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conditionne d'une maniére certaine les
performances du systéme. Ceci a été vérifié
pour le cas des consonnes glottales et
vélaires. Notons que les sous-réseaux mis
en jeu dans notre systtme sont optimisés
séparément et la solution globale est sous-
optimale. Cet état de fait compensé par la
simplicité de la tache exigée des sous-

réseaux. L'approche proposée affinée (en

incluant des réseaux par genre de
locuteur, un réseau de Boisement,
architecture parallele, etc ..) peut
servir comme systtme d'appoint a
d'autres techniques complémentaires,
performantes dans la normalisation

temporelle telles que les HMM.
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maniére que pour le trait de Gémination, une
amélioration de ce score est attendue en
incluant dans les versions futures du
systeme, des indices acoustiques a mémes
d’améliorer les performances des sous-

réseaux.

5. Conclusions et perspectives

Nous avons présenté les résultats
d'identification des macro-classes de l'arabe
par un systéme ayant une stratégie de
reconnaissance basée sur une structure
hiérarchisée de sous-réseaux de neurones
stat de fait est compensé par la simplicité
auxquels on a alloue des taches de
discrimination binaire (€ & la macro- classe
ou¢ a la macro-classe). Notre souci majeur
dans la conception d'un tel Systeme étant la
simplicité des réseaux la facilité de leur
apprentissage et la souplesse d'utilisation.
La base de données est certes trés réduite
mais elle est suffisante Pour le Propos de cet

article.

Nos expérimentations ont posé dans
le cas de la langue arabe le Probleme
V'aptitude des systemes (tout) automatiques
de classification (aveugle) a déceler des traits
aussi subtils que la gémination, l'emphase et

I'allongement pertinent des voyelles. Au

regard des résultats obtenus, nous
pouvons conclure que dans la
detection de traits Phonétiques (fins)
tels que la durée Phonologique
(voyelles longues et gémination)
I'approche doit étre perfectionnée. Par
contre, lorsqu'une discrimination
grossiere est sollicitée (discrimination
des macro-classes), les réseaux
connexionnistes bien adaptés. Un
compromis consiste peut étre, a
utiliser les méthodes connexionnistes
en injectant a l'entrée non pas des
données brutes mais en incluant des
connaissances a priori sur les formes a
classifier. Nos réseaux de PMC s’y
prétent, grace a leur structure trés
souple qui Permet d'ajouter des
informations de nature différente a
l'entrée. Les critiques que l'on peut
porter sur notre systeme sont celles
inhérentes aux méthodes
connexionnistes en général. Celles-ci
se heurtent au probléme de passage
d'un espace qui a subit des distorsions
temporelles a un espace discret de
symboles. I s'agit d'un double
probleme de classification et de

segmentation. Cette  derniere
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la baisse de la transition de F2 de la voyelle

précédente et suivante.

Le taux de détection correcte est de
73% . Notons la défaillance totale du systeme
dans lidentification de ce trait pour la
consonne /d/. L'explication n'est pas dans
une difficulté inhérente aux propriétés
.acoustiques de la consonne, mais plutot
dans la capacité des locuteurs a la prononcer
correctement. En effet. dans un contexte
VCV, il est tres difficile de garder le caractere
emphatique de /d/ et le plus souvent c'est

son opposé par ce trait, /d/ qui est réalisée? .

4.2  Détection de la gémination et de la
durée phonologique

Concernant la durée phonologique,
double probléme se pose en reconnaissance
automatique de l'arabe : Il faut déceler les
phonémes allongés tout en s'assurant que ce
prolongement est pertinent c'est a dire en le
distinguant des allongements dus au débit
d'élocution, & un accent particulier du
locuteur etc.... par exemple, les deux mots
/jamal/ (chameau) et /jamaal/ (beauté) ne
different que par l'allongement de la voyelle
finale. On exige du systtme de
reconnaissance de déceler les 2 voyelles sans

altérer la propriété temporelle. Un

alignement temporel, au contraire,
pénaliserait cette détection.

Quant a la gémination, nous
avons montré, confirmant les théses
de Bonnot [2], de Jackobson [5] et de
&  Selouani [1] et

contrairement a 1'école traditionaliste

Boudraa

des  grammairiens arabes qui
considére que le trait de gémination
est un simple dédoublement de la
consonne, que l'indice tendu/lache
peut déceler ce trait. Ceci a permis
d'ailleurs, au systtme a base de
connaissances (SARPM que nous
avons développé en [8][9], d'opérer
une discrimination géminée-simple
d'une maniére satisfaisante.  Par
contre, le  systtme  neuronal
hiérarchisé s'est avéré quelque peu
défaillant avec un taux de 56%. Nous
pensons améliorer ce taux en intégrant
un ° parameétre quantifiant 1'indice
tendu-lache. Lic méme probléme s'est
posé dans la détermination du trait de
durée pour les voyelles. Cette tache
est réalisée au moyen d'un sous-
réseau spécialisé qui est initié par le

réseau supérieur des voyelles. Le taux

obtenu avoisine les 58 %. De la méme

2 . . . . P . . . .
déformation qui est d'ailleurs caractéristique de I'accent régional algérois.
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le  corpus  général  déséquilibrerait
phonétiquement celui-ci). Le nombre de
(fricatives et

consonnes emphatiques

plosives) testé est de 84.

Pour les plosives et particuliérement / ?/
et /q/ des scores médiocres ont été réalisés.
Pour les fricatives ce sont les fricatives arriéres
(h/, /h /, /8/, /€/) qui posent le plus de
problémes. Leur bri¢veté et leur sensibilité au
débit (effet de coarticulation) font qu'elles sont
le plus souvent fondues dans le contexte
vocalique. Les logatomes VCV constituent un
matériau défavorable pour l'apprentissage de
ce type de fricatives car le pourcentage
d'omissions est tres élevé. 11 faut également,
comme c'est le pour certaines plosives
(glottales et vélaires), attacher la plus grande
importance a la segmentation aux phases

d'apprentissage et de test.

Les nasalité est détectée en moyenne
dans 72 % des cas. Les cas de mauvaise
détection sont dans beaucoup de cas dus aux
niveaux précédents. Les scores moyens
obtenus individuellement sur chacun des six
locuteurs pour les différentes macro-classes
sont donnés en figure 5. Il est également
possible d'affiner la détection de macro-

classe en ajoutant pour les consonnes, un

sous-réseau  spécialisé dans la

détection du voisement.

100 1 Ovoyelles
80 - i 0 fricatives
60 - M plosives
40 - W nasales
20 Oliquides

o JUIITIMI |/ IEL]
\d-&\ \&é\' \cf'& \0& \&9 \°S,

Figure 5. Résultats de classification par

locuteur des sous-réseaux spécialisés.

4.1 Détection de l'emphase

L'emphase est un trait
phonétique caractérisant 4 consonnes,
2 plosives : /t/,/d/ et 2 fricatives :
18/, /8/)-

Ces consonnes sont articulées
dans la partie antérieure de la cavité
buccale, la racine de la langue est
reportée en arriére contre la parois
pharyngale  postérieure et un
creusement de la langue est observé.
Acoustiquement, elles se caractérisent

par l'élévation de la transition de FI et
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spécialisés dans la détection des traits
phonétiques d'emphase et de gémination
sont adjoints dans la perspective de mesurer
l'aptitude des réseaux neuromimétiques a
déceler ce type de traits phonétiques (trés
subtils) spécifiques a la langue arabe.
L'architecture de ces 2 sous-réseaux est

analogue a celle des plosives (27-40-2).

4, Résultats et commentaires

L'originalité de la phonétique arabe se
fonde, pour une grande partie sur la
pertinence de la durée dans le systéme
vocalique et sur la présence de consonnes
emphatiques.  Une autre caractéristique
déterminante est la gémination. Cellei joue
un réle fondamental dans le développement
morphologique nominal et verbal. Ces
aspects particuliers focaliseront notre intérét

dans la comparaison des deux systémes

d'identification des macro-classes.

Le corpus de test a été prononcé
I'apprentissage et a la validation croisée. Les
stimuli sont constitués de 40 occurrences
VCV et de 20 phrases (Arabe standard) ou
les fréquences d'apparition des phonemes,

sont respectées [7]. Le test concerne : les 14-

fricatives :

I G 13 I AE I d Aol Il od Adoald ol d A
/e

soit respectivement en AP?: /f/, /s/,
/s/Jz).nf. /o), (11,181, 1% 1. 18/,
18/, /v/./€/./3/

- les8 plosives:
leld 3ol sal d Al A d S dal ] A

- soit respectivement en API:

TP TR YA VL TA T

- les2liquides: /LJ/ ; /r,./ ;

- les2nasales: /n,of ; /me/ ;

- les 3 voyelles bréves: /a/, /u/, /i/;

- les 3 voyelles longues :/aa/, /uu/, /ii/.

Au total, le test a porté sur 852
voyelles, 384 fricatives, 248 plosives,
164 nasales et 168 liquides.

Les semi-voyelles sont assimilées

aux voyelles correspondantes.

Une suite supplémentaire de
108 occurrences VCV dont la
consonne est une fricative géminée a
été testée. Le choix de tenter la

détection de la  gémination

.indépendamment des autres

consonnes est délibéré, dans la mesure
ot phonétiquement il n'existe pas de

consonnes géminées (les utiliser dans
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compétence les réseaux parait moins
contraignante.  Cependant, dans le cas
particulier de la langue arabe, des argument
plaident au contraire pour la structure que
nous avons adoptée. Ces arguments sont les

suivants :

Q les fricatives représentent a elles seules

50 % du systéme consonantique arabe ;

O les plosives se réalisent dans des lieux

d'articulation  dispersés  (uvulaire,

glottale, ~ véla‘re  alvéolaires, et
bilabiale). 1l n'existe pas de /p/ ni de

/g/ enarabe;

O il n'existe pas de voyelles nasales. Si
une nasalité est rencontrée, elle ne
peut étre que la réalisation d'une

consonne nasale ;

O les classes situées dans les bas niveaux
(liquides et nasales) contiennent peu

d'éléments (2 liquides, 2 nasales).

Ainsi, les tiches dévolues aux niveaux
supérieurs sont caractérisées par 3 aspects
importants qui justifient leur position dans le
systtme de test (cf figure 4) et qui
minimisent la pénalisation des niveaux

inférieurs, ce sont :

O Les fréquences d'apparition des
macro-classes lors de I'élocution
(a4 eux seuls les 2 premiers
niveaux :voyelles et fricatives
traitent environ 90 “ des cas,

1’élocution)

QO la simplicit¢ de leur tiche de
discrimination car les cas traités
sont dispersés dans le lieu
d'articulation (pour les fricatives

et les plosives)

0O leur taux de réussite lors de la

validation croisée.

Lorsque une identification
arrive au dernier réseau (celui des
liquides) sans  possibilitt  de
classification, une ambiguiteé est
décrétée. Dans nos expériences, ce
dernier cas est considéré comme un
échec. Dans le cas de la
discrimination voyelle bréve / voyelle
longue, nous pouvons préjuger des
difficultés de notre systtme a la
réaliser. En effet, et c'est la un
probléeme majeur des réseaux de
neurones:  lintégration de la
composante temporelle des

événements acoustiques. Des réseaux
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3.3 Expériences de classification

La méthode de validation croisée,
utile pour affiner une architecture de
réseau et déterminer les conditions
optimales de fonctionnement, nous
permet également d'hiérarchiser les sous-
réseaux selon leur compétence a déceler la
macro-classe considérée. En effet, au vu
des résultats d'identification obtenus par
chaque sous-réseau sur une partie du
corpus d'apprentissage (cf tableau 3), il
apparait que certaines taches sont plus
aisément remplies que d'autres. Dans le
systtme de test, les différents sous-
reseaux sont sollicités par ordre

décroissant de leur compétence.

Sous- N

Architecture | Succés | Echec Taux
réseau
Voyelle-

27-35-2 634 12 98%

consonne
Voyelles 27-35-3 397 17 92%
Fricatives 27-38-2 226 20 92%
Plosives 2740-2 175 39 82%
Nasales 27-40-2 84 22 79%
Liquides 27-35.2 78 23 77%

Tableau 3.Taux moyen d'identification des macro-

classes en validation croisée.

. [
T v o
e

Dans le systtme hiérarchisé
proposé (cf figure 4), une simple
détection des voyelles est sollicitée
dans un premier temps. Cette
classification est rendue plus aisée par
le fait que la langue arabe est une
langue essentiellement consonantique
et ne contient donc que peu de
voyelles (3 voyelles breves :/a/, /u/,
/i/ et leurs correspondantes longues :
/aa/, [/uu/ et /ii/). Un deuxieme
argument plaide en faveur de cette
discrimination et le fait que la langue
arabe ne contient pas de voyelles
nasales. La confusion voyelle /
consonne due a la nasalité n'a pas lieu

d'étre.

L'architecture et la disposition
de la macro-classe dans le systéme
global dépendent des résultats de la
validation croisée obtenu par chaque
sous-réseau (cf tableau 3). La structure
hiérarchisée (pipeline) de ce systeme
peut sembler inadéquate dans la
mesure ou les réseaux situés en
profondeur (les plus a droite) sont
pénalisés. Une architecture parallele

mettant au méme niveau de
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lal 1l fit
[emphaﬁque ] [ géminée ]

ﬁ&ﬂ\ﬂ\@g\@

Normallsatlon
des entrées

|

Analyse PLP + énergie + TPZ J

)

Segment de signal

Figure 4. structure du systéme neuronal de détection des macro-classes arabes.
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3. Description générale du systéme

La structure du systtme que nous
proposons (schématisée en figure 4) est
constituée d'un ensemble de réseaux de
neurones simplifiés auxquels nous avons
attribué des sous-taches de classification en
vue de l'identification globale des macro-
classes et de traits phonétiques de I'arabe.
Chaque sous-réseau se spécialise dans la
discrimination d'une classe (et une seule) par
rapport aux autres. L'entrainement de

chaque unité spécialisée s'effectue sur tout le

corpus d'apprentissage.

Lors de l'apprentissage, un flot de
données segmentées en macro-classes est
présenté & l'entrée des  réseaux.
L’apprentissage étant supervisé, la base de
données est égéleinent étiquetée en macro-
classes voyelles, fricatives, plosives, nasales
et liquides notées respectivement:V, S. Q. N

etL.
3.1 L'identification

Deux types de classification de
séquences inconnues sont effectuées. L'une
grossiére, ayant pour objectif la détection des
macro-classes (V, S, Q, N, L), la seconde plus

fine, tente de déceler le trait d'emphase et de

A

gémination sur les plosives et

fricatives.  Un affinement de la
détection des voyelles est également

opéré par un réseau spécialisé.

Aprés  avoir subi  une
normalisation temporelle les vecteurs
acoustiques sont tout d'abord injectés
dans le réseau Voyelle (noté 1 dans la
figure 4) chargé de la discrimination
grossiére entre voyelle et consonne.
IIs progressent ensuite dans les
réseaux successifs S, Q, N et L (de
gauche a  droite et notés
respectivement 2, 3, 4, 5 dans la figure
4). Selon l'activation des deux sorties
d'un réseau donné, le processus
s'arréte si la macro-classe est décelée
sinon une activation du réseau
adjacent est actionnée. Un échec du
systeme global est comptabilisé si le
dernier réseau est atteint sans qu'il y
ait discrimination. Lorsque la macro-
classe Q ou S est détectée les réseaux
emphase (noté 2') et gémination (noté

3') sont activés,



Taux d'identification en %

sbeLiBEAN AL-ARAB]

105

les performances de réseau aprés avoir
augmenté, se dégradent & partir d"un certain
seuil du nombre d’unités cachées par
exemple, cette valeur est approximativement
de 38 pour le réseau des fricatives. Cette
utilisant

expérience est effectuée en

l'analyseur le plus performant & savoir celui

utilisant les  coefficients PLP, le TPZ,
I'énergie et leurs dérivées.
100 4
80 '/‘__/_‘N
60 4 :
 wmdp——voyelies
40 4 . fricatives
20 J nasales
0 L L L] T 1

20 25 30 3 40 42 48

Nombre d'unités cachées

figure 2 : Validation du nombre optimal d'unités

cachées

Un autre probleme est le choix de la
constante d'apprentissage du gradient notée
généralement 1 . Une validation des sous-
réseaux a été effectuée pour différentes

valeurs de n avec le méme nombre

d'itérations. Le temps d'apprentissage

dépend fortement du choix de cette

constante. Pour les conditions d'initialisation

résultats

énoncées  précédemment, les

donnés en figure 3, montrent qu'une
valeur de 04 pour n est un bon

compromis entre le temps

d'apprentissage et la généralisation.

Les différentes formes a
apprendre sont présentées de facon
alternées. L'approche que nous
avons utilisée a pour avantage de
faciliter l'apprentissage car la tache
de discrimination binaire ne
nécessite pas un grand nombre de
cycles et chaque sous-réseau est
'initié' indépendamment des autres.
Lors de la phase de reconnaissance,
il n'est exigé de lui qu'une
spécialisation dans le repérage
d'une seule (et une seule) classe

phonétique parmi les autres.

yradi‘gnt (‘lk

—&—voyellas
- fricatives
plosives

-

nasales

erreuy globale d

w

o

005 0.1 .0‘15 82 03 04 05 08 08
constante d ‘apprentissage

figure 3 Erreur globale en fonction de la

constante d'apprentissage
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utilisant les coefficients LPCC (coefficients
cepstraux de prédiction) [4, I'énergie et le
taux de passage par zéro ainsi que leurs
dérivées premieres. L'idée de base de
i'analyse PLP est d'effectuer un pre-
traitement sur le signal vocal dans le but
d'en  extraire une représentation
reproduisant les caractéristiques de la
réponse du systeéme auditif humain. Une
analyse par prédiction linéaire classique

(LPC) est ensuite appliquée sur le signal

résultant.

Les coefficients PLP combinés avec les
dérivés de I'énergie et le TPZ sont ceux qui
donnent les meilleurs résultats comme le
montre le tableau 2. la validation est
effectuée sur le sous-réseau de classification
des voyelles. Pour ce faire, un corpus de
validation croisée a été établi. Il est constitué
de 414 voyelles, 246 fricatives, 214 plosives,
106 nasales et 101 liquides. La validation des
sous-réseaux a été effectuée en utilisant des
coefficients LPCC (coefficients cepstraux de
prédiction), . les coefficients PLP
(perceptuels), l'énergie (En), et le taux de
passage par zéro (TPZ) ainsi que leurs
dérivées premieres (dEn et dTPZ). Les
mémes conditions d'expériences (nombre

d'itérations, constantes d'apprentissage, ...)

ont été utilisées lors des différentes
expérimentations. Les résultats de la
validation montrent une nette
supériorité de la modélisation auditive
par rapport a la modélisation
classique. Un gain en temps
d'apprentissage (le nombre d'unités
d'entrée est réduit) est également
observé. La taille du réseau ayant

également diminué le nombre de

poids et biais & mémoriser diminuera

sensiblement.
Unités
Types d'entrées Taux
d'entrées

36 LPPCC 36 89 %
15PLP 1) 87 %
36LPCC + 3TPZ + 3EN 42 90 %
15 PLP + 3TPZ + 3EN 21 91 %
36LPC +3TPZ

48 91 %
+3EN++3dEN+3dTPZ
15PLP+ +3TPZ

27 92 %
+3EN++3Den+3dTPZ

Tableau 2 : Performance des sous-réseaux avec
différents types d’analyses, Evaluation sur 384

segments de voyelles bréves

2.5 Architecture et constante

d’apprentissage

Le méme matériau (corpus
d’apprentissage et de validation) est
utilisé pour déterminer le nombre
cachées. Nous

optimal  d’unités

remarquons (courbe en figure 2) que
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un nombre inférieur a 3 trames par segment

est rencontrél.

Unités d'entrée

000—00 000~00 000-00

VAERVAR VAR

il ol

trame 1 trametl tramet2 tramet3

Segment Si

Figure 1. Schéma de la normalisation temporelle des

données.
Si m est le nombre de trames par

segment et P la dimension du vecteur

acoustique, alors :
nl=n3 =m/3
et

n2=m/3+ (m=3)

nl, n2 et n3 étant respectivement le
nombre de trames sur le premier, deuxiéme
et troisiéme intervalle sur lequel s'effectue la

moyenne des vecteurs de parametres. Les

! Ce cas ne peut étre évité en écoutant la durée de trame

entrées Ej présentées aux sous-réseaux
sont données par l'expression

suivante:

Pour K= {0,...,P-1}

(13" o e
o Cik pourj={01,....P-1}

i=0

+q2-1
1
E_[ — <—ﬁ;2 Cix pourj={P,.....2P-1}

ni
nt-1

1 .
(-ﬁ-s Z Cijk pour) = {2P,,3P-1}

n1+n2

Cijk : k iéme composante du vecteur de la
trame i, participant au calcul de l'entrée j.

Le nombre d'unités d'entrés sera de

3P.

2.4. Analyse acoustique et type

d'entrées

Différentes analyses
acoustiques ont été testées. Le but
étant de déterminer celle qui‘
donnerait le meilleur compromis
entre la rapidité d'apprentissage et la
capacité de généralisation. Pour ce
faire, un corpus de validation croisée
a été établi. Un apprentissage des

sous-réseaux a été effectué en
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l'apprentissage sont finalement données par

l'expression suivante :

pwW'ij
wij =
Wi

Les biais sont initialisés a des valeurs
aléatoires comprises entre - et +3.

Cette initialisation requiert
l'utilisation de la fonction d'activation
bipolaire. Corﬁme le montre le tableaul pour
le probléeme du XOR, une réduction non
négligeable du temps d'apprentissage est

observée dans ce cas.

e e s Initialisation
aton | "NCUYEN
WIDROW
XOR binaire 2891 1935
XOR bipolaire
387 224
(-1, +1)
XOR bipolaire
po 264 127
(-0.8, +0.8)

Tableau 1. Temps d'apprentissage (en nombre de

cycles) pour différentes configurations de

I'initialisation des réseaux

2.3. La normalisation des entrées

La gestion de la dynamique
temporelle par les réseaux du type
MLP reste leur grand point faible.
Ceux-ci ne sont pas capables de gérer
les distorions temporelles non
apprises. Dans le cas de la parole,
chaque segment contient un nombre
variable de trames. Dans le cas d'une
classification statique ou l'architecture
des réseaux est figée, cette difficulté
doit étre levée. Le systéme proposée
ici, s'en affranchit apreés avoir dans un
premier temps, segmenté les données
sur les phases sables de chaque
phonéme, puis en divisant chaque
segment en trois intervalles sur
lesquelles on effectue un moyennage
des  vecteurs acoustiques. Par
conséquent, le nombre de parametres
présentés a l'entrée est toujours fixe
quelque soit la longueur du segment.
Le nombre d'unités d'entrées sera
toujours égal a 3 fois la taille du
vecteur acoustique de la trame. Cette
procédure est illustrée par le schéma

donné en figure 1. une procédure

particuliére gére les cas extrémes ou
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ainsi que la gestion de l'aspect dynamique de

la parole sont a effectuer.
2.1. Le conditionnement

La structure du MLP comporte
plusieurs couches, ce qui permet de séparer
des formes non linéairement séparables.
Cependant, il a été démontré que toute
fonction continue de {-1, +1jn dans R,
pouvait étre approchée uniformément par
un réseau possédant une seule couche cachée

d'unités sigmoides.

Concernant la stratégie
d'apprentissage, nous avons opté dans nos
expériences pour l'utilisation d'un gradient
quasi-stochastique. En effet, nous avons
choisi de modifier les poids et biais du
réseau aprés un cycle d'apprentissage afin
que l'ordre de présentation des exemples &
l'entrée n'influe pas sur l'apprentissage. Par
ailleurs, cette approche nous affranchit de
l'utilisation de facteurs tels que le moment
d'inertie et la décroissance exponentielle.
Ceux-ci étant surtout utiles pour les
gradients déterministes afin d'éviter de

tomber dans un minimum local.

2.2. I'initialisation

Les valeurs initiales des poids
et biais sont déterminantes pour le
temps et la qualité de l'apprentissage.
Il faut se situer entre les deux cas
extrémes : allouer aux poids des
valeurs initiales trop faibles a pour
conséquence un apprentissage tres
long, en revanche des valeurs trop
élevées entrainant une saturation des
cellules sans qu'il y ait apprentissage
effectif. Dans notre cas, une procédure
particuliere d'initialisation des poids
et biais est utilisée celle de
NGUYEN-WINDROW [10]. Celle-ci
consiste a initialiser tout d'abord a des
valeurs comprises entre -u et +u, les
poids des unités notés w'ij, avec (i=1,
...n) et (=1...,p), n étant le nombre
d'unités d'entrées, p le nombre
d'unités cachées. Pour déterminer les
poids et biais retenus pour
l'initialisation de 'apprentissage, nous
définissons un facteur d'échelle noté j,
avec p=0.7p 1/n, puis nous calculons
le facteur de normalisation de la
couche cachée, ||wil|]|. Les poids

retenus pour l'initialisation de
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1. Introduction

Les caractéristiques essentielles des
réseaux neuromimétiques sont en général,
leur capacité d'apprentissage a partir
d'exemples, leur adaptabilité, leur
robustesse aux données bruitées ou
manquantes et en reconnaissance de la
parole, leur puissance de discrimination
pour diviser l'espace de parameétres
acoustiques en classes phonétiques [11]. De
nombreuses implémentations de ces
réseaux ont été proposées dans la littérature
[3). La structure la plus répandue est celle
du réseau multi-couches (Multi-layer
Perception, MLP) ce type de réseau est
capable d'apprendre et de généraliser sur
les relations complexes et non linéaires
reliant I'espace des vecteurs acoustiques et
les classes phonétiques que l'on désire

reconnaitre.

Dans cet article, il est question de la
reconnaissance automatique par des sous-
réseaux neuronaux a multi-couches de
macro-classes phonétiques de l'arabe. Nous
focaliserons nos expérimentations sur les
classes spécifiques a la langue arabe. Ces
macro-classes sont les voyelles longues et

bréves, les fricatives emphatiques ainsi que

les fricatives géminées.

2- Reconnaissance de macro-classes

par les réseaux de neurones

Toute utilisation des réseaux
neuronaux implique nécessairement
un ajustement des parametres
concernant la stratégie
d'apprentissage ainsi que
l'architecture du réseau. A défaut de
méthode automatique de recherche de
ces parametres (tels que le nombre
cachés, le nombre d'itérations, les
constantes d'apprentissage etc...),
nous proposons une méthode
heuristique basée sur un aspect
modulaire des réseaux de neurones
auxquelles nous attribuons une sous-
taiche de l'identification globale des
macro-classes et une optimisation
indépendante de ces modules. Celle-ci
est réalisée au moyen d'une validation
croisée qui permettra d'ajuster tous les
parameétres des réseaux en observant
leur taux de réussite pour différentes
valeurs du parametre a optimiser.
Cette tache est trés aisée du fait de la
simplicité du sous-réseau a entrainer.

Le codage des séquences d'entrées
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SIMPLIFIED SUB-NEURAL NETWORKS FOR PHONETIC

FEATURES RECOGNITION OF ARABIC

This paper deals with a new
indicatives features recognition system for
Arabic witch uses a set of a simplified
version of sub-neural networks (SNN). We
have assigned classification sub-tasks to
those sub-networks in order to globally
identify the macro-classes and the Arabic

phonetic aspects.

This approach leads to many
advantages by the fact that the training
phase become a straightforward task and
consequently the SNN system can be
incorporated easily in the information
retrieval packages wich use human voice as
media. In addition to that, the distributed
structure seems to be appropriate to
characterize the Arabic language in the field

of phoneme recognition.

For the analysis of speech the
perceptual linear predictive (PLP) technique
is used. This technique use concepts from
psychophysics of hearing to derive an

estimate of the auditory spectrum. The

performance of the system has been
tested in experiments using 20
phonetically balanced phrases and 40
stimuli of CVCV non words uttered
by 6 (3 male and 3 female) Algerian
native speakers. Our interest goes to
the particularities of Arabic such as
geminate and emphatic consonants
and vowel duration. The results show
that SNN achieved well in pure
identification and they proved that the
automatic approach we carried out,
constitutes a very promising and
cheap way to integrate an Arabic

voice recognition system in the

modern packages dedicated to
automatic translation and/or
dictation.
KEYWORDS :

Neural networks - Arabic language -
speech recognition - perceptual

analysis.
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Résumé :

Nous décrivons dans ce papier une approche de reconnaissance automatique de traits phonétiques
de l'arabe qui utilise des sous-réseaux de neurones formels. L'analyse acoustique étant effectuée par la
technique de prédiction linéaire perceptive (PLP). Un corpus d'apprentissage et de test prononcé par 6
locuteurs algériens est établi afin d'évaluer les performances du systéme. Nous discutons les résultats
obtenus par le systéme d'identification des macros-classes en nous focalisant sur les traits caractéristiques de
I'arabe que sont I'emphase, la gémination et la durée. A I'issue, nous concluons sur les performances relatives
des méthodes neuromimétiques en identification pure ainsi que leur capacité a prendre en ligne de compte

les problémes liés A la durée phonologique.

MOTS CLEFS : Reconnaissance de la parole - réseaux de neurones - Analyse perceptuelle - langue Arabe.
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expressed as derived words. However, the
concept realised by the English word
shredder involves considerable amount of
force and external power. This means that we
should exclude inputs that do not indicate
Accordingly, The correct

intensification.

derivation can be achieved through mould

(.—Jwfa'glat machine derivation.  The

usetulness of core meanings suggested for this
derivation should be left to the speakers'
common-sense or, alternatively. should be

judged by consulting a modern corpus.

5 Conclusions

In this paper we introduced a new
approach to Arabic lexicalisation that is based
on derivation. We argued that Arabic has a
morphology that is different from that of
English and existing lexicalisation techniques
are not necessarily useful for Arabic.
Derivation in Arabic is a major word-
formation process that associates derivational
processes with semantic features.  These
meaning

features interacts with

representations expressed by  Arabic

consonantal roots---core meanings. The

semantic specification of Arabic derivation
can be exploited to states links between
semantic descriptions and derived words in

their final forms.

The system we proposed in this paper is
meant to generate Arabic terminology.
Arabic derivation provides the means for
mapping  technological ~concepts  under
specific subjects into certain moulds. We
briefly discussed the specifications of
semantic features motivated by these moulds.
We demonstrated our approach by some
examples from a generator that is designed
and implemented based on semantic aspects

of Arabic derivation.

The arguments introduced in this paper
open the door towards a thorough
investigation of semantic aspects of Arabic
derivation. Such aspects, when carefully
studied will benefit the process of generating
Arabic terminology and enhance the
performance of systems that implement

semantic mapping such as NLG and MT

systems.
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specific type of instrument than the first one.
This i1s due to the introduction of
intensification in its set of semantic features.

Accordingly, it will be classified under

machine. The, root in this case will be
mapped to the mould that is associated with

machine derivation (s fa”ilat).

Input Outputs

Core-meaning : mince-1 Mould: dais root: ¢ ,
Features : instrument- situation, action Word: Ao is
Core-meaning : mince-1 Mould: 3t Root: ¢ ,
Features : instrument-situation, intensified-action. Word: Bl
Core-meaning : cut-1 Mould: tais root: ¢ b 3
Features : instrument- situation, action Word: Ankaia
Core-meaning : cut-1 Mould: #ts Root: ¢ b &
Features : instrument-situation, intensified-action. Word: aelli

Table 4. 1: Example2

Examples in Table 4.2 are meant to test
the generator with inputs that aim to generate
possible terminology for new concepts appear
in other languages such as the one realised by
the English word shredder. To do so, we
need to suggest a core meaning that is linked
to a consonantal root. Moreover, semantic
features need to be mentioned in the input in
order to allow the derivation of a possible

mould. In Table 4.2 the specified concept is

linked to two possible core meanings

associated with two roots, namely, ¢,2frm
andg £ g t ‘) which appear in the two

Arabic verbs (s 5 farama) "to mince" and (s

qata’a) "to cut". In addition, we associate
each core meaning in the input with two sets
of semantic features characterised by the
presence/absence of intensification.  The

output shows four different possibilities
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words, on the other hand, are derived from
consonantal roots and we cannot judge their
establishment in the language use. To do so
we need to consult an MSA corpus. Such a
corpus is, unfortunately, not available, The

new Arabic terminology are potential words.

We tried GLAD with some semantic inputs
(expressing the principles stated in this paper)
to show the possibility of generating now
Arabic terminology from disambiguated

semantic descriptions. Some inputs and their

results summarised in the following:

Input

Outputs

Core-meaning : rule-1

Mould : i root:, b -

Features : instrument- situation, action

Word: & b

Core-meaning : wash-1

Mould : #dw Root:dJ ¢

Features * instrument-situation, intensified-action.

Word :3du.:

Table 4. 1: Example 1

Table 4.1 shows the normal behaviour
of the generator when disambiguated semantic
inputs are provided to generate actual words.
These inputs include a description of a core
meaning (GLAD KB us" English verbs to
name core meanings that are associated with
roots, the number augmented to each verb
indicates the corresponding sense as defined
in the WordNet [ Miller 95]), and a set of
semantic features (usually linked to those
associated with moulds). The reader should
note that the generator utilises a complex
knowledge-base which is different in its size
from what we have here. Semantic

restrictions in the original knowledge-base are

well defined in a way the prevents ill-
derivation from taking place during
classification time. When the first input
mentioned above is given to the generator it
will be classified tinder causative action and
instrument situation at the same time. The
mould for instrument will override any
previous value and the inference mechanisms-
will reason about the root. This will be
followed by another step from the
mechanisms to fill in the mould template
using root letters. The result is a derived
word that describes.an instrument. The same
process will repeated for the second input.

However, the second input describes a more




AL-LISSAN AL-ARAR)

92

mechanisms such default and multiple
inheritance, and structured relations such as
subsumption. This integration allows for
expressive  representation of  Arabic
derivation. The reasoning mechanisms of

classification-based systems are based on

classification and inheritance. The

knowledge-base is easy to maintain and
modify if necessary. In addition, semantic
descriptions can be efficiently mapped onto
language specific syntactic and lexical

representations.

4-.2 Building the Generator

The Generator for Lexemes in Arabic
Derivation (GLAD) is implemented as a
prototype to map disambiguated semantic
descriptions to Arabic derived words
[AlJabri97]). GLAD is composed of severed
components a semantic disambiguator, a

user-interface, knowledge components and

an automatic classifier .Of these, the

semantic disambiguator is not implemented
and the automatic classifier is the I 1 classifier
[Reiter92]. The input to the system consists
of semantic descriptions describing a
particular situation. The input specifies a core
meaning and role specification sets for
situation participants. The classifier proceeds

by classifying role specification sets to

identify role relations. After this initial
classification, role relations and the core
meaning are used to build a general-input
class that is interpreted as an II class
definition. The general-input class is used in
another stage of classification to place the
input in the proper place in the situation
subtaxonomy. After classifying the general-
input class, inference mechanisms are used to
reason about the surface realisation of the
classified input (using the inherited root and
mould).  Information resulting from this
classification process (the output of the proper
generation) is pawed on to the user-interface.
The output specifies morphological, syntactic
and semantic information for the classified
input. Morphological information includes a
root and an eligible mould.  Syntactic
information describes syntactic arguments for
the classified concepts and their case-ending
marks. Finally, semantic information names
the parent(s) of the classified class in the

taxonomy,

4.3 Examples

GLAD was originally designed and
implemented to generate Arabic derived
words making a distinguish between actual
and potential words [AI-JABRI9]1. Actual
words are those exist in the Arabic lexicon
and, in addition, their use is well established

by the speakers of the language. Potential
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In Figure 3.1, the topmost class is thing
which subcategorises for two subclasses:
Core-meaning and Situation. Core-meaning
subsumes inner layer semantic classes while
Situation subsumes outer layer classes.
Moreover, Situation is a general class that
interface our domain with the external world
where every derivation in our domain is
linked to this class. For example an action

concept is subsumed by Situation (e.g, the

concept expressed by >  hassaba" to

calculate" which is realised by mould J—s

fa’ala). Similarly, the concept that is linked to
the action concept in the previous example
and focuses on machine derivation is also
subsumed by Situation (e-g., the concept

expressed by 4L~ hassabt which is realised

by mould ¥\ fa’*alat), as shown in Figure 3.1.

In a taxonomy the subsumption relation
permits the assimilation of new concepts into
it In Knowledge Representation (KR) systems
attempts have been made to allow the
automatic insertion of a given description into
a structured taxonomy. KL-ONE was the first
system to allow the automatic classification
of new concepts by assimilating them into the
taxonomy on the basis of their subsumption
relationships [Brachman85]. Once a concept

is assimilated in a taxonomy it inherits

properties from other classes based on its
subsumption relation These properties, in our
case, include linguistic properties such as

moulds and roots.

4.1 Choice of Formalism

In order to implement lexicalisation
based on derivation we looked at various
lexical formalisms and explored the
usefulness of these formalisms with regard to
Arabic derivation. In general, lexical
representation formalisms can be classified
into unification-based systems inheritance-
based systems and those that combine both
mechanisms. Basic  unification-based
formalisms do not provide a proper way to
represent non-monotonic inheritance, which is
needed to eliminate redundancies in the
representation of semantic aspects of Arabic
derivation. Systems that are based only on
inheritance mechanisms have limitations
when used to implement the two-layer
semantics. Such systems do not support an
automatic way to constraint derivation and do
not support automatic classification. When
looking for a formalism for expressing the
semantics of Arabic derivation, we suggest
that classification-based systems seem to be
the best available choice. Classification-
based systems are built around taxonomies

and integrate knowledge representation
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support Arabic lexicalisation.  Semantic
interactions motivated by derivation as we
describe above, can be expressed into two
layer semantics. An outer layer dealing with
the semantic features associated with moulds
and an inner layer dealing with core meaning.
The outer layer semantic features, in our
domain (i.e, terminology derivation), are
place, instrument and machine.  These
features need to interact with action concepts
(causative and cause neutral). Action
concepts, in turn, are formed by means of
interactions between action as an outer layer
semantic feature and core meanings as inner
"These

interactions can be organised as a special type

layer  representations, semantic

of semantic networks known as taxonomic
organisations.

A taxonomy is a semantic network that
organises knowledge according to its level of
generality. In order to do this, a network
defines some links that relate more specific
classes (represented by nodes at some level of
the network) to more general ones
(represented by nodes at higher levels).
Accordingly, the more specific classes are
said to inherit information from the more
general classes and the more general classes
are said to subsume the more specific ones.
For example, we could organise our domain

in a taxonomy to express the above

relationships as in Figure 3. 1.

Thing

Situation 4

Instrumental-situation

Place-situation

Action

[

T

\ Core-meaning

3

Action-core

Causative-core

| cause neutral
A ———

Machine-situation /

Intensified-action

Intemnally-caused-action

Figure 3. 1: A prototype taxonomy
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language, and hence, cannot be predicted in
advance, Nevertheless, applying this
derivation to causative actions can be used to
suggest certain derivation realised by Qords
that satisfy the needs for new instrumental

terminology.

Traditional studies associate

instruments with three moulds that are

derived from the causative stems represented

by mould I, namely, (Jisi- mifal, jrir mif'al
and i_Jwifa”alat). We, on the other hand,

associate instruments with the first two
moulds. The remaining mould describes, for
us, a different semantic feature which we
describe later. The moulds with which we
associate instrument are linked to the

derivation of verbs under the first mould

(mould I). For example, (rlr—i miftah), “a
key” is linked to the concept realised by (¢

fataha) "to open". Similarly, (a—2 miqbad )

"a Handle") is linked to the default concept

realised by (23 ..qabada) "to grasp").
3.3 Machine

Traditionally, machine noun derivation
is considered to be part of instrument

derivation. However, with the number of

commonplace machines growing, Modern
Standard Arabic (MSA) tends to restrict this

derivation to one form which becomes more

productive by time, that is (d\ fa”alt). Below

we give a definition for machine »s a semantic

feature:

Machine is a semantic feature that
applies to causative action to describe a
machine that involves either external power
(such as electricity) or a considerable

amount of force when performing an action

Machine, as we define it, is associated

with the mould (< Jifa”alf) which we will

link to mould II but not to mould I (as
suggested by some traditional studies) due to

the force property expressed by machine

-concepts. Examples of this derivation are

found in words such as: ¢ J.sayydraf’a car”,
3 ,_b Tayydrat’an "an aircraft", JL-¢ gassalat
"a washing machine") which are linked to
intensified concepts derived from e Sayyara
“to walk/move , b Tayydra "to fly", }—*
gassdla "to wash).

4 The Computational Model

in this section we discuss how semantic
interactions expressed by Arabic derivation

can be organised as a semantic network that
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numbering system. The majority of derived
nouns are linked to verb moulds and their
derivation is described traditionally by means

of modified verb moulds.

In this work, productive concepts are
regarded as being formed by applying features
associated with noun moulds to core
meanings which are realised by derivative
nouns as productive stems. The most
common productive features in Arabic
derivation include action-agent,  action-

patient, place, instrument and machine [Al-

Rajihi84].

In the following we describe the
semantic interaction of the most common
productive features that have been used
frequently in deriving terminology, namely,

place, instrument and machine.

3.3.1 Place

Arabic derivational processes provide
the means for deriving concepts that describe
other aspects of actions such as physical
location. Place as a semantic feature, is

defined as follows:

Place, as defined above, is associated

with the mould (L« mafal) and is linked to

default concepts that are represented by the

mould I --- ¢/~ fa’ala). For example, from

(~+Skataba) " to write, (S— sakana) " to
inhabit' and (L ,2sariba) “to drink “ we could
derive (—+S- maktab) "an office”, (S—a

maskan) "a house" and ( < ,—t. Masrab) “a

place for drinking" respectively.  Arabic
derivation provides other moulds associated
with the location feature. However, they are

rarely used and we do not consider them here.

3.3.2 Instrument

Instrument as a feature is defined as

follows:

Instrument is a productive feature that
applies to causative actions to describe
manual tools that can be used to perform

actions without need for external power.

Place is a semantic feature that
interacts with action core meanings to
derive, without any reference to a particular
place, concepts that describe places in which

actions are contained,

Instruments are derived from causative
actions. However, it is obvious that not all
causative concepts can be linked to
instruments. The domain for this derivation
can be defined by identifying all instrumental
actions as one class. However, identifying an
action as an instrumental one is a matter of

the synchronic usage of the speakers of the
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When forming a concept from semantic
descriptions, features that can be associated

with moulds are linked to their moulds and

representation that can be associated with core .

meanings are linked to corresponding
- consonantal roots. This results in providing a
mould and a root which are enough to form a
word by mapping the chosen root into the
selected mould template. For example, a
includes

semantic description that

intensification as a feature and computing as

an activity should be linked to mould Il (
fa’’ala ) and the root (< - hsb). The root

then can be mapped into mould Il template to

form the Arabic word (.—--hassaba) "to

calculate". Further more. The concept that
includes in its description the same concept
above and, in addition, a pointer to indicate
that machine derivation is at focus rather
than the action concept, such a description
will result in mapping the derivation into

mould ( iJws fa’’alat) while keeping the root

as it was before. This leads to the formation of

"

the Arabic word ( %—— hassabat) “a
calculator” as a derived object.
However, since semantic features

associated with moulds are too abstract,

participant roles such as actor and actee may

be used to direct semantic descriptions to the

appropriate classes.

3.3 Productive Concepts

Since our concerns are going to be with
the derivation of Arabic terminology, we
introduce here productive concepts which can

be defined as follows :

A productive concept is a concept that
results from the interactions that hold
between core meanings and the semantic

features associated with noun moulds.

According to the above definition
semantic interactions that result in forming
terminological concepts fall under productive

concepts as nominal derivation.

Traditionally, Arabic nouns can be
grouped into two classes as regards to their

origin: primitive and derivative.  The

primitive nouns are all substantive (e.g., }—,

ragul “a man”). The derivative nouns may be

substantive such as ¢ ~—i- miftah "a key") or

what corresponds, in English to adjectives
such as ( _a, - maryd "sick) [wriglit51].

Moulds for nouns are numerous and less
regular than verb moulds.  Unlike verb

moulds, noun moulds have no conventional
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3.2.1 Concept Formation

The above discussion indicates that
forming a concept which is realised by a
derived word requires two major semantic
components, a core meaning and mould
semantic features, Semantically, roots are
representatives of core meanings in the
language. A single root describes a core
meaning that does not account for the full
meaning of a particular concept. in order to do
this, it needs additional semantic features
associated with an applicable mould. Moulds,
on the other hand, are abstractions, which can
say something about the common concept of
the meanings of the words that they represent
but cannot tell the whole story. Putting
together the two semantic aspects (i.e., core
meanings and mould semantic features)
allows the formation of concepts that describe
particular situations through the construction
of derivatives. For example, the concepts
realised by the Arabic words in Table 3.1 can
be represented by means of the semantic

interactions that hold between the core

meaning associated with (. < 8k, t, b), on

the one hand and the semantic features
associated with their derivational moulds on
the other. Thus we are going to view
derivation as a parallel process of word and

concept formation.

* Not that a feature such as reflexivity could be

associated with more than mould,

The semantic specifications of derived
concepts vary from one class of concepts to
another. The semantic variation between
classes can be identified by the type of
semantic features associated with moulds and
the type of core meanings the modify. We
classify derived concepts into three main
classes, namely, action, state and derived
object. Semantic features that modify core
meanings under action include causation,
intensification, reciprocation and reflexivity.
These features are associated with moulds 1V,
II, Il and VII respectively®. Semantic features
under state modify state core meaning to
generate stative concept such as feeling and

emotion (e.g - —5 fariha). Concepts that

describe derived object utilise features that are
associated with noun moulds and are linked to
both action and state concepts. To define
domains for each class, core meanings are
also classified into action and state core
meanings. Such classification is motivated by
the appearance of a root in a verb represented
by mould I, whether that verb describes an
action concept or a stative one. Accordingly,
action concepts apply only to action core
meanings while stative concepts apply only to
state core meanings. Derived objects are
linked to both of them.
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morphemes). It is almost always difficult (if
not impossible) to describe precisely the
meaning of a conscnantal root. We associate
consonantal roots with core meanings. A cor;:

meaning is defined as follows:

A semantic feature is a unit of meaning that
is associated with a mould and that can be
used to distinguish one concept realised by a

word sharing the same consonantal root.

A core meaning is a semantic representation
that appears in a set of derivationally

related words.

For example, the Arabic words
appearing in Table 3.1 share one consonantal

root, that isoe 4 k t b This root is

associated with a core meaning that has

something to do with the activity of writing.

It is also necessary to consider the
semantics of derivational affixes appearing in
moulds, These affixes represent morphemes
that have been added to the mould in a layered
process. The integration of various layers in
the mould from result in an integration of
different morphemes to describe a set of
semantic features. A semantic feature is
associated with its mould as a whole unit and
cannot necessarily be described by means of
individual morphemes involved in the layered
prdcess. Accordingly, a semantic feature

accounts for another level of semantic

representation and can be defined as follows:

For example, the mould appearing in the
first row of Table 3,1 describes a general
action as a semantic feature.  Another
semantic feature is associated with the mould
in the third row of the same table which
describes a more specific action: a reciprocal

action. Reciprocation, in this case, is a

semantic feature associated with the mould

(JeLd Fa’ala). Semantic features associated

with moulds can be viewed as semantic
generalisations in the Arabic word-formation
system, Such generalisations usually help
native speakers of Arabic to make educated
guesses about new words they have never
heard before. This would mean that mould
semantic features could help in analysing the
Arabic word-formation system not only for
the existing words but also for potential new .
words in the language. In fact, it provides a
high level representation of semantics that
integrates words (including new ones) into the
language system by linking their semantic

features.
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Istigaq). Derivation, in this context, has been
a major formation process that incorporates
The set of

Arabic terminology includes many derived

words in the Arabic language.

words. Derivation can also be applied to form
new ones, For example, the following are
some derived terms that have been "recently”

introduced in connection with office supplics

: §,Sis Mufakkirat “agenda”, iw\» dabbast
“stapler”, ¢y Taqwym “calendar”, i >

kharramat “Perforator and 4lis maglamat

“Pen case” (76,5-SJs )All these terms and

many more are derived from consonantal
roots according to well defined derivational
rules. The nominal derivation plays an
essential role in terminology derivation.
Arabic morphology provides a set of moulds
that support the derivation of terminological
terms under specified Subjects such as
machine place and time. Table 3.2 lists some
noun moulds in connection with their

semantic features.

Mould Transliteration Feature Example | Transliteration English
Jebs Fa'il Action-agent Ny Katib An author
J ynie Mafwl Action - patient o 55 Maktwh A document
Jé Fa’al intensified-agent e ‘Ilam a scholar
Jnia Maf'il an event time/placee | e, Maw’id An appointment
i Maf’al An vent place S Maktab an office
Jlnin Mif'al Instrumenrt s Miftah a key
J e Fa'wl Tool abla Satwr a chopper
W Fa’alt Machine e hassabt a calculator

Table 3.2: Noun moulds and semantic features

3.2 Semantic Interactions in Arabic
Derivation

Derived words in Arabic are formed by
applying derivational affixes to consonantal
are realisations of

roots. Such words

independent concepts that describe actions,

States, processes and objects. A consonantal
root accounts for a semantic representation
that appears in a set of derivationally related
words. Roots in non - concatenative
morphology are discontinuous morphemes

(ie, they can be interrupted by other
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The sub-regularity associated with
Arabic derivation led traditional grammarians,
to develop a morphonological theory that
describes Arabic derivation (morphonology is
constituted by the interaction of morphology
and phonology [Dressler85]). In this theory,
medieval grammarians used notations, which
we will call moulds, to mediate between
words and their morphological shapes’ A
mould is a template that reflects the
occurrence of consonants and vowels in a
In the mould

particular word structure.

system, the consonantal root is represented by

three or four selected letters (J ¢ < f, 1) or (&

J J ¢ £l1) or depending on whether the root is

trilateral or quadriliteral (trilateral root
consists of three Arabic consonants while a
quadrilateral root consists of four Arabic
consonants). Vowels and other derivational
affixes are copied to the mould form
unchanged, For example, the third column in
Table 3.1 associates all lexemes in the Table

with their derivational moulds.

Moulds were introduced, traditionally,
to describe derivation and to account for the
productivity of Arabic word-formation. They
are widely regarded as a classification system
for Arabic derived Words. Arabic trilateral
root-based verbs are classified into fifteen

moulds. Each mould reflects one instance of

a possible triliteral consonantal root
modification. These moulds are generally
adopted following the work of Arabic
Grammarians. The convention in Western
studies is to refer to them by their Roman
numbers (I - XV) [Wright75). The derivation
of quadrilateral verbs and nouns is also
described in traditional work. Moulds for
nouns are numerous and less regular than verb
moulds. Unlike verb moulds, noun moulds

have no conventional numbering system.

Arabic derivation associates verb
moulds with semantic features such as
causality, intensity, reciprocity, reflexivity and
human characteristics. For example, mould II
is always associated with intensity while
mould IV is associated with causality. Noun
moulds are also associated with features to
describe objects such as action agents, action
patients, tools, instruments, places and

machines.

3.1 The Derivation of Arabic Terminology

In this work, we will refer to derivation
as the morphological term that describes the
process of word-formation by means of the
interactions between roots and derivational
affixes (including infixes) in Arabic
morphology. In particuiar, it is equivalent to

what Arabic grammarians call (S=—2*
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abstractly summarised as mapping semantic,
configurations onto lexical items (using some
variants of the, techniques described above),
the chosen lexical items in the course of
surface realisation are augmented with
morphological features; after the syntax tree is
generated a morphological postprocessor
the words. This that

inflects means

morphological derivation has not been

considered in the existing approaches to
lexicalisation. ~ For example, present-day

generators  (e.g., the Penman project

[Bateman95]) do not consider the lexical
relatedness  between verbs and  their
derivatives such as write and writer despite
the productive nature of this derivation in the
English

approaches to lexicalisation tend to treat

language. In general Current
concepts as related entities; words, on the
other hand, are viewed as isolated items that
just happen to be attached to concepts. These

approaches have limitations when they are

applied to highly derived languages such as
Arabic. For example, in the derived lexicon
of Arabic (i.e., a lexicon that contains all
words derived from consonantal roots in
Arabic); there are clear derivational links
and them in

between words ignoring

generation (and more importantly in
lexicalisation) runs against the spirit of the
language and leads to a great redundancy in

the KB.

3 Arabic Derivation

Arabic derivation forms stems (verbs
and nouns) by means of consonantal roots and
derivational affixes, A single root can give
rise to different derivationally related stems,
As a consequence, the majority of Arabic
words (verbs and nouns) are built up from a
relatively small number of roots. For

example, an Arabic root and some of its

derivatives are listed in Table 3. 1:

Arabic | Transliteration | Derivational Arabic root | English lexeme English root
Lexeme mould

s kataba Jfa'ala | L ktb to write wrife

s katib fa'il _Lets ktb a writer write

s kataba fa'ala Jeli ktb to correspond corespond
e maktab mafal s ktb an office office

e maktaba mafalar | i ktd a libirary library

Table 3.1 : Some lexemes derived from (o dKkthb)
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frames. While more structure is brought to
the concept representation by this approach
the computational cost resulting from
examining all frames is too high.
Furthermore, unlike d-nets, despite the use of
fine-grained semantic distinctions for each
concept there is no guarantee that the system

will always come up with an answer,

As an altemnative ' to the above
mentioned approaches to lexicalisation,
taxonomic  knowledge-bases  have been
introduced to bridge the gap between meaning
representations  and linguistic ~ resources,
Taxonomic knowledge bases for NLG
organise world entitics in semantic networks
with different levels of abstraction. Concepts
appear as classes in structured inheritance
hierarchies organised according to their
generality (subsumption relationships) where
the more specific classes inherit properties
from the more general ones. Roles can also
be defined to describe relationships between
different concepts. As a consequence, there is
more structure that can be exploited in
lexicalisation [Bateman9l]. For example, the
concept expressed by the word bachelor can

be defined in a taxonomic K.B as follows:

PERSON with attributes sex: male,

age-status: adul, marital-status: unmarried,

This concept can be subsumed by a concept
expressed by the word man which has the
following definition:

PERSON with attributes sex: male, age-
status: adult.

The second concept is more general
since it contains less information, A typical
scenario for language generation present-day
is a semantic representation based on some
taxonomic knowledge-base which has to be
verbalised [Stede95). In contrast to frame-
based systems, taxonomic knowledge-bases
define the is-a relationships by an external
semantic criterion independent from the data
structure [Woods9l]. Some systems utilise
such representations to implement lexical
choice by means of automatic classification
(IDAS [Reiter92).”

2.2 Morphological Derivation and Current
Approaches

Most of the NLG research has
concentrated on Indo-European languages and
within this almost entirely on English. The
present-day frameworks for generation--the
systemic approach, the functional unification
approach and the classification approach have
all been originally developed having English
as a target language in mind. Lexicalisation
models, as a consequence, have been geared

mainly towards English. Such models can be

2 Automatic classification refers to the ability of a system to
automatically classify with respect to an existing taxonomy [Woods 921.
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one of these verbs, the d-net is traversed to
determine the realisation of the concept based
on a sequence of queries regarding the
instance being ingested. Accordingly, the
concept will be realised as eat if the object is
solid or drink if the object is liquid and so on.
However, the use of highly abstract semantic
primitives in d-nets has made them less
popular in recent NLG systems. Nevertheless,
d-nets have proven to be highly influential for

subsequent work in generation [Stede95).

The next generation of lexical choice
systems organised lexical knowledge as
inheritance hierarchies in which subordinate
concepts inherit the properties of their super-
ordinates (e.g., the LOQUI generator
[Horacek87]). As a result, the primitives are
not as abstract as those of d-nets and
inheritance mechanisms are exploited to
reduce the redundancy in the representation.
However, the semantic primitives described
for concepts remain in general sin-War to
those of d-nets. The need to constrain
concepts by means of restrictions (motivated
by the participant roles of more complex
concepts describing different types of
situations) encouraged some researchers to
explore the possibility of using frames in
representing concepts expressed by lexical

items.  Typically, a frame-based system

consists of a collection of data structures
called frames which represent classes or
objects. Each frame has a number of data
elements called slots. Each slot contains
information about attributes such as values
and restrictions on possible fillers [Woods92).
The DIOGENES system provides a frame for
every lexical item in the Knowledge-Base
(KB) in which each frame specifies a concept
along with some restrictions on particular
roles of the concepts [Nirenburg88). For
example, the frame for the word boy has the

following representation:

Boy:

CONCEPT-SLOT: person
SEX: male
AGE 12-15
Other restrictions on concepts can be

described in a similar way. Typically a frame
system will include an is-a link (X is-a Y) in
terms of pointers to more general frames or
frames from which additional slots with
default values and other information may be
inherited. However, in frame-based systems,
there is no formal criterion for when such
links should be added to a frame. It is simply
up to the designer to decide where a concept
should be inserted into the hierarchy. When
choosing a word, all frames and their slots

need to be examined to filter out unrelated
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of lexical choice and then discuss how dealing
with a productive derivation such as Arabic
derivation requires a different model of

lexicalisation.

-

2.1 Lexicalisation Techniques

Lexical choice (lexicalisation) is a
process of mapping meaning representations
onto lexical items (words in the language). A
generation system will need to identify (all)
possible words and choose among them the
best candidate in a particular situation.
Performing lexical choice is non-trivial
because the meaning representations are not
directly linked to words (i.e., a large number
of words may apply in any situation) and
choosing the right word requires knowledge
not only about the semantics but also about
syntax and pragmatics. In general, lexical
choice communicates with other pfOCesses
and decisions in an interactive way and the
consequences of choosing a word might be
far-reaching and not immediately apparent

[Zock90,Nogier92).

Native speakers of a language seem 10
face no difficulties in finding the words to
express themselves, yet computer-based
systems need to address the complex
character of the task. At present, researchers

have no good insights or indications as to how

humans perform lexical choice so easily and
current lexical choosers are still far from the
performance of humans. Lexical choice is at
the heart of generation and having good
lexicalisation systems is important for
systems that will convey ideas in natural
languages (e.g., Machine Translation MT

systems and NLG systems).

Early approaches in NLG assumed very
simple connections between words and
concepts (one-to-one mappings, which have
sometimes been referred to as capital letter
semantics). A more sophisticated approach
was exemplified by the development of
discrimination nets (also called (d-nets)
[Goldman75], which map a concept to one of
the near-synonymous words that represent
possible realisations of that concept. This is
achieved by providing for each semantic
primitive a decision tree with possible words
attached to its leaves. Accordingly, every
word sense has associated with it a set of
defining characteristics. These
characteristics are predicates which must be
satisfied by the input  conceptual
representation in order for the input to be
realised using that word. For example, the, d-
net for the primitive concept INGEST can be

related to different verbs such as eat, drink

and inhale. When trying to map a concept to
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applicability to Arabic as a derived
language,

* Section 3 provides an overview of
Arabic derivation and introduces our
approach to derivation as a semantic
process. This section describes also the
derivation of Arabic terminology and their
semantic specifications,

* Section 4 describes the computational
model which includes building a semantic
taxonomy and describing possible ways for
implementing the taxonomy.

* Section 5 concludes the paper by

summarising the ideas presented so far,

2 Lexical Choice in NLG Systems

Natural language generation (NLG) is
the process of realizing communicative
intentions as text (or speech). Generation is
often split into strategic generation (what to
say) and tactical generation (how to say it)
[Thompson, 77]. In choosing what to say a
generation system will need to consider how
the original communicative intention
determines the meaning to be conveyed, and
then how this meaning can be organized as a
sequence of sentence-sized meaning units and
how these can b= structured. In choosing how
to say it a generation system will take the
sentence-sized meaning units and will attempt

to express them as sentences in the target

natural language. The consensus view as to
what processes generation looks as follows
(McKeown88,Reiter94,Nicolov96]:

Content Determination: The meaning
to be conveyed is determined taking into
account the communicative goals. The,
semantic  structure produced might be
annotated by rhetorical structure theory

relations,

Sentence  Planning: Splitting the
relatively big semantic structure at the output
of the previous stage into units that can be

expressed as sentences (or clauses).

Lexical choice: Choosing content words

and (abstract) grammatical relations.

Surface realisation: Choosing syntactic
structures and introducing closed class words
(auxiliaries, prepositions). |

Morphology: Performing declination of

words.

Synthesising speech/Formatting:
Producing speech from the syntactic tree
Alternatively, systems producing written
output might perform some kind of formatting
at this stage.

In this paper we address lexical choice
in  Arabic that is well-known for its
derivational productivity. We first look more

closely at the standard notion and techniques
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I Introduction

In this paper we introduce a new
framework for systems that perform Arabic
on Arabic

lexical choice focusing

terminology.  Lexical choice also called
Lexicalisation, is the process of mapping
semantic representations onto lexical items
(words in the language). While native
speakers of a language seem to face no
difficulties in finding the words to express
themselves, computer-based systems need to
address the complex character of the task.
Lexical choice is at the heart of generation
and having good lexicalisation -systems is
important for systems that will convey ideas
in natural languages (e.g., Machine
Translation (MT) and Natural Language
Generation (NLG) systems). The present-day
frameworks for lexicalisation have all been
originally developed having English as a
target language in mind. English has a
morphology which is not as productive in its
overall  derivation as some  other
morphological systems such as those found in
Semitic languages. This may explain the
absence  of  derivationally = motivated
approaches to the problem of lexicalisation
even for some very productive processes
expressed by English. Applying existing
approaches, which treat words as isolated

items, to the lexicalisation of highly derived

languages such as Arabic runs against the
spirit of the language and leads to a great

redundancy in the knowledge-base.

In Arabic, derivation is a major word-
formation process that relates words in the
language. Generally speaking, Arabic words
are built around consonantal roots which can
be linked to core meaning representations.
The consonantal roots are modified by
derivational processes using derivational
affixes. Derivational affixes, in turn are
associated with general semantic features.
When a derivational process occurs the
physical shape of the root will be altered and
so as its meaning representation. The
interactions between roots and derivational
affixes allow us to study derivation not only
from a structural point of view but also from a
semantic  one. Semantic  interactions
motivated by ‘derivation can be exploited in
the process of Arabic lexicalisation. This
implies utilising such interactions in building
semantic networks that support the mappirig
between meaning representation and Arabic
derived words including terminology, This

paper is organised as follows:

« Section 2 introduces Natural Language

Generation and its components focusing on

i

lexicalisation  techniques and  their
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Abstract: in this paper we show that semantic specifications can be described for Arabic
derivation. Moreover, semantic interactions that hold between features associated with moulds and
meaning representations expressed by roots can be exploited in the process of Arabic lexicalisation.
Such a process, with no doubt, will benefit the automatic generation of Arabic terminology. We
discuss current approaches to lexicalisation and show that Arabic requires a new framework that is
consistent with its nature as a derived language. Our analysis covers linguistic issues as well as
computational ones on the linguistic side, we study Arabic derivation from a semantic point of
view. On the computational side, we show that semantic aspects of Arabic derivation can be
expressed as a semantic taxonomy. Taxonomic organisations are implemented by KR systems that
support automatic classification. Such systems are useful when implementing Arabic derivation in
which they allow for the KB to be free from redundant information and derivation occurs at
classification time. Finally, we demonstrate our approach to Arabic lexicalisation by generating

some terminological terms using a generator that is based on semantic principles discussed in this

paper.
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SAMPLE OF TRANSLATION FROM

ENGLISH TO ARABIC USING "MLTS" SOFTWARE

He traveled to Dubai, then returned to Bahrain,

Ol Jhale 3 ¢ g0 1 AL

The newspapers announced the result of the election.

AV Dl Cisall culed

This program is not suitable for children.

UL Ll ol 13

Those women are skilled tailoresses.

wohale @lblis ol :l'JJi

The government issues the official statistics at the
beginning of the month.

2l g § e 1 oslas Y1 LopSodl yaas

The national troupe will present a program of folk dance

M gnd gl pali sy paii byl 1541

tomorrow.

Is your brother in the house? Taanl § Ussi fa @
How many cows are there in the field? S § lasp s @
T'happened to be in London at the time. 2Byt 3 oad § ST of Gyl eels 5 m
It is going to be hotter. Ol 45w ) W
It is now universally accepted that fresh water resources |  wiwi <l lye of Jold U2 Jgite o1 5| @
are limited. 39ame
He is grateful to me for helping him. Waslad g88, W

The statement that he was going to resign surprised
everyone.,

et Ll s oS S ol o

Readers are encouraged to confirm the information

ool lia § Slgiall colglalt ST o1 aony

contained herein with other sources. Sy olas

Is the book useful ? Sagio OGS Ja ®
Is there any mail for me? 8 i Uia Ja W
Did you sell your car? 0B ks cany o ®

Whose book was she reading?

$i,5 ol oo S

How long did you stay in Paris?

Sy § S 50 S

Have another cup of tea?

SL3 g J:-T Lis X5

She put her dress on yesterday.

Ayl gl ad o

She get her dress today.

13 Ll e o g

st

Sl e,

S
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MLTS OVERVIEW

INPUT TEXT
TRANSLATION MEMORY

Ist step

INPUT TEXT
(SOURCE LANGUAGE)
MORPHOLOGICAL ANALYSIS
SYNTACTIC ANALYSIS
SEMANTIC ANALYSIS
TRANSFER
SEMANTIC GENERATION
SYNTACTIC GENERATION
MORPHOLOGICAL GENERATION
OUTPUT TEXT
(TRAGET LANGUAGE)

SISATVNY

2nd step

SISHHINAS

SAMPLES OF TRANSLATION FROM
ARABIC TO ENGLISH USING "MLTS" SOFTWARE

About the manuscripts

And the savants and the historians agree on
that the history at the Moslems arose in the laptop
of talk science, and the chest of Islam and till the
third century of migration the science of talk and
the science of historiography were merged, and
the worker by them were named a speaker or a
reporter, in other words a historian.

Wherefore many researchers consider that the
science of historiography at the Arabs are really
one of talk science branches.

The manuscript which was found in a small
size and written by a beautiful naskhi calligraphy.
The copyist emploies the red ink for the writing of
headings and the black ink for the main part. And
some possessions come under the heading from
her " from books of the poor to the Most High
God's mercy Ahmed ben Abraham ben Khalikan”
and the manuscript includes sixty piece of papers
the piece of paper number 20 was lost in her and
some damage had caught up with it which did
not impress his reading and his verification.

b ghadl Jgo

Lo guoloadl i o)l ol gle oimylly clolall pargs
S i Sy pd )l e Biad citmanl ple olasi &
s olbly oamenie @,Lm pley duasdl ple ol 3,2l
s Vagdy pode gy syl ol Bame gl Loy Jisall
g5 Wil 3 gr ol iz @,‘L-.Jl ple o ol s S
tgasdh ple g9 00

by ygiSey pradl Syt Lale Jio I dbghall ol
ety Oagliall LS a1 aadl punlill pasiodl e 7
oo " Lis lSLal e sas oliall casd elry L oall 2g Y
"olSth o pastpl or dexl JU5 A Lemy JI R 5S
20 @3, Bt Lsd wusls By oui lo oghnll S5y
Loy Lo 3 gl 33 ) 3 N pdey L) 3
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conjugations (flexures). This is the phase

of morphelogical generation.
CONCLUSION

MLTS functions in batch mode or
on-line.

* Batch mode : the resulting text is saved
in a separate file from the source file

* On-line : the source text is translated
sentence by sentence and the resulting
text is displayed in a separate
windows called Target Text, placed
next to or below the Source Text
window.

The unknown words are listed in a
separate file which allows the user to
enter them in the user dictionary.

The MLTS software works at about
20,000 words per hour and provides an
understandable translation with great
precision.

In the area of linguistic translation,
the obtained results in a given stage are
often far from being perfect (100% success
does not exist) but they are
understandable and acceptable. Even if
they require improvements.

The chosen analyzer of English

allows the creation of an automated

translation software which offers a first
draft translation warranting a post-
edition phase.

Some questions raised at the
svntactic and semantic level still remain
to be resolved. In order to make up for
these inconveniences, specifications for a
new approach have recently been
conceptualized and they will soon be
implemented.

Some questions raised at the
syntactic and semantic level still remain
to be resolved. In order to make up for
these inconveniences , specifications for a
new approach have recently been
conceptualized and they will soon be
implemented.

We are making a special effort on
the development of dictionaries :

* General dictionary (to have up to

100,000 entries)

» Specific dictionaries (Computer
Science, Medicine, Finance,
Business, Aviation,...)

* Dictionary of idiomatic

expressions (to have up 10,000

entries).
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It is composed of one or several
clauses. A clause may be principal,
independent, relative, coordinate, or
subordinate, and is always governed by a
verb.

The software determines the nature
and the grammatical function of each
element in the sentence, in addition to the
function of the clauses that compose it.

The syntactic functions are
reorganized according to their semantic
role : predicate, arguments, and
modifiers.

Often for a given word there are
different synonyms which need to be
sorted according to the context.

For example :

~ We reached the village before
darkness came on
Sl Uag of Ji A 8 ) sy
Come on = (sl 5 Ua |
— The rose is coming on well

‘.\:.).333.)‘,“ Calad

Comeon= (=i g Us

TRANSFER

The transfer phase consists of two
tasks : lexical transfer and structural

transfer. Each sentence is represented by

a tree which is diagrammed into the
target language. The latter is particularly
important in Arabic where the placement
of the verb is before the subject at the
beginning of the sentence. The
progressive form of the English verb is
either translated by an action noun
(gerund) or by an incomplete verb.

- Heis studying.

i
~ We are leaving tomorrow.

lae oy silse ad
GENERATION

The generation phase is a mirrored
phase of the analysis phase. The
operations of the morphological, syntactic
and semantic analysis are performed in
reverse order. The syntactic structure of
each sentence of the source text is
represented by a tree.

For each tree in the source language,
a corresponding tree is built in the target .
language. Then, the syntactic and
grammatical transfer is run in parallel.
The difference between the two sentences
is retained

At the same time, the software

grammatical agreements

creates

(declensions of word) and verb
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oalll 138 81kl e glaadl | g of 18 e ang

"contained" can be : adjective, verb.

SYNTACTIC ANALYSIS

MLTS analyzes the structure of the
sentence in order to recognize the
grammatical categories of its constituents.
Then the software verifies if the obtained
structure conforms to the well-defined
rules of syntax

MLTS analyzes each group of
elements in the sentence to recognize the
different constituents : verbal group,
nominal group, and prepositional group.
It identifies the different syntagms and
builds the semantic links among the
different constituents.

The syntactic analysis is generated
(or generates) from the elements tagged
with  corresponding category and
grouped in nominal group (NG), verbal
group (VG), prepositional group -PG),
etc... The determination of the subject
group is a delicate problem and the

software performs several iterations to

solve it.

An additional problem to resolve is

the notion of ‘"heritage" between

sentences. That is to say, the relationship

among the word in different sentences.

For example, the pronouns must agree in

number and gender with their

antecedents (nouns that they replace in
the adjacent sentences).

- The Nile is a very long river, indeed it
is one of the longest river in the
world. It is longer than the Amazon.

Gl A Jabd 4 G o ik e J

a3 Oa sk
"It" refers to the Nile. It is inherited
from the preceding sentence.

— Arab universities graduate a large
number of students each year. Some
of these go to Europe or America to
obtain advanced degrees.

US GOl (a1 S e L jadl Claalad) 7535
saniall S g o Ll ) eV 38 an Ay i
Mo el e | hasd 1 s

"these" refers to students. It is

inherited from the preceding sentence.

SEMANTIC ANALYSIS

A sentence is an assembly of words

expressing a complete thought.
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The words "the woman" and "the
man" are of the same category, the same
goes for " a green dress" and "a red
suitcase". Therefore, at the level of
translation memory, these two sentences
should be equivalent so only one from is

saved.

MORPHOLOGICAL ANALYSIS

MLTS analyzes each word of the
sentence in order to deduce grammatical
characteristics (flexure, gender, number,
person..)

It canonizes a word to its simplest
form during a  phase called
"lemmatization". In other words:

— Nouns are brought back to
their singular form

— Verbs to the infinitive form

- Adjectives to masculine
singular

- Idioms to the infinitive form
with pronouns in the 3rd
person.

As a result, the software searches for
the longest chain of words by comparing

it to the elements saved in a collection of

dictionaries :

— The general dictionary contains
the usual words and locutions,

- The dictionary of idioms
consists of expressions and
locutions,

— The user dictionary consists of
terms added or inserted by the
user.

Each element of the sentence
belongs to a linguistic category. This can
be simple words, compound words or
idiomatic expressions.

Sometimes, a given word has 2 or 3
potential translations falling into different
categories. This typé of ambiguity is
frequent and additional procedures have
to be set up to bypass this ambiguity.

For example :

= Samia put on her hat and left the

room.
3l o5 e Lgiadh duals o

"left" can be : adjective, adverb,

nom, verb

s Readers must confirm the information

contained with other sources.
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engineers. It is an automated translation
software conceived to help translators but
not to replace them. It is capable of
providing quickly the rough draft of an
understandable and acceptable
translation.

MLTS translates texts in a specific
subject area (business, finance, computer
science...) by  using  customized
dictionaries.

The MLTS software operates on 5
different levels :

" translation memory

* morphological analysis
* syntactic analysis

* semantic analysis

* transfer.

MLTS combines the advantages of
translation memory and of the "approach
by transfer". it is based on semantic units

and on an internal representation of

languages concepts.
TRANSLATION MEMORY

The software starts by looking in the
memory for an identical sentence to the
one found in the text. It uses alignments
techniques or similar approximation such

as fuzzy matching. If the matching ratios

is 100 %, there is an equality between two
chains of characters. If the ratio is smaller,
it is a sentence with subtle differences
(declensions of nouns, pronouns, and
adjectives, as well as verbal flexures).

The translation memory can suggest
close correspondences (fuzzy matching).
The software can carry out replacements
of invariable parts (numbers, proper
nouns) or variable parts with declensions.

The output of automated translation
software can be viewed as o potential
collection of initial translation memories.
But this approach rapidly causes a
saturation of the translation memory and
increases research time.

Thus, we created new methods of
arranging, matching, and compressing.
For example, ‘'give something to
somebody". The new approach should
recognize and intelligently generate
adequate replacements according to the

context.
* The woman bought a green dress.

BYCEUL I F{ W CAFH- T
* The man bought a red suitcase.

Plaa hadyia da s A v
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MLTS

Multi-Lingual Translation System

From its inception, the CIMOS
company pursued two lines of business:
conventional translation services and
design of a multilingual software. The
translation process was carried out
manually by skilled human translators
trained on computer tools. The software
developed by engineers with a strong
linguistic background.

Over the year, our clients have
submitted substantial documents to our
translators such as technical manuals. In
response to the growing demand, we
decided to automate the translation
process for our own needs and then for
those of our customers. We created the
department  of  '"computer-assisted

translation" with the hope of assisting

* CIMOS PARIS FRANCE

Mohamed Azze-Edine*

better the translators. Its objective was to
evolve the manual translation process
toward a system of automated translation
that could be marketed as a stand-alone
product to our customers.

The MLTS software (Multi-Lingual
Translation System) created in this
department incorporates the lexical
sources saved for more than 15 years of
conventional translation services. MLTS
is both a tool to help the translation
process and an automated translation
software with in an impressive level of

performance on its own.

DESCRIPTION

MLTS was developed by a team of

experienced linguists and software
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au choix du systéme d'un logiciels de
gestion des documents électroniques, au
choix d'un logiciel d’analyse de texte,

au choix d'un dépouilleur de termes, la

diffusion du savoir compris dans ces

textes sous forme de base

connaissances, sont a ’ordre du jour.

de
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CONCLUSION

Les logiciels d'assistance au
dépouillement restent inadaptés pour la
représentation du sens, car il s'agit ici,
non pas d'extraire des chaines de
caractéres, mais des termes simples ou
composés susceptibles de représenter

les concepts du domaine.

Les phénomenes lexicaux

morphologiques, syntaxiques,
sémantiques et pragmatiques qui sont a
I'ceuvre dans un texte ne sont pas pris
en compte de la méme maniere. Les
descriptions linguistiques proposées, si
elles couvrent un niveau (morphologie,

syntaxe) occultent souvent les autres

niveaux (sémantique, pragamatique).

En effet, pour que l'extraction soit
tout A fait automatique, la machine doit
étre dotée des mémes connaissances que
celles des humains pour garantir une
compréhension adéquate des textes. En
plus des connaissances linguistiques et
l'utilisation de formalisme capable de
modéliser un  cadre  linguistique
intéressant, des connaissances
supplémentaires sur les domaines

couverts (agencement et structuration des

concepts, aspects cognitifs, évolution du
savoir- etc) ainsi que sur les conditions et
les contextes de production de textes
(aspect pragmatique et discursif) sont

nécessaires.

Ces logiciels se heurtent a des
difficultés, de traitement de la polysémie,
des formes homographes et de la
détermination de la relation inhérente au
terme et au concept qu'il dénomme. C'est
pourquoi la recherche s’oriente de plus en
plus, dans ce domaine, vers la

modélisation de systemes a large

couverture linguistique et conceptuelle.

Pour conclure, nous renvoyons a
I'évaluation effectuée en 1990 par Salton
et Al (Information processing and
management Vol. 26), relative a I'efficacité
du repérage des différentes méthodes et
qui a conclu a l'insuffisance des analyses
syntaxiques, 4 la nécessité de traitement
lexico-sémantique et de connaissance qui

dépassent le cadre de la phrase.

A la lumiere de ce qui vient d’étre dit,
des questions nouvelles se posent a nous.
Une banque de termes c’est aussi un
projet de gestion des textes spécialisés et

des connaissances, des questions relatives
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Par ailleurs, il convient de signaler
les travaux menés par la société SAKHR
dans le cadre du systéme d’extraction
des termes arabes (Arabic Text Retrieval

Systemn), il s’agit d'un systéme

d’interrogation de type documentaire
qui fait appel a wun analyseur
morphologique lors du traitement des

requétes. Voir exemple ci-apreés.

ANALYSE ET GENERATION MORPHOLOGIQUE
3ol S g Jul> i
ANALYSEUR
MORPHOLOGIQUE
I dapyay 4
diia s A e () e Houl Ao ey
e aa: oIS il Galey 4 3,4 ‘
JLS"L""L—’*‘\I L Lrl'g'
A @Y (Y Ara ey 4 v
GENERATEUR
MORPHOLOGIQUE
gz o
Jake s (A s o
w0 )u \ =S, .
(e aa: alS 4l > S daa 4y
3% Gilas BuaY % el
A GaY GaY 'é'ﬁ“
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Apercu sur le systeme

ENTRER PHRASE
Y

ACQUERIR MOT

T

PHASE MORPHOLOGIQUE

7

. PHASE SYNTATIQUE
ST -

[mion |
PHRASE PHASE

ACCEPTEE | 4| SEMANTIQUE 1. VERBE
AGREE ¢

SUB (X)

2. SUJET

3. OBJET

Classification d'une phrase arabe

Phrase arabe

TN

Dépendante Indépendante

T

MONO BI TRI

(N+N) (V+V) (N+V)  contexte
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a. Division du mot en éléments
morphologiques (éléments qui se

combinent pour former le mot).
Préfixe et suffixe CEP + (R - RAT) + ES-

b. Valeur grammaticale (GV) selon
la position du mot dans le document.

Voir exemple ci-dessous.

Pdt (ke ) b+ g pgley
Wl il Jails paad — Blae po | — 2 > — il
yi.w;ubbﬂgpwli(ﬂ—r@) — M

Wil Jod — Cibe 1 (Jd—pan) + 5

Nous pouvons signaler également
les travaux menés par l'équipe de
N.HIGAZI dans le cadre de la
constitution ~ d'un systéme de
compréhension de la langue arabe
(natural arabic langage understanding
system) et notamment la réalisatién
d'un parseur syntaxique. Ce parseur
utilise en plus de l'analyse syntaxique
d'une phrase, une base de connaissances
sémantiques (prépositions verbales et
cas) pour affiner 'inférence sémantique.
Ce systeme est développé en Prolog. 1
décompose les phrases en trois types :
mono-composées, bi- composées et tri

composées. Voir schémas ci-aprés.
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EXEMPLE DE FICHIER DE COLLOCATIONS GENERE PAR TACT
Reproduction du logiciel
humain 2 création d'un - 20f -
2 esprit - 2 la création d'un - 20of system communication
2 l'esprit -- 2 de la création d'un - 20of system ms communication of
2 de l'esprit - hyperdocumentation 20of systems communication of
hypercard 41- 20of  systems communication of the
2et- hyperdocuments 20of  systerns communication of the
hyperdocument 2 - accessibles acm
5 - électronique 7d- 2eds designing
2-est 4 des - 2 generation of
2-et 2 création d'- 2.generation of - systems
2-1 2 de la création d'- 2 generation of - systems
10L'- hypermedia communications
21 -est 2 - systems 2 generation of - systems
21 -et 2 - systems communication communication of
2 méme - 2 - systems communication of 2 generation of - systems
8un- 2 - systems communication of the communication of the
2 un - électronique 2 - systems communication of the 2 generation of - systems
6 d'un - acm communication of the acm
6 d'un -électronique 2 designing 2 mand]l eds designing -
6del'- 2 hypertext 2 next generation of --
Pour la langue arabe, il n'existe pas a concepts  (descripteurs en langage

notre  connaissance  de  produits documentaire) s'appuient sur une analyse
spécifiquement  réalisés pour le linguistique. Les concepts sont stockés
dépouillement terminologique. dans un ordre décroissant de pertinence
Néanmoins, des analyseurs (les criteres étant fixés a l'avance

morphosyntaxiques qui peuvent étre fréquence, charge sémantique posces

intégrés dans l'environnement d'un
dépouillement automatique existent au
stade prototypique. Nous citons a titre
indicatif les approches du D.Y.Hlal.
[Applied Arabic Linguistic and Signal

Information Processing], pour extraire des

comme a priori).

Le processus d'analyse
morphosyntaxique attache & chaque mot
du document a indexer les informations

suivantes :
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» Choisir un critere fréquentiel a
l'aide des opérateurs : tous, égal a,
plus petit que, plus grand que, et

de la valeur désirée,

= Choisir un point de vue : nom,
verbe, adjectif, unité complexe

nominale, lexique...

» Choisir une unité dans la liste
affichée apres le choix du point

de vue.

Apres le choix de lunité, le
systtme affiche le contexte de Ila
premiére occurrence et permet de
naviguer dans tous les contextes de
toutes les occurrences. Le systéme
permet également d'augmenter le
contexte en affichant les phrases
précédant et/ou suivant le contexte en
cours. Les listes d'unités extraites du
texte constituent le point de départ de
dépouillement (base de données
virtuelle et peuvent permettre de relever
des réseaux notionnels partiellement
représentés par les familles lexicales que

l'on peut explorer).

Exemple : dans le réseau carte, le

neeud carte & mémoire conduit lui-méme

a, carte a mémoire simple. Le nceud
mémoire ameéne aussi & carte a mémoire
et supercarte a mémoire, mémoire
volalile, mémoire a acces direct,

mémoire morte effacable.

A partir des informations

sélectionnées et éventuellement
complétées, le terminologue peut

enregistrer sa fiche.

Ce produit est présenté a fitre
d'exemple, d'autres logiciels existent

comme : FILCAT, TERMPLUS, TACT.

Ainsi FILCAT est un automate qui
permet d'extraire les termes complexes,
il isole puis filtre des segments
complexes de 2 a 9 mots répétitifs d'une
base de données textuelles. Les textes
sont d'abord indexés par un outil
d'indexation de l'analyseur textuel
TACT puis un générateur de collocation
de TACT produit les segments (2 a 9
mots). FILCAT filtre ce fichier en
dictionnaires

appliquant des

grammaticaux. Voir exemple ci-apres.
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GN

Position occupale
Par les spécifieurs

. [

Position Noyau

position occupale position dela téte
Par les groupes  du groupe nominal
adjectivaux

— T

Position occupale

A\

position occupale

par les
compléments

par les
compléments

Les résultats produits par la
description linguistique peuvent étre
filtrés & l'aide de deux procédures
fondées sur les opérations de différence
et d'intersection appelées,
respectivement procédure d'exclusion et
procédure d'inclusion. L'exclusion
consiste a éliminer des résultats les
unités consignées dans un dictionnaire.
L'inclusion consiste & ne conserver des
résultats que les unités consignées dans

un dictionnaire.

La description linguistique produit
plusieurs fichiers appelés points de vue
adjectifs,

aux noms,

correspondant
verbes, termes composés et au lexique

du texte.

Sélection des unités et rédaction

des fiches

A partir des résultats de la

description linguistique, cette étape
consiste & choisir les unités pertinentes,
de maniére interactive, dans un
environnement de bases de fiches. Pour
chaque unité, on dispose des différents
contextes dans lesquels elle est apparue.
Si I'unité est sélectionnée, une fiche est
créee automatiquement dans laquelle on

inscrit des informations pertinentes

(contexte, définition etc ... ).

Le processus de sélection d'unités

consiste a:
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Pour illustrer avec plus de détails cette
approche nous présentons le produit
TERMINO - NOMINO de dépouillement
assisté dont une version démonstration

peut &tre chargée & partir d'internet.

TERMINO-NOMINO est donc un
logiciel de dépouillement assisté par
ordinateur fonctionnant au départ sur
Macintosh. Une version développée pour
étre opérationnelle sur PC a donné lieu
au logiciel NOMINO.

Les textes soumis a TERMINO-
NOMINO sont des textes frangais sur
support informatique. Le traitement
effectué par TERMINO-NOMINO se
compose de trois étapes:

* traitement des marques d'édition,

description  linguistique et
sélection des unités et rédaction

des fiches.

Traitement des  marques

d'édition

Les textes soumis a TERMINO-
NOMINO demandent peu de
préparation. Les seules régles a respecter
sont : un retour chariot ne doit figurer

qu'en fin de paragraphe et les traits

d'union enfin de ligne doivent étre évités.

Description linguistique

La description linguistique est effectuée

en trois phases

» Phase de catégorisation et de
lemmatisation des formes lexicales.
Le traitement est effectué forme par
forme en indiquant pour chacune
d'elle sa catégorie, son lemme et un
certain nombre de propriétés (genre,
nombre, personne, temps et mode).
Ces informations sont nécessaires
pour  effectuer une  analyse

syntaxique.

* Phase de I'analyse syntaxique dont
le traitement consiste a construire une
représentation spatialisée des
différentes formes dans l'énoncé.
L'analyse s'effectue énoncé par énoncé
en s'appuyant sur des propriétés a la
fois de structure et des unités

lexicales.

* Phase d'extraction des termes
composés dépistés autour de certains
noms de phrase. Ces termes
composés construisent des entites
notionnelles ou termes. Voir schéma

ci-apres.
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PATRON DE FOUILLE POUR LES TERMES COMPLEXES®

PATRON BASE SUR L'OBSERVATION LINGUISTIQUE

Nde N : gestionnaire de fichiers
N Prép N : exploitation en paralléle, calculateur a programme
N Adj : état masqué

erreur logique

N Prép N Adj : calculateur a programme fixe

PATRON BASE SUR UNE GRAMMAIRE REGULIERE
Grammaire tirée de:

N1 # Prép # N2 # Prép # N3

1 indique la position dans le GN

# désigne une insertion optionnelle (nom, adj, ou mot non reconnu)

Prép # N3 # est optionnel

N1 Adj : appel automatique
N1N2 : carte mémoire

N1 & Det N2 : exploitation a l'alternat

* Applications utilisées dans I'analyse informatique & I'INIST (Centrale documentaire qui

produit deux bases de données PASCAL et FRANCIS)
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LEXTER : d'extraction de

Logiciel
terminologie qui, a partir d'un corpus de
textes techniques portant sur un domaine
effectue

une analyse

quelconque,
grammaticale de ces textes pour fournir une
liste d'unités terminologiques candidates,
forme d'un réseau

organisées  sous

hypertextuel. Le terminologue chargé de
valider la terminologie proposée par LEXTER
peut naviguer au sein du réseau des termes
candidats vers les textes et des textes vers les

termes candidats qui y'ont été détectes.

NOMINO TERMINO logiciel

d'extraction terminologique assistée qui
effectue une analyse syntaxique et propose un
environnement de dépouillement permettant
l'acces aux différentes listes d'unités relevées
(Unités complexes nominales, noms, verbes,
adjectifs, lexique du texte) ainsi que la
consultation de leurs contexte. Le logicie!
comporte un gestionnaire de base de fiches
avec les fonctions de modification, de
suppression, d'interrogation, d'importation et
d'exportation de fiches.

La plupart des logiciels passés en revue
utilisent des patrons de fouilles basés sur
l'observation linguistique, et postulent que
certaines formes sont plus terminogénes et

productives dans les domaines spécialisés.

IIs

utilisent des heuristiques

linguistiques de type :

Séquence de la langue qui n'est
possible qu'en présence de noms
composés D et Prép, Det Qua, Det N
Qua , Det V exemple : un a coup, une
chasse goupille, un mode a deux

temps.

Probabilit¢ de certaines suites a
pouvoir étre des noms composés :
ellipse du D et N Prép N ex : corrosion
par fatigue, juxtaposition de NN

exemple : Carte mémoire.

Etiquetage syntaxique de tous les mots
d'un texte frangais par comparaison
avec les dictionnaires électroniques
existant, qui identifient les différentes
formes fléchies du frangais et leur

apparence syntaxique.
Repérage de locutions adverbiales

Indexation une recherche

par
systémique a l'aide d'une grammaire
réguliere de formes syntaxique

indexation de figement des noms
composés, voir exemple de régles ci-

apres,
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Les indexeurs et concordanciers

Pour les indexeurs, la récurrence est un
des criteres essentiels pour déterminer si un
mot est représentatif du contenu.

Néanmoins, disposer d'une liste
complete des mots d'un texte répertorié et
classé par ordre alphabétique ne constitue
pas en soi un index, que si cette liste permet
de retrouver les différents contextes (chaque
mot est accompagné de sa ou ses références
du texte). Il convient cependant, de
distinguer entre index et concordancier :

Index : Inventaire des mots - formes
accompagnées de leur référence.

Concordancier : outil plus sophistiqué,
la concordance rassemble toutes les
occurrences des mots de texte (le mot est
repris autant de fois qu'il figure dans le
texte). Chaque occurrence prend place au
sein de son contexte original. La

constitution d'un concordancier consiste a

regrouper toutes les occurrences d'un méme

mot sous une rubrique, un mot vedette.

Ainsi, par rapport a l'index, le concordancier
rapproche les contextes dans lesquels
s'observe le mot.

Méthode automatique linguistique

Afin de réduire les faiblesses inhérentes

aux méthodes statistiques et de récupérer un

maximum de termes représentatifs de la
terminologie du domaine, des procédures
automatiques d'extraction reposant sur
des observations linguistiques sont
développées. Beaucoup de travaux
d'indexation automatique sont fondés sur
une extraction des GN. Ce choix se
justifie en partie par le fait qu'en langue
spécialisée, l'information pertinente est
localisée dans les GN et la fréquence de

ces derniers en langue spécialisée est

importante et élevée.

Cette approche a suscité des études
linguistiques et le nombre de logiciels
concus pour analyser et extraire les
termes composés est largement supérieur
a celui des logiciels traitant les termes
simples, malgré le fait que le recours a la
sémantique pour leur identification reste
difficile (le sens de GN ne dérive pas
automatiquement de celui des différents

éléments le composant.).

Ces logiciels basés sur I'analyse
morphologique et syntaxique constituent
actuellement les principaux systemes
d'extraction a des fins terminologiques.
Parmi ces logiciels, on peut citer LEXTER,
TERMINO, NOMINO, SATO,
TOPOCRAF, TERMIS, RTERM.
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SEGMENTEURS
Mot Références Dictionnaires de mots simples
le 1
recours 1 le
a 1 recours
la 1 banques
télématique 2 données
pour 2 textuelles
la 2 terminologiques
téléconsultation 3 bibliogiques
et 4 bibliographiques
le téléchargement 4 téléconsultation
a 5 téléchargement
partir 5
de 5
banques 5 Dictionnaires de mots compliquées
données 5
bibliographiques 5 banques de données
textuelles 6 découpages automatiques
terminologiques 6 banques de données

bibliographiques

banques de données textuelles
banques de données
terminologiques

données textuelles

données bibliographiques
données terminologiques

Ces segmenteurs posent un certain

nombre d’inconvénients a savoir :

Le défilement des textes sur écran pour la
constitution des termes composés est une

tiche fastiq!ieuse ;

la non utilisaﬁ'on de listes d'exclusion des

mots sans intérét tant au niveau des

termes simples (mots vides) qu'au
niveau des termes composés
(locutions adverbiales, prépositives,
mots de langue générale) oblige le
terminologue a passer en revue toutes
formes contenues dans les textes

dépouillés.
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REPRESENTATION SOUS FROME DE GRAPHE

Sc. de la terre et de 1'espace

Sc. deI’espace

v

Astronomie

Astrophysique Mécaﬂqu

\ Sc. de la terre
v \

Géologie

Géophysique

Glaciologie | | Hydrologie| |Géothermie | | Gravimétrie | | Séismologie || Volcanisme

Méthode automatique statistique

Avec l'évolution du domaine, des
logiciels d'extraction automatique sont
apparus et ont évolué du simple
segmenteur en passant par des logiciels
de statistiques pour aboutir a des logiciels

basés sur I'analyse linguistique.
Les segmenteurs

Les segmenteurs découpent le texte
en mots & partir d'un texte enregistré sur
support  informatique. Pour le
segmenteur un mot est une suite de
caractéres comprise entre deux espaces
blancs, entre un blanc et un signe de
ponctuation ou entre deux signes de

ponctuation.

Ce découpage est strictement
mécanique et ne tient compte ni des
groupes de mots/termes complexes ni de

la fréquence des termes.

Ces segmenteurs primaires peuvent
étre accompagnés de logiciels congus
pour la recomposition des termes
composés de maniére interactive dans
une deuxiéme étape. Le texte a traiter est
défilé dans une fenétre et 'utilisateur doit
indiquer quelles sont les formes-
complexes qui constituent des termes.
Ainsi deux dictionnaires sont constitués,
un dictionnaire des termes simples et un
dictionnaire des termes composés
pouvant étre utilisés pour une
reconnaissance automatique, cette fois,
des termes dans d'autres textes. Voir

exemple suivant.
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L'indexation automatique dans le cas
des SGBD textuels peut étre accompagnée
d'un ou de plusieurs dictionnaires de base
qui fonctionnent comme des dictionnaires
d'exclusion, a savoir les dictionnaires de mots
vides et les dictionnaires des formes fléchies.
Elle peut étre également accompagnée d'un

thésaurus.
Utilisation des dictionnaires

Cette méthode consiste a utiliser un
dictionnaire des radicaux et a mettre en
place des procédures informatiques
efficaces afin de pouvoir traiter n'importe
quel mot et le ramener a son radical. Dans
cette approche on opeére en deux étapes :
génération automatique d'un index complet
contenant toutes les formes extraites du
corpus textuel puis décomposition de la
forme pour lui enlever les suffixes et les
préfixes.

Utilisation de thésaurus

L'utilisation d'un thésaurus
présuppose une procédure particuliere qui
permet d'étendre la recherche aux termes
reliés et d'ajouter aux critéres de recherche
les termes ayant certaines relations avec les

données entrées.

Il s'agit d'un ensemble de termes
contrdlés et de concepts liés par
différents types de relations stockées
dans le thesaurus dont les concepts
représentent les nceuds de 'arbre et les
termes contrdlés {descripteurs)
représentent les feuilles de cet arbre.
Chaque concept peut lui méme inclure
d'autres concepts ou d'autres termes
contrdlés. Les relations peuvent étre
de type générique, spécifique ou de
type associatif. Le thésaurus est de ce
fait, une structuration d'un domaine
du savoir particulier. Le premier
niveau de cette structuration décrit les
concepts généraux du domaine
nommé index. Chaque index est lui
méme découpé en sous index. Cette
structuration peut étre modélisée sous

forme d'un graphe.

Cette approche semi-automatique
est donc basée sur la reconnaissance
des formes dans une base de donnée
textuelle a partir de dictionnaires
préalables  pour  optimiser le
rendement de lextraction (voir

schéma ci-apres).
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EXPAND RADIOACTIF EXPAND RADIOACTIF
TYPE TYPE
REF | INDEX-TERM ITEMS REF | INDEX-TERM ITEMS
{E1 Radio-téléscope 1 El Radideferous 1
E2 Radio-thérapy 2 E2 Radifére 5
E3 Radio-transmission 1 E3 Radii 9
E4 Radio-ulna 1 F4 Radio 67
E5 Radio-ulnar 1 E5 Radio 2
E6 Radioactif 32 E6 Radio-actif 6
E7 Radioactifs 3 E7 Radio-activation 1
E8 Radioactinium 1 E8 Radio-active 6
E9 Radioactive 36 E9 Radio-actives 1
E10 Radioactives 1 E10 Radio-activité -2
El1 Radioactivité 25 E11l Radio-activity 2
E12 | Radioactivity 13 E12 | Radio-alignement 1
E13 Radioaérienne 1 E13 Radio-altimétre 1
El4 |Radioalignement 1 El4 | Radio-antidiffuseur 1
E15 Radioaltimetre 1 E15 Radio-astronomie 1
El6 Radioautographie 1 E16 Radio-bicipital 1
E17 | Radioautography 1 E17 | Radio-canal 1
E18 Radiobalisage 1 E18 Radio-carpien 1
E19 Radiobalise 2 E19 Radio-channel 1
E20 [Radiocapital 1 E20 | Radio-communication 1
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écran, et conféere A Il'opération de
marquage un caractere conventionnel qui
peut étre ressenti par le terminologue
comme une contrainte. De plus le
défilement sur écran d'un corpus
volumineux n'est pas trés ergonomique et
le versement des résultats de l'index dans

un gestionnaire de fiches terminologiques

est un processus assez lourd.

Utilisation d’une fonctionnalité de

SGBD

Partant de la définition donné par C
Gardarin "Un SGBD se compose de trois

couches de fonctions :

1. La gestion des récipients de
données sur mémoires

secondaires.

2. La gestion de données stockées
dans les fichiers, le placement et
l'assemblage de ces données, la
gestion des liens entre données et
des structures permettant de les

retrouver rapidement.

3. La présentation de données aux

programmeurs d'application et

aux usagers ayant exprimé leurs
besoins en données".

[GARDARIN].

Le tri et le classement sont une
opération indispensable dans un SGBD.
IIs entrainent une réorganisation
physique de la base. L'indexation génere
un fichier qui ne comporte que les items
triés dans la zone choisie préalablement
comme clé¢ et chaque item renvoi dans la
base, & l'enregistrement qui contient cet
item. On peut créer autant d'index que de

zones. L'index est indispensable pour

I'interrogation d'une base de données.

Certaines données deviennent donc
des criteres de sélection: toutes les
données d'un champ (terme vedette,
entrée) prises séparément (inversion) ou
considérées comme un bloc. Les SGBD
qui traitent des données textuelles ou
considérées comme telles permettent
d'extraire automatiquement les mots d'un
texte, en éliminant les mots vides. 1l s'agit
dans ce cas d'indexation automatique, car
ces mots générent un index de base ot
leur est assigné le nombre d'occurrence,

comme l'illustre I'exemple suivant.
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par l'ordinateur. Bien avant de disposer
de logiciels d'extraction basés sur
l'analyse statistique, ou plus récemment
ceux basés sur I'analyse morphologique et
syntaxique, le terminologue a cherché¢,
des l'avénement de logiciel de traitement
de textes, & optimiser son travail. Cette
approche que l'on peut qualifier de semi-
automatique concerne l'utilisation des
fonctionnalités de traitement de textes et
celles des SGBD.

Utilisation de traitement de textes

Dans cette approche, le terminologue,
constitue une liste de termes, en
délimitant  ces derniers a l'aide de
symboles conventionnels.

A titre d'exemple nous citons un outil
qui a été développé initialement & partir
des macros de Word Perfect : IVANOHE!
Ce logiciel utilise les conventions
suivantes
= Les symboles [[ ]] pour délimiter le

terme seul et I'importer sans contexte ;
* Les << >> pour délimiter et

importer le terme avec son contexte ou
la phrase dans laquelle figure le terme

marque ;

» @ marque l'indicatif de page

» Pour les documents bilingues, des
indicatifs numériques permettent
d’associer un terme et son équivalent
s'ils n'apparaissent pas dans le méme
ordre dans les deux textes
Les versions récentes des logiciels de

traitement de textes standard (type

WORD, WINTEXT etc .. ), offrent la

fonctionnalité d'index qui permet au

terminologue d'extraire, a partir d'un
texte sur support informatique, des
termes simples ou composés qu'il aura
marqué une seule fois dans son texte.
Cette approche laisse au
terminologue le soin d’identifier le terme
et lui permet d'accélérer la constitution de
la fiche terminologique dont les données
doivent étre traitées et validés avant
d’étre  versées dans une banque
terminologique. La fonctionnalité index
est devenue une fonction essentielle dans
les logiciels de traitement de textes

quelque soit l'environnement de travail .

Néanmoins, 'utilisation de symboles
pour délimiter les termes, les contextes et
les indicatifs de page présuppose de

parcourir tous les textes en les lisant sur

1[développé au bureau de traduction au Canada et qui, pour des problemes de mise a jour de Word
Perfect, a été redéveiopné a l'aide d'un langage de programmation indépendant].
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proximité.

Ainsi la recherche peut se faire sur
un terme complet ou a partir d'une partie
de ses lettres (troncature a droite, a
gauche et avec masquage). La recherche
peut se faire en texte libre ou sur des
champs spécifiés. Des expressions de

recherche incluant des opérateurs
booléens peuvent étre également utilisées

(Union, Intersection, Exclusion).

Ces logiciels disposent également de
fonctions utilitaires tri selon un ou
plusieurs  critéres, impression et
exportation selon différents formats:
format prédéfini, format utilisateur ou

format ASCII.
Echange

L'intérét de consultation de

plusieurs banques de terminologie
existantes n'est plus 4 démontrer. En
effet, les échanges de données entre
différents fournisseurs évitent d'avoir a
refaire les mémes travaux. La majorité
des logiciels de terminologie offrent des
fonctions d'importation et d'exportation
de données entre les banques.
Néanmoins, l'échange pose quelques

difficultés pour la mise a jour des

données. La tendance actuelle est a
I'établissement de formules de partenariat
permettant de mettre en relation les
différentes sburces d'informations, et au
développement d'interfaces pour
l'interrogation d'un certain nombre de
banques sélectionnées et fusionnées par
les liens de la communication. Une
solution intermédiaire consiste a utiliser

les formats d'échange standards de type

SGML, HTML, TEL
Diffusion

Les banques de terminologie
diffusent l'information _soit par acces
direct aux données soit par le biais de
disque optique compact.  Différents
systtmes de publication ou d'édition
électronique sont également utilisés pour
augmenter la  production et Ila
productivité du secteur de publication, et

pour diffuser rapidement les résultats.

EXTRACTION OU ASSISTANCE
AU DEPOUILLEMENT DE TEXTES

L'extraction de mots a partir de textes
présuppose que ces textes soient déja
disponibles sous format électronique ou
qu'ils aient été soumis a une lecture

optique qui rend possible leur utilisation
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d'exemple :

AUTOLEX, LEXITERM, NEOLOG,
CONCEPTERM, DICOBASE, CAT,
KONSULT, LEXICALISE.

AUTOLEX par exemple, est un
logiciel de gestion de bases de données
terminologiques et en méme temps un
instrument d'aide a la traduction. 1l
permet de classer les termes vedettes
selon leur degré de fiabilité ou par
domaine. Ce systéeme permet également

de traiter les sigles et les abréviations.

LEXITERM quant a lui est un logiciel
de gestion de bases de données
terminologiques  multilingues  sans
limitation du nombre de Jangues. C'est
un systéme qui permet l'association

d'images aux fiches terminologiques.

Quant au NEOLOG, c'est un logiciel
de confection et de gestion de bases de
données terminologiques. Le systeme
accorde une place importante aux champs
"constats d'usage" et "notes de recherche",
et offre également la possibilité d'établir
des liens entre fiches comportant des

termes apparentés (synonymes, contraires

etc...).

Le LEXICALISTE reste le plus

général, il permet de constituer une base
ouverte, générique et intelligente : a partir
des attributs syntaxiques spécifiés et du
réseau sémantique, le systéme génére une
base adéquate a ces spécifications. I
posseéde un langage de contraintes qui
offre la possibilité de laisser le systéme
réduire, a la place de l'utilisateur, la
valeur ou les valeurs possibles d'un
certain nombre d'attributs en tenant
compte des attributs déja saisis. En plus,
des puissants moyens de navigation
hypertextuelle dans le dicfionnaire qu'il
posseéde, le systétme comprend plusieurs
fonctionnalités, entre autres, un réseau
lexical, des liens hypertextuels et la
possibilitt de navigation sophistiquée

dans les réseaux sémantiques et lexicaux.

Exploitation

La plupart des logiciels dits de
terminologie offrent des stratégies de
recherche plus ou moins sophistiquées
pour la consultation de la base, et
permettent des fonctionnalités,
d'impression et d'exportation  des
données. Quant a l'acces a l'information,
les logiciels de terminologie disposent
d'un langage d'interrogation & base de

termes et d'opérateurs booléens et/ou de
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représentation et une modélisation de la
connaissance et du savoir dans le
domaine étudié. Elle permet également
de déterminer les termes a préviligie”r,

ceux a éviter etc...

L'automatisation de cette étape ne
peut étre que partielle car l'intervention
du terminologue (pour les raisons de
caractérisation de termes sus-
mentionnées) est indispensable et
l'interactivité est requise en raison des
exigences de qualité. Par ailleurs, en plus
des raisons qui dépendent de la spécificité
du travail terminologique, le transfert
d'expertise (sous forme d'une
terminologie au  sens  Wusterien
d'ensembles  bien  structurés) pose

actuellement plusieurs difficultés :

* Il n'y a pas de théorie générale et
unifiée du texte (linguistique,

cognitive, documentaire, etc)

* C'est un domaine ou le passage de la
théorie a l'application entraine des

compromis,

* Désignant des concepts, les termes
sont une représentation, ils ne sont pas
les "concepts" eux-mémes dans leur

universalité. Ils ne sont que le résultat

d'un filtrage particulier

(matérialisation  linguistique  d'un
certain nombre de leurs
caractéristiques en rapport avec les
besoins discursifs) et les criteres de
reconnaissance par les locuteurs d'une
langue spécialisée demeurent mal

connus.

Le dépouillement assisté reste un
palliatif car il fait gagner du temps au
terminologue et permet de traiter un
volume textuel plus important et par la

méme , plus représentatif du domaine.
Gestion terminologique

Il existe actuellement un grand
nombre de logiciels dits de terminologie
pour Ia rédaction et la gestion de fiches
terminologiques.  La plupart de ces
produits ont été développés a partir
d'outils congus a d'autres fins et pour des
besoins spécifiques (gestion
documentaire). Par ailleurs, les logiciels
connaissent souvent une utilisation plutot
limitée car leurs principaux utilisateurs se
trouvent dans les milieux méme de leur

conception.

Parmi ces logiciels spécifiques a la

terminologie on peut citer, a titre
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préalable (nettoyage, marquage) pour les
rendre utilisables par des logiciels dont
les formats sont rarement standards ou
compatibles entre eux. Par conséquent le
recours aux traitements de textes pour
accomplir ces taches de pré-édition est
nécessaire.

Reconnaissance des termes et
établissement de la nomenclature

Les termes, en tant que signes
linguistiques de la  dénomination
spécialisée désignant un objet concret ou
abstrait sans équivoque, ne peuvent
différer, quant a leur représentation
formelle, des autres chaines de caractéres
qui sont les mots. Seule leur
appartenance a un domaine spécialisé et
leur utilisation par les spécialistes du
domaine peuvent étre retenues comme
critere de différenciation. Néanmoins on
peut rappeler quelques spécificités qui
caractérisent, du point de vue
méthodologique, le terme et qui
permettent de le distinguer du mot:

+ Le terme tend a étre mono-
référentie]l dans un texte scientifique et
technique appartenant au méme domaine
et n'admet de synonymie que

référentielle.

+ Les termes forment dans chaque
vocabulaire scientifique une série, un
ensemble dont les éléments sont
structurés du fait de leur appartenance a
un domaine particulier. Ces éléments sont
lites par des relations de types
hiérarchique ou associatif qui lient les
notions entre elles.

+ Les termes fonctionnent d'une
maniere particuliére sur l'axe
paradigmatique. La commutation et la
distribution fonctionnent dans wune
structure calquée du réel.

Constituant l'objet méme de la
terminologie, la collecte des termes est la
premiére étape dans la chaine de
production de la  terminologie.
L'opération de dépouillement consiste a
relever dans un corpus spéciaiisé les
termes ainsi que les données relatives a
ces termes (définition, contextes, termes
associés,  données  nécessaires 2
l'organisation logique des notions), afin
d'établir la nomenclature. Cette étape est
cruciale pour le processus
terminologique. Elle permet de cerner les
notions et de les articuler entre elles a
partir d'un examen comparatif des

et de  proposer une

éléments
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LA CHAINE TERMINOLOGIQUE
Délimitation du domaine et

constitution du corpus

Pour wun terminologue ou un
organisme de mise au  point
terminologique, le choix du domaine de
travail est soit une réponse ponctuelle a
un besoin exprimé ou ressenti (les
contenus sont alors dépendants de
facteurs plus ou moins conjoncturels), soit
une recherche programmée qui s'inscrit
dans une  politique  linguistique
particuliere et prédéfinie pour rattraper le
retard accusé dans certains domaines qui
restent lacunaires. Dans cette 2¢me scénario
la terminologie répond a I'hypertechnicité
du monde contemporain. Dans un cas
comme dans l'autre, le recours a une
documentation spécialisée  guide le
terminologue dans I'exploration du
domaine et dans la représentation de sa
structure. Le savoir et l'expertise qu'il tire
de cette documentation validée par le
recours a l'expert lui permettent d’établir
I'arbre de domaine. Ce dernier est une
structuration des différents concepts
appartenant a ce domaine, permettant de

cerner de fagon plus circonscrite les sous

domaines ainsi que le volume des notions

a traiter. L'étape de la constitution de
cette documentation peut étre raccourcie
par le recours soit a la télématique pour la
téléconsultation et le téléchargement a
données

partir de banques de

(bibliographiques, textuelles et
terminologiques), soit aux systémes de
lecture optique pour la saisie automatique
des textes écrits. Cette saisie automatique
de documents imprimés permet au
terminologue d'utiliser tous les genres
d'écrits pour son travail, d’autant plus,
qu'il existe des logiciels commerciaux
permettant une bonne fiabilité quant au
taux d'erreurs qu'ils génerent. Pour la
langue arabe, les taux d’erreurs restent
relativement élevés a cause des
spécificités de cette langue: segmentation,
ligature, diacritisation, superposition des
caractéres et formes variables d'un
caractere selon sa position dans le mot.
Le taux d'erreurs de reconnaissance
optique de caractére attribuable a la
numérisation influe donc de maniere
significative sur les résultats obtenus avec

le dépouillement automatique ou semi-

automatique.

Les textes saisis par lecture optique

nécessitent  parfois un traitement
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L'AUTOMATISATION DE LA CHAINE DE TRAVAIL EN LEXICOGRAPHIE ET
EN TERMINOGRAPHIE

Méthodes traditionnelles

Méthodes informatiques

* Recherche documentaire

Sélection des documents a dépouiller 1. Téléchargement ou saisie optique ou
manuelle pour constituer le corpus écrit.
2. Mise en forme du corpus par un logiciel de
traitement de texte.
** Dépouillement
Choix provisoire de termes 3. Lecture et traitement du fichier texte par un
logiciel de découpage de mots/ termes.
Choix définitif de termes 4. Recomposition des termes complexes et
formes composées
Etablissement de la nomenclature 5. Marquage des termes a conserver pour la
suite de recherche
*** Contextes
Cueillette de contextes 6. Lecture et traitement des textes par un
logiciel ~d’indexation, établissement de
concordances
Découpage et sélection des contextes 7. Découpage simultané des contextes
Délimitation des contextes
8. Importation des contextes dans un S.G.B.D.
Traitement des contextes 9. L'analyse sémantique des contextes a I'aide

d'un systéme de gestion des contextes.
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concept des industries de la langue et le
concept de terminotique.

Les industries de la langue et la

terminologie

Apparu en 1984 dans un article de la
revue Brise, le vocable d'industrie de la
langue (Ingénierie linguistique) s'est élargi
pour signifier «l’ensemble des activités de
conception, de production et de
commercialisation d'outils et de produits,
de services donnant lieu & un traitement
automatisé de la langue" [J.C. Corbeil 1990].
Cette nouvelle conception en matiére
d'informatique et de traiternent des langues
a quelques peu bouleversé les habitudes
des terminolgues. La constitution de
banques de terminologie en tant que
réservoirs  électroniques de  données
terminologiques, organisées et strﬁcturées a

des fin de consultation et de diffusion ne

représente plus  le  seul apport de
linformatique a cette discipline.  La

recherche en terminologie s'oriente vers

d'autres  outils informatisés pouvant
optimiser le travail du terminologue dans
tout son processus.

La terminotique

Dans le cadre de ce qui est convenu

d'appeler l'industrie de la langue, la

terminologie est devenue un concept de
recherche particulier de l'informatique
appliquée, un

linguistique concept

programmatique et générateur de
produits qui trouvent leur application en
terminologie et qui répondent a des
besoins d'automatisation des tiches
méthodologiques de tout le processus de
la chaine terminologique. Les concepts
d'industrie de la langue et de
terminotique sont liés, car l'informatique
a changé de nature pour traiter des
problemes d'un type nouveau (traitement
des corpus textuels, raisonnement
incertain sur des données incompleétes,
apprentissage automatique...) et est
devenu une informatique d'orientation
textuelle pour le traitement de I'écrit
intervenant ainsi a tous les niveaux du
processus terminologique.  Dans cet
expos¢ nous allons passer en revue ces
différentes  étapes et examiner les
différents aspects de leur automatisation
en s'attardant plus particulierement sur
l'aspect dépouillement, extraction et
constitution de la nomenclature. Le
schéma ci-aprés montre les différentes
étapes dans la perspective de leur

automatisation.
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RECONNAISSANCE ET EXTRACTION DES TERMES

INTRODUCTION

Dans un monde marqué par le
développement de plus en plus fort de la
science et de la technique, Ia
communication a travers les frontieres
linguistiques et, par la méme la
terminologie, prend une importance
croissante dans ce processus global. Le
développement des banques de données
terminologiques est apparu trés tot comme
la seule réponse a la gestion des flots
d'informations scientifiques et des milliers
de termes qu’elle ne cesse de générer en
permettant non seulement d'exploiter et
d'organiser l'accés aux données mais aussi
d'en maintenir le contenu, de le diffuser et
d'en assurer un échange plus efficace et
optimal.

Aujourd'hui I'informatique a évolué, vers
une plus grande banalisation puisqu'elle s'est
introduite dans tous les foyers, qu'elle a
envahi tous les domaines de connaissance et

quelle se rencontre dans tous les

* Enseignant - chercheur & I'TER.A
** Enseignant - chercheur a1'1LER.A

S.AIT TALEB* - F. BENJELLOUN *

environnements  de travail. Elle a
également évolué vers une plus grande
complexification en ce qui concerne le
traitement des connaissances, et ce gréce
aux acquis des progrés de l'intelligence
artificielle qui permettent la constitution de
bases de données relationnelles évoluées
par le recours a des structures de
modélisation et de représentions basées sur
les réseaux sémantiques par ailleurs, les
techniques hypertextes pour une recherche
multicrittre et un mode d’interrogation
homme-machine qui ce rapproche de plus
en plus de la langue naturelle ont
également contribué a cette évolution, cette
évolution a marqué le travail de la
terminologie informatisée. Aussi assistons-
nous actuellement a l'émergence d'une
nouvelle approche, pour faire face a de
nouveaux besoins et a de nouvelles
exigences. Deux concepts clefs déterminent
aujourdhui la recherche en ~ matiere

d’automatisation de la terminologie, le
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schemes, collective rights administration
and guidelines for fair use in an electronic
environment, the availability of sufficient
resources to ensure reliable connectivity
and staff knowledge in network use, and
database of sufficient quality and quantity
to be useful to those in need of reliable
information.

The full variety of solutions for
providing high bandwidth local access
services to Electronic Data banks have yet
to be adequately explored. The brief
analysis suggests a few interesting
observations. For  example, the
microcellular approach stands out in that
it addersses many of the criteria other
approaches do not. Thus, it is a worthy
candidate for investment and national
attention. Also, both GEO and LEO
satellites prove to be feasible, but at a
higher cost than terrestrial technologies.
This seems to be the most likely scenario,
with cheaper terrestrial technologies being
implemented in cities and populated areas

and satellite systems serving rural areas

and developing countries. OSTS systems
become available at their estimated costs,
at the estimated time, and with the
expected bandwidth capability. GSTS
systems could become the broadband
access method of choice for urban or rural
areas, developed or developing countries
if they can be deployed as cheaply as their
proponent's claim.

While the growth of the Internet has
been impressive, the NII is a much more
comprehensive, ambitious initiative that
necessitates resolving significant issues
and meeting critical objectives  for
Electronic Data Banks as well as other
applications.

Finally, the network world is now
international.  Any national efforts,
therefore, must consider the international
context and implications. Regardless of the
results, the future of electronic
communication in the spheres of
education, business, industry and

government will hardly be same as that in

the past.
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and cable television, libraries, bookstores,
remotely accessible databases, and the
Internet, and ultimately supplemented by
broadband switched networks with digital
connections to homes and public facilities
~ can be an electronic market for
information, and an electronic townhall.
Another interpretation of the NII
considers it to be a convergence of
different cultures representing different
segments of users such as broadcasters,
telephone companies, and Internet users .
Three desirable attributes of a practical
(rather than ideal)
infrastructure are that it 1) be capable of

information

evolution, 2) build upon current and
existing capabiiiﬁes In a cost-effective
manner, and 3) support the ability of the
user to gain access rights to critical
information through online interactive
methods. Flexible and effective evolution
of the infrastructure must occur in order to
support the increasing size of its user
community and to dynamically add
functionality as user needs grow. By
building on the extant collection of

systems and databases, the information

infrastructure  will  maximize  the
likelihood that active users in the field will
be comfortable using the resulting system.

The bottomline of the whole
argument of the NII initiative can be
summed as: "The greatest challenge to the
implementation of the NII is the need to
balance the incentives necessary for
private investment against the need to
meet urgent societal needs. This trade-off
is likely to be complicated by the need for
simultaneous competition and cooperation
among the many firms that will invest in
the NII ."

This issue has announced the
Electronic Data Banks as central to the
success of the NII . EDB have already
begun to explore the challenges presented
by electronic materials and navigation
tools. Enhanced skills, roles, and alliances
in the electronic environment must be
explored and developed before the vision
of NII digital banks becomes a reality.
Electronic Data Banks are anxious to
assume their place in this electronic world,
but basic issues must be addressed. These
licensing

issues  include copyright
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VIII. CONCLUSION

Although, the NII has been often
described as a data superhighway, the
caveats in this analogy need to be noted
for the sake of avoiding misinterpretation.
For example, the NII will not be built. It
will evolve through the practical merging
of the computer, communications,
software, and information industries.
While the highway system was largely
developed with Government funds, the
NII will be created through the traditional
forces of the free market system and
industrial competitiveness. This approach
requires that the government be a partner,
working with industry to transform the
vision for an NII into reality.

Most of tomorrow's information
services will evolve from the variety of
new digital entertainment technologies.
The new entertainment technologies
would influence the shape of the emerging
digital ~ markets. = Considering  the
significant role of technology in
entertainment industry, the contends that
the term NII disregards the significance of
this industry. In his opinion, "national

digital environment" is a better descriptor
of "the sum total digital networks, devices,
data stores, etc." The ongoing transition of
computers from "manipulating numbers
and text' to "manipulating images and
sound" portends a radical change in the
nature of computing. This perspective
called "entertainment, than information"
suggests the leading role of entertainment
technologies in driving the progress of
future  information  services.  The
significance of the "towns, communities
and applications we connect to" over the
highway - essentially suggesting that the
more relevant question is "where you
connect" rather than "how you connect."
The NII would be participative in
nature where "every client is a server." It
treats its users not as consumers of a
product or service, but as contributors, as
colleagues. One interpretation of the NII
as a "convergence of technologies and of
cultures" depicts it as an "electronic
market" and an "electronic townhall". The
National Information Infrastructure NII,
today represented by the universally

accessible telephone system, broadcast
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they are hovering over large cities, a fallen
platform could cause a great deal of
damage. However, because of backup
safety devices, the FAA has given sky
Station preliminary approval for OSTS
systems. Another difficult arises form
spectrum scarcity, because the more
desirable lower frequencies than satellites,
in the 47 GHz range. At such high
frequencies, tree leaves, windows, and
even very heavy rainstorms can block the
GSTS's signal. -

In the future, GSTS systems may
become the provider of broadband service
for everyone. Its supporters claim that it
will have enough bandwidth and low
enough costs that is could be deployed in
both urban and rural areas, and both rich
and poor countries. However, like
satellites, GSTS systems have many issues
that have yet to be addresed.

Possible Scenarios: It is clear that
both satellites and GSTS systems have
uncertainties surrounding them. A goal as
ambitious as providing worldwide
broadband communications necessarily

will. be difficult to achieve. For satellites,

many issues remain about deployment
dates, cost and technological feasibility. It
remains to be seen how many of the
fourteen applicants for spectrum in the ka
band will actually be deployed. Below are
some possible scenarios.

Both GEO and LEO satellites prove
to be feasible, but at a higher cost than
terrestrial technologies. This seems to be
the most likely scenario, with cheaper
terrestrial technologies being implemented
in cities and populated areas and satellite -
systems serving rural areas and
developing countries. Global GEO systems
will probably be launched first.

GSTS systems become available at
their estimated costs, at the estimated
time, and with the expected bandwidth
capability. GSTS systems could become
the broadband access method of choice for
urban or rural areas, developed or
developing countries if they can be
deployed as cheaply as their proponent's

claim.
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fifteen satellites to deliver worldwide
service.

LEOs orbit 20 times closer to the
earth, between 700 km (450 miles) and
1350 (700 miles) km above the earth's
surface. Each LEO is moving constantly,
covering a particular area for only a few
seconds. Because of this, a network of
much satellite is required to cover the
entire world. There are currently two
companies  proposing LEO service:
Teledesic, backed by Craig McCaw and
Bill Gates, and M-Star backed by Motorola
plans to offer high-bandwidth
intercontinental links between network
providers, rather than end users.

Global Stratospheric Telecommunications
Service: Another futuristic idea that could
deliver on the promises made by the
satellite industry is the OSTS, proposed
by Sky Station. A OSTS is a floating
communications platform suspended 20
miles above the earth by helium balloons.
This is higher than any conventional
aircraft, but lower that any satellite. Sky
Station proposes to launch 250 OSTS

platforms, covering every major city and

80% of the earths' population. According
to Sky Station, stratospheric platforms are
far cheaper than satellites because they
have very low launch costs and are not as
technically complicated.

Besides being far less technically
ambitious than a LEO constellation, a
GSTS system would have several other
advantages. One advantage is spectrum
reuse. Because they are 20 times closer to
the earth than LEOs and 400 times closer
than GEOs, GSTSs can use spectrum many
times more efficiently. Because of this
spectrum efficiency and lower cost per
platform. Sky Station estimates its
consumer costs will be around 10 cents
per minute for a 64 kbps channel.
Spectrum efficiency would also give a
GSTS enough bandwidth to serve large
cities. The latency problem would also not
be an issue with a GSTS only 20 miles
above the earth.

In order to begin operation, GSTS
systems must satisfy regulators and prove
their technology. The first question is one
of safety. 37 ton OSTS systems do not burn
up before falling to earth, and because
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such an impact, the possibilities of a
satellite ~ or  Global  Stratospheric
Telecommunication Server "GSTS",
network are staggering. The inevitable
multitudes of new applications that will
become possible will eventually make
seemingly  exotic  applications, like
telemedicine or distance learning, seem
Whether  the

companies can deliver on this promise

pedestrian. satellite
remains to be seen.

Along with every other radio
communications device, satellites a
dedicated piece of the spectrum.
Currently, the International
Telecommunications ~ Union-ITU, has
allocated 2.5 OHz of spectrum for Fixed
Satellite Services in the 28 OHz ka band.
Requests for single applicants range from
750 MHz to the full, 2.5 0Hz with most
applicants requesting 1 0Hz of spectrum.
It remains to be seen which of the fourteen
companies will receive spectrum and how
much each of them will receive.

Another spectrum issue is that of
blocking. The reason the ka band has not

been used in the past is because such high

frequency  transmissions are easily
blocked. Buildings, trees and other solid
objects can cause a loss of signal. This
makes these frequencies unsuitable for use
by ground based systems because they
would require a large number of
transmitters to be able to avoid all
obstacles. Satellites avoid many of the
problems  associated with blocking
because their signals come form directly
overhead. Buildings and trees do not
present an impediment to signals coming
from overhead satellites.

There are two basic types of satellite
systems being proposed, Geosynchronous
Earth Orbit (GEO) satellites and Low
Earth Orbit (LEO) satellites. GEOs orbit in
the Clarke belt, approximately 35.000 km
(22.000 miles) above the equator. The orbit
at this altitude over the equator is the only
one in which a satellite can stay over the
same area of the earth for an indefinite
period of time. Each GEO servers one
geographic area, and can theoretically
cover about 41% of the earth's surface.
Companies proposing GEO systems are

planning on using between three and
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Telephone companies, on the other
hand, are largely self-financed, putting
large amounts of upgrade cost into the
rate base. Since ADSL adapts to line
conditions, it claims potential continuous
deployment up to an estimated 60%
penetration. Revenue at these higher
penetration levels likely justifies building
out fiber closer to the home.

Speculative Scenario-Microcellular
VHE: We can also look for new scenarios
that exhibit more of the beneficial
characteristics we are looking for. In the
microcellular scenario, we speculate using
retired television spectrum to deploy a
new data service. Upcoming digital
television transmission, because it is more
spectrum efficient, promises to greatly
enhance the services that broadcasters can
offer at the same time release a substantial
portion of spectrum for new uses.

This approach could remove the
partition between mobile, portable, and
stationary systems. Many of the necessary
component technologies exist to build a
microcellular system: wireless LANS,

packet radio networks, and digital

broadcast system. Such a system could be
symmetric capable and easily offer shared
access to 10s of megabits per second
within each cell. Microcellular product
technology would follow similar cost
curves to cable and ADLS modems. Cells
size would be scalable to permit
incremental service deployment and
upgrade to optimize frequency reuse-
initially a small number of cells, and
subsequent cell subdivision to meet
increased demand.

The reason for pursuing television
spectrum is that it has a number of good
transmission qualities, e.g., it penetrates
walls. Spectrum, currently considered for
data services, is poor quality; it is non
penetrating and typically requires line of
site transmission, which mulltlifies many
of the sought after benefits or wireless.

Satellite Broad Band Systems: Given
the anticipated benefits, it is certainly
worth allocating high spectrum to
promote  a National  information
infrastructure.

If a network as bandwidth and

access-limited as the Internet can have
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Indeed, sooner or later local access
systems will commonly support video
conferencing and the ability to originate
graphically rich multimedia content
directly from home servers. We estimate
this crossover point to be a 3Mbps
symmetric service. This is the point at
which a user can both originate and
receive at least one of any given data type
that is in common use today. Above
3Mbps becomes a matter of how many

simultaneous data types can be serviced.

Some criteria are not substantial
differentiators between approaches. For
example, in comparing  product
technology, it is encouraging that whereas
a few years ago no -practical solutions
technologies seem to be a breakway
universal solution. ADSL modems could
cost half as much as cable modems, but
you need to deploy twice as many.
Microcellular modems can be expected to
follow the same cost curve as cable
modems. Any of these technologies can be
deployed as appropriate to the situation.
‘The prospect the multiple solutions will

likely move forward, raises important

interoperability and portability issue.

Business Analysis: Consider capitol
investment and deployment realities
scenarios, and recognize the very different
business models under which these

industries operate.

Cable is generally debt financed, so
in order to invest in upgrades the
company needs to issue debt. Bankers
look to justify new dept largely on the
sales and maintenance of conventional
cable television services. On this basis,
cable companies can usually justify
building fiber out to 2000 home nodes
where at 10% penetration a user
effectively shares an Ethernet with 200
other potential users. The next step, 500
home nodes, can be achieved by
upgrading node lasers and electronics to
get 40% penetration with the same level of
sharing. To improve quality of service, the
level of the sharing must be reduced,
which can be done by reducing
penetration, perhaps by charging more for
the service, by further subdividing the
plant, and/or by adding channels.
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Technical Analysis: Look in detail at
the first two criteria, critical bandwidth
bandwidth  symmetry
/asymmetry. An important aspect of

steps  and

bandwidth that we've recognized in our
work for at least 15 years is that
bandwidth effectively comes in steps
where each step enables a new class of
applications. We refer to this as the "13
Rule', because the steps roughly follow an
exponential progression of 1, 3, 10, 30, 100,
300. The following chart shows the
primary applications associated with each
step. Of course, there is some overlap from
step to step, and these are not hard and

fast boundaries, but rules of thumb. The

1,3 ' Rule of Thumb

3000 4 Hi-defvideo
10000 -
Broadcast quality video
3000
Lo-fi video
1000
HI-fi audio
300 A
Kpbs Hi-fi video conferencing
100+
Voice
30

cell array text and lo-fi graphics

10
command line text

chart continues beyond 30 Mb/s too even
more involving applications.

There is an importan* interplay
between critical bandwidth steps and the
second criteria bandwidth
symmetry/asymmetry. ADSL and some
canle modem approaches are inherently
asymmetric. Though the down streams
channel is fairly high bandwidth, the
upstream channel is relatively low
bandwidth. Thus, inherently symmetric
applications are precluded, such as high
quality video conferencing that grandma
would be comfortable using to view the
grandkids.

The critical-bandwidth-steps concept
has important implications to services that
spread across a range of steps. ADSL
performance is limited by cross talk in the
wire bundles and varies widely
depending on distance from the central
office and line conditions. Cable modefn
performance is limited. This is more than a
"your mileage may vary" issue. Certain
applications may work for your neighbor,
but not for you or you may find you can

look at video clips at 2am, but not at 7pm.
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* Telco/ADSL-ADSL on the existing
twisted-pair copper-wire telco plant,
though originally oriented toward
video on demand (VOD), is being
positioned as Telcos' answer to the
cable modem. ADSL is an important
first step for the telephone companies.

* Fiber to the Home (FTTH) - FTTH has

always been a future promise. FTTH is

channels of television spectrum ,prime
spectrum that goes through walls and
buildings, and reallocate it for interactive
data communications. What could we
achieve? Easy mobility and access across
geographic locations in the same spectrum
space, etc. However, the technology to
deploy microcellular is not quite here. If

you're looking for a place to invest in

characterized as

now, but will be in the near future".

"not cost effective

technology,

this particular form of

microcellular could be high leverage.

* Microcellular VHF-As a wildcard The following tables summarize our
scenario, what if we were to retire 20 analysis. Look at criteria across the
y
selected scenarios to see what the
important differentiates are.
Cable Modem ADSL FITH Microcellular
ADSL:upto
10 Mbs down/ 8.192
Critical 10 Mbs up or Mbs down /640 51 or 155 Mbs 10s Mbs
Bandwidth 30Mbs down/ Kbs up (fractional) (Shared Access)
*1.3 Rule” 3 Mbs up Distance/line dedicated line)
(shared access, ~200) Sensitive
(dedicated line)
Bandwidth . . '
Symmetry Choice of sy mmetric & Range Inherently asymmetric Symmetric Potentially Symmetric
of asymmetric
Asymmetry
Privacy, Security, { Shared link in neighborhood [ Dedicated link more private and
cy ty, g p
and Network | Hard to isolate secure Shard link
Management Catastrophic failures Slight regulatory Advantage
- . Only cellular offers
Mobility Speculative inherent mobility
. : Undefined technology
Product gg_efo‘éh‘p solution Single chip solution § 20-50 fie'bg'rso 100p |y pected costs
Technology Twice the cost Twice the modems S — Comparable to cable
modem
. . Initial deployment upgrade | Extensive initial | Initin] cell sites
Deployment :—IFC promises q single plant DLCs, run new fiber where | build Buried | Incremental cell
o or TV, telephony, and date o
Realities Sharing limited necessary (long term FTITH | cable? Cost | subdivision
8 Crosstalk limited) limited Spectrum limited
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before the public will be willing to depend
on the network in the same ways it trusts
traditional libraries and the voice
network? What are the models for
preservation in the NII, both for material
that only exists in digital form and
material that exists in other forms that are
endangered? Who will provide a testbed
for digital repositories? What should be
included in this testbed?.

* Coordination and Review of
Standards

Better coordination of standards-
setting groups should be ihitiated so that

standards on Internet

working,
interoperability, and security are created
and adopted in a more timely way. In a
changing

environment such as the Internet and the

dynamic  and  quickly
future NII, standards groups must
consider streamlining the process for
setting standards and creating a process to
adopt that standards when they are
useful. How can the government most
effectively participate in the setting of
appropriate standards for Electronic Data
Banks?

Any national efforts to review
standards-setting groups and methods
should be undertaken with a clear sense
that the network is ‘already an
international entity and that its
international components is likely to grow
as quickly (or quicker) than the national
entity.

VII. PROVIDING HIGH BANDWIDTH

TO ELECTRONIC DATA BANKS

The full varieties of solutions for
providing high bandwidth local access
services have yet to be adequately
explored. = What  other . interesting
approaches have yet to be considered?

» CableCo/Cable Modems- Cable has
been the long standing bandwidth
leader. For at least 10 years, even
before hybrid-fibercoax technology .
(HFC), there has been talk about the
coax cable plant as a vehicle for
delivering high bandwidth into the
home. The core technology was used in

military communications more than 2

decades ago.
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What institutions will act as
gateways for those not having access or
technical knowledge sufficient to make
use of the NII? Isn't this the emerging role
of EDB? What role will the government
play in funding the education of the NII
knowledge organizer-navigator? Isn't this
. the emerging role of EDB in the NII? Who
will be trained to be the knowledge
organizer and navigator of the NII
databases?

Providing access and strengthening
the technical position of Electronic Data
Bank offers a strong possibility for
providing equitable access. One means of
doing this is to extend and re focus the
Bank Services and Construction Act to
explicitty = encourage = Data  Banks
particularly public and depository, to
become public gateways to the National
Information Infrastructure.

* Digital Conversion

Much of the concern of the National
Inform’ation Infrastructure has been with
connectivity and access. While discussions
of digital initiatives are generally broad,

the issues surrounding the digitization of

these holdings are frequently avoided.
Who is going to do the digitizing? Should
this be undertaken by a single institution
or by multiple institutions? What
institutions(s) have the holdings and the
expertise to initiate significant pilot
projects in this area? What comprises a
signiﬁcant set of material worthy of the
funding of such major projects? How
should the government fund these
initiatives? It is clear that market forces are
unlikely to produce the resources required
to initiate this effort on a meaningful scale.
However, are there private entities that
could help supplement federally initiated
digitization projects?.

* Investment in research and
development

Which areas to be considered for
research have the potential to contribute
the most rapid development and orderly
growth of Electronic Data Banks as part of
the NII? What searching aids could be
designed for the short term, For the long
term? What basic architectural component
of the Data Banks is in place? Which are

missing? What issues must be resolved



AL-LISSAN AL-ARARKI

21

information, and wuser communities
discuss, explore, and develop a new
paradigm for their roles in the evolving

Copyright,
funding, standards, and privacy and

electronic community.
security issues must be addressed in both
the short and long runs.

b) Short-Term Goals

* Copyright

It is obvious that we are at the
beginning of an enormous revolution in
communications. The copyright law is at
the center of this revolution and will
determine the course it takes. The bulk of
electronic material will be copyrighted, as
is the bulk of published material today.
The issue of the protection of copyrighted
material must be addressed (effective and
administratively feasible licensing system
will be the key). For now, there is a
standoff. Copyright owners (publishers,
information  providers, authors) and
others with interests in this area must
come together to model agreements
covering on-premise online access,

transmission to the public, downloading

and reprinting, and feasible payment
mechanisms.

* Funding

Electronic Data Banks are to
participate in the NII so, funding is
required to support all aspects of their
electronic evolution. Funding to continue
current operations is basic. Funding to
provide broader access and to strengthen
the technical positons of public,
depository, and academic libraries offers
the possibility of providing -equitable
access for all.

* Equity of Access and Education

The specter of information in midst
of the wealth of NII information must be
averted. Access and education are two
keyways to increase the probability that
the number of the information will be
reduced. What should the government's
role in reducing the potential for
information be and how can it achieve the
vision of universal access? How should
the gbvernment fund programs for public
gateways and for the education of

librarians in the new technology?
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developed as to what are insubstantial
- amounts of downloaded materials,
subject to fair use exemptions.

* Presentation standards and techniques
to assure reliable and effective
representation of intellectual content
must be created.

* Mass Storage. The ability to store
increasing amounts of data at steadily
decreasing costs is a technological
trend that is vital to the massive
amounts of data DDB will need to
store and support.

* Human Resources. The most critical
success factor for the success of digital
Data. Banks will be the human
resources component. This
components assumes the education of
a new generation of administrators as
knowledge navigators; training and
training of the public in the new
technology and the use of electronic
information resources.

The benefits of linked Electronic Data

Banks include continued and expanded

access to current information and access to

vast amounts of digitized data in

unparalleled detail. Technical barriers to
will . largely
disappear. Data Banks must continue to

information  sharing
play their vital role of information safety
net for the public by providing access to
and promoting literacy of digital
materials.

a) Electronic Data Banks and the NII
Goals:

Long-Term Goals: The Long-term
goal of the NII is a world of ubiquitous
information. The realization of this vision
for Electronic Data Banks depends on the
reliability and universal accessibility of the
information infrastructure. Society must
not only have the ability to support
projects to gather and control electronic
information but must also underwrite
funding to assure basic access. The
realization of this vision is dependent on
technological advances and policy that
Will allow all of the interested entities to
work together within a single network and
policy framework, whether corporate,
government, research, or entertainment.

Achieving this long-term goal

requires that commercial providers of
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agreements  allow for significant

differences in national laws. Work must

begin on international harmonization of
copyright laws to accommodate digital
worlds.

The Application: Digital Data Banks
in the NII will contain vast amounts of
digitized data: text, pictures, audio, and
video. The data will be located at any
single site, but rather will consist of
digitized material and processing methods
from many sources. The development of
digital collections in EDB will depend on
the following components: -

» Interconnected and Interoperable
Networks. Electronic Data Banks are
premised on the existence of a network
of nmnetworks, interconnected and
interoperable.

« Databases. Digital Data Banks will
contain data that only exists digitally
and digitized data that has been
converted from another medium such
as print, sound, or audio. Developing
techniques to consistently collect, store,
and archive digital material using

automated methods is an important

first task for the digital Data Banks
community. The conversion of existing
material to digital form also is
important. This converted material will
form the nucleus of the digital
database and provide a bridge to
traditional collections.

Navigation and retrieval tools capable
of identifying, accessing, and retrieving
the digital resources must be
developed. When practical, major
navigation and retrieval tools will be
based on standards that ensure the
ability to communicate in order to
share both data and processing.
Document Delivery. The  ability to
deliver physical copies in print or in
any of several fixed digital formats
must be supported. While a technical
component of the applications,
involves significant copyright issues
that must be resolved. Downloading
substantial amounts of copyrighted
material  will  require  license
agreements with related questions of
who will pay and how will they be
administrated Guidelines. must be
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access to the records and expressions of
culture and scholarship.

The evolving information
infrastructure is already dramatically
changing traditional operations within
and relationships among EDB and their
providers and users. It is also offering new
challenges. New forms of unpublished,
and often unauthenticated, digitized
materials are emerging as millions of
people are linked by worldwide networks.
The volume of new digital material, if it
were on papre, would eventually dwarf
the existing physical collectons. The
situation is additionally complex because
digitized information can be easily
updated, manipulated, and combined
with other materials, and displayed in
multiple ways. Digital data thus creates
enormous new amounts of knowledge
that maybe accessed and manipulated by
computers, existing temporarily and never
stored anywh‘ere permanently. Institutions
may provide access to these materials
without ever physically controlling them,
and readers at multiple sites have access to

the same material at the same time.

While the Electronic Data Banks
within the context of the NII is a national
significant

international implications both for the

initiative, there are
sharing of information across national
borders and for the shift in the
organization of intellectual creativity.
Questions of international cooperation
and economic competition will arise.
Because the infrastructure permits
international access to digital information
in a way that is impossible in the
traditional model, new international
relationships and models can and will
emerge.

Without taking into account from the
outset rules for effective protection of
intellectual property, the development of
an international system, the Global
Infrastructure (GII), will be severely
hindered. In a global system a user in one
country will be able to manipulate
information resources in another country
in ways that may violate that country's
copyright laws. Copyright laws are
international

territorial; copyright

conventions and other multilateral
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* Distributed Control
This attribute addresses
requirements for functions associated with
access, replication, migration,
concurrency, and synchronization that are
needed to support a particular service.

* Security

The process of controlling access to
and/or maintaining the integrity of a
service or the data used by the service. An
example of a security standard is RSA.

In additon to suggesting new
attributes, users of the framework may
specialize existing attributes .into more

precise forms that are useful in their areas

of endeavor.

V1. THE ROLE OF ELECTRONIC DATA
BANKS IN THE NII

The ability of digital data banks to
store and share knowledge, history, and
culture will be central to the success of
the NIL The Electronic Data Banks used
here as an aggregate, implying electronic
access to many sources of digital

information  such  as  corporate,

government, and research entities.
Increasingly materials are being acquired
in electronic form; Information and
knowledge are beginning converted to
machine-readable formats for both
preservation and spatial reasons.

As today, the role of EDB in the
future will be to advocate and help
provide information equity for the public.
It will continue to coordinate and facilitate
preservation of the records and
expressions of the nation's intellectual and
cultural life both in traditional and digital
formats. Electronic Data Banks will be
sources of free or inexpensive digital
information; provide access to an
improved flow of electronic government
information and world-wide digitized
resources; request and be sent copies of
remotely stored documents and other
publications as allowed by copyright.
licensing and other agreements; make
digitized reproductions of rare and unique
material that is in the public domain or for
which permission of the copyright owner
is available as allowed under the

copyright law; and provide long-term
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interoperate at particular interfaces. They
point directly to needs for standards.
Examples of attributes include the data
format transmitted and the protocol
required for systems associated with a
specific interface to establish, maintain,
and terminate communications. For two
application systems to interoperate, they
must have compatible attribute values
(For example, two applications must have
a common format for exchanging
information).

¢)  Suggested  Attributes for
Identifying  Standards  Needs: The
attributes  described below can be
considered for each potential area for
standardization—to .determine what kind
of standards may need to be developed to
provide a particular service to a particular
application area. No standard set of
attributes can be defined that would be
universally applicable, It will be largely up
to SDOs to define attributes that meet
their needs. Different attributes are likely
to be required for using different services
in different application areas. A starter set

of attributes to consider include:

* Protocol

This attribute addresses issues of
basic communications, including the need
for a set of conventions to establish,
conduct, and terminate communications
between two parties across an interface
that may be either multipoint or peer-to-
peer. Examples of protocol standards are
Transmission Control Protocol (TCP) [5],
Remote Data Access (RDA) [6], and the Z3
9.50 standard for retrieval of text
information [7].

* Format

This attribute is concerned with
specifying the structure for encoding
information to allow its exchange between
two parties (usually application systems).
Examples of particular encodings include
PDES/STEP  [g],
Interchange (EDI) [9], Hypertext Transfer
Protocol (HTTP) [10], and SQL [11]. Other

Electronic Data

encodings for image, video, and speech
are also critical to consider.

* Content

The specification of the type of
information needed to support a service at

an interface.
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Human Application  Information Communication
Technology  Software System Services

<

Each point of intersection of the three
axes represents a mapping of a particular
enabling service to a particular application
area and the requirement for achieving
interoperability at a particular interface.
For instance, it is necessary to consider
what information systems interface
standards might be appropriate for
collaboration ~ (cooperative  activity)
services in support Of manufacturing
applications. Each point in the model can

thus be associated with a potential area for

standardization. The elements listed along

each axis are subjective.

b) Using the Framework to Identify
Standardization Needs for the NII: The
identificaion  of  requirements  for
standards within potential areas for
standardization can be facilitated by
considering attributes  that particular
services may have at specific interfaces.
Attributes ‘are aspects of the use of
particular services for applications that

need to be defined to allow services to
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Services:  represent  well-defined
capabilities provided through the NII that
can support activities within different
application areas. Technology vendors as
hardware and software systems that can
be integrated into many different
application systems implement services.
Examples of such services include
collaboration (the ability for multiple users
to work together on various tasks),
electronic publishing, and commercial
transactions. Services may also include
multimedia support services, security
services, and data interchange services.
Interfaces:  exist between  the
hardware and software systems that make
up NII applications and/or services and
the various external systems with which
these applications and services must

interact. The concept of interfaces

provides a means for organizing the

discussion of interoperability between
systems; NIl applications and services will
interoperate across specific interfaces.
Examples of such interfaces include
interfaces between different application
Systems (and component services),
interfaces between application systems
and information systems (databases), and
between  application systems (and
services) and the underlying
communications network.

Using the framework, requirements
for standards are identified by:

(1) Considering the use of services in
different application areas, and

@ Considering needs for
interoperability at critical interfaces.

Figure (1) illustrates the basic idea,
showing ~a  potential area  of

standardization at one point of

intersection of the three axes.
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standards represent "gaps" that may need
to be filled. It is expected that in the
coming years, SDOs will fill "gaps" by
creating new standards, evolving existing
standards, or introducing mechanisms to
take the place of standards. These
standards will be needed to ensure that
the creation and provision of new
technologies and services by commercial
vendors can be easily integrated with
existing technology. The results of the
standards identification work will be
recorded in a Standards Development and
Tracking System maintained by the IISP.

In recent vyears, a number of
architectures. for the NII have been
proposed including [1], [2], [3]. and [4].
This framework is not intended as an NII
architecture, nor does it subscribe to any
proposed architecture. Such an NII
architecture can only emerge as a result of
long-term  technology, economic, and
social drivers. Instead, the framework is
intended as a guide to facilitate the
identification and development of
standards that will be needed to realize
the Nil. The framework is designed to

reflect the perspective of following three

groups:

» users and NII applications,

= technology vendors and NII services,
and

» standards developers and interfaces—
with the ultimate goal being the
identification of requirements for
standards for the NII to support the
development of flexible and evolvable
technology that will be usable in a
wide variety of applications.

a) Framework Components:
Applications, Services, and Interfaces: The
identification of standards requirements is

based on consideration of three

fundamental factors: NII  services,
application areas, and interfaces:
Application Areas: represent

commonly understood spheres of activity
in which human users will use the NIL
Examples of such application areas
include manufacturing, education,
healthcare, and entertainment. Within
application areas, technology vendors and

systems,

users  create  application

consisting of both hardware and software.
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Those who will create user-end
information  processing devices
such as TVs, telephones,
computers, and their composites,
etc.;

Information providers such as local
broadcasters,  digital libraries,
information service providers, and
individuals who want to sell or
share information; and most
importantly,

Information customers, who would
demand quality products at
affordable prices. The users and
providers of information would
have different, though overlapping,
needs for the NII services. The
information users would have the
following types of needs: Searching,
discovering, updating,
transforming, and retrieving useful
building and

maintaining electronic repositories

information;

of information; creating and

distributing information

electronically; executing and

recording commercial, legal,

financial, and other business

transactions; and,  supporting
collaborative work efforts among

collocated or remote individuals.

V. IDENTIFYING REQUIREMENTS
FOR NII

The information infrastructure
Standards Panel (IISP) was created by
ANGSI identifying
requirements for standards that will be

and tasked with

develop the National

Infrastructure NII). This

needed to
Information
document  provides a  conceptual
framework to guide this process of
identification. It is intended to serve as a
mechanism for standards developers,
Standards
(SDOs), and others to identify areas where

will be

Development Organizations

standards required. Where
requirements for standards have been
identified, the framework can be used to
pinpoint existing and emerging standards
that are candidates for satisfying those
requirements. Identified requirements that

cannot be matched to the existing
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IV. STAKEHOLDERS OF THE NII

The stakeholders of the NII include
all parties involved in the various aspects
of its implementation. While the
Government is primary playing its rule-
making role, its various agencies are
instrumental in shaping the policies that
are amenable to the success of the
initiative. Yet, without the private sector,
NII would not be possible. The various
companies involved in the creation,
publication, transmission, storage,
organization, dissemination, recycling or
processing of information, or in
providing the facilitating hardware or
software, would be primarily
instrumental in constructing the NIL
Most of these companies would do so to
satisfy their own strategic or competitive
objectives, in most cases related to
sustaining  existing customers and
securing new markets. In other words, all
companies involved in one way or
another in providing information
products or services would need

customers who have the willingness and

capability to buy those. Hence, to ensure
the long-term viability of the NII,
customers should be sufficiently
motivated to buy the information
products and services available on the
NII. The information services and
products will be accessible at negligible
cost to the taxpayers. Various kinds of
consumer groups would be involved in
ensuring that the interests of the
customers using the NII are adequately
safeguarded. Due to the key role of
information in education and learning,
educational institutions, academia and
libraries would be involved in the
creation as well as usage and
dissemination of various kinds of
information. The NII has received wide
coverage by the mass media as a broad-
based multimedia national resource
accessible to all people.

The various stakeholders can be

divided into four broad categories:

» Those who will own the information
network, primarily the private sector

firms;
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People Issues, concerned with the
users of the NII;

Information Issues, concerned with
the commodity of the NII;

Software, hardware, and network
Issues, concerned with the media of
the NII; and

Finance Issues, those concerned
with financing the NII.

The specific issues under each of

these categories are listed below.

b) People issues

Q

Providing equitable access to the NII
User acceptance of NII applications,
Privacy safeguards for individuals
and organizations,

User training,
Organizational learning,

Private sector

Government-developed applications

technology.

c) Information issues

o

o

Intellectual property rights,

Information  security, including
confidentiality,

integrity, and authenticity,

acceptance  of

Information access, storage, and
retrieval,

Information and data standards,

o Information conversion from
"old" storage to NII media.
d) Software, hardware, and network
1ssues
o User friendly hardware and

software that maintain accuracy

and reliability of the systems

Interoperability  standards  that
preserve the system security,
accuracy, and reliability

Scalability from small pilot projects

to widespread use.

e)Finance issues

=]

Cost and pricing of the

applications and uses, who will

pay, and how that can be
economically  efficient  and
socially beneficial

Public funding, how it will be used
for development and deployment
of the applications.
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design, deployment, and
operation of the NII. However, all
the levels of Government will
have the roles to play in ensuring
the effective development and

deployment of the NIL

For operationalizing these
specifications, the fundamental principles
are specified in five key areas:

*  Universal Access and Services

* Privacy and Security

* Intellectual Property

* Education for Lifelong Learning, and
* Electronic Commerce.

» Universal Access and
Principles:

By the end of this century, the goal is
to have the deployment of the NII access
and services capabilities to all community-
based institutions serving public, such as
schools and libraries

Privacy and Security Principles:
There is a set of general and specific
principles that address the issues of

privacy, integrity, and quality of the

Services

personal information on the NI These
principles can be categorized into four
major  classes:  General TFrinciples,
Principles for Users of Personal
Information, Principles for Information
Providers, and Intellectual Propertv

Principles.

ITI. KEY ISSUES O THE NII

Development of the NII has been
evolving since postal services and
semaphore were established. The need for
a formal NII initiative was spurred by an
increasing pace and scope of changes due
to the convergence of various digital
technologies. The private industry will be
primarily responsible for creating and
managing the networks, the information
tools and applications, and most of the
information traversing the NIL Yet,

a) Key Issues Identified

Within this perspective, some key
issue areas are identified, that need to be
addressed for the implementation of the
NII. These areas have been categorized

into:
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and quick verificaion of critical
information.
Increased availability and

accessibility of services and products
provided through the NII is expected to
dramatically affect the way in which
individuals conduct their everyday affairs.
The public will use directly or through
intermediaries, the depository libraries,
other public libraries, and private sector
information services. Direct users will
have access to a government Core
accessible on the Internet without charge.
Intermediate access may include electronic
mail, bulletin boards, FAX, and off-line
media such as floppy disks, CD ROM, and
printed works.

As the transportation infrastructure
becomes more complex, one can benefit
from the application of the NII to such
operations as toll collection, motor vehicle
registration, and traffic routing. As the NII
becomes more interconnected, citizens and
organizations are expected to engage in
multimedia communications, as well as
sell goods and services electronically,

share data resources.

b)Scope of the NII
The NII includes the following four

specifications:

The NII must be an integral part

of the Global Information
Infrastructure  (GIl). In the
globalization of markets,

resources, and economics, global
accessibility. and use  of
information is very critical.

The NII 1 must be ubiquitous and
affordable enabling all
individuals to be both consumers
and producers of information in
oall forms. The NII must be
capable of adapting to changing
social and market needs.

The NII must be driven by its
users -  both  information
consumers and producers . It
must offer the users convenient
access and the initiative to learn
and use Nil. Further, usability
must be provided for any
disabled persons.

The private sector must have

primary responsibility for the
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continue to fund basic, risky and
expensive projects;

» Promote seamless, interactive,
user-driven operation of the NII to
ensure interoperability and
openness of the NII components
with efficient, high-capacity, and
standardable multi media services;

= Ensure information security and
privacy of the information systems,
networks and media of
communications for all individuals
and organizations, and to ensure
network reliability and reduce its
vulnerability;

« Improve management of the radio
frequency spectrum to ensure that
spectrum scarcity does not impede
the development of the NII ;

« Protect intellectual property rights,
and balance that with the public
interest in  promoting  the

dissemination of information, and

to apply these rights to all forms of
information in the electronic
environment, and to reexamine and

strengthen the copyright laws

domestically and internationally;

» Coordinate with other levels of
Government and with other
nations on the regulatory policy,
and on export control policies to
remove restricions and eliminate
barriers; and

"= Provide access to Government

information and impgrove

Government  procurement of
information.

The NII seeks to enhance national
competitiveness and improve quality of
life of the general populace. The
development of NII is promised to be one
of the most important contributions to the
nation's economic and social challenges.
Regardless of diverse professions, needs
and desires, expectedly, be able to access
enormous  benefits in  terms  of
Government services, commerce, business,
health care, and education. Some expected'
possibilities of NI include advances in
medical treatment and research, creation

of jobs, increase in economic growth and

productivity, reduced heath care costs,
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commitment to meet the information
needs in the Information Age. This
infrastructure is expected to expand the
level of interactivity, enhance
communication, and allow easier access to
various kinds of services. It is expected
to accelerate the ftransformation of this
society to the Information Age, and
provide increased accessibility to a vast
array of electronic information resources
and services.
a) Overview of the NII Concept

The concept of the National
Information Infrastructure is based upon
the following- fundamental principles:
Encouraging private investment in the
NIIL; Promoting and protecting
competition; Providing open access to the
NII by consumers and service providers;
Preserving and advancing universal
service to avoid creating a society of
information "haves" and "have- not";
Ensuring flexibility so that the newly-
adopted regulatory framework can keep
pace with the rapid technological and
market changes that pervade the

telecommunications and  information

industries.

According to  the  National
Information Infrastructure Agenda for
Action, provides an overview of the
goals and objectives of NII, the
implementation of the NII is expected

to:

* Promote private sector investment
to increase and expand competition
in communication and
information markets, where that is
needed for  communication

reform, legislation of the markets
that have been dominated by
monopolies, and revision of tax
policies to provide incentive to the
private sector for doing R&D on
the NII;

* Extend the ‘"universal service"
concept to assure that information
resources are easily available to all
people at affordable prices,

* Promote technological innovation
and new applications in both

private and public sectors, and
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information research and analysis and
national and internatonal  policy
development, advice, and advocacy by the
executive branch of the Government. As
one of the largest users of the Nation's
telecommunications facilities and
resources, the Government must manage
internal communications operations in the
most efficient and effective manner
possible. Considering the vital role of the
information and communication
infrastructure, and realizing that the
national telecommunications and
information policy had not kept pace with
the latest developments in
telecommunications and computer
technology, there was a need for
accelerated deployment of a National
Information Infrastructure (NII). The
primary objective of this initiative was to
facilitate development of a national policy
that would encourage competition and
rapid deployment of new technology. This
was expected to provide a regulatory
environment in which the private sector
would feel encouraged to make the

investments necessary to build the

national information network that the

country needs for competing successfully

in the next century.
II. NATIONAL INFORMATION
INFRASTRUCTURE

The National Information

Infrastructure is expected to provide for
"the integration of hardware, software,
and skills that will make it easy and
affordable to connect people with each
other, with computers, and with a vast
array of services and information
resources”. It is anticipated to be "a
seamless web of communications
networks, computers, databases, and
consumer electronics that will put vast
amounts of information at users
fingertips". This seamless web "of
communications  networks  including .
computers, televisions, telephones and
satellites" is expected to forever alter the
way man ‘'live, learn, work and
communicate with each other both
nationally and around the world". The

building of the NI becomes a
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L. INTRODUCTION

In a global economy that is
increasingly information intensive, almost
everyone agrees that an advanced
information infrastructure is the key to
economic growth and value creation. The
economy of any country is increasingly
upon the

dependent capture,

manipulation, transmission and
consumption of information. The ongoing
information revolution is expected to
influence every facet of man's life, be it
work or leisure. Companies in all
industries  are  using  information
technology to re-engineer themselves and
to  become  globally competitive.
Businesses are gearing up to be a part of
today's global information economy and
tomorrow's world knowledge economy.
Customers of tomorrow are expected to
buy knowledge-based products with more
intelligence built into them. Businesses are
expected to build knowledge bases that
will grow and evolve organically and help
managers understand existing usage

trends and plan new opportunities. The

impact of the information revolution has
been so significant that it has been
suggested that some of the key
Government economic indicators may not
reflect the reality of the information-based
economy. Various estimates suggest that
between one-half and two-third of the
workforce be employed directly or
indirectly in the information sector of the
economy.  Telecommunications  and
information are vital to the public welfare
and national security. Rapid technological
advances  being made in  the
telecommunications  and | information
fields make it imperative that the
countries maintain effective national and
international  policies and programs
capable of taking advantage of continued
advancements. Telecommunications and
information policies and
recommendations advancing the strategic
interests and the international
competitiveness of the United States are
essential aspects of the Nation's
involvement in international commerce.
There is a critical need for competent and

effective telecommunications and
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Electronic Data Banks and

The National Information Infrastructure

Mohamed Fahmy Tolba'”
Gamal Abdul Moty""

ABSTRACT

In recent years, the subject of the National Information Infrastructure NII), described as
a data superhighway, has been receiving greater attention in both scholarly and trade
publications. The issue is expected to have significant implications for the use of electronic
communication in education, business, industry and government. Interestingly, the origins
of NII were in the sector of higher education. The National Information Infrastructure today
represented by the universally accessible telephone system, broadcast and cable television,
Electronic Data Banks (EDB), libraries, bookstores, remotely accessible databases, and the
Internet. It is ultimately supplemented by broadband switched networks with digital
connections to homes and public facilities, it is an electronic market for information, and an
electronic townhall. Despite the significantly broader applications of the NII that have been
legislated over the last few years, there is scarcity of research that has attempted to
integratively review the key issues and principles that underlie the concept of the NII, the
primary participating in its implementation, the current status of these issues and the future
implications for education, business, industry and government. By providing an integrative
perspective of the issues discussed above, such research is expected to support the studies in
the field of electronic communication and information exchange via Electronic Data Banks
EDB and introduces solutions for providing high bandwidth local access services to these
banks. While the growth of the Internet has been impressive, the NII is a much more
comprehensive, ambitious initiative that necessitates resolving significant issues and meeting
critical objectives for Electronic Data Banks as will as other applications.

*)Dean of the Faculty of Computer and Information Sciences Ain Shams University, Abbassia- Cairo- Egypt.
¥
( )Faculty of Engineering,Cairo University ,Cairo, Egpyt.
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