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ABSTRACY

Our MT systems {ntegrate many advanced concepts from the
flelds of computer science, linguistics, and Al: specialized
languages for Jlinguistic programming based on production
systems, complete Tinguistic programming environment,
multilevel representations, organization of the lexicons
around "lexical units", units of translation of the size of
several paragraphs, possibflity to use text-driven heuristic
strategies.

We are now beginning to integrate new techniques: unified
design of an "integrated" lexical data-base containing the
lexicon fn “"natural™ and "coded™ form, use of the "static
grammars® formalism as a specification language, and design
of a kind of structural metaeditor (driven by some static
grammar) allowing the interactive construction of a document
in the same way as syntactic edftors are used for developing
programs.

This paper centers on our study on possible additions of
expert systems equipped with metalinguistic and
extralinguistic knowledge, {in order to solve some problems
encounteared in second-generation MT systems. Sevearal
examples of the possible use of expert-corrector systems in
M(a)T (Machine (aided) Transiation) systems are given,

Keywords: Machine (aided) Translatfion, Expert Systems,
Knowledge, Specification and Verification Tools.
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INTRODUCTION

In this paper, we assume some basic knowledge of M(a)T
(Machtne (aided) Translation) terminology (MT, MAHT, HAMT,
etc.). The starting point of our research towards “"better®
M(a)T systems is briefly reviewed in I. In II, we present 3

lines of related work: unifying knowledge processing by
using new notions from data-base management systems and
verification tools, improving current second-generation
me thodology by incorporating advanced techniques from
sof tware engineering (specification languages), and
returning to interactive techntques for the creation of a
documant. In part 111, we describe in more detall a
research aiming at transforming second-generation M(2a)T
systems 1into third-generation systems, by grafting on them
expert corrector systems.

1_- BACKGROUND

We first want to present some important existing
concepts, from which we start to improve current M(a)T
systems,

1 - COMPUTER SCIENCE ASPECTS

In second-generation systems, and in projected
third-generation systems, emphasis is placed on the use of
Specialized Languages for Linguistic Programming (SLLP),
which offer builit-in data and control structures, with an
underlying powerful mechanism.

SLLPs are designed to be easy to use by Tinguists and
terminologists who have almost no computer science
background. Hence, they ‘'must be integrated in some
"user-friendliy® environment. At GETA, this environment,
called ARIANE-78, is implemented (under VMSP/CMS) as a
speciailized data-base of what we call *lingware"
{(*Yinguiciel*) files {grammars, dictionaries, procedures,
formats, variables) and of corpuses of texts (source,
translated, revised, plus intermediate results and possibly
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*hors-textes" -- figures, etc.). A conversattonal monitor
interfaces the data base with the users (in French or in
English),

The process of rough transltation s realized by a
monol ingual analysis, followed by a bilingual transfer, and
then by a monel tngual generation (synthesis). In
ARIANE-78.5, these fundamental phases have been broken down
into several elementary steps, each of them programmed in
one of the SLLPs supported by the system. For more details,
see [4).

2 -~ LINGUISTIC ASPECTS

Translation requires a good encugh understanding. In-
actual fact, understanding cannot be defined {n an absolute
way, but only with reference to some domain., The hierarchy
of wunderstanding 1s corganized around a hierarchy of levels
of interpretation. We distinguish betwean Tinguistic levels
and extralinguistic levels. .

The 1inguistic levels comprise the levels of morphology,
syntax-1{ (syntactic and syntagmatic classes), syntax-2
{syntactic functions and dependency relations),
logico~-semantics (logical retations, or "inner cases", and
semantic relations, or "outer cases®). There are of course
other, not "structural® types of {nformation (actualization
features, type of statement, semantic features, etc.).
Understanding a text in these terms is equivalent to find a
formuia representing 1t in a formal system of a linguistic
nature, Foliowing P. Pognan, we speak ‘of implicit
understanding, characteristic of second-generation MT
systems.,

The extralinguistic levaels are those of expertise (some
static know!edge about & particuiar subject matter,
consisting 1n a collection of facts, rules and procedures),
and pragmatics {representation of the facts, events,
suppositions, scenartos, etc., described by the text). This
presupposes the ability to learn facts and sStructures, to
reason by analegy. and to abstract. In short, pragmatics is
related to the most ambittous themes of AI. Until now, only
very small 1llustrative computer models have been presented.

Understanding at some extralinguistic level may be called
explicit understanding. Typical applications where {1t is
needed include command of rcbots and ‘intelligent interfaces.
However, for translation purposes, it 1s not necessary to
achieve this level of understanding for all encountered
sentences. Implicit wunderstanding t{s often sufficient. At
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the lavel of a technical revisor, complete explicit
understanding s required.

Second generation M(a)T systems rely only on "implicit"
understanding. In the past, and 1{n seme current systems
stiie, the previously mentioned levels are mutually
exclusive. By this, we mean that a given text will have
separate representations for each of the defined levels.
This wusually leads to a sequential strategy of processing,
with alil its drawbacks., This is why GETA uses B.Vaugqueis’
concept of multilevel {nterface structures to represent all
the computed levels on the same graph (a “decorated tree").
in short, such structures are Iin effect generators of
representations at different levels, and also factorize
various types of ambiguities.

The organization of the lexical knowledge centers on the
notion of lexical unit (LU). A given lexical unit usuatly
groups severa) lemmas (normal form of words), which are
considered to derive from the LU by some derivation schema,
which has an interpretation at the levels of morphoiogy,
syntax and semantics, 80 that, at generation time, 1t i3
possible to paraphrase by choosing the appropriate lemma,
for a given LU,

Iin the current applications, the units of translation are
of the size of one or more paragraphs. This allows for
intersentential resolution of anaphoras 1in some not too
difficult cases.

3 - Al ASPECTS

After the morphological anaiysts, the unit of translation
1s represanted by the current “object tree", which may
encode sevearal - competing interpretations, as the
"blackboarg* of other systems. This allows for some
heuristic programming, because 1t is possible to explicitly
describe and process ambiguous situations {n the production
rules.

This 1is 1n contrast to systems based on combinatortal
algortthms which construct each interpretation
independently, even {f they:represent them in a factorized
way. :

Locking at the experience juét reviewed, we felt that the

time was ripe to make one more step towards better M(a)T
systems, by using other existing Al techniques.
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Il - PARALLEL LINES OF AT RELATED WORK

The experience gained by the development of a
Russian-French translation unit of a realistic size over the
last three years {6} has shown that maintaining and
upgrading the 1ingware, even {n an admittedly limited second
generation M(a)T system, requires quite a lot of expertise.
Techniques are now being developed to maintain the
linguistic knowledge base. Some of them deal with the
lexical data-base, others with the definition and use of
specification formal isms {"static grammars®) and
verification tools.

1 - LEXICAL KNOWLEDGE PROCESSING

In the 1long run, dictionaries turn out ¢to be the
costliest components of M(a)T systems. Hence, we are working
towards the reconciliation of “"nmatural®™ and “coded”
dictionaries, and towards the construction of automated
verification and 1indexing tools. Natural dictionaries are
usually accessed by the 1lemmas (normal forms). Coded
dictionaries of M(a)T systems, on the other hand, are
accessed by merphs or by lexical units. Moreover, the
information the two types of dictionaries contain is not the
same.

Howaver, {1t is highly desirable to maintain some degree
of coherency between the coded dictionaries of a M(a)T
system and the natural dictifonaries which constitute. their
source, for documentation purposes, and also because these
computerized natural dictionaries should be macde accessible
to the revisors.

Let us briefly present the kind of structure proposed by
N. Nedobejkine and Ch. Boftet at an ATALA meeting in Paris
in 1983, The central idea here s to start from the
structure of modern dicticonaries, which give access by the
lemmas, but use the notfon of lexical unit. Each 1tem may be
considered as a tree structure. Starting from the top,
salections of a "local® nature (on the syntactico-semantic
behavior {in a phrase or in a sentence) give access to the
*constructions®., Then, more "global®" constraints lead to
“word senses®,

At each node, codes of one or more formalized models may
be grafted on. Hence, 1t is in principle possible to index
directly {n this structure, and then to design programs to
construct the coded dictionaries in the formats expected by
the wvarious SLLPs. UUp to this level, the information 1is
monotl inguat and usabte for analysis as weall as for
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generation. If ¢this ‘language {s source 1IN one or more
language pairs, each word sense may be further refined, for
each target ianguage, and lead tco equivalents expressed as
constructions of the target language, with all other
information contained 1in the dictionary constructed in a
similar way for the target language.

Hence, we have not tried to define a unigue
*many-to-many” dictionary, but rather a set of "one-to-many*
dictionariaes, in particular because we don’t know of any
dictionary of the first type developed for the basic core of
several natural languages, which would include relatively
unambiguous technical terms (usualily noun phrases) in a
given domain as welil as highly ambiguous and difficult
verbs, ’

This part of the work, hence, aims at finding a good way
of representing the lexical knowledge.

But there is another problem, perhaps even more
important. Because ot the cost of building machine
dictionaries, wa need some way to transform and transport
lexical knowledge from one M(a)T system to another. This is
cbviously a problem of transiation. Hence, we consider this
type of "integrated structure®™ as a possible lexical
interface structure. Research has recently begun on the
possibility of using classical or advanced data base systems
to store this lexical knowledge and to implement the various
tools requtred for addition and verification. VISULEX and
ATLAS (1) are first versions of such tools.

2 - A SPECIFICATION FORMALISM FOR LINGUISTIC APPLICATIONS

Just as 1n current software engineering, we have long
felt the need for some Jevel of “static" (algebraic)
specification of the functions to be realized by algoritms
expressed 1n procedural programming languages. In the case
of M(a)T systems, there is no a priori correct grammar of
the language, and natural! language {s inherently ambiguous.
Hence, any usable specification must specify a relation (not
a function} between strings and trees, or trees and trees:
many trees may correspond to one string, and, conversely,
many strings may correspond to ona tree.

Working with B.Vauguois in this direction, $.Chappuy has
presented a formalism of static grammars, {71, presanted in
charts expressing the relation batween strings of terminal
elements (usually decorations expressing the result of some
morphological analysis) and multilevel structural
descriptors., This farmalism is currently being used for all
new l{nguistic developments at GETA. Of course, this 1s not
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a completely new idea. For example, M.Kay {14) proposed the
formalism of unification grammars for guite the sanme
purpose. But his formalism 1{s more algebraic and less
geometric in nature, and we prafer to use a specification in
terms of the kind of structures we ara accustomed to
manipulating.

3 - AIDING THE CREATION OF THE SOURCE DCQCUMENTS

Lingware engineering may be compared with modern software
engineering, because 1t requires the design and
implementation of complete programming systems, uses
specification tools, and leads to research in automatic
program generation. Starting from this analogy, a group of
researchers at GETA have recently embarked on a project
which could converge with gtill another l{ne of software
engineaering, in a very interesting way. As a matter of fact,
- they are trying to design and imptement a
syntactico-semantic structural metaeditor, that uses a
static grammar given as parameter, {n order to guide an
author who is writing a document, in much the same manner as
metaeditors like MENTOR are used for writing programs in
classical programming languages.

This could offer an attractive alternative to {fnteractive
M(a)T systems like ITS, which require a specialist to assist
the system during the translation process. As a matter of
fact, this principle 1is a scophisticated variant of the
*controlled syntax" idea, 1tke that implemented in the TITUS
system. Its essential advantage s to guarantee the
correctness of the intermediate structure, without the need
for a large domain-specific knowledge base. 1t may be added
that, i{in many cases, the documents being written are in
aeffect contributfng some new knowledge to the domain of
discourse, and hence cannot be already present {n the
computerized knowledge base, even where one exists.

I1Y - GRAFTING EXPERT SYSTEMS

Seing that 1Ulinguistic expertise {s already quite well
represented and handled 1{n current ("closed”) systems, we
have oriented our research towards the possibiltity of adding
axtralinguistic knowledge to existing M(a)T systems.

Wa believe that this level of knowledge, and a mechanism

to handle +{t properly, s the key to the solution of some
problems encountered in current M(a)T systems (analysis of
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some kinds of noun compounds, coordination, anaphora,
selection of equivalents,...).

Extralinguistic knowledge comprises specialized knowledge
of scome technical or scientific fteld, some notions of
common sense and pragmatic knowledge (aquired dynamically
during text processing).

In hts thesis {9), the first author attempted to design
such a system., and to propose an inittal impiementation,

Two types of expert systems have been studied. The first
ts called expert-interactor system. It cooperates with the
MT system durtng phases like analysis or transfer: it is
called by grammar rules to perform tests according to the
knowledge base. This method 1s tn fact very similar to
man/machine interaction and needs high expertise and
compiicated modeltling of the different processes.

The second ¢type {s called expert-corrector system and
operates between phases.

A complete transiation system may then be constructed by
combining a "closed" system, based only on linguistic
knowledge {(an application written in ARIANE-78), and one or
two “open" systems from the second type. The first is
inserted between analysis and transfer, and the second
between transfer and generation, This is {ilijustrated by the
following dtagram.

This architecture 1{s very advantageous for several
reasons. First, it Jleaves the linguistic apptications
{1ingwares) unchanged. Large-scale lingwares may be reused
as they are. '

Seceond, it ts modular: both the Jlingware and the
expert-corrector system can be independentiy modified.

Third, there 1{is some added modularity, because {1t is
possible to develop a core grammar used by the MT system and
to incorporate the domain dependent treatment into the
expert system, This 1is contrast to some previous systems,
where some domain-specific knowledge has been incorporated
into the Ilingware, making it extremely difficult to adapt
the system to another domain,

Fourth, in systems based on transducers rather than on
analyzers, it (s perfectly possibie that the results of
analysis or of transfer (the “"structural descriptors®) are
partially incorract and need correction. Hence, we need
some knowladge about the types of errors made by linguistic
systems, Such knowledge may be called metalinguistic (see
figurs above).
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The control structure of a corrector system 1{s as
follows: : '

(1) TRANSFORM the result of analysis into a suitable
form; ‘

[2) whitle there is some error configuration do
£3) SOLVE (by using the meta- or extralinguistic
’ knowladge):
1f solving has failted then EXIT endif:

ta) PERFORM a partiatl reconstruction of the
structure, according to the solution found;
endwhtle:

{5) QUTPUT tha final structure in ARIANE-78 format.

In (1), ¢the *"suitable form"” defined {s a set of PROLOG
clauses representing the decorated tree. This representation
allows for easy search and tests by unification.

Step {2) wuses only metalinguistic knowledge encoded in

*arror profiles®, This kind of knoewledge is of the type
used by =a linguist Jlooking at an intermediate result (of

124



analysis or transfer). He or she knows the kind of errors
possibly made by his applicatton. An error profile is a kind
of subtree pattern. Step [2) tries to match the proftle on
the intermediate "object tree”.

The result of phase (2} 1is a list of configurations,
which locate in fact potential errors. The corresponding
parts of the structure are then tested by SOLVE, using
selectional restrictions, prefaerential semantics and expert
system reasoning techniques.

At this point, SOLVE tries to compute ‘"explicit®
understanding, starting from the "impiicit® understanding
tncorporated Iin the linguistic descriptor, and using the
extralinguistic knowledge base.

This knowledge base is a set of logic formulas
represented by PROLOG clauses, defining Jlexical entries
(static knowledge) and expert rules from the domain,

This process of going cne level further during
understanding can be compared to the operation performed by
a human technical translator referring to a schema or to an
expert ("personne ressource®) during transtlation. Many such
exper iences have been reported by human professional
translators from the Canadtan Translation Bureau., For more
detail, see {10).

"EXIT" does not mean that no translation result is given.
If SOLVE fatils on one probtem, 1t leaves the structure as it
{5 and goes to the next error configuration.

The first author has implemented a prototype 1In
Fol1-PROLOG ([8). The Ilingware used corresponds to a small
English-French system developed for teaching purposes
(BEX-FEX).

Wa have chosen the following few examples to illustrate
the main ideas of the method.

EXAMPLE 1: ADJ + N N
(1) Standard free-energy change s calculated by this
egquation.

The analyzer proposes thaf *standard® modifies "change”,
while “free-energy" s juxtapesed to "change®, as shown in

(tree 1), hence the erroneous transiation:

"La wvaritation standard d‘énergie libre est calculée par
cette formule."®
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In order to correct the structure to obtain (subtree 1),
some knowledge of chemistry 1{s required, namely that
"*standard free-energy change™ 1s a... standard notion.

EXAMPLE 2: (ADJ) N AND N N

(2) The mixture gives off dangerous cyanide and chlorine
fumes.

(2*) The experiment Fequires carbon and nitrogen tetraoxyde.

Let us develop this example a 1ittle more. Sentence (2)
presents the problem of determining the scope of the
coordination. The result of analysis (tree ni2) groups
*dangerous cyanide® and "chlorine fumes®", *“chlorine” being
juxtaposed to “"fumes"™ (SF{JUXT) on node 12). Hence the
transtlation:

“La préparation dégage le cyanure et la vapeur de chlore
dangeraux, *
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RESULTAT DE L/EXECUTION, TEXTE : RENEG PHRASE1
ANALYSE STRUCTURALE

ULTXT

nvooo.i

! t ! ! ! !
AP FREE-EN CHANGE CALCULA THIS EQUATIO
...... S ER....7 ......B TE... 10 ..... 12 N....13

SOMMET 4 7 *: UL{'*NP’),RL(ARG1),.K{NP),6SF(SUBY),
CAT(N),SUBN(CN) ,NUM(PLU),SEM{CONC),VL1(N).
SOMMET 5 ¢ *: UL(’=AP‘) RS{QUAL) . K(AP),SF(ATG),

TYPOG{CAP),CAT(A),SUBA{ADYJ).
SOMMET 6 “*STANDARD’: UL(‘STANDARD’),SF(GOV).TYPOG(CAP)
CAT(A),.SUBA(ADUY).
SOMMET 7 ‘FREE-ENERGY’: UL(’'FREE-ENERGY’),RS(QUAL),
UNSAFE(RS),SF(JUXT),CAT{N),.SUBN(CN) ,NUM(SIN),
SEM(ABST).
SOMMET 8 ‘CHANGE’: UL(’'CHANGE’)},SF(GOV),
CAT(N),SUBN{(CN) .NUM(PLU),SEM{PRDC).
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RESULTAT DE L’EXECUTION, TEXTE : RENEG PHRASE2
ANALYSE STRUCTURALE
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SOMMET 11 ‘DANGEROUS‘: UL(’DANGEROUS’),SF(GOV),CAT(A),
SUBA(ADJ),SUBJUR(INF). '

SOMMET 12 ‘CYANIDE’: UL{’CYANIDE’),SF(GOV),CAT(N),
SUBN(CN) ,NUM(SIN),SEM(CONC), SEMCO(SUBST).

SOMMET 13 ¢ “: UL('=NP‘),RL({ID),K(NP),SF{COORD),CAT(N),
SUBN(CN) ,NUM(PLUY) ,SEM(CONC),SEMCO(SUBST),VLI{N).

SOMMET 14 *AND’: UL(’AND’),CAT(C).

SOMMET 15 ‘CHLORINE’: UL(’CHLORINE’),RS(QUAL).
UNSAFE(RS),SF{JUXT),.CAT(N),SUBN(CN) ,NUM(SIN),
SEM(CONC),SEMCO(SUBST).

SOMMET 16 ‘FUMES’: UL(‘FUMES’),SF(GOV),CAT(N)},SUBN(CN},
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TEXTE RENEG PHRASE2
Analyse structurale corrigée

l !
! !
! : !
! !
f $emevececocccan + «NP '
! 1 Sub-tree nu2 | - !
P demerm- wemmme-- + ! !
! ! !
. mmmeree- ke ol s !
! 1 ! ! !
! *AP NP FUMES f
f cen-.10 000 ek ) 16 !
t ¢ ! 1
t tr eeescecccccc-- !
! i ! ! !
! DANGERD CYANIDE *NP !
I U.... 1 caesl 12 R K< !
I t !
L ==m=see-- !
' t 1 {
f AND CHLORINE !
! veoe.14 (L., 15 !
+o-momo e L EL L L LR e e LT PP +

But, 1{f we know that cyanide fs dangerous as fumes, and
not as crystals, we can corract the structure by grouping
*{cyantde and chlorine) fumes" (see subtree nU2). The
produced translatfon will then be:

*La préparation dégage la vapeur dangereuse de cyanure et de
chliore."

0f course, some more sophisticated analyzers would {and
some actually do) put a semantic marker like “chemical
element® on both “chlorine®” and “cyanide®, and then group
"cyanide and chlorine" on the basis of the “semantic
density" (e.g.. number of features shared). But this
technique will fail on (2‘), because there is no "carbon
tetraoxyde® in nermat chemistry! Hence, without
extralinguistic knowledge, the system will produce:

"L’expérience demande du tétraoxyde de carbone et d‘azote.”

tnstead of:

"L’'expérience demande du carbone et du tetraoxyde d’azote.”
This kind of knhowledge on carbon tetraoxyde should be

deduced by reasoning on more elementary knowledge (static

knowledge on chemical elements). The corrected fragment of
the structure is shown in subtree nu2.
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ANALYSE STRUCTURALE

I !
l !
1 !
| ULTXT !
| cecseel {
1 ! ¥
1 1 !
l torerrec - + | |
! f Tree nt 3 ! ULFRA !
! LD ==t . 2 |
! | !
1 ! !
1 1 1
! =VYCL 1
! ernneed 1
! ! |
1 1 1
! mesasessacscrcccssssrcsrcmsccscsmssccccane-- !
! ! 1 | § !
H =NpP VK AP . !
! S | cee.19 ceees2t ... 231
! ! ! ! H
! ! ! ! !
1 ! i ! !
e e S e 1 [ !
It | ! | ! R |
! THE WATER JNP 8t DANGERO i
|- T 8 ......7 oo oo dQ U,...22 !
! ! !
1 1 !
t 1 |
1 SEEEES e e e e e e e e e 1
| 1 ! ! ! 1
! IN THE BEAKER *RELCL |
| 8 ......9 .....10 cosaetl 1
! ! !
! ! f
H ! !
rF e esem-sscesa~= Al R el !
! ! f ! t
1 *NP /NP *VK !
I ceveal2 B . S 17!
t l H 1 1
§ l ! 1 t
! 1 ! i 1
! ! eemeeaaaa ! |
[ f f H ! !
f BEAKER THE CHLORIN COMBINE!
! veeaa i3 LL.L 1B EL.. 16 ... 181

130



R R A L L L R e e +
1 SOMMET 4 ¢ 7: UL(**NP’).RL(ARGO),K(NP),SF{SUBUJ),CAT{N),!
| SUBN{CN) ,NUM{SIN), SEM{CONC),SEMCO{SUBST ), VLI1{N). 1
! SOMMETY 5 /»THE’: UL(’THE’),SF(DES)},TYPOG(CAP),CAT(D), |
! SUBD(ART) ,NUM{SIN). !
! SDMMET 6 ‘WATER’: UL(’WATER’),SF(GOV),CAT(N),SUBN(CN), !
! NUM(SIN),SEM{CONC}, SEMCO(SUBST), !
| SOMMET 7 ¢ ?: UL(’/NP’) RS(LOCAL),UNSAFE(RS),K(NP), !
! SF{COMP),CAT(N),SUBN(CN) ,NUM{SIN),SEM(CONC), 1
1 SEMCO(0BJ),VLI(IN). 1
1 SOMMET 8 ‘IN’: UL{’IN‘),RS(LOCAL),UNSAFE(RS),SF(REG), !
1 CAT(S),SUBS(PREP),VLI(IN),JPCL(IN}. {
! SOMMET 9 ‘THE®: UL(’THE*),SF(DES).CAT(D),SUBD(ART}, 1
! NUM(SIN). |
! SOMMET 10 ‘BEAKER’: UL({’BEAKER’},SF(GOV),CAT(N), i
! SUBN(CN) ,NUM(SIN),SEM{CONC), szuco(osu) : {
i SOMMET {1t * ¢: UL("RELCL’).RS(OUAL).UNSAFE(STR). !
1 SLOCK(1),LOCKZ{3),L0CK2(1) . K(RELCL), SF{ATG),CAT(V), |
i SUBV(VB),NUM(SIN), TENSE(PRES),SEM({PROC),SEMV(PROC), |
1 JPCL{TOGETHER). {
! SOMMET 12 ¢ *: UL(’+NP’),UNSAFE(RS).RL(ARG2) ,K(NP), !
i SF{0BU2),CAT{R)},SUBR(REL),NUM{SIN),VLI{WITH). !
! SOMMET 13 ‘WHICH’: UL(’BEAKER’),MCUL(SUBS).SF(GOV), !
! CAT{R),SUBR(REL) ,NUM(SIN). [
! SOMMET 17 * *: UL{’*VK®),RS(QUAL),.SLOCK(1),LOCKZ(1), !
? LOCK2(1) ,K(VK),SF(GOV),CAT(V),SUBV(VB) NUM{SIN), !
1 SYM(SYM12), TENSE(PRES).SEM(PROC), SEMV(PROC) ,VLI(N),
{ VL2(WITH) , JPCL{TOGETHER). }
! SOMMET 18 ‘COMBINES’: UL{’COMBINE’),SLOCK(1),t0CKZ(1), !
t LOCK2(1),5F(GOV),CAT(V),.SUBV(VB) ,NUM(SIN),SYM{SYM12).!
! i

TENSE(PRES) SEM(PRUC) SEHV(PROC) VLZ(UITH)
L LT T P D e Dt bt R T TR +

EXAMPLE 3: ANTECEDENT OF “WHICH"

(3) The water in the beaker with which the chlorine combines
will be poisonous.

The analyzer takes “beaker" Instead of “water® as
antecedent of "which". The corrector may know that chlorine
combtnes with water, and not with a beaker. This correction
gives sub-tres nu3.
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$remmemaeeaan e ecesascmuccassebomesemmmsesmemess—ee-—e=aare +
TEXTE RENEG PHRASE3

! 1
f Analyse structurale corrigée !
1 !
1 »NP !
! e ELEEZS “revme-s + ... .4 !
! ! Sub-tree na3 ! ! !
{ L + 1 1
! ! !
et !
! 1 ! ! ! !
T THE WATER NP RELCL H
S 5 6 OB La N R
1 ! ! !
! i I !
! 1 ! t
t cees-csc-ssccecc-e | sacsacecces !
i t t t ! etc...!
! IN THE BEAKER *NP {
! deooag 8 ...... 9 ..... 10 da000 e t
! | !
! ! !
! t 1
L messscua- !
! 1 1 i
! WITH WATER 1
1 evora13 ... .14 !
R L R N i b LRt T +

EXAMPLES 4&S: ANTECEDENT OF "IT® IN OR QUT QOF THE SENTENCE

(4) The state in which a substance 1s depends on the energy
that 1t contains.

‘When a substance {s heated the enargy of the substance is
increased, (5) The particles vibrate more vigorously, and
tt becomes a liquid. (5‘) It meits,

In order to choose between "substance” and "state” (4),
one must make some type of complex reasoning using detalled
knowledge of physics -- and one may easily fai{l in a given
context: {t 1s not correct to simply state that a substance
may have an energy, while a state cannot (as weé did to solve
this particular case). Here, perhaps ft is better to rely on
some {metalinguistic)} information on the typolegy. For (5),
there are simple, but powerful rules like: 1f the antecedent
cannot be found 1n the sentence, lock for the nearest
possfble main clause subject to the left.
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