïes between picking positions has been evaluated to be about 1.7 s (for a distance 
of 4OOmm between picking positions and a backward displacement of %Umm which in total re- 
presents a travelling length of about 850mms). " t hat matches the pattern of study : SI +s tudy 
(dr)+&. The specification is given in Figure 5.19 : its main slots are the Predicate slot 
that records the w r b  (e-g.. "has been e ~ a l u a t e d " ) ~  the Argument slot that records the thing 
studied (e.g., "The  t ime to complete the parabolic trajectnries .. -7, and the Continuation 
slot to record additional information. 

Type : study 
Id : integer 
Predicate : instance of study relation 
What : parsed sentence fragment 
Continuation : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : list of terms fkom the ühat filler 
Weight : number 

FIG. 5.19: Specification of the Study Template 

Method : records information about the explicit mention of a method Iike in the sen- 
tence "Welding of the stifleners vertically onto the plates is a straightforward process uszng 
current automated welding systems. " that matches the pattern : XI +method (dc) +def i ne  
(dr)+&. The template is shown in Figure 5.20. The main dots here are the Marker slot 
used to record the concept method (e-g., "a straightforward process"), the Method slot to 
record the fragment naming or describing the method (e.g., "Welding of the ...''), and the 
slot Content that records the sentence without parenthetical and references. 
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Type : method 
Id : integer 
Marker : noun group ident ifying the concept met hod 
Method : fragment naming or describing the method 
Content : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : iist of terms from both Method and Marker 

fiHers 
We ight  : number 

FIG. 5.20: Specification of the Method Template 

Experiment : records information about the experiments like in the sentence "In these 
e x p e r h  ents the robot learned to recognîse landmarks (boxes, light, aluminium covered ground 
areas). " that matches the pattern of esperiment : XL+experiment (dc) +&. The template 
specification is given in Figure 5.21. Its main slots are the Marker slot that records the 
concept (e-g.. "these ezperiments "), the slot Experiment that contains the description of the 
esperiment (e.g.? "the robot learned to . . . ") : and the slot Content that records the original 
sentence 11-it hout parent hetical. 

Type : 

Id : 
Marker : 

Experiment : 

Content : 
Position : 
Topic candidates : 

exp eriment 
integer 
instance of concept experiment 
parsed fragment sentence 
parsed sentence fragment 
section and sentence id 
list of terms from both Marker and 
Exper iment fillers 
number 

- -  . -- 

FIG . 5.21: Specification of the Experiment Template 

Result : records information about sentences referring to results like in "Results showed 
complete svccess for al1 teachings. " that matches the pattern : X l + r e s u l t  (dc) +&. The 
template is specified as in Figure 5.22 : the main slots are the Marker slot that contains a 
reference to the concept result (e.g., "Results"), the slot Resul t  that contains the fragment 
describing the result (e-g., in this case empty) and the slot Content containing the original 
sentence. 



Type : resdt 
Id : int eger 
Marker : instance of the concept result 
Result : noun group 
Content : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : Est of terms fiom both Marker and Result 

fillers 
Weight : number 

FIG. 5.22: Specification of the Result Ternplate 

Inference : records information about sentences referring to an inference like in "lt is conclu- 
ded that the dynamic Domain Name Sysiern and the directory semer look-up are the tluo best 
approaches for resolving dynamic IP addressing." that matches the pattern : "It"+infer 
(dr) +S. This template is presented in Figure 5.23. The main slots are the Main slot to 
record the main inference (e.g., "that the dynamic Domain Name System ... "): and the 
Inf erence slot that records the sentence. 

Type : inference 
Id : integer 
Main : parsed sentence fragment 
Inf erence : parsed sentence fragment 

1 ~ o s i t i o n  : section and sentence id 1 
1 Topic candidates : list of terms from the Main filler I 1 Weight : number 

FIG . 5.23: Specification of the Inference Template 

Author Knowledge : records information about what the author (or other conceptual 
entity) found like in "We found nonlinear subscript expressions (some generated by our 
transformations and the rest part of the original program) in  the Perfect Benchmarks. " that 
matches the pattern : xi t a u t h o r  (dc) +dis cover (dr) +&. The template is specified in 
Figure 5-24. The main slots are the Predicate dot  that contains the verb (e.g.. "found"). 
the Who dot  that contains the conceptual entity (e-g.. "We"), and the slot What that contains 
the description of nha t  was found (e-g., "nonlinear subscript . .. "). 



Type : knowledge 
Id : integer 
Predicate : instance of discover relation 
Who : instance of {research paper , author, 

study , uork, research) 
What : parsed sentence fragment 
Position : section and sentence id 
Topic candidates : list of terms fkom the Uhat filler 
Weight : number 

FIG. 5.24: Specification of the Knowledge Template 

Summarizing : records sentences that identif'. a summaq like in "To sum up, the method 
can be use& in a variety of situations- " that matches the pattern : summarize (dr) +X. The 
template is shown in Figure 5.25. Its main d o t  is Content that record part of the sentence 
(e-g.: ';the method can be vsed ... "). 

Type : summarization 
Id : integer 
Content : parsed fragment sentence d 
Position : section and sentence id 
Topic candidates : list of terms from the Content fiHer 
Weight : number 

FIG . 5.25: Specification of Summarization Template 

Entity Identification : records sentences identif'-ing entities like in "Certification includes 
extensive laboratory tests of welded specimens." that matches the pattern : S l + i d e n t i f y  
(dr)+X2. The template is specified in Figure 3.26. Its main dots are the Entity slot that 
records the entity being identified (e-g., "Certification") and the What slot containing the 
fragment identifying the entity (e-g., "includes eztensiue.. . ") . 

Type : entity identification 
Id : int eger 
Entity : noun group 
Uhat : parsed sentence hagrnent identifying the en- 

tity 
Position : section and sentence id 
Topic candidates : listoftermsfromtheEntityfiller 
Weinht : number 

FIG. 5.26: Specification of Entity Identification Template 

Topic of Section : records information from sentences explicitly referring to the topic 
of a section like in "The fifth Section presents the benefits and conclusions." that matches 
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the pattern : Sl+paper  component (dc) +make knom ( d r )  +&Y2. The template is given in 
Figure 5.27. The main slots are the Predicate  dot  that records the verb used to introduce 
the topic of the section (e.g., "presents"), the dot  Section that records the number of the 
section (e.g., sect ion(5)) .  and the Argument dot  that records the topic being introduced 
(e-g., "the benefits and conclusions "). 

Type : topic of section 
Id  : int eger 
Predicate : instance of make knovn relation 

' Section : instance of section(1d) 
Argument : parsed sentence fragment 
Posi t ion : section and sentence id 
Topic candidates : list of terms from the Argument filler 
Weight : number 

FIG. 5.27: Specification of the Topic of Section Template 

Signaling Structural : records information presented in structural elements like in the 
sentence "Table I Important welding process parameters shows the fields in the welding data- 
base. " that matches the pattern : & +s t ruc tu r a l  (dc) +&+show (dr) +&. The ternplate 
is s h m n  in Figure 5.28. The main slots are the Predicate slot that records the verb used to 
present the information (e.g., "shows") and the slot Argument that records the information 
referred to by the verb (e.g.. "the fields in the welding database"). 

1 Type : 

' Id : 
I Structure : 

Predicate : 

Argument : 

Posi t ion : 
Topic candidates : 
Weinht : 

- - 

signaling structural 
integer 
instance of tab le  (Id) , f igu re  (Id) , 
p ic tu re  (Id), p la t e  (Id) 
instance of shov s t ruc tura l  relation 
parsed sentence fragment describing the struc- 
t ural element 
section and sentence id 
list of terms from the Argument filler 
number 

FIG. 5.28: Specification of Signaling Structural Templat e 

Signaling Concept : records information about specific concepts referred to in the article 
like in the title of section "Walk-through teaching method" that matches the pattern : method 
(dc). The template is given in Figure 5.29 : its main slots are the Predicate dot  that 
contains a verb to be used in order to  introduce the concept in the text of the abstract and 
it depends on the concept (e.g., "cover") and the dot  ühat that contains the concept (e-g.. 

a " Walk-through teaching method "). 



Type : signalhg concept 
Id : integer 
Predicate : instance of make knovn relation 
ühat : parsed fkagment sentence 
Position : section and sentence id 
Topic candidates : list of terms fkom the What filler 
Ueight : number 

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

FIG. 5.29: Specification of Signaling Concept Template 

Two special types of templates the Multi and Merged templates, which organize informa- 
tion of the same type together facilitating the generation of cornplex sentences, are specified 
in Figure 5.30. These are instantiated once SumUM has decided which information goes 
in the indicative abstract and so they are not used for content selection. This process is 
esemplified later in Section 5.7. 

1 Type : multi 1 
1 Predicate : instance of make knoun relation 1 
Arguments : list of parsed sentence fragments 
Type : merged 
Ternplates : list of ternplates 

FIG. 3.30: Specification of SIulti and Merged Templates 

5 -4.2 Informative Templates 

Informative templates are used to record information about specific topics that are to be 
presented only upon reader's request. -11 informative templates are similar in structure and 
contain the following mandatory slots : 

- Type that specifies the type of the template (an alphanumeric constant), 

- Id  that contains a unique identifier (an integer). 

- Topic that contains a topic to be introduced in the abstract (a term), 

- Predicate that contains a sentence fragment that was used to identify the information 
about the topic, 

- Pos i t ion  that contains the position of the sentence (section and sentence position) 
used to instantiate the template, and 

- Content that is instantiated with the particular information about the topic (generally 
the whole sentence). 

In the actual implernentation, SumUM instantiates the Content slot with the com- 
plete sentence elaborating the topic. The specification of informative templates is given in 
Figure 5.31. The types of informative ternplates are given below along with examples of 

0 
instantiation of the slots Topic and Predicate. 



Type : Informative Type 
Id : integer 
Topic : term 
Predicate : parsed fiagrnent sentence 
Content : parsed fragment sentence 
Position : section and sentence id 

FIG. 5.31: Specification of Informative Templates 

Definition : This template is intended to  record information from sentence containing defini- 
tions of topical entities like in Y M A  i s  a two-level software architecture for rapidly integrating 
these elements,  for  a n  intelligent machine such as a service robot." that matches the pat- 
tern : Xi+Topic+def i n e  (dr) +S2 The slot T o p i c  is instantiated with 'YMA " and the 
dot  P r e d i c a t e  is instantiated with "zs ". 

Description : Its function is to record information from sentences containing descriptions 
of topical entities like in the sentence "The conceptual design of a W e b  application consists 
of four components : a metaphor, a storyboard, a concept of user interaction, and a n  overall 
look and feel for  the  application. " that matches the pattern : Xl+Prep+Topic+desc r ibe  
(dr)+&. The slot Topic  is instantiated n-ith "Web application" and the P r e d i c a t e  slot 
with "consist", 

Elaboration : Its function is to record information from sentences containing elaborations 
of topical entities like in the sentence "In fact, MAMAS provides a user-friendly graphical in- 
terface to  operate directly on the system. " that  matches the pattern : X l + T o p i c + e l a b o r a t e  
(dr) +S2- The slot Top ic  is instantiated with "MAMAS" while the slot P r e d i c a t e  is ins- 
tantiated with "prouides ". 

Advantage : It records information from sentences containing references to  the advantages 
of a topical entity like in the sentence "W%ile the  advantages of shell languages are rnainly 
concenirated o n  the possibility of rapid application development, . . . " that matches tha pat- 
t.ern of advantage : Sl+advantage (dc)  +Prep+Topic+&. The d o t  T o p i c  is instantiated 
with "shell languages" while the slot P r e d i c a t e  is instantiated with "the advantages". 

Development : I t  is used to record information about the development of a topical entity 
like in " W e  have been developing robotic aid systems for the disabled." that  matches the 
pattern Xl +create (dr) +Topic+X2. The slot T o p i c  is instantiated with "robotic aid sys- 
tems" and the d o t  P r e d i c a t e  is instantiated with "have been developing? 

Interest : It is used to record information about the interest of a topical entity like in the 
sentence "The  user interface objectives address factors that affect the  user  and include . . . " 
that  matches the pattern : X l + T o p i c + i n t e r e s t  (dr)+& The slot T o p i c  is instantiated 
with "The  user  interface objectives?' and the d o t  Predicate with "address". 



0 
Relevance : It records information from sentences refemng to the relevance of a topic like in 
the sentence " T h e  most  important information about a particular certificate - apart from the 
public ke y - i s  its validity. " t hat matches the pat t em : Xi +relevame (da) +Prep+Topic+ 
&Y2. The Topic slot is instantiated n-ith "a particular certificate" and the slot Predicate 
with "The m o s t  important information". 

Identification : It records information from sentences identifying the topic like in "Possible 
business objectives include : provide corporate image enhancement, improve customer service, 
attract prospective emplo yees, market products, increase ernplo yee productivity, o r  provide a n  
easy cross-p la t fom approach to  gathering and disseminating corporate data. " that matches 
the pattern : Topicf ident i fy  (&)+Xe The Topic dot  is instantiated with the term "Pos- 
sible business objectives" and the slot Predicate with "include". 

Uniqueness : Its function is to record information from sentences referring to the unique 
aspects of a topical entity like in "One of the unique features of the OLPS is the integrated 
approach to the planning of the welding operations." that matches the pattern &+ unique 
(da)+ h e p +  Topic+ --Y2- The slot Topic is instantiated with "the OLPS" and the slot 
Predicate with "the unique features". 

Study : It records information about the studv of the topic like in "Most  studies evaluate 
a motif only o n  binding peptides and do not test the abzlity of the mot i f  t o  identify non- 
binding peptides." that matches the pattern : &+study (dr)+Topicf &. In this case the 
dot  Topic is instantiated with "a mot i f "  and the slot Predicate n-ith "evaluate:'. 

Usefulness : It records information about the practicality of a topic like in "While the mo- 
dels developed for NTRS are generally applicable, the current scope is limited to technical 
publications. " tha t  matches the pattern &i-Tapictdef ine (dr) t p r a c t i c a l  (da) iS2. 
The Topic dot  is instantiated with "NTRS" and the do t  Predicate with the fragment "are 
generally applicable ". 

Goal : It records information about the objectives of a topical entity like in "The goal 
of N T R S  i s  t o  provide one-stop-shopping for N A S A  technical publications." that matches 
the pattern ,Yl+objective (dc)+Prep+Topic+&. The do t  Topic is instantiated with 
"NTRS" and the dot  Predicate with "The goal". 

Focus : I t  records information about the focus of a topical entity like in "These systems 
do not  compete with the components of NTRS because N T R S  i s  focussed only o n  the custo- 
m e r  side of searching and retn'eval. " that matches the pattern &+Topic+f ocus (dr) +&. 
Here, the slot Topic is instantiated with the term "NTRS" and the slot Predicate with "is 
focussed ". 

Positiveness : Its function id to record information about the positive aspects of a topical 

a entity like in the sentence "These enhancements over free WAIS make free WAIS-s f  the best 
public-domain, general purpose, full-tezt indexing and search engine auailable today." that 
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matches the pattern Xi+Topic+positive (da)+x2. The Topic slot is instantiated with 
the tenn "free WAIS-sf" and the slot Predicate nith the fragment "the best public-domainn- 

NoveIty : I t  records information from sentences referring to the new aspects of a topicd 
entity like in the sentence "To meet th& goal, researchers at various NASA installations have 
developed seueral new methods of distributing information to the nation's research and indus- 
trial sectors. " that matches the pattern Xl+novel  (da) +Prep+Topic+&. The slot Topic 
is instantiated wïth "distributing informationn and the slot Predicate with the fragment 
"several new methods". 

Effectiveness : It records information from sentences referring to the goodness of a topical 
entity like in 'Tn particular, free WAIS-sfl6 is superior to the CNIDR free WAIS version in 
that it introduces the concepts of structured fields in  the document that can be searched sepa- 
rately. " that matches the pattern &+Topic+def ine (dr) +ef fec t ive  (da) +-Y2. The dot 
Topic is filled in with the terrn 'tfree WAIS-sfl6" and the slot Predicate with the fragment 
Y S  superior "'. 

Need : It records information about the necessity of a topical entity like in "Top-down 
development of Web applications requires some understanding o f  the technology, the appli- 
cation area. and the creative possibilities in applying the technology to the problems in the 
application domain." that matches the pattern ..Yi+Topic+need (dr) +S2. The dot  Topic 
is instantiated with the term "Web applications" and the slot Predicate with the fragment 
"requires ". 

Characteristics : Its function is to record information from sentences mentioning the cha- 
racteristics of a topical entity like in "What are the design characteristics of cornputer systerns 
that support distributedproduct development ?" that matches the pattern S1+charac ter i s t i c  
(dc) +Prep+Topic+..& . The dot Topic is instantiated with the term "cornputer systerns " 
and the Predicate d o t  with "the design characteristics". 

5.5 Indicative Selection 

The purpose of this step is to identify potentia1 topics of the document and to compute 
the content of the indicative abstract, Le., a set of indicative templates containing infor- 
mation extracted from the text which introduces the topics. This is done bu looking for 
indicative types of information through al1 the text using the conceptual index compu- 
ted during pre-processing and interpretation. SumUM analyzes each sentence classified as 
indicati\-e and if possible, instantiates indicative templates with information from the sen- 
tence (structural elements, references and parenthesized expressions are not extracted). In 
SumUM: this analysis looks for patterns given in the previous section to extract informa- 
tion. For example, a sentence like "Section 2 describes HuDL in greater detail and section 3 
discusses system integration and the IMA." is classified by SumUM as Topic of Section 
during interpretation because of the CO-occurrence of the concept paper component (e.g.. 

a "Section 2'') and the relation make known (e-g., "describes"). This sentence is a candidate for 



instantiation of a template of type Topic of Section, but in order to do so, SurnUM first 
verîfies if the sentence satisfies a pattern associated with the type Topic of Section. The 
sentence matches a pattern of this type which asks for a sequence of the following elements : 
a paper component concept (&) followed by a make known relation in active voice (&) 
followd by a non empty sequence of elements (&) followed by a conjunction and a paper 
component. The elements &Yi are used to instantiate a nenr template of type Topic of Sec- 
tion as follows : XI is used to instantiate the slot Section, X2 is used to instantiate the slot 
Predicate, and X3 is used to instantiate the slot Argument. The Id slot is instantiated with 
a fresh integer identifier and the Topic Candidates, Posit ion and Weight dots  are filled 
in as dictated by the specification. The instantiated template is shown later in Section 5.7 
(Figure 5-32). 

-1s only part of the information is used to instantiate the ternplates, transformations like 
Split, Conceptual Deletion. Clause Deletion described in Section 4.4 are done during 
this step. In the previous example, the sentence was split in order to fil1 a template of type 
Topic of Section and the concept paper component will not be espressed in the abstract 
irnplementing the Conceptual Deletion (refer to Section 5.7). 

When instantiating templates of type Signaling Structural or Signaling Concept. an 
appropriate verb is chosen to instantiate the Predicate slot (%hown for information from 
figures: "present" for information from tables and concepts like analysis  and summary: 
"overview" for the concept overview; and 'kover3 for concepts like development and 
discussion) implementing the Select Verb transformation through this process (refer to 
template Signaling Concept in Section 5.4.1). 

The set of instantiated ternplates produced by the indicative selection is called Indicative 
Data Base ( I D B ) .  

The content of the indicative abstract is cornputed by the application of the following 
steps : 

1. SumUM matches the terms of the top ica l  structure with the terms appearing in 
the topic  candidates slot in the templates in the IDB. Two terms Terml and Terml 
match if Terml is substring of Terrn2 or if Terni2 is substring of Terml (Le.' scanning 
system matches systern). 

2. For each term in the topical structure, SumUM selects one template matching 
the term (if any) : the one with the greatest Weight. If ties occur, SumUM selects 
a template in the following order (using the Type slot) : Topic of Document > 
Topic of Section > Topic Description > Possible Topic > Author Study > 
Author Development > Author Interest > Conceptual GoaI = Research GoaI 
> Conceptual Focus = Focus > Entity Introduction > Entity Identification 
> Signaling Structural = Signaling Concepts > the other indicative types. This 
order gives preference to explicit topical information more usually found in indicative 
abstracts. If ties, the Position and the Id slots are used to solve the conflict : Le., if 



tn.0 Topic templates have the sarne Weight, the template n i th  position closer to the 
beginning of the document is selected and if ties, the template with lower Id is used. 

The instantiated templates selected by this process constitute the set indicative content 
of the abstract and the terms and words from the Topic candidates dots  and their expan- 
sions constitute the set potential topics of the document. The expansion of a term T is 
obtained in the acronym information (the expression acronym(A,Expansion) rneans that 
-4 is the acronym of Expansion) and by extracting from the term tree al1 the terms with the 
semantics of T (i.e., t e r m ,  E expansion(terml) if terrn2 E term-tree A semantics(termi) = 
semantics(term2), the semantics of each term and the acronjm information was computed 
during pre-processing and interpretation) . 

More formall?; the potent  i a l  t opics are computed as follows : 

Candidates = ( J T ~ ~ ~ ~ ~ ~ ~ ~ ~ \ - ~  content T-Tepic-Candidates 

Acronyms = {A : 3Term E Candidates A acronym(l,Term) v acronym(Term.-A)} 

Uords = {lVord : 3 T e m  : (Term E Candidates U -4cronyms) A (\lord E Term)) 

Term Candidates = Candidates iJ Words U Acronyrns 

For a complete esample refer to Section 5.8. 

5.6 Informat ive Selection 

This process determines the actual topics from the po t en t i a i  t o p i c s  computed by the 
indicative selection and cornputes the content of the informative abstract (Le.? a set of ins- 
tantiated informative templates). SumUM considers as topics for presentation to the reader 
only those terms that are elaborated in the source document in at  least one of the infor- 
mative types described in Section 5 - 4 2  In order to accomplish that objective it considers 
each term in the list potentiai t op i c  at a rime. For each potential topic T and sentence 
S where T appears (that information is found on the conceptual index)? SumUM veri- 
fies if S contains an informative marker (see Section 4.3 and Table 5.2) and if it follon-s an 
informative pattern. If so, S is used to instantiate a template Tmpl of the appropriate type 
(Section 5.4.2) that is included in the informative data base. The term T is considered a 
topic of the document and will be included in the list topics computed using the following 
formula : 

topics = {Term : 3Template : (Template E Informative Data Base)~Term = Template-Topic} 



92 CH.4 PITRE 5- SELECTWE -4%--4 LE'SIS 

An example about this step is given in Section 5.8 and the computational process im- 
plementing this step is described in Section 6.5.  Potential topics nithout "elaborations" are 
not considered as topics by SumUM2. 

5.7 Generation 

The process of generation consists of the arrangement of the information in a pre- 
established conceptual order, the merge of sorne types of information, and the reformulation 
of the information in one text paragraph. 

Conceptual Sort : The indicative content is sorted using positional information and 
the folloning "conceptual" order : 

templates of type Problem Solution. Problem Identification, Need and Situa- 
tion in positional order, 
templates of type Topic of Document sorted in descending order of Weight. 
templates of type Possible Topic sorted in descending order of Weight, 
templates of type Topic Description, Study, Interest: Development, Entity In- 
troduction. Research Goal, Conceptual Goal. Conceptual Focus and Focus in 
positional order, 
templates of type Method and Experiment in positional order, 
templates of type Results, Inference, Knowledge and Summarization in positio- 
na1 order, 
templates of type Entity Identification in p ositional order, 
templates of type Topic of Section in section order, and 
templates of type Signaling Structural and Signaling Concepts in posit ional order. 

This step grouped information of the same type together and this is done in order to 
achieve coherence a t  the conceptual Ievel. The result is the list sorted content. 

In order to implement the Merge described in Section 1.4 nTe do the following : sequences 
of templates of type Topic of Document, Topic of Section, and Signaling Structu- 
ral or Concepts on the sorted content are replaced by a Merged template, ahich is a 
combination of single and multi templates. This process dynamically couples in a Multi tem- 
plate those templates containing the same citation form in the slot Predicate and assembles 
multi and single tempiates of the same type in a merged template allowing the presentation 
of topical information in complex sentences instead of single ones (e-g., "Presents X and Y. " 
instead of "Presents X. Presents Y." and "Presents X ;  describes Y ;  and also discusses 2." 
instead of "Presents X. Describes Y. Discusses 2. ") 

"iote, that interesting information about a potentid topic can be overlooked in this process (i-e., domain 
specific information, productive patterns not present in the model, etc.). 



Section 2 describes HuDL in greater detail and section 3 dkcusses system integration and the IMA. 
Type : top ic  of sect ion 
Id : 18 
Predicate : describe 
Section : 
Argument : 
Posit ion : 
Topic candidates : 
Weinht : 

sect ion (2) 
HvDL in greater detail 
Sentence 7 from Section 7 
HuDL, great detail 
9 - 

Section 2 descràbes HuDL in greuter detail and section 3 discusses systern integration and the IMA. 
Type : 
Id : 
Predicate : 

topic  of sect ion 
17 
discuss 

Section : sect  ion(3) 
Argument : system integration and the IMA 
Posit ion : Sentence 7 from Section 7 
Topic candidates : system integration, IMA 
Weight : 15 
An ezample implementation is giuen in section 4 and section 5 contains the conclusions. 
Type : topic  of sect ion 
Id : 19 
Predicate : giue 
Section : section (4) 
Argument : An ezample implementation 
Posit ion : Sentence 8 from Section 7 
Topic candidates : example implernentation 
Weight : 9 

The three templates were already selected and sorted and so. they are merged together for the 
process of regeneration 
Type : merged 
Templates : 18: 17. 19 

FIG. 5.32: Instantiation of the Topic of Section Templates and Merging 

In Figure 5-32: we esemplify the process of merging three templates of type Topic of 
Section that were instantiated with different sentences of the source document (before each 
template we give the sentence used for instantiation) . As the three templates contain dif- 
ferent verbs (e-g., ''describe ", ''discuss" and "giue") no multi template is produced in this 
case. For an example in which three templates are grouped together in a multi template refer 
to Section 5.9. 

The sorted templates and the merged templates constitute the text  plan. This kind 
of strategy for text summarization could produce a text presenting the information in a 
different order than the one in which the information appeared in the source test. This is 
particularly important in surnmarization of technical texts : the topical information could 
perfectly appear in the conclusion of the paper 1~-hile it has to be almost ah-ays the first 
information t û  report in the abstract after the background information. To our knowledge 
our approach is unique in this particular aspect. 
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Presentation : The t e x t  plan mil1 produce a text paragraph. Each element (template 
or merged template) in the t e x t  pian is used to produce a sentence. The sentences xi11 be 
concatenated and the connective between them is the full stop. The schema of presentation 
of a t ex t  plan composed of n(2 1) templates Tmpli is as follows : 

Text  = @:=, [Tmpli @ "-"1 
The notation A means the string produced by the  generation of A and the expression 
Ai stands for the concatenation of Ai. We assume that  al1 the parameters n e c e s s l  for 

the generation are available (Le., voice, tense, number, position, etc.). 

The structure of the sentence depends on the type of template holding it. Information of 
type Situation, Problem Solution, Need fo r  Research, etc. is reported as in the origi- 
nal document with few modifications (concept re-expression). For example, the generation 
of a sentence from the P r o b l e m  Identification template consists of the presentation of the 
information in the Content do t  of that template. But other types may require additional 
reformulation in order to implement the transformations observed in Section 4.4. 

For the Topic of Document template, the generation procedure is as follom : the verb 
form for the predicate in the Predicate slot is generated in the present tense, 3rd person 
of singular in active voice at  the beginning of the sentence because ive are following the 
patterns observed in Chapter 4 ;  and the parsed sentence fragment from the What slot is ge- 
nerated in the middle of the sentence. Some elements in the parsed sentence fragment require 
reformdation \\?hile others are presented as they were found in the source document. The 
latter includes prepositions, cue phrases: verb groups and some noun groups without correla- 
tion ivith the conceptual model. Instead: the concepts author, research paper and author 
relat ed are presented using a pre-defined expression (e-g., "the authors", "the article" ) . 
S o m  groups introduced by demonstrative are also reformulated as shown in Section 4.4 
(e-g., "This Y', "That S" are presented as "The Y). Elements at the beginning of the sen- 
tence are capitalized and an argument presented in the  middle of the sentence is transformed 
into lower case. Exceptions are proper nouns that are presented always as they ivere found 
in the text. If SumUM detects an acronym without expansion it also presents its expan- 
sion and records that fact to avoid repetitions. -4s the templates contain parsed sentence 
fragments, the correct punctuation has to be generated. The schema of presentation of a 
template T m p l  of type Topic of Document is : 

T m p l  = Tmpl.Predicate @ Tmpl.What 

This kind of schema avoids the generation of sentences like "X will be presented", "X 
have been presented" or "We have presented here X" which are usually found on source docu- 
ments but which are awkward in the context of the abstract text- tse.  This standardization 
of the verbs implements the Syntact ic  Verb Transformat ion reported in Section 1.1 (see 
Figure 4.12). 



For the Possible Topic template, if the Continuation slot is empty the generation 
procedure is the sarne as for the topic. Othernise, the procedure is as follon-s : the parsed 
sentence fragment from the Argument slot is generated at the beginning of the sentence: 
the verb form for the predicate in the Predicate slot is generated in the present tense in 
the passive voice (using the information about the grammatical number from the verb (is 
presented vs. are presented)) in the middle of the sentence ; and the parsed fragment from the 
Continuation sfot is generated in the middle of the sentence. The schema of presentation 
of a template T m p l  of type Possible Topic in this case is : 

T m p l  = Tmpl .Argument  @ Tmpl-Predicate  @ Tmpl.Continz~atim 

The schema of generation of a Multi template is as follo~ï-s : the verb form for the pre- 
dicate in the Predicate slot is generated in the present tense, 3rd person of singular in 
active voice at the beginning of the sentence; and the argument is presented as a conjunc- 
tion- The schema of sentence production of a template T m p l  of type Multi is : 

T m p l  = Tmpl-Predicate @ Tmpl .Arguments  

The schema of presentation of the slot Arguments of a Multi template is as follou-s : 

1. If Tmpl.-Arguments contains two elernents the schema is : 

Trnpl.-Arguments = Trnp1.-4rgumentsl 8 "and" 6 Tmp1.-4rgurnents2 

2. If Tmpl..4rguments contains n(> 3) elernents the schema is : 

Tmpl..4rguments = (@y-..: [Tmpl.Argumentsi  8 '' ;"]) "and" 8 T m p l - d r g u m e n t s ,  

The schema of generation of a Merged template T m p i  is : 

Tmpl = (@:=;' [Tmp l  .Templa.tesi @ " ;"]) e "and also" 0 Tmpl .Templates, 

For the esample shown in Figure 5.32, the output will be "Describes HuDL in greater 
detail; discusses system integration and IM4 ; and also gives an ezarnple implementation. .' 

This dynamic combination of information in order to produce a better test is another 
nen' aspect of our approach to test sumrnarization. In the actual implementation we merge 
up to  three ternplates together. The schemas of sentence reforrnulation are presented along 
with esamples of input and regenerated sentences in Tables 5.3-3.8. Xote that each template 
dictates the form to be used for the reformulation of the verb on the Predicate slot. 

The elaboration of the topics is presented upon reader's demand (informative generation). 
SumUM selects the informative templates from the informative data base linked to the 
topics the reader have chosen, sorts the information using the Position slot and generates 
the sentences using the schema Informative (Table 5.8). 



Situation Schema 

Robotics approaches have been applied 
since the late 1970s with more and more 
advanced devices and strategies. 

Problem/Solution Schema 

Taking into account the estreme com- 
plesity of the problems related to the 
environment (light conditions, sizes and 
shapes, overlapping fruits, branches and 
leaves, colors) and the limitations of the 
current approaches, the implementation of 
a fully automatic and real time solution for 
t his task seems far anTay. 

Need Schema 

Some remaining modifications to the deta- 
ching tool are required to reduce the deta- 
ching cycle time which is currently about 
2s. 

Entity Introduction Schema 

Indust rial background has been tradit io- 
nally the application field for robotics. 

T m p l  .S i tuat ion  

Robotics approaches have been applied 
since the late 1970s with more and more 
advanced devices and strategies. 

T m p l  .Content 

Taking into account the extreme complexity 
of the problems related t o  the environ- 
men t  and the limitations of the current ap- 
proaches: the implementat ion of a fully au- 
tomatic  and real time solution for thïs task 
seems far away. 

Tmpl .Content  

Some  remaining modifications to  the deta- 
ching tool are required t o  reduce the deta- 
ching cycle t i m e  which is currently about 
2s. 

Industrial background has  been traditio- 
nally the application fleld for robotics. 

TAB. 3.3: Schemas of Sentence Reformulation for templates of type Situation. Pro- 
blem/Solution, Need, and Entity Introduction 



Topic of Document Schema 

We report the implernentation of a high- 
level interpretation module that is able to 
recognize complex actions from low-level 
physical events in the virtual world, and 
we discuss its performance as well as di- 
rections for further develo~ments. 

Topic Description Schema 

The technology described in this paper was 
developed during Amadeus phase 1 and a 
single gripper system demonstrated in a la- 
boratory environment. 

Possible Topic Schema 

-4 method for esplicitly manipulating 
contestual information during deduction 
is proposed. where pronouns are resoiwd 
a~a ins t  this cont est durine: deduction. 

Author Development Schema 

K e  have de~eloped a regional onto1og'- of 
the domain of electrical network planning 
in order to use it within a technical docu- 
mentation consultation systern. 

T m p l  .Predicate@Tmpl.W'hat. We use the 
simple present for the verb. 

Reports the implementation of a high-level 
interpretation module that is able to  reco- 
gnize complex actions from low-level phy- 
sical events in the virtual world. 

TmpL. Descript ion 

The technology was developed during Ama-  
deus phase 1 and a single gripper system 
demonstrated in a laboratory environment. 

Tmpl Pred ica te  @ Tmpl.;lrgument. 15é 
use the simple present for the verb. 

Proposes a method for explicitly manipula- 
ting contextual information during deduc- 

Tmpl.lT'ho @ Tmpl.Predicate €3 
Trnpl.~-Irgument. We use the simple 
present or simple past for the verb. 

The authors deueloped a regional ontology 
of the domain of electrical n e t w o ~ k  plan- 
ning in order to use it zuzthin a technical 
documentation consultation sgstern. 

TAB. 5.4: Schemas of Sentence Reformulation for ternplates of type Topic of Document: 
Topic Description, Possible Topic, and Author Development 



Development Schema 

The now-patented solut ions were develo- 
ped at MIT in support of the FVAM pro- 
ject. 

Author Study Schema 

Since 1994, we have investigated the beha- 
viour modelling of elect ronic -4NSs \vit h 
global perturbation conditions. 

Study Schema 

Here the hybrid approach is evaluated in- 
directlx on the task of tag prediction. 

Author Interest Schema 

In the work presented, Ive are concer- 
ned with the extraction of meta-knowledge 
from the Web. 

T m p l  A r g u m e n t  @ Tmpl .  Predicate @ 
Tmpl.Continuation. We use the same 
te~lse as in the source document. 

The now-paf ented solutions were developed 
at MIT in support of the WAM (the whole- 
a m  manipuiator) project. 

Tmpl.PV7ho @ Tmpl-Predicate 63 
Tmpl-Argument .  We use simple present 
or simple past when the subject is the au- 
thor. We use the simple present when the 
subject is the research paper. Ot henvise, 
Ive use the tense of the source document. 

The authors investigated the behavior mo- 
delling of electronic ANNs with global per- 
turbation conditions. 

Trnpl.-Argument @ Trnpl.Predicate 8 
Trnpl.Continuation. We use the original 

The hybn'd approach zs eualuated. 

TmplSt 'ho @ Tmpl-Predicate @ 
Tmpl. ,4rgunent.  e use the original 

The authors are concerned with the extrac- 
tion of meta-knowledge from the Web. 

TAB. 5.5: Schemas of Sentence Reformulation for ternplates of type Development, Author 
Study, Study, and Author Interest 



Conceptual Goal Scherna 

The objective of the Aristotle project is to 
build an automatic data system that is ca- 
pable of producing a semantic representa- 
tion of the text in a canonical form. 

Research Goal Schema 

Thus, the HRP project aims to develop a 
safe and reliable human fiiendly robot sys- 
tem capable of carrying out complicated 
tasks and supporting humans both a t  work 
and in leisure activities. 

Conceptual Focus Schema 

The focus of this paper is to  consider usa- 
bility issues in catalogs independently of 
current trends on the Internet. 

Focus Schema (for author and 
research paper) 

W e  focus on the problem of pronoun re- 
solution and the way in which it compli- 
cates automated theorern proving for na- 
tural language processing. 

--- - 

Focus Schema (for other concepts) 

In the last few years, several researches 
have focused on the possibility for distri- 
buted systems to host mobile and dynamic 
entities. 

T m p l  .-if arker  8 Tmpl. Predicate @ 
Trnpl-Goal. We use the expressions is/are 
for the verb. 

The objective of the Aristotle project is to  
build a n  automatic data system that is ca- 
pable of producing a semantic representa- 
tion o f  the  text in a canonical fonn.  

T m p l  .Entit y @ Tmpl .Predicate 6 
Tmpl.Goa1. We use the simple present 
when the subject is the research paper, 
ot herwise we use the original tense- 

The HRP (Humanoid Robotics Project) 
project a ims t o  develop a safe and reliable 
human f ~ e n d l y  robot systern capable of car- 
rying out complicated tasks . 

T m p l  .Marker @ Tmpl .  Predicate @ 
Tmp1,Focus.  W e  use the expressions 
is/are for the verb. 

The focus of the paper is to consider usabi- 
lity issues in catalogs independently of cur- 
rent trends on  the Internet. 

Tmpl.Predicate@Tmpl.  Focus. We use the 
present tense for the verb. 

Focus on  the problem of pronom resolu- 
tion and the way in which it complicates 
azltomated theorem proving for natural lan- 
guage processing. 

Trnp1.Foc-u~. We use the tense found on 
the source document. 

Several researches have focused on  the pos- 
sibility for d i s t nb~ t ed  MAMAS to host mo-  
bile and dynamic entities. 

TAB. 5.6: Schemas of Sentence Reformulation for templates of type Conceptual Goal, 
Research Goal, Conceptual Focus, and Focus 
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Method Schema 

Storyboarding is a technique designed to 
generate consensus and closure via a tan- 
gible, interactive systern concept. 

Experiment Schema 

In these experiments the robot learned to 
recognise landmarks (boxes, light, alurni- 
niurn covered mound aread. 

Resul t  Schema 

The results of this experience show that it 
is possible to realize a cooperative manipu- 
lation system with standard industrial ro- 
bots. not prototypes, without re-designing 
the controller hardware. 

Inference Schema 

Our study showed that estending the four 
most important analpis and transforma- 
tion techniques traditionally used for vec- 
torizat ion leads to significant increases in 
speedup. 

Author Knowledge Schema 

This paper explains the internal design of 
the Preci-Check measuring system and will 
discuss the collaboration of hardwwe and 
software. 

Storyboarding is a technique designed to 
generate consensus and closure via a tan- 
gible, interactive system concept. 

Tmpl C o n t e n t  

In the experiments the robot learned to re- 
cognise landmarks. 

TmpL C o n t e n t  

The results of this experience show that i t  
is possible to realize a cooperatiue manipu- 
lation systern with standard industrial ro- 
bots, not prototypes. withou? re-designing 
the controller hardware. 

Tmpl-In f erence 

The study showed that eztending the four 
most important analysis and transfonna- 
tion techniques traditionally used for vec- 
torization leads to significant increases in 
sneeduo. 

Tmpl .Who Tmpl.Predzcate @ 
Tmpl.l17hat. e use the tense found 
on the source document. 

The paper explains the internal design of 
the Preci-Check rneasuring systern. 

TAB. 5.7: Schemas of Sentence Reformulation for templates of type Method, Experiment, 
Result , Inference, and A u t  hor Knowledge 



Summarization Scherna 

The approach presented combines static 
information n-ith act ual execution informa- 
tion to produce views that summarize the 
relevant computation. 

Entity Identification Schema 

This database contains optimised parame- 
ters obtained by studies and extensive ex- 
~erimentation, 

Topic of Section Schema 

The details of the G r 1  are discussed with 
respect to specific esamples in section 5.0. 

Signaling Structural Schema 

Table I Important welding process parame- 
ters shows the fields in the welding data- 
base. 

Signaling Concept Schema 

Walk-through teaching method 
- -  

Informative Schema 

The Agribot has been developed at Insti- 
t u t ~  de -4utomtica Industrial to cope with 
the outlined reauirements. 

T m p l  C o n t e n t  

The  approach presented combines static in- 
formation with actual a e c u t i o n  i n j o m a -  
t ion to  produce uiews t h a t  sumrnarize t he  
relevant computation. 

T m p l .  Entit y @ Tmpl.14' hat 

This database contains optimzsed parame- 
ters obtained by  studies and eztensive ex- 
oerirnentation. 

Tmpl-Predicate  8 Tmpl . -4rgument .  11-e 
use the simple present. 

Discusses the details of dhe GUI with res- 
pect to specific examples- 

T m p l .  Predicate 8 Tmp1.-4rgument. 11-e 
use the simple present. 

Shows the fields i n  the weIding database. 

Tmpl.Predicate6Tmpl.S.I-hat. R é  use the 
simple present . 

Covers walk-through teaching method. 

TmpLConten t -  The infornation is stated 
as in the source document without trans- 
formation. 

The Agr-ïbot has been deueloped ut Institut0 
de Automtica Industrial to cope with t he  
outlined requirements. 

TAB. 5.8: Schemas of Sentence Reformulation for templates of type Summarization, En- 
tity Identification, Topic of Section, Signaling Structural: Signaling Concept. and 
Informative 



5.8 A short annotated examde 

In Figure 5-33' are show an example of the type of abstract that SumUM produces. 
The source document is the text presented in Figure 5.2. It is a document of 13K characters 
and contains 97 sentences and 1868 a-ords. It is organized in four sections : "Introduction", 
"REVERÇA", "ModeIMaker" and 'Conclusions". The indicative abstract (which is less than 
1% of the original text) was produced by refomulating the sentence (1) which is the first 
sentence of the last section. 

( 1 )  T w o  non-contact scanning systemt REVERSA and ModelMaker have been descn'bed 
and their  application in industry dernonstrated- 

Abstract Introducing the Topics 

Describes two non-contact scanning sustems. REI'ERS-4 and 'rlodel'claker. 
Topics : CADCAM system - ModelMaker - REVERSA - standard dual 
view system - system 

FIG. 5.33: Indicative abstract and list of topics produced by SumUM for the source d u  
cument "Features 3D scanning systerns for rapid protot-ping" from the Journal hssembly 
-Automation, 17(3), 1997 

The indicative abstract shown in Figure 5.33 contains a list of topics. Information about 
them is presented upon user demand. Figure 5.34, presents al1 the ccelaborations" the system 
found about REVERSA and ModelMaker these include : definition, advantage and use3. 

3Xote that in the source document there is more information about the topics that SumUM was not 
able to identify due to limitations in irs irnplementation. 
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i 
: Information about the Topics REVERSA and ModelMaker 

The first sensor, REVERSA, is a standard dual vïew system ahich can be 
mounted on a purpose built four-axis translation stage or retro-fitted to third 
part)- CNC and CMhI (the CO-ordinate measurïng machine) machines. 
REVERSA is a dual viewpoint non-contact laser scanner which cornes complete 
with scanning sofkware and data manipulation tools. 
The ModeIMaker scanning system is a combination of a 3D laser stripe sensor, 
6 DoF position localizer and a PC in which up to two interface cards are rnounted. 
ModelMaker can simply be retrofitted to exkting arms providing the benefits 
of a portable CMM with dense depth data sets. 
Use of ModelMaker ailowed the part to be scanned in under one hour, a job 
that might have taken days using the traditional point to  point touch process, 
and did deforrn the mode1 in the process. 

FIG. 5-34: Topic elaboration for the abstract in Figure 5.33 

This abstract n-as produced as follows : 

- During the pre-processing and interpretation step SumUM identifies the four sec- 
tions of the article and the titles. A11 the sentences are syntacticaI1~- and semantically 
analyzed, in particular in sentence (l), SumUM identifies the verb groups scanning, 
have been described and demonstrated and the noun groups two non-contact4, systems: 
REVERSA, ModeZMaker, their application and industry. The verb group have been des- 
cribed is interpreted as a make known relation and demonstrated as an i n f e r  relation. 
The noun group their application is interpreted as an instance of the a p p l i c a t i o n  
concept. 

Sentence (1) is classified as : (i) Possible Topic because of its position in the last sec- 
tion of the document and because of the make known relation, (ii) Inference because 
of the infer relation. and as (iii) Usefulness of Entity because of the app l i ca t ion  
concept. Ali this information is recorded in the conceptual index. The t o p i c a i  
s t r u c t u r e  is composed of the following elements : feature, scan system, rapid pro- 
totyping, introduction, REVERSA, ModelMaker, and conclusion. 

- During the indicative selection different templates are instantiated. Sentence (1) ins- 
tantiates a ternplate of type Possible Topic which is shown in Figure 5.35. This is 
done by extracting the syntactic information about the make knoni relation and its 
argument which is the string to the left of the relation. The string to its right is ignored 
because of the presence of the conjunction (and) next to it. Note that the fillers of the 
slots Argument and Continuation are in fact parsed sentence fragment that here are 

0 4The tagger interpreted the word non-contact as a noun. 
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presented as strings for the sake of simplicit- 

SumUM matches each term of the topicai structure with the templates in the 
IDB. The template Possible Topic matches the terms scan system, REVERS4 and 
ModelMaker. The terms feature, rapid prototyping, introduction and conclusion do not 
have matched templates. As the content of the Weight d o t  of the Possible Topic 
template is the greatest arnong dl those rnatching the topical structure, only this 
template is incorporated in the indicative content. The potential topics are non- 
contact, system, RE VERSA and ModelMaker (obtained from the Topic candidat es 
slot) and their expansions CADCAM system, a m  system, scan system, second system. 
standard dual view system and table system, which were found on the term tree. 

- During the informative selection SumUM considers "informative" sentences contai- 
ning the potential topics. For example. the potential topic REVERSA appears in the 
followïng sentence : 

( 2 )  REVERS-4 is a dual viewpoint non-contact laser scanner which cornes complete 
with scanning software and data manipulation tools. 

The type of this sentence is Definition because it contains the define relation. In 
addition, the sentence matches a pattern of definition which asks for the potential 
topic to  appear immediately to the left of the def i n e  relation and a noun group to its 
right- This sentence instantiates a template of type Definition shown in Figure 5.36. 
only structural elements (figures: etc.) are removed from the sentence. The potent ial 
topic REVERSA became a topic of the document and the Definition template is 
included in the informative data base. 

- In order to generate the indicative abstract, SumUM uses the schema available ro 
presrnt the test plan. In this case, the test plan contains a single template Possible 
Topic : SumUM produces a sentence from that template and then a full stop. In 
order to produce the sentence it uses the schema for the Possible Topic ternplate 
(Section 5.7). The Continuation is empty, thus, the verb describe is expressed in the 
present tense, 3rd person of singular in active voice at the beginning of the sentence 
(Describes). The argument (Argument dot)  is generated in the middle of the sentence 
(two non-contact systems, REVERSA and ModelMaker). This step giws the abstract 
shown in Figure 5.33. 

- In order to obtain the informative part of the abstract for the topics REVERS4 and 
ModelMaker, SumUM retrieves from the informative data base templates contai- 
ning those terms as topics. The templates are sorted according to its position and 
the information in the Content slot is presented. 



Type : possible topic 
Id : 1 
Predicate : describe, .., 
Argument : T w o  non-contact scanning systems, REVERSA and Mo- 

delMaker 
Continuation : none 
Position : Sentence i from Section 4 
Topic candidates : non-contact, system, REVERSA, ModelMaker 
Weight : 43 

FIG. 3.35: Instantiated Possible Topic Template 

Type : definition 
Id : 41 
Topic : REVERSA 
Predicate : be, ... 
Content : REVERSA is a dual viewpoint non-contact laser scanner 

which .. . 
Position : Sentence i from Section 2 

FIG. 5.36: Instantiated Definition Template 

Sote that the indicative abstract introduces the two main entities the source document 
talks about, but very little is known about those entities from the indicative abstract. The 
informative abstract fulfills that purpose. The drawback is that other entities are as well 
elaborated in the source document, but as they are not present neither in the titles nor in 
the sentences selected by SumUM, they are not taken in consideration. 

5.9 A longer example 
In Figures 3.37 and 5.38, uTe present another exarnple of automatic abstract. The source 

document (partially shou-n in Figure 5.39) is 31K characters and contains 4166 words. 

The indicative abstract represents about 4% of the source document. The information 
that SumUM includes in the abstract and its order is : the Topic of Document (three 
ternplates are chosen and merged in a Merged template), the Author Development (two 
templates are selected), the Entity Introduction (one template is selected), and the Re- 
search Goal (one template is selected). 

The text plan is composed of four templates : one Merged template obtained by mer- 
ging the three Topic templates sharing the same predicate, two Author Development 
templates, one Entity Introduction template and one Research Goal template. Su- 
mUM presents the topical information following the pattern dictated by the Merged tem- 



A bstract Introducing the Topics 

Presents a novel connectionist architecture, DRAMA (a dynarnical recurrent as- 
sociative mernory) ; a new implementation of DRAMA in an autonomous doll- 
shaped robot, which is taught a synthetic proto-language; and experiments, in 
which the robot's imitative skills are used for teaching the robot a language. The 
authors implernented the model in a number of experiments with wheeled robots, 
where the robot learned spatial regularîties of the environicent by recognising 
landmarks and temporal regularities by recording the time delay for travelling 
from one landmark to the other. The authors implemented the DRAMA archi- 
tecture in a nurnber of experiments with wheeled LEGO or FISCHERTECHXK 
robots which are widely used tools for research on mobile robots. Online lear- 
ning is a fundamental requirement to achieve robust and adaptable robots. The 
authon aimed for a general robot control mechanism. as independent as pos- 
sible from the particular environment and hardware used for the implementation, 
ASSs (artificid neural networks) were more interesting to the authors than F U  
(reinforcement learning) and EA (evolutionary algorithms) techniques. 
Topics : control architecture - do11 robot - DRAMA - DRAMA architec- 
ture - DRAMA model - implementation - language - learning - model - 
robot - teacher robot 

FIG. 3.37: Indicative abstract and list of topics produced by SumUM for the source docu- 
ment "DRUI-4: a connectionist architecture for online learning and control of autonomous 
robots : experiments on learning of a synthetic proto-language with a do11 robot'' from the 
Journal Industrial Robots 26(1): 1999 

plate. It expands the acronyrn DRAMA the first time it appears. Each template of type 
Development is presented in an independent sentence following the pattern of Author 
Development. The information from the template Entity Introduction is presented as 
in the source document. When SurnUM presents the information associated to the Re- 
search Goal template, it expands the acronyms ANNs, RL and EA. The concept author 
is reformulated with the expression "the authors" (three times, this could be improved in- 
troducing pronominal references for example or by t - i n g  a merge between informations of 
templates of type Author Development as well). 

This abstract is more verbose than the previous one, but it has some drawbacks. The 
expressions : 

.-.for teaching the robot a language ... 
and 

... robot, which is faught a synthetic proto-language ... 
indeed refer to the same conceptual information. The same is true for the expressions : 



Infornation about the topics 

DRAMA is a fully connected network mith self-connections on each unit. 
The DRAMA architecture shows characteristics which make it very relevant 
for al1 types of autonomous robotic agents. 
The robots are provided wîth a micro-controller with 512k byte EPROh.1 space 
and 128k b-yte Static R4M 
In the paper, a novel implementation of the DRAMA mode1 into a doll-shaped 
robot was presented, for teaching the robot a synthetic proto-Ianguage. 
Imitation, communication and learning are important skills to possess by a robot 
expected to interact with humans through daily tasks. 
The do11 robot is provided with the three cornpetencies, which are corn pl et el^ 
controlled by the DRAM-4 architecture. 

FIG. 5-38: Informative abstract produced by SumUM for the source document "DRAMA, a 
connectionist architecture for online learning and control of autonomous robots : experiments 
on learning of a synthetic proto-language with a doII robot" from the Journal Industrial 
Robots 26(1). 1999 

... expenmen t s  luith uheeled LEGO o r  FISCHERTECHlVIK robots 

and 

ezperiments  wi th  wheeled robots. 

But to deduce that those expressions are in some sense "equivalent" or elaborations of 
each another, x e  n-ould need world knodedge. We did not address this issue of the repetition 
of information x-hen it is not stated verbatim. 
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DR43lX, a connectionist architecture for oniine learning and control of 
autonomous robots : experirnents on learning of a synthetic proto-language 

u-ith a do11 robot 

Aude Billard 

LI 
Introduction 

There is an high potential in terms of both industrial applications [...] 

This paper presents experiments, in which the robot's imitative skiils are used for teaching the robot a 
language (information used for the e s t  sentence of the abstract) [...] 

Because we aimed for a general robot control mechanism, as independent as possible from the particular 
environment and hardware used for the implementation, ASSs were more interesting to us than RL and 
EX techniques. (information used for the last sentence of the abstract) [...] 

Online learning is a fundamental requirement to achieve robust and adaptable robots. (information used 
for the forth sentence of the abstract) [...] 

We implemented the model in a number of experiments ui th  wheeled robots, where the robot I emed  
spatial regularities of its environment bu recognising landmarks and temporal regularities by recording the 
time delay for travelling from one landmark to the other. (information used for the second sentence 
of the abstract) [...] 

This paper presents a nen- implementation of DRAMA in an autonornous doll-shaped robot, u-hich is taught 
a synthetic proto-language (information used for the f h t  sentence) [...] 

The robot's controller 

The DRUI-4 netn-ork 

The associative module of the robot's controller is made of an anificial neural netu-ork, u-here each unit is [...] 

E~i~eriments on landmarks recognition and labelling 

W e  implemented the D R U f . 4  architecture in a number of experiments with wheeled LEGO or FISCHER- 
TECHXIK robots m-hich are (information used for the third sentence) [...] 

Experiments on teaching a do11 robot 

The DR41I-4 architecture was irnplemented in a doll-shaped robot [--.] 

Conclusion 

This paper presented a novel connectionist architecture, DRAM-4 (information used for the first 
sent ence) [. . .] 

References 

Billard A. (1998). "DRASI-4. a connectionist model for robot learning : experirnents on grounding [...] 

FIG. 5.39: Source Document for the Abstract in Figure 5.37 



5.10 Discussion 

We worked with the hypothesis that c'Introduction" and "Conclusion" are conceptual 
sections, thus specific t g e s  of conceptual information are to  be reported there such as the 
statement of the situation, the problem, the solution, the topic of the document? the struc- 
ture of the article, etc. This is a reasonable açsumption arising from studies in genre analysis 
(Bhatia, 1993; Jordan, 1993; Paice, 1991) which studied rhetorico-conceptual moves in forma1 
research articles. We also assume that titles are indicative of the content, this assurnption is 
acceptable in the context of a technical article where authors will use a number of strategies 
in order to  explicitly mark the topics including the use of titles Jordan (1996). The assump 
tion that the title indicates the content has also been used in works in automatic indexing in 
particular in order to  create indexes (Borko and Bernier, 1978) and in text summarization 
(see Section 3.2). 

We are assuming that the articles do not necessarily follow a prototypical structure, this 
is because we think that articles with a prototypical structure such as "Introduction", "Ne- 
thod" , "Results" , "Analysis" : "Previous Nrork" : "Discussion", "Conclusion" promote specific 
surnmarization strategies. For example, specific information extraction algorithms could be 
used in order to estract the "main" results from the "Results" section, to obtain the com- 
plete description of the “rien." procedures and the description of the experimental sub jects 
from the "Method" section, or even the "relevant" relation between the work of the author 
and previous works from the "Previous Work" section. That  information could be int egrated 
in a new test. However: for this kind of article the main title could eventually be used in 
order to select information for the staternent of the situation and for the topical sentence. 

In the process of reading and comprehension, humans are able to deduce the topic of a 
discourse by generalization of a few esamples among other cognitive processes. For esample, 
a reader could generalize the concepts "cat" and "dogZ'in the appropriate context into the 
concept "pet" or from "Michelangelo" and "Leonardo'deduce the concept "Renaissance." 
But; in order to achieve this intelligent behavior, natural language processing systems re- 
quire extensive knowledge. We have chosen to represent the topics of a document using the 
terms explicitly stated in the source document and so. our approach is superficial and on]?- 
an approximation to the real concept of topic considered in studies in Cognitive Psycholog- 
(Kieras, 1982) and others. 

In Our approach, the selection of templates for the indicative abstract is based on a com- 
bination of relevance of the information and a matching process. Two aspects of relevance 
were considered here : first, the status of the information motivated by the analysis of the 
corpus; second, the relevance of the terms approached by the classical method of term dis- 
tribution on a single document. Other approaches have already used this kind of strate=. 
For example, Paice (1981) and Paice and Jones (1993) concentrated on indicative inforrna- 
tion on technical articles but they did not try to further extract the information from the 
sentences in order to construct a new expanded abstract. However, they have addressed the 
issue of expression in tes t  sumrnarization and the rele~ance of the extracted concepts based 



on some heuristic cnteria (concept repetition). Lehrnam (1997), based his approach on the 
selection of specific types of information in the contex3 of the technical article. The relevance 
of the information is based on an a priori score (empincally obtained) associated with lexical 
expressions of this text-type and not on the content of the text- 

In future work we will explore additional processes of content selection, in particular we 
u-il1 study how information elaborated in the source document can be selected even if over- 
looked by the indicative selection. This is motivated by some observation on the corpus : 
abstractors produce sentences like Describes Topic when in the source document they found 
the actual description of Topic. The reader understands that a text segment is a description 
of Topic and reformulates that information nith a "macro proposition." This motivates the 
study of automatic text classification techniques in order to categorize text fragments which 
is the first step towards the production of such intelligent behavior. 

Our matching process operates between terms from titles and terrns from templates and 
is based on the substring relation. This process could probably be improved considering that 
two terms match if a lexical relation like synonimy exists between them ; this could be che- 

,cked using a lexical data base like WordSet (Fellbaum, 1998). But in order to verif>- that 
hypothesis, additional impIementation and experimentation is needed. 

In the matching process. the indicative selection only considers the indicative templates 
and the titles to calculate the content of the indicative abstract. However, we believe that 
a better result could be obtained by considering a matching process between the indicative 
templates and the informative templates obtained independently of the potential topics as an 
alternative to the exclusive use of terms from tiles. This hypothesis also requires additional 
esperimentation in order to be validated. 

SumUM only analyses sentences and does not consider relations that cross sentence 
boundaries. This is not a limitation of the model. instead it  is a pragmatic decision ~ve  made 
n-hen designing the architecture of SumUM. Topic elaboration is only based on terni re- 
petition, a cornmon phenomenon in long technical documents (Justeson and Katz, 19%). 
Other cohesive and coherence phenomena like anaphora and synonymy were not addressed 
in the present work and wi11 be subject of future improvements. 

Here, we addressed the expansion of the indicative abstract by considering that the in- 
tended and unknown reader u~ould be interested in general elaborations about the topics and 
we have assumed that there are patterns of language production that can be used to iden- 
tify those types of information. Patterns are not the ultimate solution for test classification. 
They are ambiguous and unreliable because they consider sentences out of context. In future 
work we will explore more robust techniques of text classification. 

We have addressed the issue of reformulation, usually neglected in domain independent 
summarization. Our approach to text (re)generation is based on the arrangement of the 
templates using a conceptual order and on the specification of a few schemas of text produc- 



5.1 O. DISCUSSION 

tion. The schemas of text production implement some aspects of the Merge transformation 
studied in Chapter 4 (we have on l -  considered the merge of "topical" information). Radev 
and McKeon-n (1998): have addressed the issue of merging of information in the context of 
multi-document summarization. The merging is achieved by the implementation of summan- 
operators that integrate the information of different templates from different documents re- 
ferring to the same event. While those operators are dependent on the specific task of multi- 
document summarization and to some extent of the particular domain they deal mith, it 
is interesting to observe that some of their ideas could be applied in order to improve Our 
texts. For example, their ''rehement" operator could be used to improve the descriptions of 
the entities of the indicative abstract shown in Figure 5.33. The entities from the indicative 
abstract could be refined nith definitions or descriptions fiom the informative data base in 
order to obtain a better and more compact text such as : 

Describes two non-contact scanning systems : REVERSA, which is  a dual viewpoint non- 
contact laser scanner, and the ModelMaker scanning systenz, which is a combination of a 3D 
laser stripe sensor, 6 DoF position localizer and a PC. 

This kind of transformation has recently been addressed by Mani et al. (1999) using syn- 
tactic analysis. While full syntactic analysis is not present in our actual model, some kind 
of partial parsing will be explored in future lvork- 

Some aspects of editing of the source material presented in the previous chapter are 
present in Selective Analysis. Syntactic verb transformation is incorporated on some sche- 
mas of presentation ; verb selection is achieved b -  using domain verbs (show, ovemiew, etc.) 
to introduce domain concepts and descriptions found on structural elements; concept re- 
expression is achieved using fixed lexical forms to  express domain concepts ; acronyrn es- 
pansion was also considered \%-hile most of the abstract is presented with the "words of the 
author-" The split and delete transformations are achieved by the process of information 
extraction that considers only parts of sentences in order to inst antiate templates. Marcu 
(1997a) has already addressed the "safe" deletion of clause components using Rhetorical 
Structure Theoq-. His approach relies on discourse markers in order to segment sentences 
and construct test structures. It would be interesting to incorporate some aspects of his 
model to  improve Our process of extraction and deletion. For esample, rhetorical parsing 
could be applied to sentences in order to produce less verbose expressions. For example, 
with rhetorical parsing we could produce the sentence : 

The authors implemented the model in a number of experiments with wheeled ro- 
bots 

from the third sentence of the abstract in Figure 5.37 by eliminating the clause introdu- 
ced by where. 

While this discussion addresses theoretical and practical limitations of this work' the 
abstracts produced by SumUM have been already evaluated by human informants. The 
evaluations are described in Chapter 7. 



of scientific and technical teuts. The idea in our approach is that the topics of a technical 
document can be identified using a limited set of specific concepts and relations ; these can 
eventudly be expanded using domain independent relations such as definition and descrip 
tion. 

Our method \vas deeply influenced by the results of our corpus study, nevertheless, it has 
many points in common with recent theoretical and programmatic directions in automatic 
text summarization. On one hand, Spark Jones (1997, 1999) argues in favor of a kind of 
"indicative, skeletal surnmarf' and the need to explore dpamic ,  context-sensitive summari- 
zation in interactive situations where the summary changes according to the user needs. On 
the other hand, Hutchins (1995) advocates for indicative summaries, produced from parts 
of the document where the topics are likely to be stated. These abstracts are well suited for 
situations in which the actual user is unknown (Le., a general reader), and so the abstract 
will provide the reader n i th  good entry points for the information. If the users were known, 
the abstract could be tailored towards their specific profiles (profiles could include the spe- 
cification of readers interested in types of information like conclusions~ definitions, methods, 
or user needs expressed in a "query" to an information retrieval system (Tombros et al.. 
1998)): but our method \vas designed without any particular reader in mind and n-ith the 
assumption that a text does have a "main" topic. Our method also mirrors somehow profes- 
sional techniques used in abstract n-riting (see for esample (Cleveland and Cleveland, 1983)). 

Our method \vas specified for summarization of one specific type of test : the scientific 
and technical document. Yevertheless, it is domain independent because the concepts, re- 
lations and types of information we use are common across different domains. We believe 
that Our method could erentually be extended to other textual types (i.e., news articles) by 
specifying a feu- types of information that allow to compute the topics and expand them 
according to the readers' interests. But this issue needs additional espIoration. 



Chapitre 6 

Implement ing Select ive Analysis in 
SumUM 

In this chapter, we describe SumUM, a computer implementation of Selective Analysis 
which relies on shallow syntactic and semantic analysis. The system is able to produce short 
indicative summaries for long technical documents and to expand the summanes with topic 
elaboration. The system implements the components described in Chapter 5 .  

6.1 Introduction 
SumUM has been implemented in SICStus Prolog (Release 3.7.1) (SICStus. 1998) and 

Perl (Wa11 et al.: 1996) running on Sun workstations (5 .6)  and Linus machines (RH 6.0). 
The following steps have been cornpleted : 

- segmentation of the text in main testual units : 

- part of speech (POS) tagging of each segment ; 

- segment and sentence identification ; 

- shallow sentence parsing and interpretation according to the conceptual mode1 : 

- sentence classification according to types of information : 

- term extraction and expansion in order to represent the topics; 

- pattern matching and template instantiation ; and 

- content selection and text re-generation. 

A11 the steps but the POS-tagging and the segmentation of the test have been imple- 
mented during our research. The POS-tagger was developed by Foster (1991) and the test 
segmenter was developed by Xlarco Jacques at Université de Montréal. The POS-tagger is 
the only external linguistic resource used to implement SumUM. 

SumUM relies on traditional string and list processing prograrns developed by ourselves 
for the purpose of this research. The information that SumUM produces during the analj-sis 
is recorded in the Prolog data base in the form of clauses. The input document is comple- 
tely analped and after that, the information is stored in files in appropriate file directories 



associated to the source document. For an article of 37K characters (13 main sections, 303 
sentences and 5904 ~ ~ o r d s )  , it takes around 3 minutes for segmentation and tagging on a Sun 
workstations (5.6) and 5 minutes to completely analyze the sentences: extract the informa- 
tion: and produce the abstract on a Linux machines (RH 6.0). 

The design of SumUM is modular. Each module can also be executed from a rudimen- 
tary user interface. In the following sections, we describe the process that first transforms a 
string of characters into parsed sentences, then the sentences into a kind of conceptual data 
base which contains partial entactic and semantic information, and finally in a summav 
representation allowing the generation of a text summaq. 

6.2 Pre-Processing 

Pre-processing's function is to identify the structure of the document. It consists of the 
follon-ing sequential steps (shon-n in Figure 6.1) : 

- Text Segmenta t ion  : The input to SumUM is a plain text without any esplicit 
mark-up. Since several steps in Selective Analysis depend on the structure of the input 
text, SumUM's  first task is to identi- the structural elements of the text : journal 
informationl title: author information, ke>-words, abstract, acknowledgrnent, sections 
and references. SumUM uses typographie features (Le., non blank lines surrounded 
by blank lines) and some keywords (e.g., "Keywords" , "Abstract' . "Introduction". 
"References" and typical section identifiers "1 ." . "2.4" ) to identif' the end and begin- 
ning of a text segment. The segments are stored in separate files with appropriate file 
names (F i l e .  t i t l e .  F i l e  .author, F i l e .  section. 1: File .ref erences, etc.). The in- 
formation about the journal: the keywords, and the abstract provided with the source 
document are on l -  used for evaluation purposes (this d l  be described in Chapter 7) 
and do not contribute to the generation of the automatic abstract. The accurac- of this 
step has been subjectively assessed during esperimentation but not formal evaluation 
has ever been done. 

- POS-tagging : Each file is passed through the tagger ahich associates a lexical cate- 
gory to each word. The information produced b -  the tagger is stored in separate files 
( F i l e . t i t l e . c t a g ,  File.author.ctag,File.section.l.ctag, Fi le . re fe rences . -  
ctag, etc.). 

The files produced by the POS-tagger contain a record for each word in the input 
file. The content of each record is either a marker (end of sentence ({sent)), end of 
paragraph ({para)), end of file ({EDF))) or a word from the text, a sequence of tab 
characters, the lexical information and the citation form. The output produced by the 
tagger is shown in Figure 6.2. 
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FIG . 6.1: Pre-processing and Interpretation in SumUM 

INTERPRETATION 
SEhTENCE 

Input Test ( F i l e .  section. 1) 
Introduction 

TRANSDUCERS 

ImERPRETED 
ACRONYMS SENENCE 

The Automatic Control De- 
partment (Institut0 de Xu- 
tomatica Industrial, Consejo 
Superior de Investigaciones 
Cientificas, Madrid: Spain) 
has been developing robo- 
tic systems for more than 15 
years. This activity.. 

POS-tagger Output ( F i l e .  section. 1. ctag) 

Introduction NomC-sing/introduction 
<para3 
The Dete-dart-sgpl-def/a 
Aut omat ic Adj Q/automat ic 
Control NomC-sing/control 
Department NomC-sing/department 
S . .  

PuRc-pcst/. 
(sent) 
This Dete-ddem-sing-def/that 
activity NomC-sing/act i v i t y  

FIG. 6.2: Input Text and POS-Tagging 
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6.3 Interpretation a The purpose ai this step is to obtain a partial syntactic and semantic interpretation of the 
input text that is based on a set of patterns that account for syntactic and domain specific 
constructions referring to concepts in the domain. The patterns were identified during the 
corpus study by the process of tagging al1 the corpus with POS-tags and then carefullj- 
collecting sequences of tags that account for valid linguistic constructions. We used a bi-pos 
statistical tagger which implements the Viterbi algorithm to find the best sequence of tags for 
a string of words. The lexical categories used by the POStagger are shown in Table 6.1. The 
categories are combined with other grammatical information such as type of determinant, 
number, gender, tense, etc.. giving a total of 214 different tags. 

POS Meaning Example 
Dete Determinant the 
Ouan Quantifier last 
AdjQ 
Verb 
NomP 
Prep 
Pron 
Adve 
NomC 
Cons 
ConC 
Punc 
Affi 
L t r e  
Ordi 
Post 
Disc 

Adjective 
Verb 
Proper Noun 
Preposit ion 
Pronoun 
Adverb 
Common Noun 
Subordinate conjunction 
Coordinate conjunction 
Punct uat ion 
A ffix 
Alphabet 
Ordinal 
Post-head particule 
Discourse markers 

substantial 
made 
CBR 

VerY 
retrieval 
that 
and 

TAB. 6.1: Part of Speech Categories 

To specify linguistic and conceptual patterns? we use sequences of tags from the POS- 
tagger, Our syntactic categories (Table 6.2) ,  words and domain concepts (some patterns are 
presented in Tables 6.3: 6.4 and 6.5). 

The semantic information is organized in a small dictionary that associates lexical items 
in citation form a i t h  semantic tags that we use to represent concepts and relations in the 
conceptual model. In Table 6.6 we show some of the information in the dictionary. It is 
implemented with three Prolog predicates : one for each of the POS categories Verb. NomC. 
and AdjQ. 

The overall process of interpretation consists of the following sequential steps : Scan- 
ning that identifies sentences and titles in the tagged files ; Parsing that identifies syntactic 
constructions on the sentences relying on the patterns ; Semantic that interprets s-ntac- 



POS Meaning Example 
N+ noun sequence case base reasoning 

i 
i NomP+ proper nom sequence Aube Billard 
I A+ adjective sequence specific teztile 
, Adv+ adverb sequence ever before 
P noun group high-speed parallel processing 

s ystems 
W verb group will be bt-iejiy described 1 cue phrase cue phrase Additionally 

TAB. 6.2: Syntactic Categories 

Pattern Example 
Dete N+ its attention 

Adv+ A+ N+ 
NomP+ 
Dete N+ Affi N+ 
Quan A+ N+ 
Quan N+ 
Verb-PSP N+ 

industrial robots 
the kinernatic chain 
very innovative loconotion systerns 
Instituto de  Automatica 
the stearn generator's water chamber 
some successfu 1 deuelopments 
most cases 
related facilities 

f Nomp+ N+ Motorula processors 1 

TAB. 6.3: Esamples of Linguistic Patterns of Soun Groups from the Corpus 

tic constructions using the conceptual dictionary ; Conceptual Indexing that classifies 
sentences according to the types of information given in Tables 5.1 and 5.2: and Term 
Extraction that. estracts terms from noun groups and computes term distribution. -411 the 
steps are detailed belou-. 

- Scanning : SumUM analyses the title, author and reference files first? and then 
the main sections of the document. SumUM scans the records from tagged files 
(* .ctag) sequentially and constructs sentence representations which are asserted as 
Prolog clauses. In this stage common and proper noun distribution is calculated using 
the information provided by the tagger (words n-ith categories NomC and NomP). 

If the record contains a word and its tag, the pair [Structure, Category J is generated. 
Structure is a Prolog atom representing the word and Category is a list of attribute- 
value pairs containing the information of the tag. For example. SumUM reads the 
third record presented in Figure 6.2 and generate the term : 
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1 Pattern Exam~le 1 

Verb-FAST 
Verb-PRP 
to Verb-BSE 
Adv+ Verb-PSP 
have Verb-PSP 
has been Verb-PRP 

began 
programming 
to enter 
pmviously gained 
have proposed 
have been deueloping 

1 have been Verb-PSP have been deueloped 1 
TAB. 6.4: Examples of Linguistic Patterns of Verb Groups from the Corpus 

Concept Pattern Examde 
author we we 
Pape= the paper the paper 
institution Dete University of gn The University of Montreal 
section Section Quan Section 2 
table Tables Quan and quan Tables 2 and 3 
f ocus focus Prep  paper the focus of this paper 
equation equation ( Quan ) equation (3) 

TAB. 6.3: Examples of Dornain Specific Patterns from the Corpus 

In this esample, the attribute cat contains the lexical categoxy the attributes DeteType 
and Type contain information about determinants, and the attribute canon contains 
the citation form of the n-ord that will be used to compute terms during syntactic ana- 
Iysis. The order of the elements in this structure is unimportant because the search for 
particular types of information is based on specific attributes. This kind of structure 
is used in al1 levels of analysis of the sentence (lexical, syntactic, and semantic). 

Othemise. the record contains a marker : SumUM asserts a clause that represents 
the sentence (sentence in Figure 6.1). It contains the section number, the sentence 
number (O for the title) and the pairs so far obtained. Depending on the marker. Su- 
mUM reads the next record or starts processing the nest file. 

An esample of sentence representation is shown in Figure 6.3. 

While SumUM constructs sentences from the author and reference files, it creates 
two lists containing information about proper names that SumUM looks for in spe- 
cific positions of sentences : for example the first author appears in the first line of 
the author file and the names of the references appear at the beginning of lines in 
the reference file. These patterns were identified during corpus analysis. This informa- 
tion is subsequently used to interpret proper nouns in sentences from the main sections. 



Conceptual lnformat ion Lexical Information 
make knovn present, show, identify, report, ezan ine ,  discuss, introduce, 

describe 

pape= 
author 
necessary 

explore, indicate, review, owerzriew, suruey, ezpose, give 
compose, have, consist, miake, exhibe, rely on, depend on, 
comprise, base on 
puper, article 
we, 1, author 
necessary, vital, needed, primal, obligatory, mtrndatory, re- 
quired 

dif  f icult  dificult, hard, impossible 

TAB. 6.6: Examples of the Conceptual Dictionary 

C[Industrial, k a t ,  AdjQI , (canon, i ndus t r i a l )  11 , 
background, C k a t ,  NomCl , (Nbr , sing) , (canon, background) 1 J , 
Chas, k a t ,  Verb) , (VerbType, aux) , (tem, PRES) , 
(Nbr,sing),(Per,p3),(canon,have)]], 
h a n .  k a t  ,Verb), (VerbType,aux) , (tern,PSP) , (carnon, be)]] , 
[ t rad i t iona l ly  , k a t  ,Adve) , (canon, t r a d i t i o n a l l y ) ]  3 , 
[the, k a t  ,Dete) , (DeteType , d a r t ) ,  (Nbr, sgpl)  , (Typ,def) , (canon, a)  J I  , 
[application, [:(ca-t , NomC) , (Nbr , sing) , (canon, app l i ca t i on )  ] ] , 
rf i e l d ,  k a t  ,NomC) , (Nbr , sing) , (canon,f i e l d )  11 , 
Cf o r ,  C k a t ,  Prep) , (canon, fo r )  1 1 , 
Crobotics, k a t  ,NomC), (Nbr,sing), (canon,robotics)]]  , 
[. , k a t , P u a c ) ,  (PuncType,pcst), (canon, . ) J I ]  

FIG. 6.3: Sentence Representation from the Tagged Files 

- Parsing : Sentences and titles are passed through a set of finite state transducers 
(FST) in order to identify syntactic patterns (noun groups, verb groups. groups of 
adjectives) and domain specific constnict.ions (i.e.= references to the research papers. 
authors, institutions. bibliographic references. research groups. projects, sections, fi- 
gures, etc.). This step produces parsed sentences which are also represented as a list of 
pairs [Structure, Categoryl . 

For each pattern, we have irnplemented a FST that take as input a sentence representa- 
tion and looks for a subsequence matching the pattern. Whenever the transducer finds 
a sequence of elements in the input matching the pattern, it returns a new construction 
of attribute-value pairs. The matched sequence is replaced by the new construction and 
the rest of the elements in the input is left unchanged. 

The specification of a FST for a pattern P of lengt h k that takes as input a sequence 
of n elements S = @:.l Si is as follows : 

1. if the input sequence does not contain the pattern, then the output is the  input 
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sequence S. This is specified as follows : 

2. othern-ise, the input sequence does contain a sequence matching the pattern. Let i 
be the start position of the first matching sequence in the input. The specification 
of the FST in this case is : 

ahere constructp(A) stands for the parse of A with pattern P. 

The specification of a FST that looks for non empty sequences of the C a t  category 
(i-e.. Cat+) that takes as input a sequence of n elements S = @y.'=, Si is as follows : 

1. if the input sequence does not contain the cat categor?; then the output is the 
input sequence S. The specification is : 

2. othenvise, let i be the position of the first element with Cat category in S. and 
let k 2 1 satisfies the condition : Vl : ((i 5 1 5 if k - 1) : the category of Si is Cat 
and the category of Si+k is not C a t  or i+k  = n t l .  The specification of the FST is : 

u-here construct~,~,  (A) stands for the parse of .-l with pattern Cat+. 

The parsing process is the composition of al1 the transducers in a predefined order. If 
FSTpatt,,, is to be applied before FSTpatterna_,~ ive represent the composition by 
the expression : 

where stands for the composition of finite state transducers. The matching process 
and the parsing are implernented using Prolog unification. 

Al1 the patterns are specified in a grammar that SumUM compiles in order to ge- 
nerate Prolog code implementing the FSTs according to the specification. The time 
complesity of individual transducer and of their composition is linear on the length of 
the input. 

The order of composition was decided as follows : domain specific transducers need 
word information so they are applied first. Shen, linguistic transducers that det ect 



more complex syntactic constructions proceed. -4rnong the linguistic transducers, those 
that analyze Cat+  sequences are applied first and then transducers that look for pat- 
terns of fixed Iength. Those are applied in the following order : if pattern Patternl is 
included in pattern Patternî then the transducer FSTpatt,,, is applied before that 
FSTpattternl Thus; the FST that looks for the construction Dete A+ N+ is applied 
before that the FST looking for the construction A+ N+. 

The parse of a noun group (Le., output of the construct progam) produces the follo- 
wing attribute-value pairs : the original string (attribute string), the canonical form 
(attnbute canon), the syntactic information (attributes syncat, gntype and Nbr), the 
information about the determinants and quantifiers (attributes Type and Typ). infor- 
mation about anaphoric references (attribute anaphoric), the semantics (attribute 
sem), the information about adjectives (attribute quaiity) and information referring 
to the conceptual model which is optional (attributes conceptual with value d r  for 
domain concept, attribute concept with a value from the conceptual rnodel and other 
attributes that depend on the particular concept. Le., i d  for figures, tables and sec- 
tions.) - 

The parse of a verb group produces the follox-ing attribute-value pairs : the original 
string (attribute string), the semantics (attribute pred), the syntactic information 
(attributes voice, tense, t i m e ,  type and Nbr) . information about adverbial (attri- 
bute adv), and the conceptual information which is optional (attribut es c onceptual 
with value d r  for domain relation and r e l a t ion  with the relation from the conceptual 
model) . 

The parse of adjectival and adverbial groups contains the attributes : the original string 
(attribute s t r ing) ,  the citation form (attribute canon), and the optional information 
from the conceptual model (attribute quai i ty) .  

The other elements (conjunctions: prepositionso cue phrases, etc.) are left unparsrd. 

In order to measure the accuracy of the parsing process we manually extracted 303 
noun groups and 131 verb groups from abstract found on the (IXSPEC, 2000) service. 
Rh parsed the abstracts and automatically extracted noun groups and verb groups and 
we computed recall and precision measures. Recail measures the ratio of the number 
of correct syntactic constructions identified by the algorithm over the number of cor- 
rect syntactic constructions. Precision is the ratio of the number of correct syntactic 
constructions identified by the algorithm over the number of constructions identified by 
the algorithm. The accuracy of the parser was 86% recall and 86% precision for noun 
groups and 85% recall and 76% precision for the verb groups. A qualitative analysis 
niil be given in (Saggion and Lapalme, 2000b). 

- Semantic : Once al1 the transducers have been applied, an additional step of analysis 

e is done to interpret noun groups: verb groups and adjectival groups using the informa- 
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tion provided in the conceptual dictionary. 

Xoun groups are updated as follows : the citation form of the head of the noun group 
(attribute sem) is looked up in the conceptual dictionary and its semantic tag, if 
found, is inserted in the construction (attributes conceptual and concept). Infor- 
mation about the adjectival modifiers of the noun group is also extracted from the 
dictionary and placed in the representation (attri butes q u a l i t  y). 

For the interpretation of verb groups, the citation form (value of the attribute pred) is 
looked up in the conceptual dictionary and its semantic tag (if one exists) is included in 
the representation (attributes conceptual and re la t ion) .  In case of ambiguity (i-e., 
the verb "present" can be used to mark the topic of a document and to describe an 
entity). al1 the tags found on the dictionaq- for a particular lexical item are used to 
update the construction. 

Adjectives in adjectival groups are looked up in the dictionary and the group is upda- 
ted with their associated semantic tags in the same w a -  

After thato domain specific transducers that combine simple concepts into more com- 
ples ones are applied, for esample in order to interpret expressions such as the goal of 
the X project. 

In Figure 6.4: we schematically present the analysis of complete sentences. while in Fi- 
gure 6.3 we shon- esamples of parsed sentence fragments : the input sequence, the mat- 
ched pattern and the attribute-value pairs obtained during the parsing (more esamples 
can be found on Appendis F). 

- Conceptual Indexing : Its function is to classify sentences according to types of 
information as specified in Tables 5.1 and 5.2, this step is essential for both indica- 
tive and informative selection. SumUM examines the conceptual attributes (concept. 
quality and r e l a t i o n )  and updates the conceptual index n-hich specifies to n-hich 
type of information the sentence could eventually contribute. SumUM verifies the co- 
occurrence of semantic tags in order to classify the sentence : for example in order to 
classify a sentence as Topic of Section it will verify the CO-occurrence of the concept 
paper component and a relation make known. The conceptual indes is organized in 
two structures : the indicat ive  index for the indicative sentences and informative 
index for the informative ones. These are Prolog clauses that record sentences posi- 
tions and their types. 

- Term Extraction : Finally, SumUM extracts terms and acronyrns and their espan- 
sions from the sentence. In order to extract the terms SumUM looks for the values 
of the attributes canon and sem in each noun group in the sentence. The value of the 
attribute canon is a sequence of words (in citation form) and the value of the attri- 
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\ 

t /-- - 
problem Prep gn ConC 

goal of project define development 
# 

* . Punc A 

A P  \ 

The aim of the EUREKA project ... was the development ... 
a new concept ..- 

gn & proper create Prep author related 
-y--/ \ 

RILIHO has been developed by the Institut0 de Automatica Industrial 

FIG. 6.4: Syntactic and Conceptual Information in Parsed Sentences 

bure sen is a n-ord (in citation form). Term distribution is gradually computed. I é  
represent the term tree as an - 4 . L  treel. Each record contains the term. its semantics. 
its frequency and its positions. The key for accessing the record is the term. The terrns 
from the main title and section titles are extracted and stored in a list representing 
the topical structure. An example is shown in Figure 6.6. 

To sum up, the text representation contains the title of the document, the information 
about the authors, the titles of each section and the sentences syntactically and semant ically 
analyzed. Each element is asserted as Prolog a fact containing the parsed sentence and its 
position. Additionallu, information about the structure of the document (section order and 
paragraph structure of each section) is generated. This implementation of SumUM ignores 
other aspects of the structure of a text like lists and enumerations, and most of the process 
overlooks the information about the paragraph structure. ~evertheless, in future improve- 
ments of SumUM that  will be taken in consideration. 

The accuracy of the parsing process has no been addressed dunng this research, but a 

'The package Association Lists from SICStus ProIog is used for this purpose. 



This activity ( Dete N+) 
(sem, activity) , (conceptual, dc) , (concept, activity) , 
(anaphoric, def inite) , (syncat , gn) , (gntype , G N 2 )  , 
(string, [This ,activity] ) , (canon, [activity] ) , (DeteType ,ddem) , 
(Typ , def ) , (Nbr ,plu) 

The Automatic Control Department (Dete A+ N+) 
(sem, department) , (conceptual ,dc) , (concept, institution) , (syncat , gn) , 
(gntype , GN4) , (string, [The, Automat ic , Control , Department] ) , 
(canon, [automat ic , control , department] ) , (DeteType , dart) , (Typ , def ) , 
(Nbr , s ing) 

the long-tenn goal (Dete A+ N+) 
(sem,goal) , (conceptual, dc) , (concept, goal) , (syncat , gn) , 
@type, GNQ) , (string, [the, long-term. goal] ) , (canon, [long-term , 
go al] ) , (Det eType , dart ) , (Typ , def ) , (Nbr , s ing) 

Inove (1994) (NomP ( Year ) ) 
(syncat , gn) , (gntype ,ref ) , (ref type, 'Ref 1 ' ) , (conceptual, dc) , 
(concept,reference), (researcher,'Inove'), (year,1994), 
(~tring,C'Inove','(~,i994,')']), (Nbr,nil) 

briefly outlines (Adv Verb) 
(conceptual,dr), (pred,outline), (type,none) , (relation.'to make 
knou') , (syncat ,gv) , (Nbr,plur), (tense ,sim-pre) , (voice ,active), 
(tirne ,pres) , (string, [brief ly , outlines] ) , (canon, outline) , 
(adv , brief ly) 

FIG. 6.5: +Artribure Pair Values in Parsed Sentence Fragments 

sound methodology of evaluation for the parser component will be proposed and applied in 
future 1-ork. 

6.4 Indicative Selection 

The purpose of this step is to instantiate indicative templates with sentences classified 
as indicatives by the previous step, the conceptual index is used for this purpose. The 
process is shown in Figure 6.7. 

TempIates are implemented with the Prolog unary predicate template. The argument 
is a list whose first elernent is the type of the template and the rest of the list is a set of 



6- 4. INDICATIVE SEL ECTION 

Structural Element Tit le 

Main Title Clintbing, vralking and intemention robots 
Section 1 Introduction 
Section 2 Nzlclear power plant stemn generator inspection and 

maintenance robot - SIROIN 
Section 3 Self-propelling clim bing robot 
Section 4 The RIMHO walking robot 
Section 5 Indzlstrz'alizable urban infrastructures (IUI) 
Section 6 ConcZusions 

t op ica l  s t ructure climb, walk, intervention robot, introduction, nuclear po- 
wer plant stearn generat or  inspection, maintenance robot, 
SIROIN, self-propelling climb robot, RIHMO walk robot, 
urban infrastructure, IUI, conclusion 

FIG . 6.6: Titles and Topical Structure from "Climbing. walking and intervention robots". 
Industrial Robot, Vol 24 Issue 2:  1997 

attribute-value pairs tr-hich we represent 11-ith the Prolog term S l o t : F i l l e r .  Where: S l o t  is 
an atom and F i l l e r  is an atomic or a list depending on the d o t  (for the specification of the 
templates refer to Section 5.4). 

SumUM looks for indicative sentences appearing on the indicative index and pro- 
ceeds with the analysis. SumUM excludes from the analysis sentences matching one of the 
following conditions : (i) it contains cue phases such as however? although. for example. etc. 
at the beginning of the sentence (we used a Iist of cue phrases from Uarcu ( N X b ) ) .  (ii) it 
contains potential dangling anaphora : the first X: the following X: etc. (iii) it starts n-ith 
lower case or n-ith punctuation ; (il-) it ends 11-ith an element different from a full stop : (Y) it 
contains mat hematical or quantity concepts ; (vi) it cont ains bibliographic references (r his is 
not required for the types of information Situation, Problem Identification: Need and 
Problem Solution). Tn-O procedures are applied to extract information from sentences and 
to instantiate templates : the first one tw designed to look for specific patterns- the second 
one is based on the identification of domain relations and the extraction of arguments. Both 
.are detailed belon*. 

6.4.1 Extraction using Patterns 

Given a sentence S and a type of information T; SumUM applies an specific Prolog 
program to interpret sentence S according to the type of information T. Basicallc it consists 
of the verification of some linguistic-conceptual patterns and the instantiation of a template. 

a 



TEXT REPRESEhTATiON CONCEPTUAL INDEX 

SENTENCE 
POSITION 

DISTRIBUTION t 
I i 

TEMPLATE 4 TEMPLATE 

TEMPLATES INSTANTIATION 

INSTANTiAïED 1 TEMPLATE 

INDICATIVE DATA BASE 

(IDB 

I TOPICAL STRUCTURE 

INDICATIVE 

INSTAhTl A m  
TEMPLATES 

PûTEhTIAL TOPICS INDlCATIVE C O S E S T  

FIG. 6-7: Indicati\-e Selection 

Patterns are represented with the predicate pattern. Its arguments are the name of the 
pattern and the pattern itself. The pattern itself is a list of pairs. The first element of the 
pair is either the atom sk ip  (it indicates to overlook zero or more elements on the input) 
or a list of attribute-value pairs that stands for syntactic and conceptual information to be 
verified during the matching process using Prolog unification. The second element of the 
pair is a Prolog variable. Informative patterns also include an  argument for the specific topic 
under consideration which also appears on the list as value for the attribute canon that is 
used to record terms obtained from noun groups (this implements a kind of dynamic pattern). 



6- 4- INDICC4TATE SEL E CTION 127 

T Y P ~  Pattern Specification 

Signaling Structural SKIPI + s tructural  f S K I A  + show graphical ly  
+ ARGU-MENT + e o s  

Signaling Concept SKIPI + overview + ~rep+ ARGUMENT + e o s  

Topic gn + author + make known + Prep + research paper 
+ DESCRIPTION + e o s  

Author's Goal SKIPI + goal of  author + d e f i n e  + GOAL + eos  

Goal of TOPIC SKIP + goai + Prep + T O P E  + def ine  + GOAL + 
e o s  

Definition of T O P E  SKIP + T O P E  + def ine  + gn 
Elaboration of TOPIC S K I P  + TOPIC + e laborate  

Prolog Implementation 

pattern(goa1,of -author (1) , C Cskip, X i ]  , 
[ [(concept, goal-of ,author) 1 , X 2 1  , C [(relation, ' t o  def ine ' ) 1 ,X31,  
( sk ip  ,X4] , [ [(zPuncType' ,pcst)  1 , X513 ) . 

pattern(definition(l),TERM, [[skip,Xl], [[(canon,TERM)],X2], 
[ [ (re lat ion ,  a t o  def  i n e '  ) , (vo i ce ,  ac t ive ) ]  , X31 , 
CC(syncat ,gn)1 ,X431) . 

FIG. 6.8: Specification of Indicative and Informative Sentence Patterns and Prolog Repre- 
sentation of the Author's Goal and Definition 

In Figure 6.8, ive show patterns and their Prolog implementation (Signaling Structu- 
ral, Signaling Concept, Topic and Author's Goal are indicative patterns, and Goal. 
Definition and Elaboration of topic are informative patterns). eos means end of sentence. 

Each element of the pattern matches one or more elements of the sentence : conceptual. 
syntactic, and lexical elements match one element while variables match zero or more (they 
are represented by the atom skip).  One program scans the sentence verifuing the occurrence 
of the conceptual and linguistic constructions (this is done unifying the attribute-values pairs 
of the pattern with those from the sentence) and instantiates the variables of the pattern 
with parsed fragments : for a pattern with n elements, the program will return a list with n 
instantiated Prolog variables. 
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For example, the folloning sentence matches the pattern Author's Goal : 
goaï of author def i n e  

Ô G X  - 
1s to  devote the hurnan skills t o  more complex and intel- 

lectual parts of the operation, Le., detection and vehicle driving, which do require 
effort, ahile the robot will perform the hardest and more precise jobs, localisation 
and harvesting 

eos 
during the matching process five (Xi) get instantiated u i t h  the following elements : 
(i) XI with the empty list (because the goal of author is the first element of the sen- 
tence), (ii) X2 with the element matching the goal of author concept, Le., Our aim, (iii) 
X B  ni th  the element matching the def ine relation? Le., is, (iv) X4 u-ith the parsed fragment 
to the right of the define relation, Le., to devote ..., and (v) X5 with the full stop. These 
variables are used to instantiate a template of type goal of author (note that this template 
is the implementation of the Conceptual Goal given in Section 3.1.1, page 77, Figure 5.12). 

The goal of author template contains the following do t s  : (i) i d  to be filled a i t h  a 
unique integer identifier automaticaliy obtained? (ii) marker to  be filled with the parsed 
concept goal of author, (iii) pred to be filled in with the predicate matching the def ine  
relation' (iv) goal to be filled in 115th the parsed fragment t o  the right of the relation' and 
(v) sentence instantiated with the sentence position. 

The topic candidates are the terms estracted from the slot goal and are recorded also 
as Prolog data base clauses along with their rele~ance~ which is the sum of the relel~ance of 
the terms as specified in Section 5.4.1. The predicate template-tbl is used to record the 
information about the terms and the weight. The template gets instantiated as shown in 
Figure 6.9. 

Kote that a sentence could match different patterns associated to a type of information 
T, in that case SuroUM selects the 1oi;gest pattern of type T that matches the sentence. 

6.4.2 Extraction using Domain Relations 

14-hen the type of information T requires the extraction of a domain relation R and its 
arguments (Le., types Topic of Document, Topic of Section, Possible Topic, Author 
Interest: Author Development, etc.) the procedure is as follo~ï~s : 

1. SumUM looks for an instance of the domain relation R matching a set of restrictions 
and creates tmo windows around it. This produces a structure of the form [Left 
Windou, Domain Relation, Right Windoul where the first and third components are 
parsed fragments (possibly empty) and the second component is the parsed domain 
relation ; 

2. SumUM uses grammatical information to decide where to  look for the arguments. If 
the value of the attribute voice of the Domain Relation is active, the main argument is 



uninstantiated template 

template([goal,of,author,id:ID,m~ker:MA~~,pred:P~,goal:GOAL, 
sentence : [SEC, FIDI 1 ) 

instantiated template 

template([goal-of-author, id:81, 
marker: [. . . , [(concept, goal-of -author) , (sem, aim) , (conceptual ,dc) , 
(concept, goal) , (syncat , gn) , (gntype , ' GN2' 1 , 
(string, [>Our1 ,aim]), (canon, Cairn]), ('DeteType' ,dpos), ('Typ' ,def), 
('PerJ ,pl)]], pred: [be, Lis] ,active,sim-pre.pre,sing], 
goal: [[[[to, [(cat, 'Prep') , (. . . , 
. . . ,sentence : Cl, 243 I 1 

topic candidates and weight 

template~tbl(goal~of~author:81:[[complex,and,intellectual,part~ , 
[detection] , [effort] . [hard, and ,precise , job] , [human, ski111 , 
[localisation] , [operation] , [robot] , 
[vehicle, driving] 1 : Cl, 241 : 121) 

FIG. 6.9: Aut hor's Goal Instantiated during Indicative Selection 

extracred from the Right Window with a specific Prolog program while the grammatical 
subject is taken from the Left Window. Otherwise, the grammatical subject is the atom 
ni1 and the argument is extracted from the Left Window. 

The sentence is segmented in positions where specific patterns occur. These include eos 
(end of sentence), ConC gv (conjunction followed by verb), cue phrase gv (cue phrase fol- 
lowed by verb) , semi-CO lon (semi colon), PunC paper component (punctuation followed by 
paper component ) . 

Each domain relation dictates the concepts that can act as arguments (for example: 
the filler of the slot üho of the make knom relation can be one of the following : author. 
research paper, study, research, and uork). In order to  extract the main argument, a 
specific procedure is used which looks for patterns of noun groups such as gn CONT* where 
CONT is (gn), (Prep gn), (ConC gn), (~pas-par gn): ( g ~ p a s ~ a r  Prep gn),(~pre-pro gn). 
(comma gn) among others. For the domain relation most to the right of the sentence and for 
the argument of topical information, al1 the parsed string on the right window is extracted. 
If the voice is passive, before extracting the argument sorne elementî frorn the beginning of 



the window d l  be ignored Iike sentence fragments starting by prepositions and cue phrases. a 
For example: the sentence : 
author make known P ConC make known - - 0  \-- \Ce first describe these four visual code representations and then discuss 

€y Prep W Pron 
Y - -- 
the interaction techniques for manipulating them. 

is first segrnented according to the two domain verbs and then the nindows are defined 
around them : 

Left \+'indon? make known Right Window 
A -/ C \ 

We first describe these four visual code representations 

make known Right Window 
- p  \ 

then discuss the interaction techniques for manipulating them 

In tbis case, as both verbs are in the active voice: SumUM extracts the arguments from 
the right n-indow to instantiate the what dot: and the grammatical subject from the left 
window to instantiate the who dot.  The slot where is instantiated n i th  ni1 because there 
is no indication of the concept research paper. The instantiated templates are shown in 
Figure 6.10. 

Xote that a sentence could he used to  instantiate different templates, but in SumUM if 
a sentence was used to instantiate templates of type Topic of Document  or Topic  of 
Section or En t i ty  In t roduc t ion  or Entity Identif icat ion or Signaling St ruc tu r e s  or 
Signaling Concepts: that sentence will not be considered to instantiate other types of 
templates. 

template([topic,id:7,pred:[describe,~first,describe],activeJ 
sim-pre , pre , ni11 , who : [author-paper , . . . , 
where:nil,what:[[[[these, . . .  (string,[these,four,visual, 
code ~epresentations] ) , (canon, [visual, code ,representation] )]Il , 
sentence : Cl, 201 1 ) . 

template([topic,id:8,pred:[discussy ~then,discuss~ ,active,sim-pre, 
pre,nil] ,who:nil,where:nil,what:[[[[the, ..., 
@type, 'GN*' ) , (string, [the Anteraction , techniques] 
. . . [(syncat,gv). . . (string, [manipulating]) , (~anon~manipulate)]] , 
[them, [(cat, 'Prony) , . - .  ,sentence: [1,20]]). 

FIG. 6.10: Topic of the Documen t  Instantiated during Indicative Selection 



6.5- INFORIl,.1TIVE SELECT' 

6.4.3 Selecting the Content 

The process of content selection is straightfoni-ard, SumUM looks for a match between 
each element of the list topica l  structure and the terms on the topic candidates that 
are contained in the clauses templat e-tbl. SumUM verifies the substring relation bet- 
ween Prolog lists and records the information about the match in another list, the mat ched 
structure, which contains a pair for each matched term : the term and the information 
about the templates matching the term. This process takes time proportional to the size 
of the topical structure times the size of the union of the topic candidates. In a practical 
situation, the size of the topical structure is smdl compared with the number of terms of 
the document. 

Next' SumUM selects one template for each element on the matched structure. or- 
dering them by ueight. If there are more than onel i t  uses heuristics about the type of 
information and the position found on this list (Section 5.7). The indicative content is 
a list containing the identification of the templates selected by this process. The terms from 
the template-tbl as well as their expansions are recorded on the list potential topics. 
The expansions are found on the acronym information, and by transforrning the AVL tree 
into a list (this is done with built-in Prolog predicates from the Association List package) 
and retrieving al1 the terms sharing the semantics of the topic candidates. -4 pretty print of 
the tree is shown in Figure 6.1 1 ; i t  contains the semantics of the terms' the terms themselres. 
and the positions where they occur. 

;2t the end of this process SumUM has computed tnro structures : the list of templates 
indicative content that wi11 be used by the generation step to produce the indicative 
abstract, and the list of terms potential  topics that will be used by the informatil-e 
selection step to look for informative sentences that expand those terms. 

6.5 Informat ive Selection 

The purpose of this step is to  look for sentences expanding the potential topics that will 
be used to instantiate the informative templates described in Section 5.4.2. The informative 
selection process is shown in Figure 6.12. 

SumUM retrieves from the term tree the sentence positions where the potential to- 
.pic occurs and verifies if the sentence appears in the informative index. The sentence is 
retrieved from the text  representation and both the sentence and the potential topic 
are passed through a process of pattern matching. If the sentence matches a pattern of the 
specific type, a template will be instantiated and the potential topic becomes a topic of the 
document which is appended t o  the list of topics so far obtained and asserted on the data 
base. The patterns SumUM uses are dynamic in the sense that  the. contain some fued 
concepts, relations and sp tac t i c  constructions and a specific position for the potential topic 
under consideration. 



(Agribot, [Agribot] )-[cC2,01 , [2,11 , [2,2], . - - 
. - .  
(condition, ~ c o n d i t i o n ~ ~ - ~ ~ ~ 6 , 1 7 ]  , [7,7] ,. -. 
(condition, [f aboratory , condition] ) - [[Cl, 261 , . . . 
(condition, [light , condition] 1 - [ I: [l , 221 3,1] 
(condition, Creal, condition] )-[CfiO,6]] ,1] 
(condition, Cspecial, condition] ) - [ [ [2,13] 1 ,1] 
m . .  

Coperation, Lacceleration, operationl 1 - C [ [5 , 251 1 ,Il 
(operation, [cutting,operationI 1 - [ [ C6 , 1211 , 1 J 
(operation, [detach,operation] )-[[[IO , 111 , 11 
(operation, Cf ast , operation] - [ C [S , 441) , 11 
(operation, [grasping , operation] ) - [ [[6,2] 1 ,il 
(operation, [high, velocity , operation] )-[[[Il, 61 ] ,Il 
(operation, [manual, operat ion1 - t CC3,5] 1 ,11 
(operation, [operation] 1 - [ C [1 , 171 , - . . 
(operation, [relate, operationl ) - [[Li, 511 , il 
Coperation, [simultaneous -0-arm, operation] ) - [[[IO , 31 ] $11 
(operator, [human,operatorl)- [CC2 , 51, C4, 11 , [8,151 , Cl1 , 11 1 ,41 
(operator, Coperat or1 1 - C C C2,61, C2,71, C2,101, [4,3] , . . . 

For esample, the following 

p o t e n t i a l  t o p i c  

6.11: Information on the Term Tree 

sentence : 

prorides the following semices to the user. - 
e l a b o r a t e  

matches the informative pattern of topic elaboration presented in Figure 6.8. the three va- 
riables Si instantiated with : (i) the empty list, (ii) the parsed potential topic. and with (iii) 
the parsed e l a b o r a t e  relation. h template of type e l a b o r a t i o n  is instantiated and asserted 
in the data base. 

The informative tempIates contain the dot Content which is instantiated with the sen- 
tence avoiding structural elernents (figures, tables, etc.) and the slot Topic which is instan- 
tiated n-ith the term. The other components are the type of template, its identifier and the 
sentence position. 

6.6 Generat ion 

The purpose of this step is to  generate the indicative abstract from the i n d i c a t i v e  
con ten t  and the list of topics. The reader uses the list of topics in order to obtain additional 



PûTEhTTIAL TOPICS TERM TREE 

P A r n Y S  

TEMPLATES 

PATTERN 1 SENTENCE 

TEMPLATE 1 TEMPLATE 

- INSTAhnATION l-* TOPICS 

Ih'SThh?UTED 1 TEMPLATE 

INFOELMATIVE DATA BASE 

FIG. 6.12: Informative Selection 

information from the informative templates (Le., the informative abstract). 

SumUM arranges the information according to the conceptual order specified and 
merges the "topical" templates implementing the algorithm discussed in 5.7. The tem- 
plates are stored on the list text plan. 

The generation is straightfonvard : one generation procedure is called for each template 
.on the t e x t  plan implementing the schemas presented in Section 5.7. First, SumUM pro- 
duces a list with the words. It then prints the list with the correct punctuation. 

Three main processes update the list of words : 

1. the reformulation of domain verbs. The parameters passed to the program are the 
position where the verb is to be generated (beginning or  middle of the sentence). 
the voice (active or passive), the nurnber (singular or plural), and the tense. These 
parameters account for the differences : Presents vs. presents, Presents YS. zs presented. 



Presenting the Indicative Abstract,., - 

The cornplex problem of inspection and maintenance of the steam generator in nudear poa-er plants n-as 
approached using pre\lously gained expertise and, as a result, an innovati~e solution %-as achieved -<th 
the development of two CO-operative robots, rernotely controlled from a tek-operation station incorporating 
tele-presence. The department was Ieading a project for the introduction of a robotics system whose mission 
u-as to avoid human operators having to enter the steam generator's water chamber. Proposes an innovative 
solution to the senous problem of inspection and maintenance of the steam generator tubes, u-hich must be 
checked regularlj- to detect leakage of radioactive R-ater fkom the prïmary to the secondary circuit. Another 
interesting activity RYS the realization, within the frarnea-ork of a EUREKA project, of a tele-manipulator 
for servicing a nea- concept of urban infrastructures. Shows the RIMHO walking robot and ROBLR arm 
exchanging gas filter in TtrT (Industrializable urban infrastructures) demonstration. 

Abstract W C  : 149 

Identified Topics : FI] [FUXIHO] [chamber] [climb,robot] [controI,station] [control,system] [dif- 
ferent,robotic,system] [h~rnan~operator] [industrial,robot] [infrastructure] [robot] [robot,arm] [system] [%-a- 
terTchamber] [%-heel,mobile,robot] (u-hole~control,system] 

FIG. 6.13: Output of SumUM for the article 'Climbing, ryalking and intervention robots", 
Industrial Robot: Vol 24 Issue 2. 1997 

is presented vs. are presented and studzed 1s. studies. The Prolog program returns the 
appropriate form found on a table of rerbs. The reformulation is inserted on the list. 

2, the reformulation of domain concepts, author related entities. and noun groups intro- 
duced bu a demonstrative. -4 table of concepts and its pre-defined linguistic realization 
is consulted using the domain concept and the position in the sentence. The posses- 
sive pronoun of the author related espression and the demonstrative in the case of 
a demonstrative noun group are replaced by the determinant "the" (or "The"). The 
espression is appended to the list. 

3. the reformulation of parsed fragments. For lexical elements (preposition. conjunctions, 
etc.) and punctuation, the original word is estracted from the structure and put on the 
list. For verb groups, adjectival and adverbial groups, and noun groups unrelated to 
the conceptual model. the value of the attribute string is retrieved from the structure. 
The case of the first word is amended according to the position and the espression is 
appended to the list. For an acronym, the expansion is retrieved and appended to the 
list surrounded by parenthesis. 

The generation of the merged template is simple : it uses the previous procedures and 
inserts the markers semicolon and conjunction (and, and also) between propositions and 
arguments. 

The list is used to  produce a string rvith appropriate punctuation (Le., word, word; word : 
word) (word word. etc.) and to generate a word count. The sentences, the word count and 
the list of topics are printed as shown in Figure 6.13, the input article is shown in Figure 6.14. 

For the informative abstract trvo options are available : the presentation of al1 the infor- 
mative sentences or the consultation of some of them according to the reader's interests : 



CLimbing, walking and intervention robots 
hfanuel . h a d a  

LI 
Introduction 

The cornplex problem of inspection and maintenance of the steam generator in nuclear power plants n-as 
approached using previously gained expertise and, as a result, an innosative solution was achieved u-ith 
the development of two ceoperative robots, remotely controiled from a tele-operation station incorporating 
tele-presence (appears as fkst sentence of the automatic abstract) [--.] 

Another interesting activïtyl also reported here, was the realization, wîthin the framen-ork of a ECREK-4 
project, of a tele-manipulator for servicing a new concept of urban infrastructures (appears as fourth 
sentence of the aut omatic abstract) [...] 

Suclear power plant steam generator inspection and maintenance robot - SIROIS [...] 

Our department was Ieading a project (1986-91) for the introduction of a robotics system whose mission 
 as to avoid human operators having to enter the steam generator's n-ater chamber (appears as second 
sentence of the automatic abstract) [...] 

With SIROIS A-e have proposed an innovative solution to the serious problem of inspection and maintenance 
of the s t e m  generator tubes, which must be checked regularly to detect leakage of radioactive water from 
the primary to the secondary circuit (appears as third sentence of the automatic abstract) [...] 

Self-propelling climbing robot 

The self-propelling climbing robot [2] is a simple prototype of three [...] 

The RP\IHO n-alking robot 

The MMHO wdking robot is a prototype developed with the aim of studying the potential possibilities [...] 

With such geometry the machine can u-alk with a clearance of 350mm (see Figure 4 The RIlIHO n-alking 
robot ) (appeard in the last sentence of the automatic abstract) f...] 

An excellent demonstsation (se Figure 6 ROBC-R arm eschanging gas filter in ILI demonstration ) B-as 
held and the KI system n-as (appears in the last sentence of the automatic abstract) [...] 

Conclusions 

An oven-iew of different robotic systems developed for performing tasks in hazardous enrironrnents has 
been presented. The research efforts in this field of robotics are continuing in [...] 

FIG. 6.14: Input to SumUM : "Climbing, wdking and intervention robots", Industrial 
Robot, Vol 24 Issue 2, 1997 
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1. should the reader want information about d l  the topics, SumUM II-il1 retrieve al1 the 
informative templates fiom the informative data base, wïll s o n  the templates according 
to  the position slot? and ni11 present the slot Content using the reformulation of parsed 
fragment sentences using the parameter beginning of sentence. SurnUM avoids the 
generation of the same information tnice (this is done controlling the information on 
the Position slot). 

2. if the reader chooses some of the topics, only the templates nith value of ïopic mat- 
ching the chosen topics are retrieved and presented. 

6.7 Limitations of the Implementation 

SumUM \.as implemented in order to demonstrate of viability of Selective Xnalysis. 
TVe used state-of-the-art techniques in natural language processing including noun and verb 
group identification and conceptual tagging because n-e wanted to produce a robust do- 
main independent text summarization system. In this perspecti~e, we decided to implement 
most of the process with reliable finire state techniques (Roche and Schabes, 1997). While 
finite state techniques behaved n-el1 in the task of identification of concepts and relations 
of Our conceptual model. they are not the ultimate solution to modeling natural language. 
Contest-free formalisms seem far more appropriate to deal with the real complexities of na- 
tural language. though they were not necessary for this research. 

I f e  have not addressed here the question of text understanding : SumUM is able to  
produce test summaries but i t  is not able to demonstrate intelligent behavior (ansn-ering 
questions. paraphrasing. anaphora resolution, etc.). Serertheless. in future research 11-e want 
to address topic elaboration based on questions directlj- formulated bu the reader (Le., \\-ho 
did S? what is S? which is the relation betn-een S and Y ?  who previously worked with 
S?). This n-il1 require the incorporation of natural language understanding techniques \\-hich 
will allow irnpro~ement of the text summaries : SumUM 11-il1 be able to generate in some 
cases anaphoric references or will be able to replace an anaphora bu its antecedent. -1 par- 
tial solution to that problem wi11 help in the identification of additional information about 
the "topics" computed by SumUM. In fact: given a text like "(1) The paper presents tu10 
text sumrnaritation systerns ... (2) The first is based on  a conceptual model ... (3) The se- 
cond uses a language rnodel t o  ... " SumUM is unable t o  interpret the expressions "The 
first" and "The second" as anaphoric references to 'Ywo tezt  sumrnaritation systemsJ' and 
so it is unable to elaborate rhe topic "te& summariIat ion sy s t em ?' using sentences (2) and (3) .  

SumUM relies on the output produced by a shallow text segmenter and on a statistical 
POS-t agger, ahich incorporates some noise to the process. The segmentation algorit hm is 
based on the structure of electronic documents found on the Emerald Electronic Library, 
and so it has to be adapted for other text structures. S o  rigorous tests have ever been done 
to measure the accuracy of the POS-tagger, but the success rate is probably around 96x2 
meaning that if the average sentence length is 25 tokens, then the tagger produces on the 

2George Foster? personal communication- 
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average an error per sentence. We do not have any procedure to automatically "correct" 
the output of the tagger (if the tagger interprets the word "reports" in the sentence "The 
paper reports experiments on automatic abstracting" as a noun instead of a verb, then Su- 
mUM will overlook the useful information of that sentence). SumUM does not deal with 

- ambiguities like those that occur in expressions that help us identify concepts in our domain, 
so SumUM is unable to answer the following questions : 1s the expression "the pape?' a 
reference to the research article or to "a pliable substance made usually of vegetable matter 
and used to wmte or pnnt on"? or 1s the expression "we" a reference to the author of the 
paper or to a group that includes the author of the paper? 

The patterns incorporated in our grammar account for only a few linguistic constructions 
(174 indicative patterns and 87 informative patterns) and our conceptual diction- contains 
only a fen words (241 domain verbs, 163 domain nouns and 129 adjectives). While the ~ e r b s  
and nouns we use to identi- the information for the indicative abstract are more likely to 
appear in the technical domain, the verbs and adjectives that we use in order to identify 
the information for the informative abstract are general in nature and portable to other 
domains. We have only implemented the following types of indicative information : Situa- 
tion, Problem. Solution, Need, Topic of Document, Topic Description, Possible 
Topic. Topic of Section, Signaling, Entity Introduction, Entity Identification, De- 
velopment , St udy, Interest, Goal, Focus, Inference, Met hod, Result, Experiment . 
Summary. The informative types implemented are : Definition, Description. Elabora- 
tion, Goal, Focus, Identification, Need, Interest, Relevance, Advantage. Positive- 
ness, Practicality, Effectiveness, Development. It would be interesting to incorporate 
techniques to semi automatically learn patterns and lexical items from tagged corpus as in 
the experiments described by Lehnert et al. (1992). But instead of using a matching process 
between instantiated templates and source documents we would like to t? a match between 
human abstracts and source documents- 

Our prototype only analyses sentences for the specific purpose of test summarization 
and implements some patterns of generation obsenred in the corpus. Severtheless, the re- 
presentation produced by SurnUM is rich enough to allow further analysis, for esample by 
incorporating partial syntactic and rhetorical parsing. The latter not only will help in the 
extraction of arguments and the deletion of sentence fragments but also in the task of espan- 
ding the test with additional information. In fact: if a sentence is presented that elaborates 
a topic, probably the context of the sentence is also important for the topic. This could also 
be addressed taking into consideration the structure of the document which is calculated 
by SumUM. Other aspects of the test structure will be addressed in the future such as 
the identification of lists and enumerations. Despite these limitations, SumUM is able to 
produce quite acceptable abstracts as will be shown in Chapter 7. 

The surnmaries produced by the system were extensively evaluated. Though, the im- 
plementation n-as only assessed during esperirnentation. Our future work wiIl address the 
design of a sound methodolog)- of evaluation of the different components : this will be done 
by comparing the output of each component with an accurate analysis produced bu hurnan 
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informants. For example, given a document, we wi11 compare the accuracy of the terms 
computed by SumUM by matching the automatic terms aith the correct terms of the do- 
cument- This \Till be used to calculate recall and precision measures for cornparison purposes 
as presented in page 121. The very same method could be applied for the identification of 
the types of information, the partial parsing of the sentences and the extraction of arguments. 

6.8 Summary 
This chapter described SumUM; a prototype of Selective .2nalysis   hi ch goes al1 the a -  

through from a ranT text to a surnmary. This is accomplished by the processes of text segrnen- 
tation, POS-tagging, partial syntactic and semantic analysis, sentence classification. template 
instantiation, content selection; text regeneration and topic elaboration. SumUM was de- 
veloped in order to validate this new methodology of text summarization. 

The system n-as implemented in Prolog and relies on classical algorithms of string proces- 
sing and pattern matching. n'hile SumUM is an experimental system' it has been tested in 
long documents from several sources and domains including Industrial Robot Journal. Inter- 
net Research Journal, Assembly Automation Journal, Information Management 6; Computer 
Security Journal, COSIPEL Journal: Computer Journal and BioInformatics (some automa- 
tic abstracts are included in -4ppendis J). The results so far obtained are already good. 
Xevertheless, improvements have to be done to transform the actual implementation in a 
production environment. 



Chapitre 7 

Evaluat ing Content and Text Quality 
in Selective Analysis 

Evaluation has become a central issue in Xatural Language Processing. In this chapter we 
describe three evaluations methodologies in which we have compared different summarizarion 
technologies in order to assess the degree of effectiveness of our summarization method. 

7.1 Introduction 

The quality and success of human produced abstracts have already been addressed in the 
literature (Grant, 1992; Kaplan et al.. 1994: Gibson, 1993) using linguistic criteria such as 
cohesion and coherence, thematic structure, sentence structure, and lesical density. But in 
automat ic test surnmarization, this is an emergent research topic. 

Content evaluation assesses if the automatic system is able to identifi- the intended - ~ o -  
pics?' of the source document. Text quality evaluation assesses the readability grammar and 
coherence of the surnrnary. The evaluations can be done in intrinsic or extrinsic fashions as 
defined bu Spark Jones and Galliers (1993). 

An intrinsic evaluation measures the quality of the summaq- itself. This is done by corn- 
paring the summaq- with the source document by measuring hon- man? "main" ideas of the 
source document are cot-ered by the abstract or by comparing the content of the automatic 
summary with an ideal abstract (gold standard) produced by a human (Cole, 1995). 

An extrinsic evaluation measures how helpful a surnmary is in the completion of a gi- 
ven task. For example: given a document which contains the answers to some predefined 
questions, readers are asked to  answer those questions using the abstract. If the reader 
correctly answers the questions, the abstract is considered of good quality for the @en 
question-answering task. l'ariables rneasured can be the number of correct ansn-ers and time 
to complete the task. Recent experiments (Jing et al., 1998) have shown how different para- 
meters such as the length of the abstract can affect the outcome of the evaluation. 



We have evaluated the abstracts produced by SumUM in three different situations : 

- The first evduation, ahich aas intrinsic, addressed the issue of indicativeness : how 
SumUM performs in indicating the essential content of the source document using as 
gold standard the abstract published with the source document. Here, we measured 
how many of the "topics" nTere covered bg the automatic abstract. Ué also evaluated 
how adequate the sentences automatically generated were when compared nith human 
sentences. For sentence acceptability we relied on human assessment- 

- The second evaluation, which was extrinsic, was repeated in three opportunities n-ith 
different materids. It addressed the indicativeness of the text in a categorization task 
using descriptors published with the source document. In this evaluation we also as- 
sessed the quality of the whole text. For both aspectso nre relied on human judgment. 
Text content Kas evaluated extrinsically. 

- Finally, the third evaluation, which was intrinsic, addressed the issue of informati- 
veness : how SumUM performed in the task of selecting "interesting" informat ive 
sentences, using as ideal abstracts sets of sentences selected by typical readers. Here? 
we measured the coverage of important information. 

In the three evaluations we used other available sumrnarization methodologies for cornpa- 
rison purposes. In this chapter we will give the details of the three evaluation methodologies 
and the resu1t.s so far obtained. 

7.2 First Evaluation : Human Abstracts as Ideal Abs- 
tracts 

The most extensive independent evaluation of automatic summarization systerns to date 
was done in the contest of the TIPSTER SUAlblAC evaluation (Mani et al., 1998). That 
evaluation \vas estrinsic because it addressed the utility of automatic abstracts for comple- 
ting a given task (categorization, question-answering, etc.). However; even though this effort 
created a corpus of full-tests for evaluation purposes, there is a clear lack of resources for 
the evaluation of technical articles. We addressed this by constructing our own evaluation 
resources with technical articles published in electronic journals on the Web. We use as gold 
standard for evaluation the abstracts published with the source documents (as \vas the case 
in (Lin and H o y ,  1997) but for different purposes) and a e  compared the terms appearing 
in the automatic abstracts with the terms appearing in the abstracts provided by the jour- 
nal. We do not compare sentences with sentences because the abstracts published together 
ni th source documents usually contain sentences difficult to match with those of the source 
document (Teufel and Moens, 1998). 

The performance of SumUM was measured relative to two other summarization me- 
thodologies : abstracts produced using Word Distribution, and abstracts produced using 
the commercially available MicrosoftY97 Surnmarizer. We implemented the Word Dis- 
tribution rnethod by computing the distribution of nouns (common nouns and proper 
nouns) in all the text (using the result of the POS-tagging process and the canonic form 
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of the words) and then by associating a score to each sentence (the sum of the distribution 
of its nouns). To produce the abstract, the method chooses top ranked sentences until the 
desired compression rate is achieved. This technique, though simple, has been used alone or 

-in combination with other methods in order to produce summaries (Luhn, 1958: Brandon 
et al., 1995; Kupiec et al., 1995). The commercial system used here for cornparison purposes 
has already been used in evaluation of text summarization systems (see for example (Marcu, 
1997a; Barzilay and Elhadad, 1997)). 

7.2.1 Experiment 1 

For this experiment, we used 25 technical articles found on the Ernerald electronic li- 
b r q  (Industrial Robot Journal: Internet Research Journal, Assembly Automation Journal, 
Information Management tk Computer Security Journal, and COMPEL Journal) and on the 
elect ronic version of the Computer Journal. The articles cont ain titles, aut hor identifica- 
tion, a short list of keywords (2 to 5): an indication of the type of article (technical. case 
study: etc.)' an abstract, the text of the article, and references. The artides are quite long 
(from 13K characters to 36K characters with an average of 23K characters). The given abs- 
tracts and lists of keyivords were not considered in order to produce the automatic abstracts. 

We automatically estracted a list of terms from the given abstracts using the resources 
described in chapter 6 (finite state transducers and term extraction), considering only those 
terms appearing in the abstract and in the source document. We produced abstracts using 
SumUM and estracted the list of topics from the abstracts : we considered terms appea- 
ring in the indicative abstracts and in informative sentences'. We computed the compression 
ratio in number of words2 for the automatic abstract (CS.1) and the abstract prorided b ~ -  
the journal (C-AA)~. Escept for one document: SumUM always produced more verbose 
abstracts than the provided abstract. The compression ratio (between 91% and 96% with 
an average of 94.4%) was always greater than the compression ratio of 90% used in other 
summarization ex-aluations (Mani et al., 1998). 

Sem, we produced two additional abstracts for each document : one by Word Distri- 
bution and other using the Microsoft'97 Summarizer, the compression ratio being the 
smaller of CSA and CAA (Le., allowing the other abstracts to be a t  least as verbose as Su- 
mUM). In order to produce the abstract by word distribution, we used the results from the 

-pre-interpretation step in SumUM. In order to produce the abstract with Microsofty97 
Summarizer, we had to format the source document in order for the Microsofty9? Sum- 
marizer to be able to  recognize the structure of the document (titles, sections: paragraphs 
and sentences). 

lK7hen this experiment R-as carried out, the process of term expansion described in page 91 has not yet 
b e n  implemented- 

u-ords in the abstract ZCompression is given by the folloning formula 100 * (1 - # Erds in source document). 
3For this experiment u-e do not use character compression because Microsoft997 Summarizer A-orks 

based on word compression. 



Foltowing this: Ive extracted terms from the abstract obtained by word distribution and 
from the abstract obtained using Microsoft997 Summarizer. We used the very same tech- 
niques than in selective analysis (Le., we interpreted the sentences in both abstracts identi- 
fying noun groups and extracting terms). To sum up, for each document in the test set we 
have the following lists : 

- Tenns(AA, i) denotes the list of terms extracted from the ideal abstract of document 
i and represents our gold standard for this evaluation ; 

- Tenns(SA, i) denotes the list of terms extracted from the abstract by SurnUM for 
document i ;  

- Tems(MS, i) denotes the list of terms extracted from the abstract by Microsoft'97 
Summarizer for document i ; and 

- Terms( WD: i) denotes the list of terms extracted from the abstract by word distribu- 
tion for document i- 

The terms in the lists Terms(Method, i) where Method = SA, W D  or MS were cornpared 
ni th  the terms in the list Tens(AA,  i) and recall, precision and F-score measures were 

xalculated for the three methodologies and each individual source document. Recall, precision 
and F-score are standard measures used in the evaluation of Information Retrieval and 
Information Extraction systems (Cole, 1995). Here we adapt these measures as folloms : 

- Recall measures the ratio of the nurnber of relevant terms identified by the automatic 
method (Le., terms appearing in both the list of terms of the automatic abstract and 
in the list of terms of the ideal abstract) over the nurnber of the relevant terms in the 
author abstract. It was computed using the follon-ing formula : 

Recall( Tenns(Method, i)) = [ I  Terms( AA.i)  0 Terms(Method.i)ll 
I l  Terms(AA,i)ll 

- Precision is the ratio of relevant terms identified by the automatic method (i.e.. terms 
appearing in the list of terms of the automatic abstract and in the list of terms of the 
ideal abstract) over the number of terms identified by the automatic method. Ir \vas 
computed using the following formula : 

Precision ( Tems  (Method , i) ) = II Terms(AA,i) n Terms(Method,i) 1 1  
I I  Terms(Method,i)ll 

- F-score is a composite score that combines the precision and recall measures. It was 
computed using the following formula : 

As an illustration, in Figures 7.1 and 7.2, we show the four abstracts for a document in 
the evaluation and in Table 7.1, we show the terms extracted from those abstract, the topics 
correctly identified by each rnethod (in bold)' and the three measures. 



Abstract Published by the Journal 

This work presents a robot prototype designed and built for a new aided h i t -  
harvesting strategy in highly unstructured environments, involving human- 
machine task distribution- The operator drives the robotic harvester and per- 
forms the detection of fiuits by means of a laser range-finder. the computer per- 
forms the precise location of the fniits, cornputes adequate picking sequences 
and controls the motion of ail the mechanicd components (picking a r m  and 
gripper-cutter). Throughout this work, the specific design of every module of 
the robotized h i t  harvester is presented. The harvester bas been built and 
laboratory tests with artificial trees were conducted to check range-finder's Iu 
calkation accuracy and dependence on external conditions, harvesting am's  ve- 
locity, positioning accuracy and repeatability ; and gripper-cutter performance. 
Results show excellent range-finder and harvest ing arm operation, while a bot- 
tleneck is detected in gripper-cutter performance. Some figures showing overall 
performance are given. 

Abstract by Microsoft 

Design and implernentation of an aided fruit-harvesting robot (Agribot) 2. de- 
tection and localisation of h i t s ;  and The pointing and picking processes are 
always executed simultaneously, that is, while the operator is pointing to the 
fruits, the computer generates optimal picking sequences and the nîanipulator 
harvests the fruits. Design of the robotic system Fruit localisation module The 
operator detects the fruit and uses the joystick to place the laser spot on the 
fruit. The spherical coordinate? indicating the location of the fruit, is stored in 
a dynamic data structure where the robot looks for target fruits pending being 
harvested. Mechanical design of the picking arrn Graçping and detaching tool 
motors of the localisation module and picking arm. Localisation results Har- 
vester arm performance Detaching results The presented work follows a new 
approach with remarkable advantages concerning fruit localisation and harves- 
ter mechanical structure. Figure L Configuration of the robotic fruit harvester 
Agribot. Figure 2 Statistical mode1 of harvesting environment : (a) fruit height 
distribution : (b) fruit depth distribution : (c) fruit-picking zone. Figure 3 Paral- 
lelogram structure of Agribot's picking arm. Figure 6 Schematic representation 
of the laçer range-finder testing setup. Table II Veiocity and acceleration figures 
of Agribots picking arm. Figure 8 Specification of testing picking trajectories. 
Plate 1 View of the robotic fruit harvester Agribot during laboratory tests. 

FIG. 7.1: Xbstracts used for e d u a t i o n  purposes for the Document "Design and implemen- 
tation of an aided fruit-harvesting robot (Agribot) ", Industrial Robot, Vo;oI 25 Issue 5 ,  1999 
(continues on Figure 7.2) 



Abstract by Word Distribution 

Associated strategies, such as centering the e u i t  in the image during the ap- 
proximation movements toward the h i t ,  or stereoscopic vision with triangu- 
lation techniques from the matching of the images fiom two cameras for huit 
location have been implemented. In doing so , the operator uses a joystick that 
dows  orientation of a two-degree of freedom pan / tiIt mechanisrn which car- 
ries the laser telemeter and is placed on the cabin ( see Figure 1 Configuration 
of the robotic f i t  harvester Agribot ) . AU the dinerent modules comprising 
the robotic system, that is, the detection and localisation module, the picking 
arm and detaching tool, are integrated by the control and processing compu- 
ter which carries out the general functions of data  acquisition (encoders, IR. 
pressure sensors, telemeter, inductive limit swit ches, joyst ick and devices of 
the control board) : data processing (filtering, location calculations, grasping 
sequence, trajectories determination, testing and ot hers) and control of exter- 
nal devices (motor references, eiectrical brakes, board display, saw, pneumatic 
valve). Concerning the h i t  localisation system, we have cmied out an eva- 
luation of the qudity of the rneasure, that is standard deviation of the range 
measurement, as  a function of external lighting conditions, angle of incidence of 
the laser beam on to  the surface to be measured, distance kom the target, color 
and reflectance of the target. Nevertheless, a pointer coaxial to the laser beam 
has been added to the system so that an approximate idea of the laser beam 
direction is obtained (see Figure 1 Configuration of the robotic fruit harvester 
Agribot). 

Almost al1 the proposed prototypes rely on a human guided vehicle for solving 
the first task, while detection and localisation of fruits. which appear to be the 
most difficult problem, are faced in an automatic mode of operation based on 
artificial vision. Presents the mechanical and electronic design of the robot har- 
vester including al1 subsystems. namely, fruit Iocalisation module, harvesting 
arm and gripper-cutter as well as the integration of subsystems. The harvester 
h a  been tested in laboratory conditions : tests are described and results are 
given together with some conclusions of the work. Presents the specific mecha- 
nical design of the picking arm addressing the reduction of undesirable dynamic 
effects during high velocity operation. The Agribot 's approach presents a semi- 
automatic way of operation, with realistic goals, combining harmoniously the 
human and machine functions. The harvesting strategy that inspires the ro- 
botic harvester relies on an operator that will guide the vehicle in the grove 
and, once stopped, detects the fiuits, while the robotic system locates them. 
plans the picking sequence and makes the approximation and detaching of the 
fruit. Shows schematic view of the detaching tool and operation and view of 
the robotic kuit hmes te r  Agribot during laboratory tests. 

FIG. 7.2: Abstracts used for ewluation purposes for the Document "Design and irnplemen- 
tation of an aided fruit-han-esting robot (Agribot) ", Industrial Robot. Vol 25 Issue 5, 1999 



Source 1 Ternis 1 
TAA 

TSA 
R -53 
P .22 
l? -31 

TWD 
R -35 
P .O9 
F -14 

T-M 
R -47 
P .16 
F -16 

- - - - -- -- 1 accuracy ; computer ; dependence ; detection ; h i t  ; harvester ; laboratory 
1 test ; motion ; operator ; picking arm ; repeatability ; result ; robotic harves- 
1 ter : sequence ; specific design ; unstructured environment ; and work. 
' Agribot ; every target ; arm ; condition ; design ; detaching tool ; det ec- 
tion ; difficult probfem; dpamic ; fkuit ; fruit localisation module ; function ; 
grove ; harvester ; human guided vehicle ; integration ; laboratory ; labora- 
tory condition ; laboratory test ; laser telemetry ; localisation ; operation ; 
operator ; picking arm ; picking sequence ; problem ; result ; robot ; ro- 
botic fruit harvester ; robotic harvester ; robotic system ; schematic view ; 
system ; task ; test ; tool ; vehicle ; velociîy ; way ; and work. 
Agribot ; IR ; angle ; approximate idea; approximation movement ; associate 
strategy ; board display ; cabin ; color ; computer ; condition ; configuration ; 
control : control board ; data acquisition ; data processing ; detection ; de- 
vice ; different module ; distance ; ekctrical brake ; encoders ; evaluation ; ex- 
ternal device ; freedorn pan ; Çuit ; fruit localisation system; fruit location ; 
function ; general function ; image ; incidence ; inductive limit switch ; joys- 
tick; laser beam: laser beam direction; laser telemeter; localisation mo- 
dule ; location calculation ; measure : motor reference ; operator ; orienta- 
tion ; picking arm ; pneumatic valve ; pointer coaxial ; pressure sensors ; 
qualitÿ; range rneasurement ; robotic fruit harvester ; robotic system; see; 
sequence : standard deviation : stereoscopic vision ; surface ; system tar- 
get ; testing ; tilt mechanism 5 tool : trajectory determination ; triangulation 
technique : two camera ; and two-degree. 
Agribot ; &ribot picking arm ; Localisation result harvester arm perfor- 
mance ; acceleration figure ; aided huit-harvesting robot : arm ; computer : 
configuration ; design ; detaching tool : detection : dynamic data structure : 
environment ; fruit ; fruit depth distribution ; fiuit height distribution : h i t  
localisation ; fruit-picking zone : harvester mechanical structure ; implernen- 
tation ; joystick : laboratory test : laser range-finder testing setup ; laser 
spot : localisation ; localisation module ; location ; manipulator : mechanical 
design ; new approach ; operator ; parallelogram structure ; picking arm : 
pointing and picking processes : presented work ; remarkable advantage : re- 
sult : robot ; robotic fruit harvester; robotic system fruit localisation mo- 
dule; schematic representation ; sequence ; specification : spherical coordi- 
nate ; statistical mode1 ; target fruit; testing 5 tool motor ; trajectory ; velo- 
citv : and view. 

TAB. 7.1: Terms Extracted from the four Abstracts and Recall (R): Precision (P) and F-score 
(FI 

7.2.2 Results of Indicativeness 

In Table 7.2, we present the figures obtained for the 25 articles and the three methodo- 
logies and the average information. These numbers indicate that SumUM performs better 
than word distribution and Microsoft99? Surnrnarizer when the source document is a 
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technical article and the compression ratio is high (more than 91%). There is indication that 
SumUM performs better in precision with a gain of 125% over the two other rnethods, 
performing better than the other two methods in 20 cases. This is due to the fact that the 
terms produced by our method are those additionally elaborated in the source document, 
and not only "mentioned" in the indicative abstract ; as a consequence the onginal list gets 
reduced. Although the average recall for the 25 articles indicates a gain of 25% over word 
distribution and Microsoft '97 Summarizer, there is no clear indication of better perfor- 
mance in general (SumUM performed better than the other methods in 10 cases, word 
distribution in 5 cases and Microsoft797 Summarizer in 7 cases). Regarding F-score, we 
have obtained a gain of 85% over word distribution and a gain of 84% over Microsoft'97 
Summarizer . 

TAB. '7.2: Detailed Recall, Precision and F-score for the 23 Technical Articles and Average 
Information across Documents 



7.2.3 Influence of the Term Extraction Algorithm in the Evalua- 
tion 

In order to have a clearer picture about the effect of using Our program of term extraction 
for eduat ion,  ive decided to  repeat the previous experiment but this time comparing the 
nouns (comrnon nouns and proper nouns in citation form) appearing in automatic abstracts 
with nouns appearing in the abstracts provided by the journal (gold standards). In this eva- 
luation, in addition to SumUM, Microsoft'97 Summarizer, and Word Distribution. 
nTe considered the following simple methods of producing abstracts : 

- Introduction Method (Intro) : this rnethod chooses sentences (in positional order) from 
the introduction of the document until the desired compression rate is achieved ; 

- Begin of Paragraph & Noun Distribution Method (Para tk Word Distr ibution) : this 
is the Word Dis t r ibu t ion  method applied to sentences at begin of paragraph : top 
ranked sentences are chosen until the desired compression rate is achieved ; 

- Introduction 6s Xoun Dist,ribution hIethod (Intro & Word Distribution) : this is the 
Word Distr ibution method applied to sentences in the introduction of the article : 
top ranked sentences are chosen until the desired compression rate is achieved- 

For this evaluation 1-e used 95 technical articles from the Emerald EIectronic Library 
For each article and method, we produced an abstract at the same compression that Su- 
mUM had produced. Then, we extracted the nouns from each abstract using the information 
provided by the POS-tagger. 13% also tagged the author abstract and estracted the list of 
nouns from it. To sum up, we have the following sets of nouns (1 5 i 5 93) : 

- Nouns(AA. 2 )  denotes the set of nouns extracted from the ideal abstract of document 
i and represents our gold standard for this evaluation ; 

- Nouns(Method, i) denotes the set of nouns estracted from the abstract produced by 
the automatic method (SumUM, Microsoft: Word Distribution. Intro. Intro 6: 
Word Distr ibution,  Para 6: Word Distr ibution) for document i. 

We computed recall: precision and F-score for al1 the methods and abstracts as follows : 

Recall (Nouns (Method, 2 ) )  = 
II Nouns(A A, i )  n IVouns(Method . i)[l  

IINouns(.rlA,i)il 

IINouns(AA,i) n Nouns(Method.i)ll 
Precision (Nouns (Method, i) ) = [[ Nouns(Method,i)]l  

The average information over the 95 documents is presented in Table 7.3. Even if in 
this enperiment, S u m U M  obtained the better score and the ranking is the same as before. 
the nurnbers greatly differ from the prerious evaluation revealing that Our term extraction 
algorithm gave adwntage to  S u m U M  over the other methodologies, as a consequence, this 
ask for the construction of gold standards and measures of sirnilarit- not biased to any par- 
ticular method. This little experiment helped us to corroborate that a very simple method of 
choosing sentences from introduction combined with noun distribution produced very good 

a results for our test set. 



1 Svstem 1 Recall 1 Precision 1 F-Score 1 
s-UM 

1 r 

TAB- 7.3: Average Recall, Precision and F-score over 95 Documents 

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

Microsoft 
Int ro 
Para & Word Distribution 
Word Distribution 

7.2.4 Content-Based Measures of Evaluation 

-32 
-31 Intro & Word Distribution 

W e  have also explored the use of content-based rneasures of similarity such as the vector 
space model for the evaluation of text summarization systems as recently proposed by Do- 
nan-au et al. (2000). In this model (Salton, 1988): each text or abstract is represented as a 
vector of term weights. In Our case, Ive represented the  automatic abstracts in the evaluation 
as vectors of nouns weights normalized with inverse document frequency (Salton. 1988). the 
ideal abstracts were also represented as vectors of nouns weights. The sirnilaritu between an 
automatic abstract and the ideal abstract is given by the cosine of the angle between the 
vectors representing the abstracts. If the cosine is close to 1; both abstracts can be deemed 
as similar in content. In this evaluation we have obtained good results for SumUM when 
compared with the methods used in the prerious evaluation. The average cosine for each rne- 
thod computed over 95 documents is presented in Table 7.4. Details about this experiment 
will be given in (Saggion and Lapalme: 2000b). 

-32 ( -36 
-30 1 .35 

I System 1 Cosine 1 

I L 1 

-29 
-23 
.23 
-22 

-28 
- 22 
- 23 
-22 

MicrosoR 

TA%. 7.4: -4verage Cosine over 95 Documents 

.35 
-27 
.28 
-26 

-43 

Word Distribution 
Intro 

7.2 -5 Acceptability 

Intro & Word Distribution 1 .38 
Para & Word Distribution 1 -32 

-31 
-27 

In the experiment we describe in the nest section, n-e only address the issue of sentence 
acceptability In arder to  evaluate the acceptability of the sentences produced using Our 
method, we used human judges and we asked them t o  decide if the sentences produced b -  
SumUM are acceptable to be included in indicative abstracts when compared with human 
produced sentences. 
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7.2.6 Experiment 2 

In this expenment, we relied on 3 human judges mith experience in reading technical 
articles. We presented the judges with a list of 150 randomly selected sentences from three 
different sources : (1) 50 sentences written by professional abstractors (M), (2) 30 sentences 
-wi t ten  by the authors of source documents (SD) which contain the information reported in 
the professional abstracts of Our corpus or in the abstracts we generate, and (3) 50 sentences 
produced by our system (S.4) (only "topical" sentences). In Table 7.5, we show one sentence 
of each type. The sentences were presented in random order and without source indication. 
1% asked the judges to decide for each sentence if it was acceptable or not to be included 
in indicative abstracts. The sentences had to be judged independent one another. As in the 
evaluation done by Coch (1996), we give the judges some criteria for sentence acceptability. 
such as "good grammar" and "correct spelling", and also a shon statement "the sentences 
are generally brief. and usually, don't contain references t o  the source document." We gave 
the judges two examples of good indicative abstracts written by professional abstractors. 
The judges were informed that they could consider a sentence acceptable even if it contained 
minor errors. The' were also told that some acronyms could appear rvithout expansion 
and tbat this situation was also acceptable (this uill be an issue once we evaluate text 
acceptability). We used the vote of the majority in order to  consider a sentence as acceptable. 

1 SA 1 Presents the architecture of the agent : describes its design and irnplementa- 1 
1 1 tion; and gives some examples showing the cluster labels generated by the 1 

PA 

TAB. 7.5: Sentences from the 3 Sources : SumUM (SA): Professional Abstractor (PA). and 
Source Document (SD) 

clustering algorithm. 
Presents a more efficient Distributed Breadth-First Search algorithni for an 

SD 

7.2.7 Result of Acceptability 

asynchronous communication network. 
The software presented in this article adds new motion features to the Aria- 
Delta parallel robot. 

The results of the experiment are presented in Table 7.6. These indicate a good accep- 
tability rate for SumUM when compared with human generated sentences. &fost of the 
sentences automatically generated were unacceptable for the very same reasons that human 
produced sentences were unacceptable (too brief, too long, use of passive voice, imperso- 
nal, etc.). The sentences produced by professional abstractors were always more acceptable 
than the other two types of sentences. Sote that the information from the source documents 
cornes from sentences that are sometirnes too informative or that sometimes include titles 
and captions ; this in part explains the results. 



TAB. 7.6: Xumber of -4cceptable Sentences and -4verage Acceptability 

Source 
SumUM (SA) 
Professional -4bstractor (P.4) 
Source Document (SD) 

7.3 Second Evaluation : Extrinsic 

Our second experiment which was extrinsic addressed the evaluation of content and 
text qualit> this time using human judges. We compared the abstracts produced by Su- 
mUM ~ 5 t h  abstracts produced by Microsoft'97 Summarizer and with abstracts pu- 
blished ni th source documents (usually author abstracts). As in the SGhl'rlAC evaluation 
(Mani et al., 1998): aTe performed a categorization task. We presented judges with abstracts 
and five lists of kej-words (descriptors). The judges had to decide to which list of keywords 
the abstract belongs given the fact that different lists share some keywords. Those lists were 
obtained from the journals where the source documents were published. The idea behind this 
evaluation is to see if the abstract conveys the very essential content of the source document 
in order to help readers to complete a classification task. 

In order to evaluate the quality of the test, we asked the judges to provide an acceptability 
score betn-een O and 5 for the abstract (O for unacceptable and 5 for acceptable) based on 
the follon-ing criteria taken from Roidey (1982) n-hich were only suggestions and were not 
compulsory : 

Accepted 
42 (84%) 
47 (94%) 
38 (76%) 

Judge 1 
42 (84%) 
46 (92%) 
37 (74%) 

- good spelIing and grammar ; 

- clear indication of the topic of the source document (topical sentence) ; 

Judge 2 
48 (96%) 

50 (100%) 
48 (96%) 

- impersonal ; 

Judge 3 
22 (44%) 
29 (58%) 
25 (50%) 

- single paragraph ; 

- conciseness (no unnecessaq- references to the source document) ; 

- readable and understandable ; 

- acronyms are presented dong with their expansions ; and 

- other criteria that the judge considered important as an esperienced reader of abstracts 
of technical documents. 

Mé toId the judges that we would consider the abstracts with scores above 2.5 as accep- 
table. Some criteria are more important than others; for example, edua to r s  do not care 
about impersonal or persona1 style but care about readabiliy 



7.3.1 Evaluation at Université de Montréal 
Materials 

Source Documents : we used ten source documents from the journal "Industrial Robots" 
found on the Emerald Electronic Library (al1 technical articles). The articles urere down- 
loaded in plain text format. The documents are quite long texts (between 13K and 41K 
characters) containing 3834 words on the average (with a minimum of 2481 and a maximum 
of 6196 excluding punctuation), and an average of 180 sentences (uith a minimum of 89 and 
a maximum of 288). 

Abstracts : We produced ten abstracts irith SumUM and cornputed the compression ra- 
tio in number of words, then u7e produced ten abstracts with Microsoft997 Summarizer4 
using a compression rate at l e s t  as high as SumUM (Le., if SumUM produced an abstract 
representing 3.3% of the source, we produced the Microsoft997 Summarizer abstract re- 
presenting 4% of the source). We extracted the ten abstracts and the ten lists of ke~71-ords 
published n-ith the source documents. To sum up, we had 30 different abstracts and ten list 
of keywords. Examples are çhown in Figures '7.3, ?A1 and 7.5. 

The first prototype telexistence master slave system for remote manipulation 
experiments was designed and developed. Telexistence can be divided into two 
categories : telexistence in the real environment tàat  exists a t  a distance, and 
is connected via a robot to the place where the user is Iocated ; and telexistence 
in a virtual environment that does not exist was created by a computer. Shows 
HRP (Humanoid Robotics Project). Covers the realization of R-Cubed (R3 
Real- time Remote Robotics). 

FLG. 7.3: SumUM abstract for the document "Telesistence and R-Cubed", Industrial Ro- 
bots 26(3) used for el-aluation purposes 

Abstract Characteristics : the abstracts by SumUM were produced considering the 
follonting types of information : Topic, Possible Topic, Topic of Section, Entity Intro- 
duction, Study, Goai, Focus, Development and Signaling Structurais. The abstracts 
we obt ained by Microsoft997 Summarizer sometimes contained titles, captioning and bi- 
bliographic references making the text difficult to  understand but not to  classify. l i e  beliew 
that  the abstracts published by the journal are good tests with impersonal as well as perso- 
na1 style. 

Keyword Characteristics : the keywords used in this evaluation are presented in Table 7.7. 
90% of the author abstracts explicitly mention at least one discriminant keyword in their 
descriptors (i.e., different from "robots"). Some descriptors could be deduced from terms 

41Ve had to format the source document in order for the Microsoft'97 Summarizer to be able to 
recognire the structure of the document (titler, sections, paragraphs and sentences). 
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Telexistence and R-Cubed 
Augmented t elexist ence 
Figure 3 Diagram of an augmented telexistence system shows the schematic 
diagram of the augmented telexistence system and Figure 4 Virtual Telesar at 
work shows the virtual telexistence anthropomorphic robot used in the expe- 
riment [4]. 
Humanoid Robotics Project : HRP 
Figure 2 Telesar (telexistence smogate anthropomorphic robot) developed. 
Figure 3 Diagram of an augmented telexistence system. 
Figure 4 Virtual Telesar a t  work. 
Figure 9 HRP (Humanoid Robotics Project) general plan- 

FIG. 7.4: Microsoft'97 Summarizer abstract for the Document "Telesistence and R- 
Cubed", Industrial Robots 26(3) used for evaluation purposes 

Telexistence (tele-existence) is technology which enables a human being to have 
a real time sensation of being at  a remote location, while giving the person the 
ability to interact with the remote and/or virtual environments. He or she c m  
"telexist" (tele-exist) in a real environment where the robot exists or in a virtual 
environment that a computer has generated. It is also possible to telexist in a 
mixed environment of real and virtud: which is called augmented telexistence. 
The concept of telexistence, i.e. virtual existence in a remote or computer- 
gerierated environment: has developed into a national R&D scheme called R- 
Cubed (Real-time Remote Robotics). Based on the scheme the National R&D 
Project of "Humanoid and Human Friendly Robotics', Humanoid Robotics 
Project (HRP) in short. was launched in April1998. This is an effort to integrate 
telerobot ics, network technology and virtual reality int O networked telexistence. 

FIG . 7.5: Abstracts published u-ith the source document .'Telesistence and R-Cubed" . In- 
dustria1 Robots 26(3) used for evaluation purposes 

appearing in the author abstract. 

Evaluation Forms : We arranged the 30 abstracts and list of keywords in forms in order 
to  satisfy the following : 

each judge evaluates six abstracts of six different documents ; and 

each abstract is et-aluated by three different judges. 

In order to do so, s e  produced 5 different forms, each form contained six different abs- 
tracts randoml'j chosen which are versions of six different documents. Each abstract \vas 
printed as a paragraph in a different page nithout indication of the method used in order to 
produce the abstract. Each page included the following : 

5Random numbers for this et-aluation were produced using software provided by SICSTus Prolog. 



Neural networks. Pro~ramrning- Robots 
V U - 

~ o b o t s ,  ~ o o d  industry 
Computer networks, Conferencing, Inter- 
net, Virtual reality 
Language, Robots 
CAD/CAM, Manufacturing, Simulation, 
VR 
Control, Language, Robots 
Deburring. Fettlina. Force sensors. Robots 

W .  V i 

Robots, Grippers, Assembly 
Robots, Service, Telexistence, Teleopera- 
tion, VR 
Robots, Teleoperator 

TAB. 7.7: Keyn-ords from Industrial Robots used in the Evaluation at Cniversité de Montréal 

- an abstract ; 

- 5 lists of keywords ; 

- a field to be completed ni th the quality score associated to  the abstract; and 
- a field to be filled n-ith cornments about the abstract . 

One of the lists of ke~-words n-as the one published n-ith the source document, the other 
four n-ere randomly selected from the set of 9 remaining keyn-ord lists. they were printed 
in the fonn in random order. One page n-as also available to be completed with comments 
about the task, in particular \\<th the tirne it took to the judges to complete the evaluation. 
11-e produced three copies of each form for a total of 15 forms. 

Subjects 

TYe had a total of 15 hurnan judges or evaluators. Our e~aluators were two professors 
and 13 students of second year of the I lSc.  program in Information Science of École de 
Bibliothéconomie et des Sciences de l'Information (EBSI) a t  Lniversité de Montréal. -411 
of the subjects had reading and comprehension skills in English. This group \vas chosen 
because they have kno~v-ledge about n-hat constitutes a good abstract and they are educated 
-to become professionals of Information Science. 

Eduation Procedure 

The evaluation n-as performed in one session of one hour a t  the EBSI. Each human judge 
received a form (so he/she evaluated six different abstracts) and an instruction booklet. S o  
other material \vas required for the evaluation (Le., dictionary). We asked the judges to  read 
carefully the abstract. They had to decide which \vas the list of keywords that matched the 
abstract (they could chose more than one or none at all) and then, the)- had to associate 



a numeric score to the abstract representing its quality based on the given criteria. This 
procedure produced three different evaluations of content and tevt quality for each of the 30 
abstracts. The overall evaluation was completed in a maximum of 30 minutes. 

Results 

For each abstract, we computed the average quality using the scores given by the three 
judges (Le., sum of the scores divided by three). We considered that the abstract indicated 
the essential content of the source document if two or more judges (i.e., the rnajority) were 
able to chose the correct list of keywords for the abstract. 

[ Average 1 80% 1 1.46 11 80% 1 3.23 11 100% 1 4.25 1 
TAB. 7.8: Results of Human Judgment about Indicativeness and Text Quality. Data from 
the evaluation carried out a t  École de Bibliothéconornie et des Sciences de Ihformation de 
1'Cniversité de Montréal 

The results for individual articles and the average information are shown in Table 7.8. 
For a given source document and type of abstract, the value in column 'Indicative' contains 
the value 'y& if the majority of the evaluators have chosen the source document iist of 
keywords for the abstract and 'no' on the c o n t r q .  The value in column 'Qualiw' is the 
average acceptability for the abstract . 

Content : In al1 the cases, the abstracts published with the source documents were correctly 
classified by the evaluators. In contrast , the automatic abstracts were correctly classified in 
80% of the cases. It  is worth noting that the automatic abstracts were in al1 cases less verbose 
that the abstracts published with the source documents and that the automatic systerns did 
not use the journal abstracts nor the lists of keyords  or the information about the journal. 

Quality : The figures for tex* acceptability indicate that the abstracts produced by Micro- 
soft'97 Summarizer are below the acceptability level of 2.5; because in general titles and 
captioning are present in the abstracts making it difficult to read. The abstracts produced 



by SumUM are above the acceptability level of 2.5, while the human abstracts are highly 
acceptable. This clearlj- indicates that SumUM produces quite good abstracts, sometimes 
even as acceptable that the human produced ones (article 2, 3 and 8). i\;evertheless, the 
low score obtained by SumUM is due to problems in the order of the information: incom- 
pleteness in content, sent ences too long, dangling anaphora, and style too technical. This 
information \ras obtained from the page reserved for comments. 

7.3.2 Evaluation at McGill University 

The objectives and procedures for this e d u a t i o n  are the same as those presented in 
Section 7.3.1, but Ive used different materials and subjects. 

Materials 

Source Documents : we used twelve source documents from the journal "Industrial Ro- 
bots" found on the Emerald Electronic Library (al1 technical articles). The articles were 
down-loaded in plain test  format. These documents are quite long texts with an  average 
of 23K characters (minimum of 1 lK charactes and a maximum of l l K  characters). The? 
contain an average of 3472 words (minimum of 1756 n-ords and a masimum of 6196 n-ords 
escluding punctuation), and an a17erage of 1.54 sentences (with a minimum of 85 and a maxi- 
mum of 288). 

Abstracts : Ive produced twelve abstracts using our method and computed the compression 
ratio in number of words. then we produced tn-eh-e abstracts b>- Microsoft'97 Sumrna- 
rizer using the same compression ratio as Our method. We estracted the tweh-e abstract 
and the tu-elve lists of keyn-ords published with the source documents. 13-e had a total of 36 
different abstracts and ten lists of keywords6. 

Keyword Characteristics : the descriptors used in this evaluation are presented in Table 7.9. 
70% of the author abstract esplicitly mention at  least one discriminant keyword in its des- 
criptor (Le., different from "robots"). 

Evaluation Forms : We arranged the 36 abstracts and list of kep-ords in forms in order 
to satisfy the following : 

- each judge evaluates six abstract of sis different documents ; and 

= each abstract is evaluated by three different judges. 

In order to do so, we produced 6 different forms, each form contained six different abs- 
tracts randomly chosen which are versions of s k  different documents. Each abstract \vas 
printed as a paragraph in a different page. Each page included the following : 

- an abstract : 

- 5 lists of keywords ; 

6Two list of keywords were repeated. 



Control, Language, Robots 
1 

Robots, Health care 
Robots, Service, Telexist ence, Teleopera- 
tien' VR., Virtual Reality 

1 

Metrolog~.: P h o t o g r a m m e t ~  Robots 
Lanexaere. Neural networks. Robots 

U u 1  - - ,  1 Calibration, Force sensing, Robots, Torque 1 
sensing 
Robots, Welding, Automotive 
Robots. Teleo~erator 

1 Asbestos, Insulation, Robotics 1 
1 Robotics 1 

TAB. 7.9: Key-ords from Industrial Robots used on the Evaluation at McGill Cniversity 

- a field to be cornpleted with the qualitu score associated to the abstract; and 

- a field to be filled with comments about the abstract. 

One of the lists of keywords was the one published n-ith the source document, the other 
four were randomly selected from the set of 11 remaining keyword Iists, they were printed 
in the form in random order. One page was also al-ailable to be completed lx-ith comments 
about the task, in particular with the time it took to  the judges to  complete the evaluation. 
We produced three copies of each form for a total of 18 forms. 

Article 
lIicrosoft Abstract 1 
Indicative Quality 

2.66 
1.36 
1.16 
3.00 

SumUM 

I 
2 
3 
4 

Indicative 
yes 
yes 
no 
yes 

Aut hor Abst ract 

yes 
no 
no 
yes 

10 
11 
12 

Average 

Quality 
2.93 
3.66 
3.00 
4.00 

Indicative 
yes 
yes 
no 
yes 

Quality 
4.1 6 
4.00 
4.06 
4.33 

TAB. 7.10: Results of Human Judgment about Indicativeness and Text Quality. Data from 
the evaluation carried out at McGill Graduate School of L i b r a l  &L Information Studies 

yes 
yes 
no 

70% 

2.16 
2.40 
1.16 

1.98 

yes 
no 
no 

70% 

4.00 
2.70 
3.33 
3.15 

yes 
no 
no 

80% 

T 

3.31 
4.26 
4.00 
4.04 



7- 3- SECOND E I.C-4 L U-ATION : ExTRIhTSIC 

Sub jects 

We had a total of 18 human judges or evaluators. Our evaluators were 18 students of the 
'LSc. program in Information Science at McGill Graduate School of Library & Information 
Studies. .Ml of the subjects had good reading and comprehension skills in English. 

Evaluation Procedure 

The evaluation was perforrned in one hour session a t  McGill University Each human 
judge received a form (so he/she e d u a t e d  six different abstracts) and an instruction booklet. 
Ko other material \vas required for the evaluation (i.e., dictionary). The procedure was the 
same as in the previous evaluation. We had three different evaluations of content and text 
quality for each of the 36 abstracts. The overall evaluation was completed in a maximum 
of 40 minutes (some materials used in this evaluation are included in the Appendixes G, H 
and 1). For each abstract, Ive computed the same measures than in the previous evduation 
(see page 154). The results for indiridual articles and the average information are shown in 
Table 7.10. 

Results 

Content : In 80% of the cases, the abstracts published with the source documents Jvere 
correctly classified by the e~aluators. In contrast, the automatic abstracts were correctly 
classified in 70% of the cases- 

Quality : The figures about text acceptability indicate that the abstracts produced b_v Mi- 
crosoft'97 Summarizer are belon- the acceptability level of 2.5. The very sarne reasons 
than in the previous experiment were given by the edua tors .  The abstracts produced by 
Our method are above the acceptability level of 2.5, and the human abstracts are highly ac- 
ceptable (one time SumUM \vas better than the human abstract). This time the critics t o  
SumUM were bad Aon- of ideas, too long sentences. dangling anaphora, style too technical. 
sentences without grammatical sub ject , and poor cohesion. 

7.3.3 Evaluation at John Abbott College 

This evaluation \vas similar to the two previous e~aluations, although here u7e conside- 
,red only automatic abstracts. The summarization systems included in this evaluation were : 
SumUM, Extractor and n-STEIN. Extractor (Turney? 1999) takes a text file a s  in- 

. put (plain ASCII text, HTUL, or e-mail) and generates a list of keywords and keyphrases 
- as output. It produces between 3 and 30 phrases. On average, it generates the requested 
number of phrases, but the actual number for any given document may be slightly belou- or 
above the requested number, depending mainly on the length of the input document. We 
used Extractor 5.1 which is distributed for demonstration, We downloaded it from the site 
http ://estractor.iir.nrc.ca/ (21 January 2000). n-STEIN is a commercial system available 
for demonstration (http ://~-ww.gespro.com). It only produced abstracts at 5%: 10% or 15%. 
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In Figures 7.6 and 7.7, we present abstracts produced by Extractor and n-STEIN used in 
t his evaluation. 

- - - 

The Preci-Check flexible measuring system 
John Chevalier President of Global IEM Inc., Windsor, Ontario, Canada 
Introduction 
This paper explains the intemal design of the Preci-Check measuring sys- 
tem and will discuss the collaboration of hardware and software. 
Human interface for application operation 
The Preci-Check system required that an operator could train the robot, 
select programs or start and stop production as desired. The interface 
needed to allow for manual and automatic operation of the system with 
simple, user fiendly software, 

FIG. 7.6: n-STEIN abstract for the Document "The Preci-Check flexible measuring system", 
Industrial Robot, Vol 26 Issue 2, 1999 

This paper explains the intemal design of the Preci-Check measuring sys- 
tem and wi11 discuss the collaboration of hardware and software. The 
Preci-Check measuring system is a (6) axis, articulating robot arm on a 
longitudinal slide unit. 

FIG. 7.7: Extractor abstract. for the Document 'The Preci-Check flexible measuring s y ç  
tem" : Industrial Robot, Vol 26 Issue 2: 1999 

Materials, Subjects and Evaluation Procedure 

W e  used 15 source document from the journal Industrial Robots (the twelve source do- 
cuments from the prerious evaluation and three new documents). W e  produced 15 abstracts 
using our method and computed the compression ratio in number of words, then ive produced 
abstracts by n-STEIN using a compression ratio as close as ours as possible. In most of the 
cases the abst,racts produced by n-STEIN were more verbose than the abstracts produced 
with SumUM. We produced abstracts by Extractor by specifying the number of sentences 
to select. 11% produced forms following the same procedure than in the previous evaluation 
(see page 155). This tirne the forms contained different number of abstracts to accommodate 
to the number of subjects. 1% had a total of 23 evaluators. Our evaluators were 13 subjects 
from the bIcGill Graduate School of Library & Information Studies and 10 subjects from 
the program on Information Studies at John Abbott College. The evaluation procedure \vas 
the same as in the previous evaluation. For each abstract, we computed the same measures 
than in the previous evaluation (see page 154). The results for individual articles and the 
average information are shon-n in Table 7.11. 



[ Average 1 67% 1 2.76 11 80% 1 3.13 11 73% 1 3.47 1 
TAB. 7.11: Results of Human Judgrnent about Indicativeness and Test Quality. Data from 
the evaluation carried out a t  John Abbott College 

Results 

Content : ln 80% of the cases, the abstracts produced by SumUM were correctly classified 
by the enluators. Instead, the  abstracts produced b -  Extractor were correctly classified in 
73% of the cases and the abstracts produced ly n-STEIN were correctly classified in 67% 
of the cases. 

Quality : On the average, al1 the automatic -stems produced acceptable abstracts. In this 
e~a lua t ion~  the abstracts produced by Extractor were of better quality than the abstract 
produced by SumUM and n-STEIN. 

7.4 Third Evaluation : Iiiformativeness 

In this experiment we compared the sentences that SumUM selected in order to pro- 
duce the indicative-informative abstracts with the sentences that human judges choose. This 
method of evaluation has already been used in other surnmarization evaluations such as 
(Edmunson, 1969; Salton et al., 1997; Marcu: 1997a Jing et al., 1998). According to  Salton: 
the idea is that if we find a high overlap between the sentences seIected by an automatic 
method and the sentences selected by a hurnan, the method can be regarded as effective. 
Nevertheless, the rnethod has been criticized because of the low ratio of agreement betlveen 
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human subjects in this task (Jing et al., 1998). 

7.4.1 Materials 

Source Documents : We used ten technicd articles from two different sources : 5 from 
the Rapid Prototyping Journal and 5 from the Internet Research Journal. The documents 
are available on the Emerald Electronic Library and were dounloaded in both plain text 
and HTML formats. The documents contain an average of 39K characters (minimum 24K 
and maximum 54K), an average of 236 sentences (minimum 173 and maximum 292) and an 
average of 5120 words (minimum 3209 and maximum 6907). 

Summarizat ion Systems : Mie considered three automatic system in t his evaluation : Su- 
mUMl Microsoft'97 Summarizer , and Extractor. 

Abstracts : Ré produced three abstracts for each document. First we produced abstract 
using SumUM (using as input the plain text). We counted the number of sentences selected 
by SumUM in order to produce the indicative-informative abstract (Le., Ni = II indicative 
content U informative data base 11). Shen we produced other two automatic abstracts, 
one using Microsoft797 Summarizer and other using Extractor. M-e specified to the 
system to  select the same number of sentences as SumUM selected. This time we used the 
HTML formats, the abstracts, and lists of kepxords provided with the journal were deleted 
from the source documents. In the case of Extractor, we considered as abstract only the 
list of sentences selected b?- the systern discarding the list of keywords it produces. In this 
esperiment we had a total of 30 automatic abstracts n-hich can be seen as sets of sentences. 
To sum up, we have the following abstracts represented as sets of sentences : 

- Abstract(Extractor. i) is the set of sentences selected by Extractor for document i: 

- Abstract(Microsoft, i) is the set of sentences selected by Microsoft'97 Summari- 
zer for document i ;  and 

- Abstract (SumUIM, i) is the set of sentences selected by SumUM for document i. 

Subjects : We had a total of 9 informants from the Laboratoire RALI de 1'Lniversité de 
'rlontréal, al1 of them researchers in Computational Linguistics We relied on them to  obtain 
an assessment about important sentences in the source documents. 

Informative Ideal Abstracts : Each informant read two articles' which were printed lx-i- 
thout abstracts and Iists of keyw~rds. The informant choose a number of important sentences 
from each article (until a maximum of Ni, the number of sentences chosen by the summa- 
rization methods). Each article a a s  read by two different inforrnants: we thus had two sets 
of sentences for each article. We cal1 these sets Si (1 <= i <= 10 A j = 1,2) .  hIost of the 
informants found the task quite cornplex. 

'One of the informants read four articles. 



7.4.2 Procedure 

We compared the sentences produced by each method ui th the sentences selected by the 
informants cornputing recall, precision and F-score (here Method is SumUM, Microsoft or 
Extract or) : 

- For the ideal abstract Si j ,  Recall(A bstract(Method, i ) ,  j )  is the ratio of the number 
of relevant sentences identified by the automatic method Method (those appeanng on 
both the ideal abstract Sij and on the automatic abstract Abstract(Method, i ) )  over 
the number of the relevant sentences identified by the human assessor j. This number 
is obtained using the folloning formula : 

- For the ideal abstract Sij, Precision(Abstract(Method: i), j )  is the ratio of relevant 
sentences identified by the automatic method Method (those appearing on both the 
ideal abstract Si j  and on the automatic abstract Abstmct(Method, i)) over the number 
of sentences identified by the automatic method. This nurnber is obtained using the 
following formula : 

Precision (Abstract (Method, i), j )  = Ils,., Abstract(Method,t)lj 
I1Abstrrrct(Method,i)II 

- For the ideal abstract Si,,: Fscore(Abstract (Method, i)' j )  is a composite score that 
combines the precision and recall measures. This number is obtained using the follo- 
wing formula : 

2*Recall(Abstmct(MeIhod.i) . j )  * Precision(A bstract (Methadadi) j ) Fscore(A bstract (Meth@ : j )  = R~ll(Abstmct(Meth~,i)~)-Precision(Ab+tmct(Method.i).j) 

The figures obtained are presented in Table 7.12 : each ron- contains the information 
about an ideal abstract compared with each of the automatic methods. 

In order to obtain a clear picture. LI-e borrowed the scoring methodology proposed by 
Salton et al. (1997): additionally considering the follox-ing situations : 

- union scenario : for each document we considered the union of the sentences selected 
by the two informants (Si,l u Si,*) and computed recall; precision, and F-score for each 
rnethod ; 

- intersection scenario : for each document we considered the intersection of the sentences 
selected by the two informants (Si,l f~ SiV2) and computed recall, precision and, F-score 
for each rnethod; 

* 

- optimistic scenario : for each document and method n7e considered the case in which 
the method performed the best (higher F-score) and computed recall, precision. and 
F-score. For example for the first document (see Table 7.12) we considered that Su- 
mUM and Microsoft '9 7 Summarizer performed bet ter considering S ~ J  : while 
Extractor performed better considering ; 
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SumUM 

.O8 -15 -11 
s1.2 .O3 .O5 .O4 
s2,1 -24 -23 -24 

s10.2 .25 1 .25 -23 
Averaee -23 1 -20 -21 

Extractor 

.O5 -10 .O7 .O3 .O6 -04 

TAB. 7.12: Comparison between sentences selected by human inforrnants and sentences se- 
lected by three automatic surnmarization methods : general scenario. The columns contains 
the information about Recall, Precision and F-score 

- pessimistic scenario : for each document and method we considered the case in which 
the method performed the worst (lower F-score) and computed recall, precision. and 
F-score. For example: for the first document (see Table 7.12) we considered that Su- 
mUM and Microsoft'97 Summarizer performed worse considering SlT2 : while 
Extractor performed worse considering SiTl. 

For each scenario we computed the average information which is presented in Table 7.13. 

7.4.3 Results of Summarization Systems 

For the scenario in which we consider the 20 human abstracts (Le., t-1.0 different abs- 
tracts for each of the ten documents), SumUM obtained better F-score in 60% of the cases. 
Extractor in 25% of the cases, and Microsofty97 Sumrnarizer in 15% of the cases. If we 
assume that the sentences selected by the human informants represent the most important 
or interesting information of the documents, then we can conclude that in most of the cases 
SumUM performed better than the two other surnmarization technologies. Even if these 
results are not exceptional in individual cases, SumUM performed better than the other 
surnmarization methods on the average. The average F-score over the 20 abstracts is 21% 



TAB. 7.13: Comparison between sentences selected b -  human informants and sentences se- 
lected by three automatic summarization methods : union, intersection, optimistic and pessi- 
mistic scenarios. The columns contains the information about average Recall, Precision and 
F-score 

representing a gain of 50% owr Extractor and a gain of 75% over Microsoft'97 Sum- 
rnarizer . 

In the different proposed scenarios, SumUM performed better than the other two rne- 
thods. For the union scenario, SumUM obtained a better F-score in 70% of the cases, 
Microsoft797 Summarizer in 20% of the cases, and Extractor in 10% of the cases. For 
the intersection scenario, SumUM obtained a better F-score in 40% of the cases. Micro- 
sofi797 Summarizer in 20% of the cases: and Extractor in 20% of the cases. There n-ere 
no matches for two documents. For the  optimistic scenario, SumUM and Extractor ob- 
tained a better F-score in 40% of the cases and Microsoft'97 Summarizer in 20% of the 
cases. In the pessimistic scenario, SumUM obtained a better performance in 90% of the 
cases' and Microsoft '97 Surnmarizer in 20% of the cases (both systems performed alike 
in one case). Extractor had no better F-score in this scenario. In the pessimistic scenario. 
Extractor obtained better performance in precision over the other two rnethods n-ith a 
gain of 9% over SumUM and a gain of 79%. over Microsoft797 Surnmarizer. 

Here, we have compared three different methods of producing abstracts that are domain 
independent. Severtheless, while Microsoft'97 Summarizer and Extractor are truly 
genre independent, SumUM is genre dependent : it was designed for technical articles and 
takes advantage of this fact in order to  produce the abstracts. 11-e think that this is the reason 
for the better performance of SumUM in this evaluation. The results of this experiment 
are encouraging considering the limited capacities of the actual implementation. We espect 
to improve the results in future versions of SurnUM. 

7.4.4 Comparison of Human Summaries 

We have also compared the sentences selected by the two groups as fol1on.s : first: we 
considered the sentences selected by t he  first group as ideal abstract and we computed recall, 
precision and F-score for the second group, then nTe interchanged the first group with the 
second group and computed recall, precision and F-score for the first group. The results are 
presented in Table 7.14. The first column considers the first group as ideal abstract while 
the second column considers the second group as ideal. In 80% of the cases the human group 



a was better than the automatic abstracts. Even if the average overlap is only 37% (Salton 
et al. (1997) found it around 46% in their experiments): the abstracts produced by a human 
group have higher overlap with the ideal abstract than an>- of the automatic abstracts. 

TAB. 7-14: Cornparison between sentences selected by the first group and sentences selected 
by the second group. Each row represents a document. The 1 s t  row is the average informa- 
tion. The columns contains the information about Recall, Precision and F-score 

7.5 Discussion 

1 1 

In our first evduation: we measure how m e -  of the "topics" of the source document 
are covered by the automatic abstracts by comparing the terms of the automatic abstracts 
with the terms of an ideal abstract. In order to cope \vit h the lack of evaluation resources for 
the technical domain, n-e relied on technical documents found on the Web and 11-e used the 
abstract provided 15th the source document as an ideal abstract. Sometimes those abstracts 
fail to indicate the essential content of the document. In fact, we had to esclude some aticles 
from our test set because the terms appearing in the provided abstracts were not found in 
the technical document and as a result al1 the three methods failed to indicate the "topicsf- 
of the source te*. But: the fact that  a term appearing in t.he provided abstract didn't appear 
in the source document doesn't mean that it is not a topic. That term could be obtained 
using a deductive process. 

10 1 -31 
Average 1 -37 

Unfortunatel)* in this experiment, we have chosen to extract terms from the abstracts 
using the same term extraction algorithm developed for SumUM. We have verified that the 
use of that algorithm gai-e an unexpected advantage to SumUM. In an evaluation using 
nouns instead of terms as representation of the abstracts, we obtained the sarne ranking 
for the -stems but the differences are smaller than in our previous evaluation using t ems .  
This last esperience showed us the need for evaluation procedures not biased towards a-- 

.31 

-38 

I I  1 

-31 
-37 

.31 
-37 

-31 
-38 

-31 
-37 



7.5. DISC LiSSIOiV 

Our second ei-duation measured hom helpful automatic abstracts are in a classification 
task : evaluators were asked to  classify abstract in categories represented by lists of keywords 

- (descriptors). We were motivated by the following fact; suppose that r e  have two articles in 
the field of robotics, one talking about "cooking robots" and other talking about 'janitor 
--robots", then those topics will probably appear in the descriptors for those articles. Suppose 
t h a t  we want to know (without looking to  the articles) which talks about which subject by 
examination of their abstracts. If the abstract alïows readers to  discriminate betwêen the 
tWo articles (because the topic is explicitly stated or because it allows some deduction of the 
topic), we could say that it was helpful in the classification task. Al1 the automatic rnethods 
performed similarly: though: we believe that documents and descriptors of narrowed domains 
are needed in order to correctly assess the effectiveness of each summarization method- Ln- 
fortunatel-, the construction of such resources goes beyond our present research and d l  be 
addressed in future work. 11é t.ook advantage of the experiments to  ask readers to evaluate 
the qualit-  of the text based on a nurnber of criteria generally accepted in abstract writing 
(the criteria were not enforced). The results indicate that the abstracts produced by Su- 
mUM are acceptable n-hen compared with a sentence extraction system. Kevert heless, t his 
is the case ahen the compression ratio is high (more than 90%) because the extraction based 
system chooses indicative elements such as titles and captioning that make the text difficult 
to read: u-hile SumUM always presents comp1et.e sentences to  the reader. In the third run 
of this evaluation, Extractor produced abstracts considered slightly better than the abs- 
tracts by SumUM. The low quality score and the few comments of the evaluators about the 
abstracts produced by SumUM indicate that much work is needed in the regeneration step 
in order to  produce truly good quality abstracts. Cnfortunatel~ ure could not compare the 
abstracts by S umUM with other automatic abstracting systems simply because t hey are 
not a\-ailable. Minel et al. (1997) have proposed two methods of evduation addressing the 
content of the abstract and its quality For content evaluation: they asked human judges to  
classify summaries in broad categories (politics. science and technique, etc.) and also verif?- 
if the key ideas of source documents are appropriately expressed in the summaries. For test 
qualits they asked hurnan judges to identify problems such as dangling anaphora and broken 
textual segments and also to make subjective judgments about readability. 

Our evaluation mirrors the TIPSTER SCSIMAC categorization task (Firmin and Chr- 
zanowski, 1999; Mani et al., 1998) in which given a generic summary (or a full document). 
the human subject chooses a single category (out of five categories) to  u-hich the document 
is relevant. The evaluation seeks to determine whether the summary is effective in capturing 
whatever information in the document is needed to  correctly categorize the document. In 
that e~aluation, 10 TREC topics and 100 documents per topic were used. In that evaluation 
16 systems participated. The results indicate that t here are not significant differences among 
the systems for the categorization ta& and that t,he performance using the full document 
is not much better. For text quality, the SGMMAC evaluation addressed subjective aspects 
such as the length of the summary (Le., too short; too long, etc.), its intelligibility (i.e., poor. 
OK, etc.) and its usefulness (Le., low, high: etc.). 

F inal l~;  our third evaluation addressed the issue of informativeness. We have compared 
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t.he sentences t hat SumUM selected for the indicatit-e-informative abstract with sentences 

a considered important by human infamants. We found that SumUM performed better than 
two other summarization technologies in the different scenarios proposed by Salton et al. 
(1997). Xevertheless, SumUM perîormed worst than the human abstracts, so an additional 
effort is needed in order to improve the informative content of our abstracts. The evaluation 
considered only ten documents, this could be seen as an small evaluation, though, it is com- 
parable in volume with other evaluations recently done in text summarization (Jing et al-: 
1998) using more texts but of smaller size. 

7.6 Summary 

In t his chapter, we presented three evaluations rnethodologies of the abstracts produced 
by SumUM. In the three et-aluations: we have compared different summarization techno- 
logies. In t h e  evaluation of indicative content, no differences were observed among different 
summarization systems in a classification task. Regarding the content of the indicative- 
informative abstracts, we found that on the average SumUM selected sentences that are 
more important to the readers than sentences selected by other summarization technologies. 
Regarding t es t  acceptabilits the indicative abstracts are acceptable tests given a set of cri- 
teria u s u a l l ~  used in abstract writing: though, the low score obtained by SumUM, calls for 
the improvement of the regeneration step. How to improve the  test will be subject of Our 
future work. 



Chapitre 8 

Conclusion et Perspectives 

Comment faire pour qu'un ordinateur calcule le contenu essentiel d'un document et 1-es- 
prime sous la forme d'un nouveau teste cohésif et cohérent? Telle est la problématique du 
résumé automatique abordée dans cette thèse. Produire des résumés est une tâche fon dif- 
ficile? car elle nécessite des connaissances linguistiques et du monde lesquelles ne sont pas 
faciles à incorporer dans des systèmes automatiques. 

Afin de comprendre comment les résumés automatiques sont produits, nous avons dans 
un premier temps abordé l'étude des méthodes existantes pour résoudre ce problème. Sous 
avons constaté l'intérêt des approches statistiques qui sont relativement faciles à implanter 
et indépendantes du domaine ; les résumés obtenus sont dans Ia plupart des cas des extraits 
de texte. Sous avons aussi constaté que les approches symboliques qui s'appuient sur des 
connaissances linguistiques et du monde pour produire de vrais textes ne peuvent être a p  
pliquées que dans des domaines restreints et avec beaucoup d'effort car les connaissances 
doivent être généralement acquises manuellement. 

Dans notre recherche, nous avons essayé de limiter la complexité de la tâche en nous 
concentrant sur un seul t 'pe de résumé : le résumé indicatif-informatif du teste tech- 
nique et scientifique. Xéanrnoins, nous n'avons pas limité le domaine textuel parce que 
le texte technique. peu importe son domaine, fait toujours référence à des informations 
générales du monde conceptuel de la recherche. Comme nous voulions une base valable pour 
le développement d'un système informatique de génération de résumés, nous avons abordé 
les questions du calcul du contenu et de sa reformulation en étudiant un corpus de résumés 

-rédigés par des rédacteurs professionnels et leurs documents sources. Ce choix qui a in- 
fluencé notre démarche ultérieure est basé sur Ie fait que les résumés professionnels sont des 
testes bien structurés et qui préservent les mots de l'auteur. Cette étude nous a mené vers 
la définition d'un modèle linguistique et conceptuel pour le résumé du texte technique et 
scientifique. Kous avons montré quelles sont les parties structurales du document source le 
plus souvent utilisées pour repérer le contenu essentiel; nous avons aussi étudié quel est le 
statut de ce contenu et comment il est reformulé sous la forme d'un nouveau teste. Sous 
avons ainsi étudié la relation entre le texte source et le résumé dans le cas du teste technique 
et scientifique. 
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In faut noter que dans le domaine du résumé automatique l'étude de la relation entre 
texte source et résumé a été généralement négligée. En conséquence, notre étude de corpus et 
le modèle linguistique et conceptuel qui en découlent constituent une contribution dans cette 
direction. Les concepts, relations, types d'information, marqueurs linguistiques et modèles 
que nous avons trouvés peuvent être utilisés comme base pour sélectionner l'information 
pertinente dains un document technique. Ici, il est important de laisser clair que la question 
de la couverture du modèle proposé n'a pas été traitée dans cette thèse et constitue un 
sujet de recherche prometteur. Cependant, il est clair que la liste des expressions linguis- 
tiques et des modèles linguistiques n'est pas complète. Il n'est pas difficile d'imaginer des 
exemples de types d'informations présentes dans le modèle mais pour lesquelles nous n'avons 
pas de marqueur linguistique : par example, une phrase comme "This approach reduces de- 
velopment costs" parle, certainement, d'un avantage; par contre une phrase comme "This 
new treatment reduces Zi'e q e c t a n c y "  indique, plutôt, une désavantage. Les phrases sont 
semblables en structure, la même construction linguistique "X reduces Y" est utilisée, pour- 
tant seule la sémantique des arguments du verbe "reduce'' aide choisir l'interprétation valide. 

La tâche de trouver des expressions linguistiques est laborieuse et nécessite la disponibilité 
d'un volume considérable de résumés électroniques. De nos jours, on peut obtenir ces res- 
sources, par example dans le site que nous avons exploré pour nos expériences (E>IER_ILD, 
2000)y dans des sites dédiés a u  publications scientifiques (SCIESCE DIRECT, 2000) et 
même dans des services de diffusion des résumés en ligne (ISSPEC, 2000). L'acquisition de 
connaissances Iinguistiques à partir de ces ressources peut être atteinte avec des méthodes 
semi-automatiques pour réduire le temps de développement tel que proposé par Teufel(1998). 

Bien que certains concepts. relations et types d'information sont distinctifs du texte tech- 
nique, les types d'information utilisés pour le résumé informatif sont généraux st peuvent 
être utilisés dans d'autres genres testuels. Néanmoins, ces informations restent insuffisantes 
pour la production de résumés informatifs pour des lecteurs des domaines spécifiques : 

par example, en Micro-biologie, un lecteur pourrait être intéressé aux informations sur les 
matériels ut.iIisés dans Ies expériences et donc il aura besoin de trouver des phrases comme 
"Bacterial cells were collected b y centrifugation, washed three times with p yrogen-free wat er. 
and lyophilized." qui ne peuvent pas être repérés par notre modèle. Ceci reste un problème 
à explorer. notre connaissance, notre analyse des transformations appliquées au teste 
source afin de produire un résumé n'a jamais été étudié auparavant. Pourtant, notre travail 
et d'autres travaux récents montrent qu'il s'agit d'une avenue qui doit être explorée (Jing 
and McKeown, 2000; Knight and klarcu, 2000). Les limitations de notre étude sont toutefois 
nombreuses car nous n'avons exploré que des transformations au niveau de la phrase. Au 
niveau du texte, nous avons proposé un ordre de présentation de l'information qui est typique 
dans le résumé technique, pourtant une étude se fait nécessaire afin d'identifier les structures 
discursives valides et le choix de la plus approprié pour le résumé technique. Ceci sera l'un 
des aspects à explorer dans notre travail futur tout en utilisant notre corpus de résumés. 

Xous avons défini l'Analyse Sélective: une méthodologie pour la production automatique 



de résumés indépendamment de son implantation, en considérant pourtant les capacités ac- 
tuelles du traitement du langage naturel. La méthode propose dans un premier temps la 
production d'un résumé indicatif qui permet au lecteur de connaître les principaux sujets 
traités dans le document source. Dans un deuxième temps, le lecteur peut obtenir sur de- 

- mande des informations supplémentaires à propos des thèmes principaux. Nous considérons 
q u e  les thèmes principaux abordés dans un document peuvent être calculés en considérant 
un nombre limité de concepts et de relations et en s7appuy,?nt sur la structure du document- 
Nous explorons ainsi I'approche des résumés dynamiques dont le contenu change selon les 
intérêts de l'utilisateur. Néanmoins, nous n'avons considéré qu'un nombre limité de types 
d'information auxquels l'utilisateur pourrait s'intéresser, la question d'adapter Le résumé am 
besoins particuliers d'un utilisateur n'a pas été abordée dans cette thèse. Pour représenter 
les types d'information auxquels nous nous intéressons: nous avons défini des templates que 
nous utilisons pour des tâches de sélection de contenu et régénération. Nous avons associé 
aux templates des schémas de régénération de textes qui rendent possible l'implantation des 
phénomènes observés lors de notre analyse de corpus. D'autres structures de représentation 
plus riches peuvent être nécessaires pour améliorer les résdtats, néanmoins, pour la recherche 
décrite dans cette thèse ils se sont avérés appropriés. 

Dans l'Analyse Sélective, l'information pour le résumé dépend de la structure de titres du 
document et des modèles spécifiques que les phrases doivent respecter pour être sélectionnées. 
Bien que ces dépendances aident à réduire le "bruit" dans le calcul du contenu et à rendre 
possible la régénération des phrases: elles contribuent aussi au "silence" : beaucoup d'infor- 
mation est perdue à cause de ses dépendances: il faudrait explorer d'autres techniques de 
sélection de contenu, tel que la combinaison de l'évidence indicative et informative. 

Afin de montrer Ia viabilité de notre approche nous avons développé SumUM un système 
informatique qui implante les fonctionnalités de ly.4na1yse Sélective tout en utilisant des 
méthodes robustes de traitement du langage naturel. Xotre implantation se base sur l'uti- 
lisation des programmes d'etiquetage lexical, l'application des automates à états finis pour 
reconnaître des constructions syntaxiques simples, la classificatior, des phrases, l'extraction 
d'informations, l'instanciation de patrons et la régénération de testes. Ces techniques nous 
ont aidé à implanter quelques phénomènes observés dans le corpus tels que la sélection de 
fragments de phrases, la fusion de l'information et la reformulation, aspects généralement 
ignorés dans les systèmes de génération des résumés. Nous avons implanté SumUM avec 
des algorithmes simples en Prolog. Les différentes composantes du système ont été évaluées 

- de manière subjective pendant les tests que nous avons effectués, pourtant une évaluation 
formelle serait nécessaire afin de mettre en évidence les points faibles et les potentiels de 
SumUM. Parmi les faiblesses de cette implantation se trouvent l'utilisation de modèles 
parfois ambigus, le manque de connaissances lexicales (thesaurus), la simplicité du processus 
de génération et le fait que l'acquisition des connaissances (lexique et modèles) se fasse de 
manière manuelle. Dans nos travaux futurs, nous désirons explorer l'utilisation de méthodes 
d'acquisition automatique de connaissances et de méthodes de classification statistique afin 
de surmonter les faiblesses actuelles. Nous voulions transformer quelques fonctionnalités de 

a SumUM, tels que la sélection de phrases pour le résumé indicatif et  I'expansion inforrnati~e~ 
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dans un système "réelz qui puisse être utilisée sur le W'eb pour produire des résumés dans 
d'autres domaines que techniques et dans d'autres langues que l'anglais. 

Kous avons évalué notre modèle théorique en utilisant les résumés produits par Su- 
mUM et en les comparant avec des résumés humains et  des résumés produits par d'autres 
techniques et systèmes actuels de production de résumés par extraction de phrases. Trois 
aspects des résumés ont été évalués : le contenu indicatif: le contenu informatif et la qualité 
du texte. Du point de vue du contenu indicatif et informatif nous avons vérifié que SU- 
mUM produit des résumés dont le contenu est en moyenne plus pertinent que le contenu 
produit par d'autres systèmes automatiques. Toutefois, dans l'évaluation du contenu indicatif 
dans une tâche de classification nous n'avons pas observé des différences parmi les différentes 
méthodes de production de  résumés, et donc, des évaluations avec des catégories plus res- 
treintes se font nécessaires. Du point de vue de la qualité du texte, nous avons constaté 
que les résumés sont d'une qualité acceptable et parfois comparable aux résumés humains. 
Xéanmoins' les quelques critiques obtenues lors de l'évaluation avec des juges et les notes 
obtenues indiquent des avenues pour l'amélioration du prototype à explorer. Toutefois. nous 
croyons que le modèle théorique est valable. Quoique notre évaluation n'ait porté que sur 
un nombre relativement restreint de documents (57 documents), 36 juges ont participé à 

- nos évaluations. Même si nous avons exploré l'utilisation de ressources électroniques dispo- 
nibles sur le IVeb pour notre évaluationt la création de ressources et de critères objectifs 
d'é\-aluation de résumés de science et technique reste un thème à explorer. Même si Ies pro- 
grammes d'évaluation tel que TIPSTER SLlII\IAC de l'agence D-%RP_2 (Defense Advance 
Research Projects Agenc-) se concentrent sur des testes utilisés par des analystes de la 
défense. et donc testes non scientifiques, nous espérons que dans l'avenir des ressources pour 
I'évaluation des résumés techniques seront disponibles. 

Il est important de rnenrionner qu'un thème qui commence à être exploré en linguistique 
informatique est celui de la production des résumés de plusieurs articles (multi-document) 
qui traitent du même sujet et même dans plusieurs langues (multi-langue). Le programme 
TIDES (Translingual Information Detection, Estraction and Summarization) de la DARP-1 
a été récemment lancé pour faire avancer la recherche dans cette direction (TIDES, 2000). 
Mais, il ne faut pas être naïf: le fait qu'il y ait de groupes qui se lancent sur le problème du 
résumé rnulti-langue et sur le résumé multi-document ne veut pas dire que le problème de 
produire un seul résumé pour un seul document dans une seule langue ait été déjà résolu. 

Finalement et pour conclure, il semble que l'avenue à explorer dans le domaine de la 
génération de résumés est celle de la combinaison de différentes méthodes, l'incorpora- 
tion d'outils robustes de traitement du langage naturel, l'incorporation de techniques de 
régénération pour améliorer la qualité du teste et l'acquisition automatique des connais- 
sances afin d'obtenir des algorithmes qui peuvent s'adapter facilement à des nouveaux do- 
maines. 

Dans cette recherche nous avons parcouru le long e t  ardu chemin qui mène du teste 
source au résumé : nous avons étudié la question du contenu du résumé et de sa forme. nous 



avons conçu et implanté une nouvelle méthode pour le résumé automatique et nous l'avons 
validée. Xous avons constaté qu'on est encore loin de produire des résumés comparables aux 
résumés produits par un humain. Plusieurs questions toutefois n'ont été que superficiellement 
explorées : la complétude de notre modèle théorique, les possibilités d'extensions du modèle 
vers d'autres types de texte et l'implantation d'un système qui puisse être utilisé dans notre 
travail pour faciliter l'accès à l'information. Ces questions seront l'objet de nos travaux futurs 
afin de produire de bons résumés entre autres pour la petite hlargie. 
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Annexe A 

Journaux source utilisés pour le 
corpus 

-41 Cornmunications 
-41 Magazine 
Arnerican Libraries 
Annals of Library Science &- Documentation 
Archives and Museum Informatics 
Artificial Intelligence 
Aslib Proceedings 
Australian Library Journal 
Bottom Line 
Byte 
Collection Management 
College 6r Research Libraries 
Cornputer Communications 
Cornputer Setworks and ISDS Systems 
Cornputers in Libraries 
Digital Publishing Technologies 
Document Delivery & Information Suppl- 
Electronic Library 
Electronic Publishing 
IATC'L Proceedings 
IEEE Expert 
Information Outlook 
International Journal of Human-Cornputer Studies 
Interacting with Cornputers 
Journal of 
Journal of 
Journal of 
Journal of 
Journal of 

End User Computing 
Government Information 
Information Science 
Interlibral Loan 
Library -4dministration 
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KnowIedge Based Systems 
Library Administration 6r Management 
Library +4ssociation Record 
Library Hi Tech Sews 
L i b r q  Journal 
Libri 
Microform & Imaging Review 
New Review of Hypermidia and Multimidia 
New Review of Information & Library Research 
New Review ~f Information Science & Library Research 
OCLC Kewsletter 
Scandinavian Public Library 
Telematics and Informatics 
\ k e  



Annexe B 

Expressions indicatives identifiées 
dans le corpus 

we present 
first we present 
in this paper 
section x 
we show 
we say that 
this paper is concerned u-ith 
it is shown that 
the problem of 
In this paper we present 
we will first 
the results are reported of 
the possible reasons for ..- are expiored 
experiment x studied 
we report work 
the hypotheses under test 
evaluates 
we address the issue of 
we highlight 
it is argued 
1 refer to 
seems to 
it will show 
%-as built 
the aim of this article is to compare 

in this paper we have presented 
we analise 
the idea in this paper 
in Section x 
it is shown 
is investigat ed 
is discused 
is considered 
has been proven to be very successful 
the basic idea is that 
we will then describe 
were compared 
the purpose of the experiments described bere 
experiment x addressed issues 
are compared 
does not explain 
results shown 
we've conducted 
are reviewed 
the purpose of this paper 
have the potential 
the work described in this paper 
to this end 
it is remarcable 
t his paper considers 



an issue 
it is impossible 
is heavily impacting 
a reasearch project 
the aim is 
this has resulted 
we study 
are studied 
this article surveys 
after a brief introduction 
sol ut ions 
describe that is aimed 
finally we argue 
it has been conducting research and develop 
ment 
1 will discuss 
we have focused on 
discussed how 
the study 
this paper will consider 
this paper describes the project 
t his article examines 
our experiment 
the results indicate that 
t his paper presents 
this paper combines 
addesses issues of 
this paper describes a project 
the sarnpling procedure is described 

the fact is that 
it is necessary 
the motivation for our work is 
is investigating 
currently work is focused 
the advantage that 
we present 
are compared 
these problems 
1 outline 

are being developed 
its charter 
I define 

bas become a powerful 
in this presentation 
suggests that 
aims 
suggest 
to this end 
in this paper we present the results 
we found 
a papers based on 
it shows 
the work described in this paper 
in this paper is demonstrated 
an analysis was undertaken 
attention is focused on 



the analytical tool wich is uçed for this pur- 
pose is based on 
the paper concludes 
this brief paper attempts an overview 
the ... project 
the principal distinguishing features of 
for this reason 
the aim of the ... project is to 
the project involves 
the article describes objectives of 
a key focus of .. . was 
the aim of ... are to 
this paper ... but focusses on 
I take a look 
this paper discusses 
the results of the survey are 
t hose contributions represent 
..hegan her presentation 
... suggest using the 
research in 
t his article highlit hs results 
the first focus in on ... next 
this article describes 
specisl emphasis on 
.-.evaluation 

the project demonstrates 

it is essential that 
the author have developed 
it is one of a set of four projects 
the overall objective of 
-.. is one of four ... projects supported under 
the ... project 
the article describes the aims ... 

.., is a +.. project founded 
to develop 
special attention is paid to 
this initial description 
a general s w e y  was conducted 
acccording to the s w e y  
...p resented her views on 
... suggests the use of 
another benefit of 
this project is aimed at 
... are examined in this column 
this column will close with 
this paper presents 
quaiity tests were completed 



the paper wiU touch on 
the objective is both 
the project ... 
the paper &O focus on 
. . . believes t hat 
... are a major underlyiag themes 
... will be given 
... were conducted 
. . .was examined 
what follows are sketches of 
the journal's scope includes 
we briefly overview some interesting 
in this work we study 
we classified 
our conclusion was that 
details of. ..are provided 
this article discusses 
ot her examples 
overcorning many of 
.--described here 
.-.for solving 
t his analysis summarizes 
1 give particular attention to 
.-. to develop 
after ... we describe 

...a. e studied and aplied 

... developed and studied 

. . .investigated 

... outperform 

... is emerging 

the aim of 
the subject of this paper is 
the primary objective of this paper is 
a number of suggestions are 
in the next pages 
it points to 
this report describes case studies of 
... selected for the study 
interviews were carried out with 
. . .enhanced 
. . .considers 
then we update 
we look 
we studied 
. . .provides 

the authors 
the reasons 
the proposed model 
this article presents 
this article describes 
finally, 1 invest igate 
The .-. project 
this article reviews 
we discuss the development and implement a- 
tion 
... model 
.. .optimizes 
this article assesses 
... supports experimentation 



Annexe C 

Concepts 

Concepts 
author 

a f f i l i a t i o n  t-- 
researcher I 
author related r 
research group 

project r 
l research paper 

others ' paper I 
study r-- 
research I 

Explanation & Example 
The authors of the article. - 
"1 refer to ..." 
Institutions 
"Department of Mechanical and,.." 
The affiliation of the authors. 
Ananth Y. Grama. Pursue Universitu 

Lexical Items 
We, 1, author, ... 

University, Université, ... 

Prop.Noun! Institution. .-. 
- U 

O t her researchers 
"Cannon shown ..." 

Proper Noun ,.. 

-4uthors' related entity. our, mg. ... 
"The core of o u r  sysfem is corrrprised of. .." 
A research group. g~oup ,  ... 
"... is a staff programmer in the Experimental 
Systems group at the IBM Corporation." 
A (research) project. 

"An empirical study of randomly generated bi- 
nary .-." 
The research work. 1 research. ... 

p~oject. ... 
- " A  research project currently in progress a t  . .." 
The technicd article 
"In this article ..." 
The article of other researchers. 
"In th eir article. .." 
The object of study. 

article: here, paper, ... 

article, ... 

study, ... 

"The  work described in this paper ad- 
dresses ..." 1 
" ... a broad range of scientific research ..." 
The work of the author. worb ... 
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The problem under consideration 
" The lack of a library severely b i t s  the im- 
pact of. .." 
The solution to the problem 

problem dzficulty, &sue, problem, ... 

solution solution, aBswer, .-. 
"In this paper, we describe the problem and 
propose a solution, ..." 
The method used in the study method equipment, methodology, .-. 
"One approach is to support indexing by the 
traditional method of assigning.--" 
The results obtained results  result, outcome, ... 
" The results indicate that ..." 
The experiment experiment experiment, test, ... 
"The experiments were done in order -.." 
A necessity- need need, necessity, -,. 
".-.the need for an interface between .,." 
AppLicabifity. application use, employ, ... 
"...the applicability of our approach ..." 
The hypothesis. hypothesis hypothesis, assumption. ... 
"That is, in other words, to get the most rea- 
sonable hypothesi~.~ 
Research question. question research question, ..- 
".. .to understand how services whicb are of va- 
lue to end-users can be developed." 
The future plans of the author. future plans future plan, ... 
".-some future work in the field." 
Reference to previous work. Proper Noun (Yëar)? ... ref erence 
"-..the Manhattan street network [4,5].' 
hn acronym 
"The World Wide Web (WWW),.." 

acronym Noun Group (Acronym). ... 

acronym expansion Noun Group (Acronym), ... The expansion of the acronym. 
" The U'orld Wide Web  (WWW) . .." 
Structural element of the document such as a 
table or figure. 
"ln Figure 3 we show ..." 
A title fkom the document. 
"2.3. Algorithm ImplementatioTL" 
The captioning of a structural elernent. 
"Fin. 2 : Test Results." 

figure, table, picture. ... structural 

Number Title, ... t i t l e  

Figure X Captioning, ..- capt ioning 

luant ity 
"... capable of integrating voice, data, and 
low-grade video (64 Kb/s to 2 M w s )  on ..." 
Mat hematical ent ity. nathemat i c a l  

- - - - - - - 

fornula, equation, ... 
" Polinomial equations are used for represen- 
Ling semialgebraic sets." 
A component of the research paper, section, subsection, ... ?aper component 
"...sorne successful applications (Section 3) ..." 
4 date. sequence of digits, ... iat e 
'In 1938 Albert Einstein and Leopold Infeld 



Concepts 
objective 

concept. 
"The a h  of the DECIMAL (DECision- 

Explanation & Example 
The general objectives, 
"...the natural focus is on the tbird of the 

conceptual objective 
above goals..-" 
This includes the objective of a domain 

f ocus 

1 "The focus of the paper is ..." 
topic 1 The general topic. 

Making in Libraries) Project is to produce ..-" 
The general focus. 

conceptual f ocus 

( " These main  topics are natural-language pro- 

" A  key focus of the technicd specification was 
Y? .-. 

This includes de focus of domain concept. 

1 study. 
conceptual topic 

1 "... a particularly important topic of study. and 

cessing?. . ." 
the topic of the paper, paper component, 

1 " a  bnef introduction to this problem-solving 
introduction 

an issue that ..." 
Introducing information. 

1 "...give a brief ovemiew of the AI and robotics 
overviev 

1 research performance. .." 

paradigm ..." 
An ove-rview. 

survey 
-- 

( survey. 
1 ". ..Ameritech Library Services collaborated 

1 -...the AI approach has prevailed in the im- 
development 

on a suruey of electronic services ..." 
A development . 

comparison 
plementation of high-level planning ..." 
A cornparison. 

analysis 

1 - 3 s  demonstrated through the presentation of 

"Aamodt 's comparison of knowledge intensive 
CBR methods ..." 
An analysis. 
"To enable such an  analysis of problem sol- 

presentation 
ving and learning, ..." 
A presentation. 

1 " O u r  discussion focuses on the main ..." 
discussion 

Lexical Items 

two current CBR systems ... 
A discussion. 

goa. objective, ... 

goal of conceptual eatitg, ... 

focus of  conceptual entity, 
. . . 

topic, theme, ... 

topic of  article^ ... 

introduction, ... 

overview. ... 

survey, .,, 

developrnent, ... 

comparison, ... 

analysis, ... 

presentation, ... 

discussion, ... 



Concepts 
def inition 

descript ion 

1 "...and an  ezplanation of ground facts cannot 

Explanation & Example 
A definition. 
"...a logical definition of the abductive pro- 
blem ..." 
A description. 

erplanat ion 

".-.the description of a problem, that has 
been..-= 
An explanation- 

suggestion 

1 "...to guide the discovery of repetitive func- 

lead to d e s . "  
A suggestion- 

dis covery 

tional substructures in large structural data- 
bases.'? 

"A number of suggestions are put in place 
for-.." 
A discovery. 

situation 

1 "One ezample is "concept formationy as a 

The situation. 
"the Aus inan  situation in the field of telecom- 

example 
munication infiaestructure is far behind 
An example 

advant age 

.-Our conclusion was that simple and local 
transformations ...= I 

goal :..." 
Advantage 

conclusion 
"...the advantages or SBR ...= 
Conclusion of the paper. 

1 phase.' 

summary 

Lexical Items 

L 

Summary of information. 
-'... a sunmary  of the fundings of the research 

ezplanation, ... 

suggestion, ... 

discovery, ... 

situation, today, ... 

example, ilustration, ... 

advantage, asset: ... 

conclusion. ... 

summary. -.. 



Annexe D 

Relations 

Relations 
make knoun 

c lose  

shov 

study 

investigate 

situation 

- -- 

need 

expriment 

discover 

Explanation & Example 
Introducing the topic of the paper. 
"In this paper we present ...= 
pp - 

Opening. 
"..&arts fkom a point-based metric system 
and eives a construction of ..." 

"The paper c ~ n c h d e s  with observations on 
the ~otent ia l  ..." 
Identifying graphical material. 
"Figure 1 illustrates the concept .. ." 
Sumrnarizing. 
"This analysis surnmarizes some of the .. 
work.-.*- 
Studying a topic. 
"The possible reasons for this are explored as 
well as. .." 
Inves tigat ing- 
The phase transition in binary constraint sa- 
tisfaction ~roblems. i.e ..... is i nves t i~a ted .  
Identifying the situation. 
Genetic algorithms, the best known of the va- 
riants in the US: mode1 evolution at the level 
of gene propagation. 
Ident ieing need. 
"In order to understand the French situation 
it is necessaru to describe,.." 
To do experiments. 
"Experiments were dune in which ..." 

"Significant reduction ... were discovered ..." 

Lexical Items 
describe, ezpose, ..- 

conclude, close, ... 

see. show, ... 

sum up, ... 

analyze, ezamine. ... 

investigate, ... 

know, ... 

tu be a necessity, ..- 

determine,  discoueq ... 



Argument ing. 
"It is  argued that for most uses which are 
made of. .." 

evidence 

relevance r 

Explanation & Exam~le 

"The combination of the two methods ... has 
been proven ..." 
Ident ifj6ng problem, 
"... the main control problems that arise when 
.** 

n 

IdentiS.ing solut ion. 
"... it overcomes many of the past barriers to 

n 
W.. 

Bringing into being. 
"A new generation of sensor-rich, massiveiy 
distributed, autonomous systems are being de- 
veloped ,,." 
Express interest. 
"We are concerned with the production of..-" 
Identi@ing the focus- 
"We have focussed our development in two 
areas ..." 
Identifying the objective. 
"As charter is to to perfonn research and de- 
velopment in advanced information techno- 
logy.. .!! 
Explaining. 
"The accuracy of a prediction based on the 
expected number of solutions is discussed ..." 
Making a judgement. 
"A class of sparse problems ... is wnsidered 

Comrnenting. 
"Notes the continuing explosion of informa- 
tion ..." 
S uggest ing. 
"Specifically it is recommended t hat .. ." 
Giving evidence. 1 
"Euidence for the applicability of a conversa- ~ 
tiond approach to 'information retrieval in- / 
teraction' is initially provided by. .." 
Concluding. 
"The second conclusion to be drawn is that ..." 
Identifying relevance. 
"Combinatorid and geometric computing is a 1 
core a r a  of cornputer science" I 

Lexical Items 
proue, infer, ... 

arise, complicate, ... 

address, concem, .+. 

aim, ... 

consider, believe, .-. 

argue, give argument, ... 

mention: note, ... 

suggest, ... 

ta be evident, ... 

conclude, ... 

to be central, ... 



Relations 
def ine 

d e s  cribe 

essentiaï 

advant age 

use 

exemplif y 

- -  

elaborat e 

e f f ec t ive  

positive 

novel 

practical 

perf orm 

Explanation & Example 
Defining. 
"Azuma (1997) has defined augmented reality 
systems as..," 
Describing. 
"The classical generative planning process 
consists of a sear ch..." 
IdentiGing essentiality. 
Yt is essential that al1 information staff ..." 
Ident ieing advant age. 
"... simulated annealing and evolutionary pro- 
gramming outperform back propagation." 
Identieing usefûhess- 
"The andytical tool which is used for this pur- 
Dose is -.." 
Characterizing entity. 
"...a new aigorithm called OPT-2 for optimal 
pruning. .." 
Exemplifying. 
"Other examples of robotic systems using fast 
vision tracking are also present ed.. .' 
Elaborating. 
"This properties allow us to use MT to express 
and prove tactics ...?' 
Identifying effectiveness. 
"Our algorithm is effective for ..." 
Identifying positiveness. 
"...the workstations are promising" 
Identifying novelty. 
"The possibility of this new computing para- 
digm seems to rest on ..." 
Identifying practicality. 
"V&V methodologies is  a practical ..." 
Doing. 
". ..genet ic programming t ethniques op timized 
for verformino svmbok re~ressions.~ 

Lexical Items 
define, to be, -.. 

compose, 

to have aduantage, ... 

apply, employ, ... 

contain, classify, cal- ,.- 

allow, contribute, ... 

to be positive, ... 

. -- 

to be practical, .,. 





Annexe E 

Types of Information in Selective 
Analysis 

E. 1 Indicative Types 

Topic of Document: the author explicitly marks the topic of the document. This 
is identified by the presence of verbs of the make know relation, and concepts like the 
author or the research paper in first or last sections of the document. 
Ex.: In thzs paper we have presented a more efficient distributed algorithm which 
constnict a breadth-first search tree in an aspchronous communication network. 

Possible Topic: some information is or will be present,ed. This is identified by the 
presence of verbs of the make know relation, in the passive form in first or last secrims 
of the document. 
Ex.: The sampling procedure zs descn'bed, in which queries obtained from each library 
were broadly categorized by image content, identification and accessibility 

Topic of Section: the author esplicitly marks what \vil1 be presented or discussed 
in a section of the document. This type of information is identified by the presence 
of t.he make know relation and the concept paper component. 
Ex.: Section 2 gives the basic definitions for relation algebras and their representa- 
tions toget her with some properties of representations. 

Closing: the author closes the paper. This is marked by the close relation. 
Ex.: We conclude with a surnmary of our contributions and a presentation of the 
implications of our results. 

Opening: The author opens the paper. This is marked by the open relation. 
Ex.: We start with economic theories of organization as the foundation of our ana- 
lysis. 



Goal of Conceptual Entity: the explicit mention of the objective of a domain 
concept (conceptual objective) or the domain concept (Le. research paper, etc.) 
and the objective relation. 
Ex.: The purpose of the ezperiments described here  as to provide empirical based 
information regarding the imposition of a syntax and regarding the provision of visual 
prompts and feedback which could be used to  guide decisions on design options for 
ASR interfaces- 

Focus of Conceptual Entity: the center of attention of a domain concept identified 
by the presence of the concept conceptuaï f ocus or by the f ocus relation and a 
domain concept (Le. author, etc.). 
Ex.: Currently work is focused on the temporal aspects of the spatio-temporal rea- 
soning techniques to be applied to GIS. 

Author Development: the explicit mention of a development of the author. 12-e 
identify this information by the co-occurrence of the author concept and create  
relation. 
Ex.: As part of the CK Electronic Libraries programme. the authors have deueloped a 
simple decision support tool which allows a libran manager to  compare the total cost 
of acquiring a given item of information from each of a number of different sources. 

Development: something \vas developed t hat could eventually be relevant. This is 
identified by the create  relation. 
Ex.: The s-Ilabus has been deszgned to  offer the Information Engineering Professional 
(IEP) opportunities to extend and develop their knowledge and skills. 

Inference: some "conclusionT has been obtained from the research work. This is 
identified bu the occurrence of research concepts such as work, result, experiment 
and the in fer  relation. 
Ex.: Results shown that domain specific knowledge improl-es the search for sub- 
structures and enable grater data compression. 

Author Interest: the authors refer to their interests. We identifS. that information 
by CO-occurrence of the author concept and the interest relation. 
Ex.: Finally we address the issue of scalability of structure discover)- using Subdue. 

Other's Interest: some one (or something) shows interest in something. This is 
identified by the interest relation. 
Ex. : The CBR paradigm addresses issues of experience-baçed design where espe- 
rience is strong but the domain model weak: or poor formalized. 
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Problem: an explicit reference to  a problem by the presence of the problem concept 
or relation. 
Ex.: Lack of information skills in the majority of organizations 

Solution: an esplicit reference to  a solution by the concept or relation solution. 
Ex.: In this paper we propose a metatheory, MT, which represents the computation 
which implements its object theory, OT, and the computation which implements 
deduction in OT. 

Topic: a t.opic is explicitly stated with the concept topic or conceptual topic and 
the def ine relation. 
Ex.: The subject of this paper is the concept of descriptor equivalence and its two 
sub-concepts, dictionary equivalence and indexing equivalence. 

Introduction of Entities: some entities introduced in the first section of the do- 
cument. identified by the def ine or ident if y relations. 
Ex.: The Danish Library Centre (DBC) is a central organization with Danish library 
and information sector. 

Identification of Acronyms: an acronym and its expansion appear together in 
the same sentence. 
Ex.: ... Distributed queue dual bus (DQDB) netv-orks ... 

Signaling of Information: the author points to some important information appea- 
ring in some table or figure. This is identified bj- the relation show and the structurai 
concept. 
Ex.: Figure 1 illustrates the concept behind the proposed -1T31 network. 

Signaling Concept: the author points to specific concepts such as introduction, 
presentation, overview, analysis, development, summary. etc. 
Ex.: _Ifter a bnef  introduction to anytime computation, I outline a wide range of 
existing solutions to the meta level control problem and describe that is aimed at 
increasing the applicability of anytime computation. 

Experiments: the mention of the experiments identified by the experiment concept. 
Ex.: Experiment 1 studies the use of a syntax in a purely auditory interface. 

Experimentation: experiments have been done. This is marked by the experiment 
concept and the experiment relation. 
Ex.: Quality tests were completed with tests aimed to evaluate COES ability to 
detect errors and its performance. 



Methodology: the mention of the methodology identified by the method concept. 
Ex.: The combination of t h e  two methoàs, hierarchical classification and Case-based 
reasoning, has been proven t o  be very successful in this specific textile application. 

Author Study: the author refers to the study of some concept. This is identified 
by the author concept and the study relation. 
Ex.: We analise the complexity of our algorithm. 

Explaining: Explanations are given. This is identified by the explain relation. 
Ex.: I wzll discuss why they shouId consider these issues : explicit transfer of control, 
conflict analysis and reports, and autonomy hierzrchy design. 

Comrnenting: Comments are made. This is marked by the comment relation. 
Ex.: I refer, of course, to  the notion of Web-based computing with Java applets. 

Giving evidence: Evidence is given. This is marked b -  the evidence relation. 
Ex.: W e  first note that, when followed, the process leads to  usable, useful, likeable 
computer systems and applications. 

Object of Study: the mention of something that is (or was) studied identified b -  
the study relation. 
Ex.: In their current form. evolutionary computations are studied and applied in 
three standard formats, each distinguished by what level of granularity the algonthm 
models evolution. 

Need for Research: an esplicit mention of some need marked bj* the need relation 
or the statement of a research question. The information usually appeared in the 
first section. 
Ex.: In order to understand the French situation it is necessary to  describe the 
strate= present1~- foilowed by France Telecom, which remains the inheritor of the 
policy of the 1980s. 

Actual Situation: this information is usually stated in the introduction of the 
document using the situation relation or concept. 
Ex.: Currently, most geometric objects (curves and surfaces) are formulated in terms 
of polynomial equations, thereby reducing many application problerns - such as boun- 
dary computations - to manipulating polynomial systems. 

Hypothesis: the statement of the hypothesis. This is identified by the hypothes i s  
concept. 
Ex.: AS in Damper and Wood's work, the hypothesis under test is that the observed 
superiority of speech over keying in Poock's experiments arises from a rnethodological 
flow. 



Authors' Opinion: the authors express their opinion. We identie this information 
by the ceoccurrence of the concept author and the relation opinion. 
Ex.: The scherne is based on where the sort from an object coordinates to screen CO- 

ordinates occurs, which we believe is fundamental whenever both geometry processing 
and rasterkation are performed in parallel. 

Authors' Discovery: the authors have made a discovery. This is marked by the 
concept author and the discover relation. 
Ex.: I d e t e n i n e d  the communication costs for classes of parallel algorithms b -  
considering their inherent communication requirements. 

Authors' Argument: the authors make an argument. R'e identify this using the 
concept author and the argue relation. 
Ex.: We have argued tha t  the problem of invisibility and the related problem of 
cornplexity are caused by information barriers. 

The Authors Demonstration: the authors deduce something. We identify this by 
the presence of the author concept and the inf er relation- 
Ex.: We have demonstrated that the service offered by AT11 layer in the B-ISDII 
Practical reference mode1 is equivalent to the service offered by the OS1 physical layer. 

Investigation: something is being investigated and this is marked b? the 
investigate relation. 
Ex.: Sest .  the network reliability is investigated. both for degradation in throughput 
and loss in connectivity. 

Suggestions: something is suggested. This is identified by the relation suggest or 
b -  the concept suggestion. 
Ex.: Suggests that perhaps online searching should be learned by ivatching, assisting. 
and being corrected by a master searcher. 

Conclusions: sornething is concluded marked by the concept conclusion or bj* the 
reiat ion conc lude. 
Ex.: Our conclusion \vas that simple and local transformations can be automatized 
or semi-automatized, depending whether additional information is not needed: \\-hile 
global transformations are difficult to automatize. 

Summarization of Information: information is being summarized. This is iden- 
tified by the concept summary or the relation summarize. 
Ex.: It closes with an outline of future directions for SIP developrnent, a report on 
current implernentation status and a sumrnary of the specific improvements offered 
by SIP over If. 



E. 2 Informative Types 

Relevance of Entity: the mention of a relevant entity by refemng to the relevance 
relation. 
Ex.: Indexing a content rich in semantic is a k e y  to interpreting a design problem 
and the selection of an adaptation strate- 

Goal of Entity: the explicit mention of the objective of a non conceptual entity 
This is marked by the objective concept or relation. 
Ex.: The goal of CCAD is to support exploratorq design, while keeping the  user 
central to the design actit'ity. 

Essential of Entity: the mention of the essential of an entitx using the essential 
relation. 
Ex.: The essential element of success is the integration of literaq efforts into the 
overall libraq- operations. 

Positiveness of Entity: the mention of a posltive aspect of an entity. This is 
identified by the positive relation. 
Ex.: It frees the programmer to concentrate on parallel algorithms instead of 101~- 
level impkmentation details. and it yields good performance. 

Usefulness of Entity: a reference to the applicability of an entity. This is marked 
by the use or perf orm relation or by the applicat i o n  concept. 
Ex.: Our current mode1 is easy tu  use. and it supp orts several higher level program- 
ming constructs in several languages, including micro tasking in C and Fortran and 
multitasking in Ada and C++. 

Effectiveness of Entity: a reference to the goodness of an entity. We identif>- this 
information using the effective relation. 
Ex.: Our compositing algorithm is particularly eflective for massively paraliel pro- 
cessing. 

Description of Entity: an entity is being described. This is identified by the 
describe relation. 
Ex.: The algorithm is based on dynamic programming. 

Definition of Entity: an entity is being defined. This is marked by the def ine 
relation. 
Ex.: To this end an eEect language is defined which connects the designerk descrip- 
tion with the implemented functionality of the appliication. 



Advantage of Entity: an explicit mention to the advantage of an entity by using 
a advantage concept or relation. 
Ex.: The advantage of our method is obvious. 

Practicality of Entity: the explicit mention of the actual application of an entitc 
This is identified by the practical relation. 
Ex.: This article details simple mechanisms for introducing hierarchy into the inter- 
domain in routing systems, making it practical to  route a truly large Internet. 

Novelty of Entity: some new entity is introduced marked by the novel relation- 
Ex.: In this paper a new algorithm called OPT-2 for optimal pruning of decision 
trees is introduced. 

Elaboration of Entity: some v e F  specific elaborations of entities using the 
elaborate relation. 
Ex.: PiP provides new features; such as provider select ion. 

Exemplification: something is being esemplified. This is marked by the relation 
illustrate or the example concept. 
Ex.: We illustrate TPQS's capabilities with a performance analysis of a real-time. 
mukitasking scheduler that had been previously implemented on top of SunOS on 
Sun-3 n-orkstation. 





Annexe F 

Parsed Segment Fragments 

This activity (Dete N+) 

(sem. ac t i v i t y )  , (conceptual, dc) , (concept, a c t i v i t y )  , 
(maphoric,  def i n i t e )  , (syncat , gn) , (gntype , GN2) , 
( s t r i ng ,  [This, a c t i v i t y l )  , (canon, [ac t iv i ty]  ) , (DeteType, ddem) , 
(Typ,def), (Nbr,plur) 

The Automatic Control Department (Dete A+ N+) 
(Sem, department) , (conceptual ,dc) , (concept, i n s t i t u t i o n )  , (syncat , gn) , 
(gntype SN41 , ( s t r i n g ,  [The, Automatic, Control ,  Department] ) , 
(canon, [automatic, con t ro l ,  department] ) , (DeteType , da r t )  , (Typ , def)  , 
(Nbr, sing) 

two CO-operative robots (Quan A+ N+) 
(sem,robot) , (syncat ,gn) , (gntype ,GN10) , ( s t r i n g ,  [two, CO-operative, 
robots] ) , (canon, Eco-operative, robot] ) , (QuanCla ,num) , (Nbr ,plur) 

a tele-operation station (Dete A+ N+) 
(sen, s t a t ion)  , (syncat ,gd , (gntype ,GN4) , ( s t r i ng ,  Ca, tele-operation, s t a t ion]  ) , 
(canon, [tele-operation, s ta t ion]  ) , (DeteType , d a r t )  . (Typ , ind) , 
(Nbr , plur)  

urban infrastructures (A+ N+) 
(sema inf r a s t r u c t u e )  , (syncat . gn) , (gntype , G N 3 )  , 
(string,[urban,infrastructures]), (canon,[urban, in f ras t ruc tu re ] ) ,  
(Nbr , p l u r )  



the long term goal ( Dete A+ N+ ) 
(sem, goal) , (conceptual ,dc) , (concept, goal)  , (syncat , gn) , 
(gntype ,GN4) , ( s t r i n g ,  [the, long-term, goal] ) , (canon, [long-term, 
goal] ) , ( D e t  eType , da r t )  , (Typ , def ) , (Nbr , s ing) 

This paper ( Dete paper ) 
(syncat , gn) , (conceptual, dc) , (concept, research-paper) , (type, author) , 
( id  ,paper) , (string, [This ,paper] ) , (Nbr , s ing)  

hhclear power plant steam generator inspection ( A+ N+ ) 
(sem, inspection) , (syncat , gn) , (gntype , GN3)  , ( s t r ing ,  [Nuclear , pouer , 
plant ,  steam, generator ,  inspection]) ,  (canon, Cnuclear, power, 
plant ,s team, generator , inspection]) ,  (Nbr,sing) 

SIROIN ( N o s +  ) 
(Sem, SIROIN) , ( s p c a t  , gn) , (gntype , GN5) , ( s t r i n g ,  [SIROIN] ) , 
(canon, [SIROIN] ) , (Nbr , sing) 

an innovative solution ( Dete A+ N+ ) 
(sem, solut ion)  , (conceptual,dc) , (concept, so lu t ion)  , 
(qua l i ty  ,novelty+) , (syncat ,gn) , (gntype, GN4) , ( s t r i ng ,  [an, 
innovat i ve ,  s o l u t  ion] , (canon, [innovat i v e ,  solution] ) , 
(DeteType , dart 1 , (Typ , ind) , (Nbr , sing) 

the c h b i n g  and walking robots ( Dete Sequence gn) 
hem, robot) , (DeteType , da r t )  , (Typ , def) , Cs yncat , gn) , (gntype , GN*) , 
( s t r i ng ,  [ the ,  climbing, and, ualking, robots]  ) , (canon, [climb, and, 
walk, robot] ) , (Nbr , p l u )  

Inove (1994) ( NomP ( Year ) ) 
( s p c a t ,  gn), (gntype , r e f )  , (reftype , ' R e f  1 ' ) , (conceptual, dc) , 
(concept, ref erence) , (researcher , ' Inove ' ) , (year ,1994) , 
(string,['1no~e','(',1994,')~])~ (Nbr,ni l)  

bn'efly outlines ( Adv Verb ) 
(conceptual, d r )  , (pred, out l ine)  , (type ,none) , ( re la t ion ,  ' t o  make 
know' ) , (syncat , gv) , (Nbr , p l u )  , ( tense , sim-pre) , (voice, a c t i ve )  , 
(time ,pres)  , ( s t r i n g ,  [brief l y s  outl ines]  ) , (canon, out l ine)  , 
(adv, b r ie f  l y )  



tuas approached ( was Verb ) 
(conceptual , d r )  , (pred, approach) , (type ,none) , ( re la t ion,  approach 
probled , (syncat , gv) , (Nbr, sing) , (tense , sim-pas) , (voice ,pasive) , 
( t b e  ,pas) , ( s t r ing ,  [vas , approached] ) , (canon, approach) 

zs implemented ( is Verb ) 
(conceptual , d r )  , (pred, implement) , (type ,none) , ( re la t ion ,  t o  br ing 
in to  being) , (syncat , g v )  , (Nbr, sing) , (voice ,pasive) , (tense , s impre )  , 
(time ,pre) , ( s t r ing ,  [is , implemented] , (canon, implement) 

demonstrated ( Verb ) 
(conceptual, dr) , (pred, demonstrate) , (type, none) , ( re la t ion ,  t o 
describe) , ( re la t ion ,  t o  elaborate en t i t y )  , ( re la t ion,  t o  i den t i fy  
r e s u l t ) ,  ( re la t ion , to  infer), (syncat,gv). (tense,sim-pas), 
(voice , act ive)  , (t ime , pas) , ( s t r i ng ,  [demonstrated] ) , 
(canon,demonstrate) 

zs shown ( 2s Verb) 
(conceptual ,&), (pred, show) , (type, lex)  , ( re la t ion ,  t o  describe) , 
( re la t ion,  t o  ident i f  y r e su l t )  , ( re la t ion ,  t o  inf er )  , ( re la t ion ,  t o  make 
h o u )  , ( r e l a t ion , to  show graphical material)  , (syncat ,gv) , (Nbr, sing) , 
(voice ,pasive) . ( tense,  sim-pre) , ( t i m e  ,pre). ( s t r ing ,  [is , shown] ) , 
(canon,show) 

mandatory ( A +  ) 
(conceptual, da) , (quali ty ,necessary) , (syncat , A+) , 
( s t r ing ,  [mandatoryl , (canon, [mandatory] 
Figure 3 ( Figure 9ua.n) 
(syncat, gn) , (conceptual, dc) , (concept, s t ruc tura l )  , (type, f igure) , 
( id ,  3) , ( s t r i ng ,  [Figure, 31 1 





Annexe G 

Instruction Booklet for the Evaluators 

Go1 Overview 

My research is concerned with the generation of abstracts of technical articles by auto- 
matic means. I am implementing a program which produces indicative abstracts and 1 am 
interested in evaluating how this first implementation works. In order to  produce an abstract. 
the automatic system extracts information from the source document (technical article) and 
presents it to the reader. 

Go 2 Evaluat ion 

The objective of this esperiment is to evaluate the abstract produced by the system. Tn-O 
aspects are addressed : first: if the abstracts the system produces are good in indicating the 
content of the source document, and second, ho\\- acceptable they are. 

The source documents used in this evaluation were obtained frorn the journal "Industrial 
Robot." The abstracts to  evaluate were produced b -  two different summarization q-srems 
or were originally published in the journal. 
You n-il1 receive a form a i th  a nurnber of abstracts to  evaluate in separate pages. You will 
not be informed about the method used to produce the abstract. Each abstract is to be 
evaluated in two dimensions : content and quality. 

(1) Content 
Along with the abstract to evaluate; you will receive 5 lists of keywords which are meant 
as content indicators. Those lists were obtained from the journals where the source 
documents were published. One of the lists corresponds to the abstract to evaluate. 1 
would like you to  read carefuliy the abstract and check the list of keywords that best 
matches the content of the abstract (you can check more than one or none a t  allj. 

(2) Text quality 
In order to evaluate the quality of the test 1 would like you to provide an  acceptability 
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score between 0-5 for the abstract (O for unacceptable and 5 for acceptable). Abstracts 
with scores ranging between 2.5 and 5 will be considered acceptabIe. 
Some of the criteria o u  could use in order to evduate the texts as acceptable are 
Ron-ley (1982) : 

- good spelling and grammar ; 

- clear indication of the topic of the source document ; 

- impersonal style ; 

- one paragraph ; 

- conciseness (no unnecessary references to  the source document) ; 

- readable and  understandable : 

- acronyms are presented dong with their expansions : and 

- other criteria that o u  might consider important as an experienced reader of 
abstracts of technical documents. 

Please note t ha t  o u  might consider an abstract acceptable even if it contains minor 
errors. You can provide comments at  will to  help me understand the score you gave 
the text indicating which criteria the abstract fulfills or fails to fulfill. 

Sote that in these experiments 1 am by no means evaluating you as a reader but the 
collected data will be used to evaluate rny system. The results of this esperiments \\-il1 be 
used for research purposes and al1 the data about the subjects will be kept confidential- 

Please: take your time to accomplish this task and do not forget to  complete the form 
with the information about your skills in English. In order to know ho\- hard it \vas for you 

' to accomplish this task?  1 would appreciate if o u  provide the time it took o u  to complete 
the u-hole form. 1 would appreciate any comments about this experiment. Please use the last 
page in the form for that purpose. 

l l y  eternal gratitude for your participation. 
Horacio Saggion 

e-mail : saggion@iro.umontreal.ca 



Annexe H 

Informed Consent Form to 
Part icipate in Research 

Purpose : This research is concerned with the generation of abstracts of technical articles 
by automatic means. This investigation is expected to contribute to the field of automatic 
abstracting by proposing a nev- method of text surnrnarization and by demonstrating the 
viability of such a method. 

Procedures : In this experiment o u  ni11 be asked to read and evaluate zbstracts produ- 
ced by humans and by two diflerent automatic abstracting systems. The source documents 
used to produce the abstracts are technical documents from the journal Yndustrial Robots.' 
You will not be informed about the method that \vas used to produce each abstract (either 
automatic: or rnanual). The abstracts are to be evaluated in content and test quality It is 
expected that the overall evaluation \vil1 take a maximum of 60 minutes including explana- 
tions by the researcber. 

For content e~aluation o u  will be asked to chose a content indicator for the abstract out of 
a list of 5 content indicators gken dong with each abstract. One of the content indicators 
corresponds to the abstract. The other four were randomly chosen from the journal n-here 
the source documents n-ere published. You can chose more than one or none a t  all. 

For test quality. you will be asked to provide an acceptability score between O and 5 (O 
means "unacceptable" and 5 means "acceptable") based on the folIowing criteria : 

- good spelling and gramrnar ; 

- clear indication of the topic of the source document (topical sentence) : 

- impersonal style ; 

- one paragraph ; 

- conciseness (no unnecessary references to  the source document) ; 

- readable and understandable ; 

- acronyms are presented along 114th their expansions; and 



- other criteria that y u  might consider important as an experienced reader of abstracts 
of technical documents. 

Conditions of Participation : It is veq- important to  note that the researcher wants to 
evaluate and compare the results of an automatic system and that your abilities or linguistic 
skills are not evaluated. Your responsibility in this expenment is to complete the evaluation 
form and give it t o  the researcher. This experiment does not entai1 any risk for the partici- 
pants. 

The present consent form will be stored in a file separate from the evaluation data. Only 
information about your reading and comprehension skills in English is required. The data 
collected in the forms will be used to calculate averages of text quality and indicativeness 
for the three methods- 

The results of this experiment will be used for research purposes and al1 the nominal 
information about the subjects ni11 be kept confidentid. The  results will be pubiished as 
part of a Ph-D. dissertation and eventually disseminated in research papers. 

This is to state that 1 agree to participate in the research project entitled Eva- 
luation of Automatic Abstracting Systems conducted by Horacio Saggion at 
Département d'informatique et de recherche opérationnelle (DIRO) , University 
of Montreal, and supervised by Professor Guy Lapalme. 

- 1 have been informed that the purpose of the research is to investigate the viability of 
a new method of automatic abstracting of tests. 

- 1 understand the purpose of this study and know about the risks, benefits and incon- 
veniences that this research project entails. 

- 1 understand that 1 am free to  withdraw at  anytime from the study without any penalty 
or prejudice. 

- 1 understand how confidentiality d l  be rnaintained during this research project. 

- 1 understand the anticipated uses of data, specially with respect to publicationt com- 
munication and dissemination of results. 

1 ha\?e carefully studied the above and understand my participation in this agreement. 1 
freely consent and voluntarily agree to participate in this s tudy 

- Name (please print) : 

- Signature : 

- Date : 



Annexe 1 

Questionnaire Sample for Evaluat ion 
of Indicat iveness 

Group VI 
- Please, proride the follosing information about o u r  slrills in English : 

Reading and Comprehension 
Excellent 
Good 
Acceptable 
with d i f f  iculty 
not at ail 

English is your ... 
First Language 
Second Language 
Other (specify) 



a ABSTRACT 21 : 
High speed arc uelding 
Welding current and spatter 
Past methods f o r  welding control 
High speed systems 
MOTOPAC-WH200 i s  an arc velding r o b o t  package specif ical ly  designed 
f o r  high-speed welding. 
Welding thin p la te s  
Welding intermediate tbickness p la tes  
Welding thick p la t e s  
By achieving high-speed welding, the  arc  welding times a re  shortened 
by half - 
Figure 2 High speed arc welding technology. 
Figure 5 S e ~ o t o r c h -  

COXTEST 

. Please check (X) the box nest to  the content indicator o u  think corresponds to the text 

VR. Virtual  Reali tv 1 1 

above- You can check more than one or none at all. 

~ s b e s t o s ,  Insulat ion,  Robotics 1 1 

Content Indicators 
Robots, Service,  Telexistence, Teleoperation, 

Control, Language, Robots 
Robots, Welding , Automotive 

i 

Match 

1 Language, Neural networks, Robots 

Please give your score to the above test according to the criteria specified in the instruction 
bookiet. 

1 your Score for t he  Test (0-5) : .......... 1 
Please include here O u r  comments about the text : 



.4BSTR4CT 23 : 
Many research e f fo r t s  have turned t o  sensing, and i n  pa r t i cu la r  
computer vis ion,  t o  create more f l e x i b l e  robotic systems. Computer 
vision i s  often required t o  provide data  f o r  the  grasping of a 
t a rge t .  Using a vision system f o r  grasping of s t a t i c  or  moving objects 
presents several  issues with respect t o  sensing, control ,  and system 
configuration. This paper presents some of these issues in concept 
with the options available t o  t he  researcher and the  trade-offs t o  
be expected when integrating a vis ion system with a robotic system 
f o r  the  purpose of grasping objects. The paper includes a description 
of our experimental system and contains experimental r e s u l t s  from a 
par t icu la r  configuration tha t  characterize the type and frequency of 
e r rors  encountered vhi le  performing various vision-guided grasping 
tasks .  These error  classes and their frequency of occurrence lend 
insight in to  the  problems encountered during visual  grasping and into 
the possible solution of these problems. 

COSTEST 

Please check (S) the box nest to the content indicator -ou think corresponds to the test  
above. You can check more than one or none at all. 

Systems, Tracking 
Robots, Health care 

Content Indicators 
Robots, Service, Telexistence, Teleoperation, 
VR, Virtual Reality 
Control, Language, Robots 
Materials handling, Robotics, Sensors, 

1 Metrology, Photogrammetry, Robots 
I 

Match 

Please give o u r  score to the above test  according to the criteria specified in the instruction 
booklet. 

1 Your Score for the Test (0-5) : .......... 1 
- 

Please include here o u r  comments about the tes t  : 



The big-on-asbestos (BOA) system is  a mobile pipe-external robotic 
crawler used t o  remotely s t r i p  and bag asbestos-contaiaing lagging 
and insulation materials (ACLIM) from various diameter pipes i n  
(primarily) industr ia l  i n s t a l l a t i ons .  S t e m  and process lines vi thin  
the  Department of Energy (DoE) ueapons complex warrant t h e  use 
of a rernote device due t o  the high labor costs and high level of 
radioactive contamination, making manual removal extrernely costly and 
highly inef f ic ien t .  Currently targeted f a c i l i t i e s  f o r  demonstration 
and remediation are Fernald i n  Ohio and Oak Ridge i n  Tennessee. 

Please check (X) the box next to  the content indicator o u  think corresponds to the text 
above. You can check more than one or none at ail. 

1 Content Indicators 1 Match 1 
Language, Neural networks, Robots 
Asbestos. Insulation.  Robotics 

1 Robots, Service, Telexistence, ~eleoper&on,  1 1 
VR, Virtual Reality 
Robots, Health care 

- - 1 Control, Language, Robots 

Please give -Our score to the above tes t  according to  the criteria specified in the instruction 
booklet. 

r Your Score for the Test (0-5) : ....--.-.- 1 
Please include here O u r  cornments about the test : 



Telexistence (tele-existence) is technology vhich enables a hman 
being t o  have a r e a l  time sensation of being at a remote locat ion,  
while giving the  person t h e  a b i l i t y  t o  in te rac t  with t h e  remote and/or 
v i r t u a l  environments. He o r  she can " te lex is t "  ( te le-exis t )  i n  a 
real environment where t h e  robot e x i s t s  o r  i n  a v i r t u a l  environment 
t h a t  a cornputer has generated. It is a l so  possible t o  t e l e x i s t  i n  
a mixed environment of r e a l  and v i r t u a l ,  which is ca ï l ed  augmented 
te lex is tence .  The concept of t e lex is tence ,  i . e .  virtual existence 
i n  a remote o r  computer-generated environment, has developed i n to  a 
nat ional  M D  scheme ca l led  R-Cubed (Real-t ime Remote Robot i c s )  . Based 
on the scheme the National M D  Project  of "Humanoid and Human Friendly 
Robotics" , Humanoid Robotics Pro j e c t  (HRP) i n  short, vas launched 
i n  April  1998. This i s  an e f f o r t  t o  in tegrate  t e l e robo t i c s ,  network 
technoiogy and v i r t u a l  r e a l i t y  i n t o  networked t e l ex i s t ence .  

Please check (S) the box next to the content indicator you think corresponds to the text 
above. Ybu can check more than one or none at d l .  

1 Content Indicators 1 Match 1 
1 Robots, Service, Telexistence, Teleoperat ion,  1 1 
1 VR, V i r t u a l  Reali ty 1 1 
1 Robots, Health care 

1 

I l 
I 

Materials handling, Robotics, Sensors, 1 
Systems, Tracking 
Asbestos. Insula t ion . Robot i c s  

1 Robots, Welding, Automotive 

QC'ALITY 

Please gh-e ~ o u r  score to the above text according to the criteria specified in the instruction 
booklet. 

1 Eour Score for the Test (0-5) : .......... 1 
Please include here o u r  comments about the test  : 



ABSTRACT 31 : 
The McKibben muscle vas invented in the 1950s by the American atomic 
physicist joseph L. McKibben uith the aim of motorizing an arm 
orthics for the poliomyelitic daughter. The forgotten invention uas 
rediscovered in the 1980s by the Japanese pneumatic tyre manufacturer, 
bridgestone, who had remarked the similarity between the artificial 
muscle components and pneumatic tyre ones- Describes the McKibben 
muscle and analyses the performances of robot-arms driven by the 
artificial muscles. Shows the McKibben muscle, defined by the same 
parameters as the ones considered, performing an isotonic contraction. 
A basic controfler uas designed to test the robot including tvo 
levels : a point-to-point trapezodal velocity profile trajectory 
generator and a joint closed-loop control. Shows original use of 
mcKibben muscle 

Please check (X) the 
above. You can check 

as forearm and force change principle. 

COXTEKT 

box next to the content indicator o u  think corresponds to the test 
more than one or none at d l .  

1 Content Indicators 1 Match ] 
1 Robotics 1 1 
Materials handling , Robotics , Sensors, 
Systems, Tracking 
Control, Language, Robots 
Metroloav. Photo~rammetrv. Robots 

1 Calibration, Force sensing, Robots, Torque 1 1 
1 sensing I 

QLALITY 

Please gil-e your score to the above text according to the criteria specified in the instruction 
bookle t. 

[ \-ou Score for the Test (0-5) : .......... ] 
Please include here O u r  comments about the text : 



ABSTRICT 36 : 

Teleoperator slave - WAM design methodology between the master and 
slave. Independent roots of teleoperator masters and robot slaves 
Nov consider the design requirements of masters. 
Master-slave symmetry 
Tnie to the notions of master and slave, many teleoperator designs 
enforce motion obedience on the slave without any channel for 
force-torque feedback to the master. 
Figure 2 Single axis teleoperator with joint-torque-controllable slave 
illustrates this force-feedback symmetry for one axis. 
Improved methods for designing slaves 
Conventional robots retrofitted with force-torque sensors 
Bandw idt h 
Force fidelity joints. 
Borrowing elements from earlier master designs 
WAM innovations remove limitations of cable drives 
WAM design 
Figure 1 Telerobotic system. 
Figure 2 Single axis teleoperator with joint-torque-controllable 
slave. 
Figure 3 Simple mechanical 50 :1 power transmission. 

COXTEST 

Please check (S) the box nes t  to  the content indicator you think corresponds to the test 
above. You can check more than  one or none at all. 

1 Content Indicators 1 Match 1 
Robots, Welding, Automotive 
Calibration, Force sensing, Robots, Torque 
sensing 
Robots, Teleoperator 
Control , Language , Robots 
Materials handling, Robotics, Sensors, 
Systems, Tracking 

QLALITY 

Please give o u r  score to the above text according to  the criteria specified in the instruction 
booklet. 

F o u r  Score for the Test (0-5) : .......... 1 
Please include here O u r  comments about the test : 



PLEASE ISCLUDE HERE YOUR COh1:ME';TS ABOGT THIS Ev4LC'-4TIOS (YOU 
CAS PRO\?DE THE TIME IT SOOK YOU TO ACCOUPLISH THIS TASK) : 



Annexe J 

Abstracts Produced by SumUM 

We include for each document the abstract produced SumUM and the abstract pu- 
blished b -  the journal in that order. 1j7e also pro\-ide word counts for the document, author 
abstract and automatic abstract. 

A walk-through programmed robot for welding in shipyards. H. Xng Jr. Industrial Robot : An 
International Journal, Vol 26 Issue 5 Date 1999. 

Source Document: 5227 words 
-4uthor Abstract: 165 words (3.15%) 
SumUM: 119 Words (2.30%) 

Offline robot programrning systems therefore require an accurate description of the worli- 
pieces and layout of the enl-ironment. Describes the 1%-alk-through programming approach 
and the algorithms to enable walk-through motion capabilities in industrial robots. -4 new 
man-machine interface that includes custom designed teach pendants and Graphical Cser 
Interface vas  developed. The gantry was designed to accommodate the 12m x 12m panel size 
requirements in Keppel FELS, a shipyard in Singapore. The handle n-as designed for ease in 
teaching and no interference during weldiing. .A Graphical G e r  Interface was dei-eloped to 
facilitate the selection of the welding parameters. The software module of each subsystem 
includes exception handIing routines which ensure that the software will not be aborted ab- 
normally leaving the  system in an unknov-n state. 

-alternative approach, custorn, dynamic parameters, ease, industrial robots, main 
-pendant? massive gantry, motions, non-model-based approach, overall system. 
physical parameters, process parameters, robot, Robot teaching, robotic system, 
shipyards: dof robot, systems, typical panel, user, walk-through, welding parame- 
ters, welding systems 

Automating the welding process for the shipbuilding industry is very challenging and impor- 
tant, as this indus tn  relies heavily on quality ~ e l d s .  Conventional robotic welding systems 
are seldom used because the welding tasks in shipyards are characterised b -  non-standardised 
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workpieces which are large but maIl  in batch sizes. Furthemore, geometries and locations of 
the workpieces are uncertain. To tackle the problern, a Ship Welding Robot System (SWERS) 
has been developed for the relding process. The main features of the SUTEPIÇ include a spe- 
cial teaching procedure that allons the human user to teach the robot welding paths at a 
much easier and faster pace. In addition, operation of the system is made easier through a 
custom designed man-machine interface- Through this interface, only a few buttons need to 
be pressed to command the robot into different modes. Optimised welding parameters can 
be selected from a large database through a Graphical User Interface system. 

Climbing, walking and intervention robots. ha. Armada et al. Industrial Robot, Vol 24 Issue 
2 Date 1997. 

Source Document: 2691 words 
Author Abstract: 108 words (4.00%) 
SumUM: 95 Words (3.50%) 

The complex problem of inspection and maintenance of the steam generator in nuclear power 
plants was approached using previously gained expertise and, as a result, an innovative solu- 
tion was achieved with the developrnent of two ceoperative robots, rernotely controlled from 
a tele-operation station incorporating tele-presence. Out lines the developments carried out 
in robotic systems for hazardous environments in the department. Another interesting acti- 
vity was the realization, within the framework of a EUREKA project, of a tele-manipulator 
for servicing a new concept of urban infrastructures. Shows the RIMHO walking robot and 
concept of IUI (Industrializable urban infrastructures). 

IUI, RIMHO, climbing robot, control s ta t ion,  control systems, depar tment ,  dif- 
ferent robotic systems, industrial robots, infrastructures, inspection, known and 
best referenced hazardous environment: robots,  robotics system, subsequent main- 
tenance, systems, tele-presence, wheeled mobile robot,  whole control system 

Esplains ho\- the Automatic Control Department of the Institut0 de Automatica Industrial 
(CSIC) in Madrid. Spain has been developing robots for over 13 years. This activit- began 
in the 1980s with the realization of industrial robots and then the department focused its 
attention on the area of robots for hostile/hazardous environments. Describes several achie- 
vements in this field including a complex tele-operated system for stearn generator inspection 
and maintenance in nuclear power plants ; a tele-manipulator for servicing a new concept of 
urban infrastructures ; a self-propelling climbing robot with magnetic feet ; and a four-legged 
walking robot for hazardous environments. 

Robotic systern for collaborative control in minimally invasive surgery. Chris Bernard et al. 
Industrial Robot : -4n International Journal, Vol 26 Issue 6 Date 1999. 

Source Document: 3969 words 
Author Abstract: 131 words (3.30%) 



SumUM: 92 Words (2.30%) 

Surgery traditionail- involves making large incisions to get to the part of the patient that 
requires attention. It is therefore desirable to have a robotic system that can collaboratively 
.perform endoscopic procedures with the surgeon, specifically performing certain tasks auto- 
nomously to  reduce the strain on the surgeon, to remove the variability of surgeon's training 
level, and to  enhance the system efficiency by decreasing the operation tirne. Presents the 
design of a general-purpose computer controlled platforrn for minimally invasive surgery. The 
robotic tool contains two detachable portions. Shows block diagram for autonomous control. 

autonomous suture operation, control, delicate operations, gripping tool, invasive 
surgery, MIS operations, platform, surgeon, suture tool, suturing tool, system. 
tool, usual PID control 

Minimally invasive surgery (MIS) is a cost-effective alternative to the open surgery whereby 
essentially the same operations are performed using specialized instruments designed to fit 
into the body through several tiny punctures instead of one large incision. The EndoBots 
(Endoscopic Robots) described here are designed for collaborative operation between the 
surgeon and the robotic device. The surgeon can program the device to be operated com- 
pletely manuallc collaboratively where motion of the robotic device in certain directions 
is under cornputer control and in others under manual surgeon control, or autonomously 
where the cornplete device is under computer control. Furthermore, the robotic tools can be 
quickly changed from a robotic docking station. ailowing different robotic tools to be used 
in an operation. 

The Preci-Check fiezible rneasz~ring system. John Chevalier. Industrial Robot, Vo1 26 Issue 
2 Date 1999. 

Source Document: 1609 words 
Author Abstract: 20 nords (1.25%) 
SumUM: 18 Words (1.25%) 

Explains the interna1 design of the Preci-Check rneasuring system; and also discusses the 
colIaboration of hardware and software. 

Preci-Check, system, temperature compensation systems 

Describes the use of a robot as a measuring'system for checking the manufacturing tolerance 
of complex 3-D assemblies. 

Robotscript : the introduction of a universal robot programming language. John Lapham. 
Industrial Robot: Vol 26 Issue 1 Date 1999. 

Source Document: 3009 words 
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Author -4bstract: 140 words (4.65%) 
SumUM: 17 Wordç (1.00%) 

Shows the RobotScript program ; presents cornparison of Robot Language Syntax ; and also 
shows the universal robot controller. 

KAREL language, RobotScript, RobotScript program, computer language, com- 
puter programs, language, program, programming language, robot, robot lan- 
guage, robot programs, software programs 

The Aexibility of a robot -stem cornes from its ability to be programmed. How the robot 
is programmed is a main concern of al1 robot users. A good mechanical arm can be underu- 
tilized if it is too difficult t o  program. The introduction of the Universal Robot Controller 
(URC) has made the possibility of a standard, easy to use, robot programrning language 
a reality. The GRC is an open-architecture, PC-based robot controller- It will work with 
virtually any robot and gives the user increased flexibility and capabilities over the standard 
OEM controllers. The URC uses Windows KT as its operating system. The ERC is the 

- ideal platform for a universal robot programming language, RobotScript. It allows one robot 
- language to run al1 robots in a factory. 

Vision and force/torque sensing for calibration of industrial robots. Grier C.I. Lin. Industrial 
Robot, Vol 24 Issue 6 Date 1997. 

Source Document: 2650 words 
Xuthor -4bstract: 60 words (2.26%) 
SumUM: 77 Mords (2.90%) 

Presents a situation which needs calibration. The research aimed to develop a rnethodology 
which can calibrate the relative positioning inaccuracy on-line while the robot is carrying out 
the routine tasks without the need of mathematical models and complex off-line calibration 
procedures. Shows system hardware configuration for deriving major orientation errors with 
respect to the global CO-ordinate frame and fine motion training diagram; presents neural 
network for on-line error compensation ; and also illustrates the investigated example. 

example, methodology, models, orientation calibrations, proposed on-line cali- 
bration methodology 

Presents an on-line calibration methodology for robot relative positioning inaccuracy. This 
methodology eliminates the need for time-consuming off-line calibrations relying on accu- 
rate models and complicated procedures. To realize this methodology, a vision system, a 3D 
force/torque sensor, and control strategies involving Neural Networks (XXs) were incorpo- 
rated with an industrial robot. 

Approaches for  resolving dynamic IP addressing. Schubert Foo. Internet Research : Electro- 



nic Ketworking Applications and Policy, Vol 8 Issue 1 Date 1998. 

Source Document: 4161 words 
Author Abstract: 183 words (4.44%) 
SumUM: 58 Mords (1.40%) 

Proposes a number of methods to overcome the dynarnic IP addressing problern- It is conclu- 
ded that the dynamic Domain Narne System and the directory server look-up are the two 
best approaches for resolving d-mamie IP addressing. Shows IP address resolution using ex- 
change server and IP address resolution using directory service look-up; and also presents 
cornparison of online methods. 

Email address, Ekmail approach, IP, IP adàress, WWW approach, Approaches, 
awkward IP corresponding IP, current IP; directory servers, directory server 
look-up, directory service, directory service look-up approach, Domain Narne 
System, dynamic IP. dynamic Domain Name System, exchange, exchange ser- 
ver. fixed IP, general servers, mail server, methods, name servers, online method. 
P O P  server, problem, servers? services. telephone look-up server, unique address. 
various default mail systems 

Knosledge of the Internet Protocol (IP) address is essential for connection establishment 
in certain classes of synchronous distributed applications, such as Internet telephony and 
video-conferencing svsterns. -4 problem of dynarnic IP  addressing arises when the connection 
to  the Internet is through an Internet service provider, since the IP address is dynamically 
allocated only a t  connection time. Proposes anà draws a contrast betn-een a number of gene- 
ric methods that can be classified as online and offline methods for the resolution of dynamic 
IP addressing. OnIine methods, which include the Rorld IVide Web, eschange server and 
the dynamic Domain Same System, are only effective when both the caller and recipient 
are logged on to  the Internet. On the other hand, offline methods, which include electronic 
mailing and directory service look-up, provide an additionaI means to allow the caller to 
l e a ~ e  messages when the recipient is not logged on to the Internet. Of these methods. the 
dynamic Domain Same System and directoq- service look-up appear to be the best for re- 
soh-ing dynarnic IP  addressing. 

Characteriration of the laminated object rnanufacturing (LOM) process. Joon Park. Rapid 
Prototyping Journal, Vol 6 Issue 1 Date 2000. 

Source Document: 4725 words 
Author Abstract: 100 words (2.11%) 
SumUM: 80 Words (1.70%) 

Identifies in the study the key parameters of the LOM (The laminated object rnanufactu- 
ring) process, in terms of adequate bonding and cutting accuracy. The paper investigates 
the characteristics of the LOI1 process including an optirnization of key systern parameters. 
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the precision and accuracy of the LOM process, the dimensional stability of LOM parts, 
and the properties of LOM paper. The dimensional stability of LOM parts as a function of 
time m-as measured. Each part to be fabricated on LOM n-as designed using 1-DEAS software- 

LOM, LOM process, accuracy: compensation function, key process parameters, 
largest since dimensional stability, part, post treatment processes, precision, test 
parts, three-dimensional part 

Larninated object manufacturing (LOM) is a rapid prototyping process where a part is built 
sequentially from layers of paper. Studied in the present paper are the precision and accuraq- 
of the LOM process and the dimensional stability of LOM parts. The process was found to 
exhibit both constant and random sources of error in the part dimensions. The dimensional 
error riras the largest normal to the plane of the paper: exacerbated by the moisture absorp- 
tion and subsequent swelling. The key process parameters were identified and optimized for 
sufficient bonding and cutting accuracy. 

Experimental study of post-build cure of stereolithography polymers for injection molds. Jo- 
nathan Colton. Rapid Prototyping Journal, Vol 5 Issue 2 Date 1999. 

Source Document: 4622 words 
Author Abstract: 80 words (1.73%) 
SumUM: 118 Words (2.53%) 

\\-hile the use of stereolithography for producing test and small run molds has been well es- 
tablished, the life of the molds is lirnited. The parts were built. cleaned, and L X  post-cured. 
the hardness was measured. Presents then the results. The DSC (Calorimeter) tests indicate 
a difference in the degree of cure between the inside material and the outside material of ste- 
reolithography samples. The results indicate that the surface hardness increases n-ith tirne. 
and that after two days. al1 of the parts reach the same hardness. The test also showed that 
for the resins tested, there were no significant differences in the degree of cure. The DSC 
scan of the sample is shown. Presents cure behavior of stereolithography polymers. 

DSC tests, SLA material, UV post-cured, cure, cured parts hardness: inside and 
the outside material? inside materiai isothermd test, liquid resin, material, ma- 
terial degradation tests, molds, outside, outside material, parts, results, Sampleso 
spectroscopy results, stereolithography, steredithography material? test 

X cornmon procedure for processing stereolithography epoxy injection molds includes a one 
hour post-cure in a UV chamber. This research investigates the degree of cure achieved in the 
UV chamber and the degree of cure achieved by heating in a thermal oven. It  is hypothesized 
that a more fully cured mold is harder and hence will produce more parts before failure. This 
research invest igates various post-cure processes and suggests a post-cure st rategv t O achieve 
this end. 



GENERIS : the EC-JRG generalised software control system for industrial robots. Emilio 
Ruiz Morales. Industrial Robot, Vol 26 Issue 1 Date 1999. 

Source Document: 2674 words 
Author Abstract: 96 words (3.60%) 
SumUM: 28 Words (1.04%) 

GENERIS has a multi-machine architecture that facilitates the manufacturing process control 
of a real workshop containing several robots, auxiliary devices and process sensor systems. 
Shows GEXERIS functional mode]. 

ABB-SPEEDY robot, CREAIAMADA EUROSCARA robot, GENERIS, Vx- 
Works operating system, multi-machine, real-time operating system, robots, SMART 
SZCOMAU robot, software systems, system 

This paper presents an oven-iew of the main features of GESERIS, a generalised software 
control system for industrial r0bot.s de\-eloped by the EC-JRC and financed by the EC- 
DGSIII-Dl. After an introduction reporting the project h i s t oe  and its current development 
and exploitation state, the author analyses the required capability and quality attributes for 
a modern motion control system for robotics workshops and how GESERIS matches them. 
Thereafter, the GEXERIS system capabilities and distributed architecture are described- 
The author concludes n-ith the product organisation and the current and planned develop- 
ment activities. 

High speed arc welding. Seigo Nishikawa et al. Industrial Robot : An International Journal, 
Vol 26 Issue 5 Date 1999 

Source Document: 1674 words 
Author Abstract: 49 n-ords (2.92%) 
SumUM: 41 l'iords (2.45%) 

Enhanced seno  motor technology through reduced size and weight and increased torque 
performance is now being incorporated within arc welding robots. Welding \vas implernented 
in the past by controlling the ureld current during short-circuiting. Shows high speed arc 
welding technology and Servotorch. 

feed speed, heavy current, heavy welding current, high speed, high-speed arc, 
new arc, robots, stable arc, weld, welding current 

By implementing a high-speed welding system with a new arc welding robot, researchers 
have far exceeded current welding speeds. The heat u-arp of the work piece and adhesion of 
spatter onto the workpiece has been decreased, reducing the cycle tirne, and total heat input. 

@ Issues and ezperimental results in vision-guided robotic grasping of statie or noving objects. 
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a Nikolaos Papanikolopoulos et al. Industrial Robot, Vol 25 Issue 2 Date 1998. 

Source Document: 361 1 words 
Xuthor Abstract: 155 words (4.3%) 
SumUM: 88 Words (2.43%) 

Highlights the design choices the authors have made while developing a vision-guided gras- 
ping system, driven in part by the goal of high success rate grasping; presents the results 
from three sets of random object placement experiments that emphasize failure analysis in 
order to improve the systerns performance and an overview of the work related to vision- 
guided grasping and the design decisions researchers made when addressing sensor system 
and robot system issues ; and also reports the unresolved issues related to vision-based gras- 
ping in general and the system in particular. The desired control input was calculated. 

64 experiments, MRVT system, basic design issues, canonical stereo system, 
control, experiments, good grasping system, grasping systems, Issues, monocular 
system, open-loop control, promising results, proposed systems, revised grasping 
system, robotic system, second set, stereo systems, system, vision system. vision- 
guided grasping system 

Many research efforts have turned to sensing. and in particular computer vision, to create 
more flexible robotic systems. Computer 1-ision is often required to provide data for the 
grasping of a target. Csing a vision system for grasping of static or moving objects presents 
several issues n-ith respect to sensing, control: and system configuration. This paper pre- 
sents some of these issues in concept n-ith the options available to the researcher and the 
trade-offs to be espected when integrating a vision system with a robotic system for the 
purpose of grasping objects. The paper includes a description of our experimental systern 
and contains experimental results from a particular configuration that characterize the type 
and frequency of errors encountered while performing various vision-guided grasping tasks. 
These error classes and their frequency of occurrence lend insight into the problems encoun- 
tered during visual grasping and into the possible solution of these problems. 

The AfcKibben muscle and its use in actuating robot-arms showing similarèties with human 
a m  behaviour. Bertrand Tondu et al. Industrial Robot, Vol 24 Issue 6 Date 1997. 

Source Document: 3020 words 
Author Abstract: 105 words (3.47%) 
SumUM: 148 Words (4.90%) 

The McKibben muscle \vas invented in the 1950s by the -4merican atomic physicist Joseph 
L. McKibben with the aim of motorizing an arm orthics for the poliomyelitic daughter. The 
forgotten invention was rediscovered in the 1980s by the Japanese pneumatic tyre manufactu- 
rer, Bridgestone, who had remarked the sirnilaritu between the artificial muscle components e and pneumatic tyre ones. Çince then other research tearns have developed McKibben muscle 



replicas n-hich took different names : " Braided artincial muscles" , " Digit. muscle" , " Pneuma- 
tic muscle" . Describes the McKibben muscle and analyses the performances of robot-arms 
driven by the artificid muscles- A two d.0.f. robot actuated by McKibben muscles was desi- 
-gned to assess closed-loop control performances of the hlcKibben muscle actuator. A basic 
controller n-as designed to test the robot including two levels : a point-to-point trapezodal 

-velocity profile trajectory generator and a joint closed-loop control. Shows original use of 
McKibben muscle as forearm and force change principle. 

McKibben muscle, McKibben muscle replicas, high ratios maximum force, hu- 
man arm, muscles, muscle maximum force, one adopted by Bridgestone robots. 
principle, robot, true artificial muscle, Typical McKibben muscle, use 

Describes the McKibben muscle and its major properties. Outlines the analogy between this 
artificial muscle and the skeletal muscle. Describes the actuator composed of two McKibben 
muscles set into antagonism based on the mode1 of the biceps-triceps system, and explains 
its natural compliance in a n a l o e  with our joint Iitheness. Reports some control experiments 
developed on a two d.0.f. robot actuated by McKibben muscles which emphasize the ability 
of these robot-arms to move in contact with their environment as well as moving loads of 
high ratio to the robot's on-n n-eight. Also outlines control difficulties and accuracy limita- 
tions and discusses applications. 

An overview of catalog design problems in resource discovery. Andrew Goodchild. Internet 
Research : Electronic Setworking -4pplications and Policy Vol 6 Issue 1 Date 1996. 

Source Document: 622s words 
.Author Abstract: 134 words (2.15%) 
SumUM: 160 \lords (2.56%) 

Takes a user centric approach to the design of the advertisement broker. The components 
were built using well understood technology : Web brou-ser for a user interface, HTTP and 
RPC for communication between components, and a relational database as a repository for 
the catalog. Work \vas completed to satisfaction the authors can now look more deeply at 
the problem of advertising structured database services. A criticism of the resource discover- 
field is that it is driven by computing researchers who are focussed on narrow technical issues 

-and tend to ignore existing knowledge about user search behavior. It demonstrates the base- 
-1ine services a catalog should offer, and gives researchers an idea as to where noire1 extensions 
can be added. Covers descriptions in surrogates and development of resource discover)- tools. 
Shows architecture. 

W interface, Advertisements, advertisement broker, catalog, database tech- 
nology, effective surrogate, employee database, hand crafted surrogates, perfect 
surrogate, resources, Resource discovery research studies tools, Resource disco- 
very tools, services: Surrogates, Systems researchers - technology, tools, users. 
user interface, Web, Web technology 
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Discusses some of the problems designers face in building catalogs in large networks and 
relates them back to the resource discovery problem. Currently many catalogs tend to be 
built in an ad hoc fashion - which leads to a great variety in the quality of publicly acces 
sible networlc catalogs. Furthemore, the research surrounding these catalogs tends to focus 
on narrow technical issues - resulting in ditficult-teuse catalogs. Addresses this problem by 
providing a usability framework based on the library science and human computer interac- 
tion Iiterature, and demonstrates some of those pnnciples via an example of a prototype. 
Results are interesting to resource discovery tool developers in that a framework for unders 
tanding the general resource discovery problem is provided and some techniques for dealing 
ni t  h those problems are presented. 

The NASA Technical Report Semer. Michael L. hjelson et al. Intemet Research, Vol O5 Issue 
2 Date 1995. 

Source Document: 5194 words 
-4uthor Abstract: 81 words (1.55%) 
SumUM: 88 Words (1.70%) 

The Sational Aeronautics and Space -k t  of 1958 established the Y s t i c d  Ae:c=,xtir,s and 
Space Administration and charged it to  " provide for the widest practicable and appropriate 
dissemination of information concerning ... the actil-ities and the results thereof' . The goal 
of STRS (Technical Report Sen-er) is to pro\-ide "one-stopshopping" for XAS-1 (Space 
Administration) technical publications. The results of the other projects ni11 be included in 
NTRÇ when the? are available. Shows STRS through SCSA (Supercomputing Applications) 
&Iosaic for the X IYindow System and a formatted abstract. 

NASA: NTRS? NTRS page, NTRS home page, NTRS information. NTRS 
page: abstract, abstract semer? casual cornputer users, field searches, freely avai- 
lable and highly popular NCSA Mosaic, information system. interface. most ob- 
vious is t h a t  NTRS, publication, systems, Technical Report server, uniquely ex- 
tensible Mosaic 

The Xational Aeronautics and Space -4ct of 1958 established the Sational Aeronautics and 
Space Administration (';ASA) and charged it  to "provide for the widest practicable and ap- 
propriate dissemination of information concerning ... its activities and the results thereof'. 
The search for innovative methods to distribute x-4SXs information led a grassroots team 
to create the KASA Technical Report Server (XTRS), which uses the World Wide Web and 
other popular Internet-baçed information systems. 

Flexible giippers for mechanical assembly. J.P. Baartman. Industrial Robot, Vol 21 Issue 1 
Date 1994. 

Source Document: 3430 words 



Author Abstract: 109 words (3.17%) 

a SurnUM: 48 Words (1.40%) 

Presents the development of one such gripper, the 234gripper. The goal of the project is to 
obtain a reliable, working demonstration-system of a flexible assembly ce11 that is capable 
of assembling industrial products. The research aims a t  the following aspects : The gripper 
will be integrated in the DIAC (Delft Intelligent Assembly Cell) assembly cell. Covers a 
description of the operations. 

DIAC, applicable grippers, Flexible grippers, generic industrial gripper, gripper. 
grippers, main controller grasps, stable grasp 

Descnbes current research work into the development of a three finger industrial gripper sui- 
table for flexible assembly m r k .  Outlines the key aspects of building and programming the 
gripper and ways of simplif?ing its control with local computing and looks at  the interaction 
betu-een product design. gripper properties and assembly process. Concludes that a generic 
industrial gripper has been built. that is as fast as a normal gripper and which is able to 
grasp =ore part shapes more stabls Programming of the gripper is partly automated to 
provide flesibility t o  the assembly process. Further research work is being carried out on the 
project . 

Adaptive welding for shzpyards. C.R. Ferguson J r  et al. Industrial Robot: Vol 24 Issue 5 Date 
1997. 

Source Document: 4360 words 
Author Abstract: 106 words (2.43%) 
SumUM: 113 \lords (3.28%) 

For automation to be  effective and enhance the competitiveness of a CS shipyard the  welding 
process requires sensor, processing of the sensor data, and adaptive control of the n-elding 
process. P-4117S ( the programmable automated welding systern) \vas designed to provide an 
automated means of planning, controlling, and performing critical welding operations for 
irnproving productivity and quality. The systern uTas designed specifically to support shi- 
pyard welding applications and the basic functionality in OLf  can be customized to  support 
specified models of PA\tTS. The motion for a feature wTas planned, the macro can be used to 
plan the motion for identical features which are in other positions on the part. 

B&W CIM Systems, OLP, VME-based robot controller, adept controller, control- 
ler, Conventional systems, conventional technology, feature, open architecture 
controller, operations, PAWS, PAWS controller, PAWS system, PAWS vision sys- 
tem, process, robots, robot motions, shipyards, simulation features, solid models, 
systern, technologies, Total control. unique features: vision system, weld, welding 
process 
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Reports on an aggressive project to develop an advanced: automated welding system, being 
completed at Babcock & Wilcox, CIhf Systems. This system, the programmable automated 
welding -stem (PAWS), involves the integration of both planning and control technologies 
to  address the needs of small batch robotic welding operations. P-4WS is specifically designed 
to provide an automated rneans of planning, controlling, and evaluating critical u-elding si- 
tuations in shipyard environments to improve productivity and quality. Five mrieties (wall, 
lathe, floor mount, cantilevered, and gmtry) of PAWS welding systems currently exist. 

Designing for human-robot symbiosis. D.M. Wilkes et al. Industrial Robot, Vol 26 Issue 1 
Date 1999- 

Source Document: 4624 words 
Author Abstract: 192 words (4.15%) 
SumUM: 82 Words (1.77%) 

Presents the views on the development of intelligent interactive service robots. The authors 
have continually observed that a key research issue in service robotics is the integration 
of humans into the system. Describes HuDL (local autonomy) in greater detail; discusses 

-system integration and the ISIA (the intelligent machine architecture) : and also gives an 
example implernentation. Covers the evolution of a robot from a system with limited abi- 
lities and redundant implementation of common system elements. Shows technologies and 
basic behai-ior systern for ISAC. 

HuDL, IMA, ISAC, aid systems, common system elements, development . ele- 
ments, holonic manufacturing system, human, issue, key issue, local autonomy. 
robot, second issue, service robots, service robotics: system, Technologies 

For the past ten years: the Intelligent Robotics Laboratory (IRL) a t  Vanderbilt University 
has been developing service robots that interact naturally, closely and safely with human 
beings. Two main issues for research ha\-e arisen from this prior work. The first is how to 
achieve a high level of interaction between the human and robot. The result has been the 
philosophy of human directed local autonomy (HuDL), a guiding principle for research, de- 
sign, and implementation of sen-ice robots. The human-robot relationship we seek to achieve 
is symbiotic in the sense that both the human and the robot work together to achieve goals. 
for example as aids to  the elderly or disabled. The second issue is the general problem of 
system integration, with a specific focus on integrating humans into the service robotic sys- 
tem. This issue has led to the development of the Intelligent Machine Architecture (IL1.4)~ 
a novel software architecture specifically designed to simplify the integration of the man- 
diverse algorithms, sensors, and actuators necessaqr for intelligent interactive service robots. 

Robotics for meut processing - from research to  commercialisation. R.G. Templer. Industrial 
Robot : An International Journal, Vol 26 Issue 4 Date 1999. 

Source Document: 2225 words 



Author Abstract: 199 words (8.94%) 

m SumUM: 71 Words (3.19%) 

Previous equipment used on the slaughterboard and in the boning room has been primarily 
"hard" automation - specialised automated equipment that has been specifically designed 
t o  perform one task, wïthin narrowly defined parameters. Describes the features of the meat 
processing robot, specific tasks the authors have automated on the Iamb slaughterline, in the 
Iamb boning room, and in automating beef processing. Al1 technology is patented nationally 
and internationally by Industrial Research Limited and Meat Xew Zealand. Shows the cut 
and the commercial robotic Y-cutting system. 

Y-cutting, Y-cutting system, beef processing commercial systems, first task, Flexible 
automation, forceqeedback control system, Industrial Research, inverted dressing 
system, lamb, machine vision technology, meat processing? pelt removal task, ro- 
bot, robotic primal handling system, room tasks, system, technologies, robots  

Over the last five years nTe have successfully researched, designed. developed and commer- 
cialised t he  world's first Iamb and sheep dressing robots. Two have already been sold to 
commercial concems. This has caused a paradigm shift in the way automation in meat pro- 
cessing can be viewed. In this paper we describe the lessons we have learned in robotiî 
automation via projects in Y-cutting, ripdown, brisket clearing, opening cuts, handling of 
primal cuts and packing bagged meat pieces for Iamb and sheep meat. Ail of these projects 
have been, or are about to be, trialed in operating plants processing export quality rneat. 
These projects have involved the development of a programmable robot suitable for wash- 
d o m  environments. and of tooling to conduct specific dressing and handling tasks. Latest 
projects are applying this approach to automating certain beef processing tasks, and a beef 
processing robot bas been constructed and is being installed for trials in an operating plant. 
The technology behind the robots is described and iliustrated in our paper. Also described 
are the methods ive used to ensure commercialisation \vas an economic success. 

Design and implementation of a n  aided fruit-harvesting robot (Agribot). R. Ceres. Industrial 
Robot, Vol 25 Issue 5 Date 1998. 

Source Document: 4978 words 
Author Abstract: 115 words (2.31%) 
SumUM: 169 Words (3.40%) 

Taking into account the extreme complesity of the problems related to the environment and 
the limitations of the current approaches, the implementation of a fully automatic and real 
time solution for this task seems far away Robotics approaches have been applied since the 
late 1970s w-ith more and more advanced devices and strategies. The harvester has been 
tested in laboratory conditions : tests are described and results are given together with 
some conclusions of the work. Presents the mechanical and electronic design of the robot 
harvester including al1 subsysterns, nameiy, fruit localisation module, harvesting arm and 
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gripper-cutter as well as the integration of subsystems. Strategies, such as centering the fruit 
in the image during the approximation movements toward the fruit, or stereoscopic vision 
with triangulation techniques from the matching of the images from two cameras for fruit 
location were implemented. Shows configuration of the robotic fruit harvester Agribot and 
schematic view of the detaching tool. 

Agribot, Design, detaching cycle time, detaching operation, different modules, 
fruits, fruit localisation module, grasping operation, harvesting arm, modules, 
presented work, Robots, subsystems, work 

This work presents a robot prototype designed and built for a nea. aided fruit-harvesting 
strategy in highly unstructured environments, invohing human-machine task distribution. 
The operator drives the robotic harvester and performs the detection of fruits by means of 
a laser range-finder, the computer pexforms the precise location of the fruits, cornputes ade- 
quate picking sequences and controls the motion of al1 the mechanical components (picking 
arm and gripper-cutter). Throughout this aork, the specific design of every module of the 
robotized fruit hanlester is presented. The harvester has been built and laboratory tests with 
artificial trees were conducted to  check range-finder's localization accuracy and dependence 
on esternal conditions, han-esting arm's velocitc positioning accuracy and repeatability ; and 
gripper-cut t er performance. Results show excellent range-finder and harvesting arrn opera- 
tion, rhi le  a bottleneck is detected in gripper-cutter performance. Some figures showing 
owrall performance are given. 

Application Performance o n  t h e  MIT Alevlife Il/lachine. Frederic T .  Chong. CO'IIPLTER 
\,ol. 29, So.  12  : DECEIIBER 1996. 

Source Document: 2696 n-ords 
Author Abstract: 23 words (1.00%) 
SumUM: 56 IVords (2.07%) 

Presents the performance of 11 applications on the Alewife machine, including both coarse- 
and fine-grain applications ; and also shon-s that -4lewife provides excellent communication 
rnechanisms for fine-grain applications, even without data reuse. Presents correlation of ap- 
plication rank for each metric relative to processor utilization ; and also shows load balance 
for four applications and cornparison of ICCG. 

Alewife, Alewife machine: ICCG, applications, Application Performance, load ba- 
lance, memory applications, memory machines. poor utilization, real scientific 
data, reasonable performance 

We explore the performance of 14 applications on the Alen-ife machine, introducing tu-O new 
performance metrics weighted cache-hit ratio and weighted computation granularit?: 

Facilitating designer-customer communica t ion  in the Nrorld W i d e  Web. T .  Tuikka et al. In- 



a ternet Research : Electronic Xetworking Applications and Policy, Vol 8 Issue 5 Date 1998. 

Source Document: 3967 words 
-4uthor Abstract: 143 words (3.60%) 
SumUM: 176 Words (4.44%) 

Virtual prototyping is a technique which has been suggested for use in, for example, te- 
lecornmunication product development as a high-end technology to achieve a quick digital 
mode1 that could be used in the same way as a r e d  prototype. Presents the design rationale 
of WebShaman; starting from the concept design perspective by introducing a set of requi- 
rements to support communication via a concept model between industrial designer and a 
customer. In the paper, the authors suggest that virtual prototyping in collaboratiw use bet- 
ween designers is a potential technique to  facilitate design and alleviate the probiems created 
y geographical distance and complexities in work between diEerent parties. The technique. 
n-hich has been implemented in the VRP project, allows cornponent level manipulation of a 
Grtual prototype in a 1 9 W W  (World Wide Web) browser. The user services, the software 
architecture, and the techniques of WebShaman have been developed iteratively during the 
fieldwork in order to illustrate the ideas and the feasibility of the system. The sen7er is not 
much different from the other servers constructed to support synchronous collaboration. 

3D model, Internet technology, VIRPI project, VRML 2.0 rnodel, W, WWW 
techniques, WebShaman, CAD systems, concept, conceptual model, customers. 
designers, models, object-oriented model, product, product concept, product de- 
sign, requirements. server, simulation model, Smart virtual prototypes, smart 
virtual prototyping techniques, software components, systems, technique. tech- 
nology, use, Virtual components, virtual prototype, virtual prototype interface 
model, virtual prototype system, virtual prototyping, work 

Introduces a way to design geographically distributed virtual prototyping, a new Internet 
technolog?: in order to facilitate designer-custorner communication in the product develop 
ment of small electronic devices: such as mobile telephones. First? we will present our research 
in the concept design domain with a set of requirements focusing on communication between 
the designer and the customer. Second, a technique called %mart virtual prototyping" wi11 
be presented to  elaborate on the virtual prototyping techniques to be used over the World 
Wide Web. Third, we d l  present the main ideas, architecture and selected software tech- 
niques of WebShaman, which is an application built to demonstrate how a distributed virtual 
prototyping system could support geographically distant designer-customer communication. 
Finally, we discuss the possible impact of the distributed virtual prototyping approach on 
the W W I V  community. 

A client-side Web agent for document categorization. Daniel Boley et al. Internet Research : 
Electronic Setworking Applications and Policc 101 8 Issue 5 Date 1998. 

Source Document: 5392 words 
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-4uthor Abstract: 118 words (2.18%) 
SumUM: 106 Words (1.96%) 

Describes the overall architecture of WebACE, an agent for document categorization and 
exploration that operates on Web documents; and also explores the performance of the 
agent as an integrated and fully automated system, comparing the relative merits of various 
algorithms for clustering, query generation, and document filtering, when used as the key 
components for this agent. The main components of the agent were implemented by using a 
proxy server, enough to create a single-user client-side server prototype capable of clustering 
documents retrieved by the user. The authors then know that the new incoming document 
is most closely related to the paper already in that cluster. Presents implementation. 

PDDP cluster, WebACE, W e b A C E  agent, proxy server, agent, clusters, docu- 
ments, leaf clusters, local proxy server: new documents,  novel algorithms, com- 
ponents, proxy server, relevant documents 

The authors propose a client-side agent for exploring and categorizing documents on the 
Korld Wide Web. -4s the user browses the Web using a usud Web browser, this agent is 
designed to aid the user by classi&ing the documents the user finds most interesting into 
clusters. The agent carries out the task completely autornatically and autonomousl'; !vit h 
as little user intervention as the user desires. The principal novel components in this agent 
that make it possible are a scalable hierarchical clustering algorithm and a taxonomic label 
generator- In this paper, the overall architecture of this agent is described and the details of 
the algorit hms within its key components are discussed. 




