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Abstract

Ariane-Gbis anintegratedenvironmentinitially designedo facilitate the developmenof multilingual MT
systems for revisors (MT-R), where output qualitpligainedby using the heuristic programming facilities
of its 5 rule-based languages to specialize the lingware components to the sublanguage at hanghpidtan
many MT architecturesand linguistic methodologiesand acceptswhole paragraphor pages as unitef
translationratherthan separatesentences. For MT-RB.Vauquois'mutltilevel transferapproachhas given
excellent results on a large number of MT-R mockups and prototypes, as well &rdescaleoperational
systems.As both the computer toolandthe linguistic methodologyare not embodiments of @articular
theory, they are quite easy to adapt to new problems. In the last few years, they have actually been revised and
further developedn the frameworkof newresearcton high quality MT formonolingual authors(MT-A),
relying on a disambiguation dialogue with the author (DBMT), following an all-paths analysis.

The evolution of Ariane-G5/LIDIA and associated linguistic methodologies is now motivateehyrojects
of differentaims andrequirementsThe UNL project of personahultilingual high-quality communication
over the Internet requires the construction of a large lexical database/ficincoherentdictionariesfor MT
andfor interactivedisambiguation will begeneratedFor the C-STAR Speech Translation (ST) projett,
becomesnecessanto start from phonetic lattices output by speechrecognizer,and to transmit some
linguistically useful memory from one dialogue turn to the next.
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Introduction

From 1970to 1988, GETA developeda linguistic methodologyfor building multilingual MT

systems for revisors (MT-R)ypecializedto sublanguages, anetlying on heuristicanalysis. A
comprehensive MT shell, Ariane-G5, has been programmed and used to ddaed@mamberof

MT-R mockups and prototypes, asgll as twolarge-scaleoperationalsystems.Since 1988, the
methodology and the computer tools have lresrsedandfurther developedn the frameworkof

new researclon highquality MT for monolingualauthors,relying on a disambiguationdialogue
with the author(DBMT), following an all-pathsanalysis.The softwarearchitecturehas become
distributed, withthe authorusinga middle-rangeMacintosh,andAriane-G5running asa remote
server and accessed through the Internet.

This new basisoftware is howbeingusedin two projectswith differentaimsandrequirements.

First, in the UNL projectof personalmultilingual high-quality communicationover the Internet,

our challenge is to go from the LIDIA mockap a real systemrelying on a hugelexical database.
Second, we have started a long term project in Speech Translation (ST), and concentrate first on the
Frenchpart of C-STAR Il demonstratorsto show that useful ST systemean be obtainedby
integrating admittedly imperfect speechrecognition and machine translation componentsin a
communication environment permitting limited user control and multimedia feedback.

In both projects, we reuskee Ariane-G5/LIDIA software, with some nedevelopments(1) for
UNL, we arebuilding a multilingual databaseo generateAriane and interactive disambiguation
dictionaries,and filters betweenUNL graphs andAriane-trees;(2) our first C-STAR prototype
useshttp accesdo Ariane-G5, andMT starts froma phoneticword lattice output by the speech
recognizerin both projects, we also reute LIDIA multilevel pivot approach, wherénguistic
structures contain a lexical levelioterlingual acceptionsput the analysisstrategyis heuristicfor
C-STAR and all-paths as in LIDIA for UNL, and interlingual acceptions are of a different nature.
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l. Basic software tools and linguistic methodology for multilingual
MT-R

Researchn MT hasbeenpursuedat Grenoblesince1961. At the end ofthe first period, around
1967-70,afirst Russian-French system haekendeveloped, antestedon more than 400,000
running words of real texts (scientific articles). The aim Masfor the watcherpr “pure” MT, or
MT-W, where a fully automatic process produces unrevised “rotrighslationggood enoughhat
the reader, assumed to be a specialigft@fiomain,canaccesdhe contentof the original without
knowing the source language. Sutifanslationsare often judgedto be very bad byrofessional
translators and very good by users. AlImost all PC-based current systems are of this kind.

Due to achangeof computersystem(IBM 7044to IBM 360/67), which woulchavenecessitated
animportantconversionhardly justifiable without the prospectof immediateoperationaluse, this
first system was abandoned, despite its remarkable gaalitycoverage. This w#se occasionto
start exploring new ideas in the contexM¥ for the revisorpr MT-R, which aimsat automatical-
ly producing “raw” translations designed to be revised by a professional in ogksrfitwal results
of professional quality. As the step of human revision masirally be performedon a computer,
MT for the translato(machine aids for human translation and revision) was also studied.

In 1978, a new methodologyfor linguistic programminghad beenformulatedby B. Vauquois
(multilevel transferapproachheuristicprogramming), antéeganto be tried on variouslanguage

pairs, with a large effort on Russian-French, using the components of the first ever (and maybe still
unique) comprehensive “MT shell”, that is to say, a computer environment for the develachent

use of multilingual MT systems, which was call@diane-78" at the beginningof 1978, whenits

first complete version became available. Incidentétlis namewas choserseveralmonthsbefore

it became also used for the European rocket. It was rasanteferenceto the Greek goddess and

her famous thread, in order to stress the idea that computer science, even if essential, must be put to
the service of linguists and lexicographers who are not computer sciantistbow themto work
autonomously, thanks to symbolic, rule-based, “specialized langt@glesyuistic programming”

(SLLP) and to a transparent interactive user interface.

Thanks to support from CNRS andDRET (Ministery of Defense), a first full-sized
“preoperational” Russian-French system was developedesteld, fronthe beginningof 1980to
the end of 1986. In parallel, an effort in technological transfer towards indussryindertakenn
particularin the frameworkof the Machine-Aided-TranslatioNational Project(CAT-NP, or PN-
TAO in French, 1983-87 [7]). GETAugmentedatonsiderablythe power andeliability of Ariane-
78.4, and wasat the heartof the linguistic specificationof the French-Englistsystem foraircraft
manuals built in cooperation with industrial partners.

Since then, the Ariane system has been considerably extended [15]. The first section deggribes it
some detail, to show that such an MT shell is rather complex. In the seactiah, we shovhow
linguistic programming techniqués MT havechangedrom the stageof workmanshigto that of

real engineeringThis hadgn turn led to the developmenbf new toolsassociatedvith Ariane-G5
andto the evolution of the linguistic methodology(staticgrammars). In ordeto give a concrete
overview of thelinguistic methodologyand of whaimodernMT for the revisorcanproduce, this
section also presentsseveral raw (unrevised) industry-oriented translations produced by
B'VITAL's Ariane/aero/F-E system after 3 years of development.

A. Ariane-G5, an MT shell for building multilingual MT-R systems
1. General principles

Ariane-G5 is a generator (G) MT systems based dive (5) specializedanguagedor linguistic
programming(SLLP). Each suchlanguageis compiled. The internal structuresproducedby its
compiler are used asparameterddy its “engine”. The completedocumentationjn French, is
availableat GETA ([6] andlater additions).Large partsare availablein Englishandin Chinese
(translation by the JTMAT group at Shanghai Jiao tong University).

Although Ariane-G5is particularlywell adaptedo the transferapproachandto heuristic analysis
and generationt does noimposethem. Apart from somemplementatioriimits, the only strong
constraint is that the structures representing the units of translation be decorated trees.

Intrinsic semanticga term borrowed from J. P. Desclésyaepresentedh theselanguageshence
in a linguistic fashion. If one wants to write a system specialized to a restricted sub-lazagditge
a microdomain, it is possible to use the same technique as for METEO [20)\anté “semantic”
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grammarsand dictionaries.In order to constructa systemequippedwith extrinsic semantics
(“ontology” of the universeof reference),jt would benecessaryo couple Ariane-G5 with an
“expert corrector system”, as suggested and prototyped in [27].

As opposedo almostall existing systems,Ariane-G5 presentsthe advantagethat the unit of
translation is not restricted the sentence, buhay containseveralparagraphgin general, 10@o
200 occurrences, i.e., almost a standard page).

a Hardwareandsoftwareenvironment

Ariane-G5runs unde®VM/ESA/CMS, on IBM computerswith 390 architecture(a 9221-130at
GETA, PS-2 with 390 card...Bince 1993, it is accessiblghroughthe Internet. VM/ESA is a
hypervisor whichsimulatesa set of*virtual machines”.Eachvirtual machineruns under itown
operatingsystem. Forexample,it is possibleto let virtual machinesrun at the sametime under
MVS/TSO, CMS, and AIX. The RSCS subsystem allows one to organizertied machinesand
the realresourcegperipheralslasa network. CMS isa powerful interactivesingle-usermperating
system, which supporiglarge numberof programminganguagesnd tools. It iggenerallyused
for software development or for interactive applications.

The currentversion ofAriane-G5representsaabout400,000 source lines, plus 30,00i0es of
messages for each dialogue langtiafiee executable part resides ofmanidisk” (virtual disk) of
a particular virtual machine, and takes about 10 Mb. To allow another virtual machine ‘lasiee
machine” (of Ariane), one simply performs a logical connectiorigss’) of Ariane'sminidisk to
the machine's minidisk (“A”). From then on, Ariane managethemiserminidisk two specialized
data bases, ormntainingthe lingware andthe otherthe texts (with a maximumof 3,000 source
and target languages, 1,000corpora” and 10,000texts per corpus). The minimal computer
backgroundnecessaryto use Ariane-G5 consists oflearning the elementarycommandsfor
beginningandendinga VM/ESA session (login, logoutthe XEDIT screeneditor, and, forthe
developers of MT systems, the organization of the interactive monitor and the SLLPs.

b. Logical organisation

i Steps, phases and articulations of the translation process

Translationfrom a “source” languageinto a “target” languageis performedin three successive
“steps” : analysis transferandgeneratioA Eachstep isrealizedin at leasttwo andat most four
successive “phases”, possibly linkedjetherby “articulations”, which may be consideredn first

approximation asimple “coordinatechanges"” Eachphase isdentified by a two-letter mnemonic
(e.g. AM for morphologicalanalysis— analysemorphologiquein French), andeacharticulation

by a four-letter mnemonic (e.g. AMAS for the AM-AS articulation).

In analysis, the successive phases are :

AM (morphological analysis) obligatory,  written in ATEF ;
AX (expansive analysis X) optional, written in EXPANS ;
AY (expansive analysis Y) optional, written in EXPANS ;
AS (structural analysis) obligatory, written in ROBRA.
In transfer, the successive phases are :
TL (lexical transfer) obligatory, written in EXPANS ;
TX (expansive transfer X) optional, written in EXPANS ;
TS (structural transfer) obligatory, written in ROBRA ;
TY (expansive transfer Y) optional, written in EXPANS.
In generation, the successive phases are :
GX (expansive generation X) optional, written in EXPANS ;
GS (syntactic generation) obligatory,  written in ROBRA ;
GY (expansive generation Y) optional, written in EXPANS ;
GM (morphological generation)  obligatory, written in SYGMOR.

*Ariane-G5 is programmed in a totally multilingual fashi@mly the FrenchandEnglish versions of thenessages
have been completed at the time of writing.

This term is used rather than “synthesis”, by analogy with that of "generation" in compiler construction.

3
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In the currentversion,the order ofthesephaseswithin eachstep is fixed. Hencethe possible
“articulations”, allwritten in TRACOMPL, are AMAX, AMAY, AMAS, AXAY, AXAS, AYAS,
ASTL, thenTLTX, TLTS, TXTS, TSTY, TSGX, TSGS, TYGX, TYGS, andfinally GXGS,
GSGY, GSGM and GYGM. Asa matter of fact, one needs write articulationsonly for
composingtwo phasegakenfrom lingware componentsising heterogeneoussets ofvariables”
(see below).

The linguistic operations performed in each phase do not necessarily corresponchtmtieain a

strict manner. For example, morphological analysis may be realized in AM, but it is also possible to
distribute it between AM, AX, AY and a fractiaf AS (for example to testfor the occurrenceof
“predicted” possible discontinuoudioms). In generallexical transferis alsodistributedbetween
(atleast)TL and TS, foranalogousreasons.Similarly, morphologicalgenerationof a language

such as Arabic [42] may advantageously be distributed between the end of GS and GM.

i Essential data types and basic terminology

At the input and output sides of thanslationprocess the unit of translationis a simple string of
charactersThe 256 EBCDIC characters may bsedin the specializedanguagego build strings,
and all are considered to be atomic (e.g., “é”, “E” and “€” are not known to be variants dtie”).
blank (X'40") is used asseparatorof occurrences.A translationunit, then, isreceivedas a
sequence of occurrenckyg the AM phase.

From the output of AM to the input of GM, a upit translationis representedby a decoratedree.
Each phase contains a part, named “DV”, whbedinguist declareghe decorationtype, orsetof
variablesin Ariane-G5 terminology.

An elementary variabl€‘'variable” for short) isdefinedby a nameand an (anonymous) type. This
type is defined by kind (exclusive, non-exclusive, arithmetichdxical) anda list of values Each
variable has a null value, denoted by its name followed by “0".

- An exclusive variable V defined by V == (V1, V2, V3) takes its values in {VO, V1, V2, V3}.
There is an analogy with the scalar types of Pascal, but here value identifiers are local to the
types.

- A non-exclusive variable V defined by V == (V1, V2, V3) takes its values in the power set of
{V1, V2, V3}. VO denotes the empty set. There is an analogy with the set types of Pascal,
the preceding remark being still valid.

- An arithmetical variable V defined by V == (n), where n is a non null natural integer, takes
its values in : |-2009,m, +2D092(“)D—1].

- There is always one (and only one) “lexical” variable, named “UL"leiical unit(unité
lexicale), which is predefined and takes its values in the set consisting of :

- the predefined values " (ULO), 'ULTXT', 'ULFRA', 'ULSOL', 'ULOCC', 'ULMCP';
- the values introduced in the lingware components (essentially in the dictionaries) ;
- the values constructed dynamically (for example to handle unknown words).

A decoration,or mask ofvariablesin Ariane-G5jargon, isa combinationof valuesfor all the
variables of the considered set, very much analogous to a property list in LISP.

It is possible to group variables in a hierarchical fashion, theftdipe hierarchybeing predeclared
until a level depending on the specialized language. VAR always denotes thivariablesminus
the UL variable.

In ATEF, two subsets,VARM and VARS, are distinguishedand declaredseparately for the
abovementionedmorphological” and “syntactic” variables (although, as forthe phases,the
linguists do not in general respect that divisesd adda numberof variablesof semanticnature).
VARM and VARS are further subdividedinto VAREM and VARNM, VARES and VARNS
(exclusive and non-exclusive), as there are no arithmetical variables in ATEF.

In ROBRA and EXPANS, where the three kinds of variablepassible,the top ofthe hierarchy
is VAR (VARET, VARNT, VARAT), whereTt is a character(redefinablein DV) characteristiof
the phase. By defaulitis setto S, R, C, D, G f&kS, TL, TS, GS, GM, andto X for the other
EXPANS phases. Foexample,in AS, in orderto refine VARE into syntacticand semantic
variables, themselves divided into properties and relations, one might write :
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-EXC- ** (key-word for “exclusive”).

VSYNTE == (PSYNTE (CAT (N, V, A, R, S...), K (PHVB, PHINF, GV, GN, GA))
,RSYNTE (FS (SUJ, OBJ1, OBJ2, EPIT, CIRC...)).

VSEME ==  (PSEME (PREDIC (STATE, ACTION, PROC), MATTER (DISC, CONT))
,RSEME (RL (ARGO, ARG1, ARG2, ARGO01, ARGO02, TRL10...))).

-NEX- ** non-exclusive.

A format(template) is a constant mask of variables to which a name has been goreleyto use
it as an abbreviation in dictionaries and grammardecoratedree is anorientedandorderedtree
where each node bears a decoration.

ii. Components and variants of a phase

As in most NLP systems, a lingwangitten in a specializedanguageas organizednto physically
distinct componentsfor reasons omodularity and size.The componentof a phase forman
acyclic dependency graph (known by the compiler).

- An ATEF phase contains two components of variables declaration (DVM, DVS),
“morphological”, “syntactic” and “general” formats (FTM, FTS, FTSG, the last one being
optional), 1 to 7 grammars GRIgik7), 1 to 6 dictionaries of “morphs” DICi €i<6), at
least one of them being of “bases” (morphs with lexical references), and from 0 to 7
dictionaries of fixed connex idioms, DICii&14). FTM depends on DVM, FTS on DVM

and DVS, FTSG on FTS, the DICi on the formats, and the grammars on the dictionaries.

- An EXPANS phase contains a component of variable declaration (DV), one of “condition and
assignment procedures” on decorations (PROC), one of “assignment formats” (FAF),
optionnally one of “proper condition formats” (FCP), and from 1 to 7 dictionaries (DICi).
PROC, FAF and FCP depend on DV, and the DICi on the preceding.

- A ROBRA phase contains DV, FAF, and from 1 to 7 grammars (GR1 to GR7), with the
natural dependencies.

- A SYGMOR phase contains DV, FAF, PCP (“proper condition procedures”), GRifl
and DICi (ki<13, at least one dictionary being accessed by the UL), with the same
dependencies as in ATEF, with the exception that grammars do not depend on dictionaries.

- A TRACOMPL articulation contains only one component, DV.

The Ariane-G5environmentensuresat all timesthe coherencyof the compiled componentsas a

function of these dependencies and of the modifications made by the user (linguist).

Each phase may give risevariants,to be defined according to the types of texts to be translated.
- In ATEF and SYGMOR, one chooses one of the grammars.

- In EXPANS, one chooses an ordered subset of the dictionaires, and the mode (deterministic
or not) of the engine.

- In ROBRA, one defines a list of at most 14 grammars to be executed sequentially, the same
one being allowed to occur more than once.

By combining these choices and the choice of a path in the gragbiasés (fronAM to GM for a
translation),one obtainsexecutionlines (for debugging)and productionlines (for crankingout
translations) which are also memorized and managed by Ariane-G5.

C. Principlesof linquistic use

Although Ariane-G5does not propose amposeany methodologyof linguistic programming,
most of its users follow a certaimumberof principles,mainly dueto B. Vauquois,which it may
be useful to mention briefly at this point.

i. Intermediate structures

In the context of MT-R of a sublanguage, B. Vauquois recommends that analysis delinrs
structure,for “unique, multilevel and abstract” structure [51]. The geometrthe treereflectsone
choicefor the organizationinto syntagmatiayroups, butthe structureis an “abstracttree”, from

*The possibility to produceseveralgeometries obracketingsfor a sentenceexists andhas beerusedlater for the
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which the text may not necessarilybe reconstructedn animmediateway’. For example,it is
convenient to regroup discontinuous constituents (ggarcondesonttousvues for “thekids

haveallj seenthen]”), to “variabilize” negationsauxiliaries, articles, strongly governedpreposi-

tions, certain modals, etc., thus obtaining trees considerably smaller tHfaartbete” (“surface”)
treesprovided by direct application of extendedcontext-freegrammars(GPSG or others). In
principle, each internal node dominatesa leaf which is the governor of the group (from
“gouverneur” in Frenchusually “head” in English), unlesshe governor igtself a compound. In
order to get a dependency structure analogous to those of the Pragueitssheabugh,in a first
approximation, to recursively “send up” each governor to replaceothernode. Inotherwords,
Vauquois’ structures are “lexicalized” intermediates between constituent and dependency structur
at least geometrically.

Propertiesand relations are coded in the decorationsattachedto the nodes andconstituethe
“algebraic” part of the structure. Forexample,a nodehaving “attribute of object” asvalue of the
syntactic function (SF=ATROBJ) is the attribute of the group dominated fynitgue)sister node
having SF=0OBJ1.Hence,there are two syntactic levels, that of classes(morphosyntacticand
syntagmatic), and that of functions. To translate into languages whidotagtremelynearto the
source language withottavingto write large structuraltransfers,it is advisableto add twomore
levels, logical and semantic.

The logical level (RL variable, for “relation logique”) gives fhasitions ofargumentof linguistic
predicates. ARGO denotdse logical subject(mostoften actoror agent)of the predicatewhich is
the head(“governor”) of the samegroup, ARG1denotests logical object(in generalthe patient,
but notin ergativeconstructssuch as‘the twig breaks”), and ARGZ2lenotesits third argument.
The numberingis suchthat ARG1 correspond® OBJlin standardactive constructs, buthat is
purely a convention. Forexample,“the building of the house” and‘to build the house” have
identical structures at that level, the group “(of) the house” being ARGL1.

TRL10 is used in place of ARGL1 if the predicaeattributive (“to be”, “to seem”,“to appear”...),
andTRL21 in placeof ARG2 if the predicateattributesARG2 to ARG1 (“to considerARG1 as
TRL21"). This isa way to indicatethatthe relationdoes notink the node withthe governor(the
predicate), but with another argument. Similarly, one often uses awatiadle (such as RLI, for
“inverse logical relation”) to code the link between arguments in control constructs. For example,
“l ask him to come”,the group“to come”is ARG1 of “ask”, and bears RLI=00 if ARGO (I) is
coming and RLI=02 if ARG2 (he) is coming.

Finally, we use mainly on circumstancialgmodifiers), the semantiaelation (RS), which grosso
modocorrespondso the “deep case”(localization,origin, goal,accompanimentnanner,qualifi-
cation, measure, cause, concession, etc.). In practice, RL and éfngplementarybecauset is
extremelydifficult (evenmanually)to assign RSo argumentsn a reliable manner, anctircum-
stancials can be correctly translated only if their RS are known.

In this respect, the famous problem of the translatioprepositionds often not well stated. Ifan
arguments concernedthe whole construct(predicate+argumentg.g. “to talk aboutsth. with

sb.”, “to count for sb., sth.”) should Wenslatedasa block. If a circumstantiais concernedthe

RS, possibly particularized by the preposition (or its absence) should be translated. For instance
“to come by Lyon” and “to come via Lyon”, the circumstantial should bear RS=LOC,
SEM=SPACE and SLOC=QUA (localization gpace movementhroughsth.), thusallowing for

exact translationof “by” (“par” and not “prés de”;a c6té de”, “devant”, “de”, “d’apres”,
“suivant”, “a”...). Keeping the prepositioalso allows onéo translatemore exactlyin a language

like French, which also has two prepositions for this sense (“par”, “via”).

Several levels are similarly used for the actualization variables, suchrdser(morphologicaland
logical), time vs. tense, etc. The oradrthe text is reflectedas muchas possiblén the structure.
As a matterof fact, order givesmportantinformation which is notwell formalized, such as
thematic articulation and emphasis. This avoids coding it explicitly in a tactical variable.

If one considerthe UMA-structureof a sentenceonly at the “deep” levels, it can be thoughtto
represent whole family of sentencesf equivalentmeanings. Ifit is consideredat all levels, it

LIDIA project: we will then speak of MMC- or MMA-structures, for “multiple, multilevel, concrete/abstract”.
“An example of two concrete and abstract multilevel structures for the same sentence is given in section Il.
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should correspontb only one sentencelotwithstandingspelling variants (such as disc/disk,
program/programme, or corpuses/corpora).

Besidesthesevariouslevels of linguistic description, one alsencodesin the UMA-structures
producedby analysisunresolvedambiguitiesand doubts on parts tfe constructionjn order to
avoid a combinatoryexplosion, ando be ableto warn the revisor andat the sametime to try to
transfer those ambiguities which persist in translation (e.g. “the conquest of the Romans”).

The aim of transfer is to perform lexical translation, and some adaptationsstriutttereaiming at
deliveringto the generatofa structurecoherentwith the linguistic system ofthe targetlanguage.
This structure is calle@MA-structurefor “generating, multilevel, abstract structure”.dnnciple,
the generatorconsiderghat the GMA-structureit receivesis under-specifiedvith respectto the
surface levels, and recomputes them.

Hence, the first logical step ofgeneration consists ofselectinga paraphraseof the meaning
expressed bythe GMA-structure by computing the UMA-structure of the translationto be
produced.The second step consists pfoducinga surfacetree (“concrete” tree, or UMC-
structure),by creating nodefor articles,auxiliaries,negationelementspunctuations, bylividing
or merging sentencesf necessary, etcrhe third step isthe morphologicalgenerationwhich,
starting from the sequence of the leaves, constructs the occurrences of the final text.

i Organization of dictionaries

The notion of lexical unit is very useful forthe generationstep. It allows ondo represent
derivational families ira compactway. Moderndictionariesusea similar notion. In analysisthat
notion allows oneto reducethe size of the dictionaries,and to handlein a systematicway
neologisms obtained by productive derivations.

From the linguistic point of view, one isnaturally led to regroup, forexample,to heat, heater,
heating, heatable,.in the UL heat-V,the derivationsusedhavingthe threeaspectf semantics,
syntax and semantics (e.g. agentnstrumentnounendingin -er), in order ofimportance From

the practicalpoint of view, oneoften separateshe agentor instrumentnoun from sucta family,

becausehe derivationin questioncannotbe usedo produceparaphrasesisablein translation
(“heater” —> “somethingwhich heats” ?),and becausehat allows oneto separatethe purely

terminologicalindexing of thosetermsfrom the more complexindexing of a whole family of

deverbals.

According to the syntactic class of the principal lemma (source ofthe derivations), one
distinguishesserbal, nominaland adjectivalULs. Of course,thereare ULs reducedto only one
term (function words, non-derived adverbs sucthaee, here...).

In Ariane-78, it was necessary to represent all lexical information in the AM dictionariesare-

G5, lexical expansionphaseshave beenintroducedto give the possibility of distributing the
information. A possible organization is to use AM to go from morphs (roots, affixes, endings...) to
lemmas, AXto go to the ULs, andAY to handlenon fixed or discontinuousdioms (e.g. verbs

with separable particles in German). If interlingual wordsenses or “acceptions” are added, they may
be introduced as values of a non-exclusive variable defined by SENSE == (1, 2...,
MaxNumSense).

ii. Organisation of grammars

In ATEF andSYGMOR, organizingthe grammards quite simple, althoughone should resighe
temptation to overuse ATEF heuristic functions.

In ROBRA, the programming technique is quite different according to whether antbyssferor
generationis concernedAnalysis usually begins by workingin parallel on the whole unit of
translation to normalize the tree (compound words, resolutionroédiatelysolvableambiguities,
grouping of discontinuousidioms, dates, propemouns, etc.). Then, a sentence-specific
transformationakub-system igecursivelycalled on eachsentence Other sub-systemamay be
called on groups (clausgshrases).This allowsthe strategy(traversalof the control graph)to be
directedby the data. The end ofanalysisusually consists of processinggainthe whole tree,
which for example allows one to ttg find referentsof pronouns for which none hasenfound
inside the sentences where they occur.

In transfer, thingsare quite simple. One handlesthe translationsof complex groups, teststhe
context conditions coded in the subtrees representing multiple translationderto reducepoly-
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semies, and adjustise g-structure,thereby possibly annotatingit with advicesor ordersto the
generator, in order to trigger the production of particular syntactic forms (e.g. to get the reftexive
the passive for stylistic reasons).

Generation uses recursive descent to produce the UMA-structure, and legmtoonstructionof

the UMC-structure. Parallel processing is usually used to assign final values to surface actualization
variables (to propaga@greementonstraints), whichmay leadto slight modificationsof the geo-

metry (insertion of auxiliaries and cliticgpn should becautiousnot to usegrammarsat the same

time iteratively and recursively, because that leads to numerous useless grammar calls.

2. The interactive interface

Under Ariane-Gb5, it is possible to :

- work on the linguistic components (phases, articulations) in the subenvironments PRAM, ...
PRGM, PRAMAX,... PRGYGM (creation, modification, compilation, listing...).

- work on the texts (PRTXT), with numerous facilities.
- work on the “execution lines” and on the “production lines”.

- execute all or part of the translation process for debugging purposes (each phase receives
parameters for tracing and for outputting the result), using one available “execution line”.

- crank out translations (no tracing is permitted), using an available “production line”.

- revise raw translations (in multiwindow mode under XEDIT, with the possibility of
switching to THAM, which offers additional facilities).

- perform actions on several phases at the same time (compilation, listing, erasing,
duplication...).

- obtain various informations on the objects managed by Ariane (list of source and target
languages, of corpuses, links between source and target languages, compilation status...).

- read or modify the global parameters (dialogue mode, current source and target languages,
current corpus...).

An on-line helpis available for the mostpartat two levels of detail. This interactive monitor is
described in [44]. It represents about 50,000 lines of EXEC2 and 100,000 of ASM370.

3. The specialized languages
a ATEF, alanguagdor morphologicalanalysis

ATEF was designed in 1971 by J. Chauché [28]p wrotethe engine,while P. Guillaumeand
M. Quézel-Ambrunaz wrotthe compilersof the different componentsSince then, ATEF has
undergone numerous extensions, but the underlying algorithodel has not varied. Aa matter
of fact, it is a very satisfactory tool.

The systemsuccessivelyhandleseach occurrenceof the text, examininga priori all possible
analyses (non-deterministic total mode with backtracking). The current occurreaceedC. An

analysis result is a decoration or a sequence of decoratiahge laseof compoundwords). Each
step of a particular analysisonsists of choosing one tbie opendictionaries,in finding therean
item which key,the morph, is a prefix (or a suffix, in right-to-left mode)of what remainsto be
analyzed (noted A), which is reduced accordingly, and in applyingtie rulesassociatedvith

the morphological format of the considered item.

The rules may contain conditions bearomgthe currentstate(decorationC), onthe strings C and
A, on the partial resultsproducedby the currentanalysis(PS1to PS9)in caseof a compound
word, and also orthe four precedingoccurrencegfrom P1to P4) and orthe results oftheir

analysis. A particular form of condition consists of giving a list of “sub-rules” and in atlahgt

least one of them applies (as a sub-rule may itself have sub-ruldsapipeinsn non-deterministic
unarymodewith backtracking)lt is finally possibleto storea condition on the analysisof the

following occurrence.

There exist three types of action : assignment of values to mask C, transforohatiost remains
to be segmented (string A), and call of special functions. These functions allow to :

- control the built-in backtracking by pruning the choice tree (functions FINAL, ARRET,
ARD, ARF, STOP) or by opening and closing dictionaries (through assignment of the
obligatory non-exclusive morphological variable DICT) ;
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- produce a patrtial result from the current state C (function SOL) ;
- transform C or A into a UL, thereby reducing A to " (functions TRANS and TRANSA) ;
- decide that a sentence boundary has been reached (function INIT).

If an occurrence is not recognized (“unknown word”), that is, if no analysis succeeds in reducing A
to " while producing a current state C having a non-null UL, the systinisanalysisagain,after

having attachedo the occurrencdhe obligatory morphologicalformat MODINC, which mustin
particularcall the obligatory rule MOTINC (“rule of the unknown word”). Asthat rule may call
sub-rules, and as that format may call other rules, it is pogsiblanstructa true “grammarof the
unknown word”, and to program sophisticated strategies for analyzing unknown words.

During processingthe automaton(ATEF “engine”) constructsa (“4-colour backward”) graph
wherethe nodesarethe masks (or lists of masks fdine compoundwords) associatedvith the
solutions found, anthe edgesindicatecompatibility betweenanalysegat distancel to 4). The

final graph isfinally transformedinto the desiredform. The Q-graphoutputis now nolonger
available, and two other output forms, as 1-colour forward graph and as tree “with homosentences”
(presenting all paths in the 4-colour graph separately) are no longer used.

The standardoutputof ATEF is a tree “without homosentencestyhich encodesambiguities.Its

root correspondso the whole text and beardJL="ULTXT'. Its daughterscorrespondto the

sentencegdeterminedby the grammar)and bear UL="ULFRA'. Under eachof them are nodes
with UL="ULOCC', which correspond to the occurrences (wandfixed connexidioms). Under
each'ULOCC"' are the different results ofthe morphological analysis of the corresponding
occurrenceEachresultis eithera mask ofvariables(a node) ora sub-treewith root having

UL='ULMCP*' (compoundword) dominating the masks correspondingto the different parts
recognized in the word.

b. ROBRA, alanquagdor transformingdecoratedrees

ROBRA [14] isa languag€dor writing transformationakystems working oxecoratedrees. It is
the successor ofthe CETA language[23] Numerousextensionshave been introduced, the
semantics has been made more precise, and the engine has been totally respecified and rewritte

A transformationakystem (ST) iglefinedby a control graph (GC), a set of transformational
grammars (GT) and a set of rules (RIP “productionrules”). A GT is anorderedset of rules. A
GC isagraph whereachnode beara GT or the exit symbol (&NUL) andthe edgesbeartree
conditions. Notethat each“grammar” componentGRi of a ROBRA phaseactually countainsa
whole transformational system, possibly consisting of a large GC with dozens of GTs.

To executean ST on ambjecttree (AO), ROBRA usesthe GC asnon-deterministidunary with
backtracking) control structure : starting from an initial node, it looks for the first valid path leadinc
to an exit.Onthis path,it executegshe grammarscountainedn the nodes, andraversesan edge

only if the current AO verifies its condition.

The execution of a GT consists of one elementary application in unitary (U) arcafeseveralin
iterated mode (E for “exhaustive”). In an elementpplication,manyrules ofthe GT areapplied
in parallel, which necessitates a mechanismconflict resolution.An elementaryapplicationends
only after the recursivealls of sub-grammar¢SGT) or sub-systems (SST) possiliiggeredby
the application of certain rules have been completed.

A system of interdictions (rules are marked, nodedbbreked)allows oneo staticallytestthe ST
for decidability :the compilermay warn the user ofthe risks of undecidability(loopsin the GC,
“free” mode in an iterative GT, constraint on recursive calls not satisfied, etc.).

The schemas which appear in left-hand sides of rules have a very great exp@ssive-oreach
node, it is possibleto indicatewhetherits daughtersareto be lookedfor in leftmostor rightmost
positions, in order or out of ordeffree permutations).lt is possibleto look for nodesat
unspecifieddepths by usinfgeneralizednodes”. Finally,the rulesmay be context-sensitivethe
root of the schema(RS) being possibly different from the root of the effective transformation
(RT). Whatis notdominatedby the RT constitutesthe context, or “hat”.The RT may itself be
active or contextual. What it dominates belongs to the active part.

The notion of parallelrewriting in ROBRA is quite strong, asparallelismmay be “normal” (RT
locatedon distinct nodes ofa cut of the AO), “vertical” (a RT may dominateanother), and
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“horizontal” (several contextual RT and at most one active RT may be instantiated on tmedame
of the AO).

Finally, it is possible to write extremegpomplexconditionalassignment®f variablesin the right-
hand side of rules, which contributes to making ROBRA an extremely powerful tool.

ROBRA is really a productionsystem othe substitutiontype, evenif, in the currentimplemen-
tation, elementaryapplicationof a transformationagrammaris done bytransductionof an input
tree into an output tree (both representedinearly). For that reason, the decorationtype is
necessarily preserved by a transformation system.

C. EXPANS,alanquagdor lexical expansiorandtransfer

EXPANS is based on a model of transductidrecoratedrees[30]. The decorationtypes ofthe

input and output trees may be different. Each node is transformedsuatsteeein the outputtree.

This sub-tree is determined by consultation of the dictionaries, in their order of priority, through th
UL born by the node. A default action is always foreseen. A dictionary item has a UL vike as
and a list of triplets <condition/image/assignments> as content. The condtiorernthe node of
theinput treeand possibly itsmmediateneighbours (motheleft andright sisters).The image
describeghe geometryof the sub-treeto be produced, antthe assignmentsillow to computethe
values of the variables on the nodes of the sub-tree from those of the accessible input nodes.

At the level of a dictionary,if the UL of the node is found, EXPANS looks fahe first triplet

whoseconditionis verified (the last condition must be emptythat is, identically true), andthe

correspondingsub-treeis produced. Otherwise, thidictionary fails. In deterministic mode,
dictionaries aresearchedn their order ofpriority until a success is obtained. hon-deterministic
mode, all dictionariesre searchedin order, andthe imageproduceds a sub-treeconstructedy

rooting the sub-trees produced by the dictonaries under a new node. Thialloadeforexample
not to “hide” the usualtranslationof a word which has alsa different translationin a particular
domain whose dictionary has been given higher priority.

d. SYGMOR,alanguagdor morphologicalgeneration

SYGMOR is based on the model ofiaite-statedeterministictransducer, whose first versioras
designedby B. Thouin and programmedby D. Jaeger.[29] describesthe extensionsand
amendments he contributed to it in recent years. SYGMOR takes as input a seqdegoeatibns
and producessoutputa string ofcharactersA contextreducedto the current(C) andpreceding
(P) decorations is available, and two strings are used, the “working string” T (“clelmavail”),
and the output buffer S (“chaine en Sortie”).

The grammarhas quite a simple structure. Each rule is made of a condition, actions and
“subsequentules”. Actions consistessentiallyof writing to the right, to the left or at the middle
(last point of concatenationdf T aliteral string orthe resultof accessingone ofthe dictionaries
through the value of one of the variablesCofdictionariesaccessedby the UL give the bases the
others the affixes). It is also possible to modify C, and to “recall” B {my concatenatingt to the
left and emptying it).

For each decoration, SYGMOR looks for the fapplicablerule andappliesit. It thenappliesthe
subsequent rulas order, without taking their subsequent ruleisto account.A subsequentule
may be obligatoryor optional. If arobligatoryrule fails, SYGMOR goesbackto the initial state
and applies the rule MOTINC, if present, astierwisethe defaulterror action(empty S, thendo
S:=T). Processingontinuesby taking into accountthe subsequent rules difie last rule applied,
until an empty list of subsequent rules is reached.

e TRACOMPL, alanguagdor transformingdecorationg“articulations")

TRACOMPL [30] is the sub-languagesedto write all DV components. It haseenmadeinto an
autonomous language to allow for writing “articulations”. The goal teatasformdecorationsof a
Setl into a Set2. For that, we proceed in two steps :

- First, one describes Set2 and what should be known of Setl in order to perform the
transformation. The names of the variables present in both sets are prefixed by "$” and thos
of variables present in Setl but not carried over to Set2 by “$3$”. The others (not prefixed) ai
considered to be new.

10
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- One completes this by writing (CVAR part) a conditional action which can test the variables
of the input decoration in Setl, in Set2 after the “reformatting” described by the preceding
part, and in Set2 in their current state (during execution of the action). Because of this, it is
possible to perform arbitrary transformations of variables.

B. Evolution of tools and methodology due to experiments in MT-R

The organization presentedabove seemssomewhatcomplex. Why several languagesVhy
optional phases? As matterof fact, the initial architecturewas a lot simpler, andalmost all
extensions have been motivated by express demands of linguists.

Whatwe wantto illustrate now isthatan"MT shell" such as Ariane-G5, with its powerfuile-
based languages, still not enough:developergaking partsin various experimentsn building
MT-R prototypicalor operationakystemshaveexpressedhe needfor more engineering-oriented
tools, supporting the development of independent and static lexical and grammatical knowledge.

1. MT-R systems developed with Ariane-G5
a The preoperationaRussian-Frenchrototype(1980—87)

The developmenbf the Russian-French system [16] frahe stageof mockupto that of a real
prototype, used in a “preoperational” setting (a flow of texts negslarly sent, translationshadto
be senbackwithin a certaintime, dictionarieshad to be improved togetherwith a specialistof
techniqueand translation)has shown ughe necessityof developing tools to help linguistic
programming in Ariane, such as ATLAS VISULEX. Sincethe beginningof the eighties,it has
become evident that this type of programming could and should becomparedwith the
programmingof large softwaresystems andattackedaccordingly.As anexample the Ariane-78
software has cost about 30 masars of work, and the Russain-French lingware about 80.

This prototype, realized by N. Nédobejkine and his collaborators, is not stepegializedor a
certain type of texts. Its vocabulary, of about 30,000 tégingple and compoundterms, idioms),
contains 5 to 6,000 general terms, the rest being distributed between various sciernitiaiodl
domains (space and earth sciences, metallurgy, aeronautics, linguistics...). At the begwaing, it
not clearwhetherMT for the watcheror MT for the revisor wasaimedat. It appearedhat the
quality obtained wagood enoughio allow for revisionof a pagein aboutl1/4 of an houratime
very much comparable to that of the revision of a human raw translation — of ¢baeseprsare

not the same.

b. Theanalyzerf Englishandthetranslatiormockupg1983—89)

The methodologyfor constructingMT systemsin Ariane owes much to various cooperations
through whichB. Vauquois was able to try variousmethodsand come up with the above-
mentioned principles. This effort began as soon as 1973-74 with studiesaalygsof French,
togetherwith SFB/100at Saarbricker(J. Weissenborng. Stegentritt),and then of Portugese
(P. Daun Fraga). The methods developed for French were taken over and impr&?edugese,
and again reused amaprovedon French,in the contextof a feasibility study onFrench-English
for the French Telecoms (Vauquois, Guilbaud, Dymetman) in 81-82.

The analysis of English then became the common point of several studies raoedrationThe
mostimportantled to an English-Malaylaboratoryprototype[50]. Othersled to mockupsinto
Chinesg[57], Thai, andfinally Arabic [42]. This analysiswas also used dke startingpoint for
work ona "standardanalyzer"of Englishundertakerduringthe MAT-NP and pursued for some
time afterwards at B'VITAL.

C. B'VITAL's operationaFrench-Englistsystem(Ariane/aero/F-E)

The mostcomprehensivevork on French-Englishusing Ariane hasbeendone by B'VITAL, a
small firm founded during the MAT-NP in 85-87. The static gramafidfrench consists @about
150 “constructboards”(“boards” are 2-dimensionatepresentationsf correspondenceiles) and
450 “disambiguation boards” (prefererges). AS is morethan20,000lineslong (in ROBRA).
The dictionaries contain about 20,000 terms, of which more than half are terminological.

2. Commented examples of French-English translations

The following exampleshave been selectedfrom raw translationsproducedby B'VITAL's
Ariane/aero/F-E system after three years of development.

11
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Aprés essai, s'assurer du fonctionnement

After test, check that the coupling assembly

correct de I'ensemble raccord.

works correctly.

Note herethe passage frona nhominal (prepositional)phrase “dufonctionnementcorrect” to a
verbal clause, “that..works correctly”, with ascorollary the passage frorthe adjective“correct”
to the adverb“correctly”. Thesetransformationsre not performedduring transfer. It ighe first
step of syntactic generationwhich, starting from the “g-structure” (generating structure),
consideredas underspecifiedwith respectto the syntactic functions and the syntagmaticand
morphosyntactic classes, recomputes these levels depending on thgaalt{akre,to constructa
verbal phrase), using the deeper levels (logical relations inside the strict predieatigesemantic

relations for the circumstancial complements

Using the notion of lexical unit, the generator knows, without having to consult a dictionary, whicl

).

lemmas are contained in the consideredderivational family, which contains the possible
paraphrases. Here, “fonctionnement” has been redudied . “fonctionner-V”, itself translated
as “work-V”, which bears the potentiality of deriving an action nours. thensimply the order of
preferenceébetweenthe rules controlling the choice of syntagmaticcategorieswhich triggersthe
constructionof a subordinateclauseratherthanof a nominalphrase(“the correctworking of the

coupling assembly”).

Porter sur celle-ci la date de la derniere

Write on this one the date of the last receptio

N

réception ou révision.

or of service.

“Porter” is a support verb here, and “porter une date” is translated as “to write a date” and not as "

carry a date”, thanks to a test performed at lexical transféremyntacticand semanticfeaturesof

the second argument (ARGL1) of “porter” (its

logical object).

Effectuer la vidange générale et la purge du
carburant (voir chapitre 12).

Drain in a general manner and bleed fuel (seg

chapter 12).

14

“Effectuer la vidange”is translatedhere by the simple verb “to drain”, thanksto the notion of
lexical unit, andto the organizationof the lexical transfer.“Vidange” is reducedto “vidanger-V”,
andthat UL givesin translationa (sub)treein which the possibility of the presenceof a support

verb such as “effectuer”,
be erased by structural transfer.

faire”, etc., is coded. The translation of the supporifveresent,will

Le bouchon a pour but d’assurer la protectiof
d’'un raccord auto-obturable lorsque celui-ci
n'est pas utilisé au sol ou en vol.

coupling protection when this one is not use
the ground or in flight.

1 The trap is used for carrying out the self-sealing

J at

“Avoir pour but” is recognized as a compoupiiedicate,‘avoir-but-V(x0,x1)”, translatedas “us
V(x1,x0)", with a conversion of argumets. This explains the generation of a passive.

e_

Enduire Iégérement le joint neuf de liquide

Slightly coat the new joint with operating flui

d’utilisation.

.

The translationof prepositionss alwaysdelicate.lt is necessaryo know whetherthey introduce
arguments or circumstantials. Here, “enduirei&/a predicatewith 3 argumentggn enduitgn/qc
de qc), the third one being introduced by “de”. The analyzer prefélis tioe argumentframe, and
the introductor of the corresponding argument of “coat-V” is “with”.

Ouvrir progressivement le robinet (3), appliqy
une pression jusqu’'a 1,5 bar jusqu’a I'alluma]
du voyant lumineux DS2 et I'extinction du

IGradually open tap (3), apply a pressure up
ge,5 bar until the light DS2 switching on
((ignition)) and the signal lamp DS1 extinctio

voyant DS1.

o

n.

1A

Here the preposition“jusqu’a

introducestwo circumstantials.What is really translatedis the

semantic relation (here, RS=LOC with SEM=TEMPS and SLOC=QUA), refined by the
prepositionand bythe semanticfeaturesof the “governor” (Vauquois’ term for “head”) of the

group, here PROCESS for “allumer-V”, and

of the predicate (“appliquer-V").

Ouvrir progressivement le robinet (3) jusqu’a
obtenir une pression de 9 bars.

Gradually open tap (3) until a pressure of 9 b
is obtained.No explicit transformation is
performed.

ars

The infinitive clause is rendered lysubordinateclausesimply throughthe normalfunctioning of
the generator, asxplainedabove. Asargument0 (logical subject)is not expressed passive is

12
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generatedThis is onlya matterof stylistic preferencelt would beequally possibleto generate
“until one obtains a pressure of 9 bars”, or “until obtaining...”, as in the following example.

Procéder a la dépose des panneaux. Remove the panels.

IMPORTANT : avant de déposer ou de repg$BiPORTANT : before removing or reinstalling
le panneau central intrados de voilure, il est | the lower central wing panel, it is necessary {o
nécessaire de procéder a certaines proceed with some modifications.
modifications.

Here, the construct preferred for the conjunctioefore” is the gerundive.On the otherhand, the
preposition “a@”introducesargumentl. In the m-structureproducedby analysisjt may well have
been suppressed. “With§ containedin the valencyframe of “proceed-V” for the sameargument
position, hence it is introduced by the generator.

3. Evolution of tools and methodology
a Toolsassociateavith Ariane-G5

A variety of tools havebeenimplementedbesidesAriane-G5to supportthe developmenbf large
dictionaries (ATLAS,VISULEX, BDTAO, TTEDIT) andto handletexts containingmarkups and
non-roman characters (THAM, LT, SCRIBERE).

i Helps to construct MT systems

ATLAS, a system to help indexing in coded dictionaries

ATLAS is a languagefor writing “indexing charts” and hasbeenusedto produce numerous
indexing manuals of the Russian-French system. One describes an g@mtiovherdhe internal
nodesbear questions,the edges possiblanswers,and the leavesthe results attained (usually,
names of formats or of procedures).

This graph may be drawn, to produce paper manuals, usdmrlynamically,to createmenus on-
screen in a window and send the results to the appropriate plaescond window showinthe
dictionary to be constructed or modified.

VISULEX, a tool for the synthetic visualization of lexical informations contained in lingware written in
Ariane

VISULEX [2] allows oneto visualizeall or partof the lexical informationscontainedn a system
written in Ariane-78 or Ariane-G5, at two levels (codes and comments), Whieslinguistsfrom
having to search many files at the same time.

BDTAO, a lexical data base management system for MT

BDTAO is a lexicaldatabasemanagemensystemspecifically designedoy B'VITAL for MT, but
not for Ariane only. Analysis and generationformats and dictionariesare compiled from the
corresponding monolingual sub-base. For transfer, there is one sub-base for each language pai

There is a distinction between the “kernel” dictionamjch belonggo the grammaticakystem of
the languageand isdirectly coded,the generaldictionary, and the terminologicaldictionaries.In
transfer, the generglartis muchmore complexthanthe terminologicalpart, andthe construction
of the correspondingAriane dictionariesis notyet fully automatedin the meantime, standard
indexing manuals are used to index directly in Ariane TL dictionaries).

TTEDIT, a transformational editor of decorated trees

TTEDIT [25] is a tree editor (trees may bear simple labels or complex decorations). Its origgnality
thatits basicoperationsare sub-treetransformations, am ROBRA, and notlirect manipulations

on the nodes and edges. This allows one to work on teggs,in the samemanneras oneworks

on textswith editorsequippedwith highly parametrizedsearch-and-replacecilities. TTEDIT is
completelyintegratedwith the standardeditor XEDIT, and also allows on® write “macros”,
which are in fact transformational grammars analogous to those of ROBRA.

TTEDIT has beenin particular usedin orderto carry out, starting from a tree producedby
B'VITAL's analyzer of French andransformedoy a transferwritten for the occasion(in Ariane),
additionalad hoc transformationdeadingto an analysisinterface structure conforming to the
“linguistic legislation” of the Eurotra project and to the personal preferences of people in charge, fi
special cases not foreseen by that “legislation” [28].

13
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i Tools for handling texts
THAM

THAM stands for“Machine-Aided Human Translation” (“Traduction Humaine Aidée par la
Machine”). Programmed in EXEC2/XEDIT, THAM workss anXEDIT macro[2]. Supposethat

an Ariane user isrevisinga raw machinetranslation.By simply hitting a key, he starts THAM,
which allowshim to accessa “natural” dictionary, dynamically modifiable, togetherwith the
revised text, the raw translation and the source text. THAM may also be used in stand-alone moc

Thistool is by far nota full “translator/revisorworkstation”, like thoseoffered by certainfirms
(Weidner, ALPS...), but only a useful extension to XEDIT. Asatterof fact, forindustrialuse,
it is far preferable to revisthe translationson a PC, a MaclIntosh, or, if luxury ipermitted,on a
Xerox Star™ machine.

LT, a language for writing transcriptors

LT [36] allows one to quickly write transcriptors of texts. For example, the Russian-FRysteim
uses a transcription of the Russian texts in a subgtlt/bcharacterset (uppercaseromanletters,
digits andsomespecialsigns). Transcriptorswritten in LT areusedto outputtextsin cyrillic and
Chinesescriptswhile a Romantranscriptionis preferredwithin Ariane-G5.A recentimplemen-
tation in CLOS has been used to transform a large dictionary between various formats [26]

The abstract model here idiaite-statetransducemith two tapesThe input tapehas tworeading
heads. The first oneanonly goforward, while the second one, used aslook-ahead”,may go
forward or be “recalled” to the position of the first oii@e outputtapehas onewriting head.The
states are structured : a full state is the combination of an elementagnstaiéa set ofvaluesof
a certain number of variables.

Writing a transcriptor consists ofdeclaringthe variablesand their types (e.g. font, language,
lengthof the look-ahead...), anthenin describingthe graph ofthe transition system, with one
node for each elementary state. The edges bear the transitions, which are plagkicibnrules.
There are a number pfedefinedfunctions, aswell asfacilities for parametrizingandfactorizing,
to avoid writing too many rules.

SCRIBERE, an extension to the SCRIPT/DCEF formatter

SCRIBERE allows ont describethe textual contentandthe logical structureof a documentby
using macros written itlBM’s SCRIPT/DCF. Thigool offers possibilitiesinspiredby SGML. It
has been developed by D. Bachut and N. Verastegui to compenstte daavailability of GML
and SGMLat the time. Markup takesinto accountcertain aspectsof linguistic nature (current
language, current transcription, etc.).

b. Staticarammarsandlexical databases

The needfor a “static” specificationof “dynamic” analysisand generationgrammarsappeared
around 1980 because of cooperation Witguists havingno computationabackground. [22] and
[52] presentthe formal and practical aspectsof the first "static grammar" formalism. A
methodology for specifying andhplementinganalyzersand generatorgrom staticgrammarsvas
thendefinedandtestedduring the ESOPEproject of ADI on the developmenibf a pedagogical
English-Frenchmockup (BEX-FEX), and putto full use forthe developmentof B'VITAL's
Ariane/aero/F-E system. In a nutshell, a static grammar describes the correspbetieeestexts
and associated linguistic structuresinon-directionaway. Terminalsand non-terminalsof static
rules stand for subcorrespondencdgithough the rewriting mechanismis classical(context-free
with attributeand constraints}the structuresso defined can be "natural” abstracttrees, possibly
strongly non-projective [19].

Staticgrammarswere firstpreparedon paperA first computerenvironmentto handlethem was
thenimplementedon a Macintoshby integratingan array of commerciallyavailabletools [56]. In

the following years,severalstudieshavebeenmadeto refine their formal semantic419, 37, 58]

and somemprovementdavebeenproposed At USM, Y. Zaharinand histeam have produced
SaGE, a Macintosh application which allows one to compute on a static grammar. This is not yet
executablespecification,but SaGEcan automatically produce an analyzerand a generator(in
ROBRA) from sucha grammar,in simple cases,following the general strategic principles
explained above. This work is preliminary (in particular, the transformational systems pradeiced
far from being optimized), but quite encouraging.

14
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Finally, the lexical methodology is evolving towards application-independent lexical data bases. We
have mentionedB'VITAL's developmentof BDTAO, which is specific to MT, but system-
independent. This need is quite concreteennow, translators’aidsintegratedwith accesso MT
systems cannot offeoherentMT andMAT dictionaries.We haveundertakerseveralstudies on

this topic since1984 [17], therebyprototyping a trilingual basein telecommunicationgFrench-
English-Japanese) in 1986 and participatinthexMultilex Esprit projectin 91-93. In [3, 46], we

have proposed and prototyped solutitm¢he problemsremainingat the level of the definition of

the linguistic content of such bases, of their logical structure, and of their implementation.

Il.  Evolution towards personal networking communication: LIDIA
and UNL

Since1989, wehaveturnedto the investigationof DBMT (Dialogue-BasedMT), a new archi-

tecture for MT systems enabling monolingual users to generate high-quality translations into several
languages. The quality should be good enough to require no postediting or a mposteditingin

the case of verymportantdocuments. FullyautomaticMT systemscanachievethis goal only for

very specific kinds of texts, such as weather bulletins.

In our approachthe documents first interactively "cleaned"and "tagged" (for specialtermsor
idioms, utterancestyles, etc.).Eachunit of translationis then sentto a state-of-theart all-paths
analyzer, which returns a structure factorizingaatlbiguitieswhich cannotbe reliably solved with
the knowledge available. A question mark appeard to eachambiguousunit of translation.The
userclicks on it to activate a “disambiguationdialogue” which doesn'tassume anyarticular
expertise in linguistics, computer science, or any of the target languages.

This research is now pursued in the context of the UNL project, where input is ptarireeeither
(1) directly constructed in the intermediate UNL pivot language with some specializedad{&r,
written normally and then interactively disambiguated into UNL structures as in LIDIA.

We first describewhere we werat the beginningof the UNL project, after severalyears of
building and experimenting with our LIDIA mockupothin the design of this neywaradigmand
in the extension of Ariane-G5 to Ariane-G5/LIDIA. In the last section, we show howwblstion
continues in the framework of the UNL project.

A. The LIDIA project

After explaining themotivationsandthe main principlesof our DBMT approach, wallustratethe
conceptwith anexample,and detail the main evolution of the basic software which ha®een
motivated by this new MT paradigm.

1. Motivations and principles of the DBMT paradigm for "MT-A"
a Historical backgroundandmotivations

The idea of DBMT has been proposed and tested in various forms during @@ Yeestrs [21, 31-
33, 39, 45, 47, 48, 53-55]. However, it has always been tkegrantedthat the user shoulde
a specialistlinguist or translator, ot leasta professional, and that, consequenthg system
could and should be specialized. In contrastthirek that DBMT systems should baesignedor
the general public, and be used@s. Consequentlythe design ofthe userinterfacein general,
and of the disambiguation dialogues in particular, becomes extremely important.

The main idea of our concept is that piecetheftext undercreationor modificationare sentto an
analyzer running in the background. If there are ambiguities, bgtbegrto the sourcelanguage
or relative to the translation into one or several tdeggjuages, questiose posedto the author,
in the source language. The resultargbiguity-freestructuresare sentto transfers andenerators
into all target languages, producing high quality translations needing no postediting.

During the last few years, we haglesignedandimplemented_IDIA-1 [4, 5, 8-13] asa series of
mockupsto experimentwith this conceptof DBMT for (non-specialist)individual authors. In
LIDIA-1.2, thereis only one source language, French, timee targetlanguages, German,
English and Russian, but this is only due to limitations in manpoMaeraddition of Chineseas a
fourth targetlanguageis under way, and should liecludedin LIDIA-1.3, hopefully the last
mockup before a full-size prototype.
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b. Main principlesof the approach

Here are the essentialprincipleswhich, if takentogether,leadto a new “paradigm”, although
almost all of them have already been proposed or used in other combinations:

 distributed processing'he document is created and interactivdiBambiguateen a middle-
range Macintosh,while the various processes MT proper are performedby a remote
server.

» application to hypertexts The documentsare in effect hyperdocumentsin the form of
HyperCard stacks. Units of translation are HyperCard textual “fields”.

» asynchronousand non-preemptivgorocessing.Units of translationare “released’ by the
author, andthen autonomouslytravel to the MT server, come back after analysisin a
“multiple-multilevel-concrete’form (MMC structure),announcehe presenceof ambiguities
by letting a buttonappeamextto them, reactto the click by engagingin a disambiguation
dialogue, and themncedisambiguatediravel againautonomouslyto the MT serverto be
translated, and to finally be inserted in the appropriate field in the target stack.

» e-mail communicatiorbetweercomponenprocessesWe haveswitchedfrom a specialized
connectionto the use of standarde-mail for all communicationsbetween the author
workstations and the MT server, which can now be located anywhere in the world.

» deepermultilevel approach.We have addeda level of “interlingual acceptions”(or word
senses)to the classical lexical levels of B.Vauquois’ multilevel transfer approach
(“occurrence”or wordform, “lemma” or citation form, and “lexical unit” or derivational
family).

» guidedlanguageapproach.Ratherthanto force usersinto a single controlled language, we
associate a “documekind” to the whole documenta “texte genre”to large parts (possibly
defined as an SGMdocumentstructure, withlinguistic attributes),and arf'utterancestyle”
to each utterance. In an orthogonaly, the lexicon may be specializedoy adaptingweights
(“lexical preferences”) on arcs and nodes of the graph representing the lexical data base.

» disambiguation strategyVe havedevelopeda generatoiof disambiguatiordialogueswhich
non-specialist€aneasilyunderstand, and which does nelyy on excessivelysophisticated
linguistic processing, so that tlkessambiguatoicanrun in real time on the author’spersonal
computer.

 control by reversetranslation. On demand the systemtranslatedack from the targetUMA
structuregunambiguousmultilevel, abstract) providing feed-backthrougha paraphrasén
the source language of the translation.

* homogeneity of knowledge sourcés.the currentstateof implementationthis concerns
only lexical knowledge:both lexical disambiguationmessages anT dictionaries are
obtainedfrom the samemuiltilingual lexical database,PARAX [3], itself implementedin
HyperCard.

In real usage, the source texts could bany formatWe areworking on toolsto transformthem
into the samekind of HyperCard stacks dke above demo stacks, thereby structuring and
segmenting them, identifying the “utterance styles” (“typing”) and indirguteditingtext-specific
“formulas” or “idioms” in a semi-automatic fashion.

C. Concretevs abstractinguistic structures

Let us clarify our notions of“concrete” and “abstract” linguistic structures. A “concrete”
representatiof atextis suchthat the correspondingext can be recoveredfrom it by using a
standardraversalalgorithm and simple morphologicaland graphemicgenerationrules. Familiar
examples are textbook constituent structamreddependenctructuregwith left-to-right traversal
of the leaves or infix traversal of all nodes). Otherwise, the representation is “abstract”.

Note that the information containedn both kinds ofstructureqon labelsand other more or less
complex annotations)may be of the same linguistic “depth”. there may be “deep” concrete
structures and “surface” abstrattucturesjn this sensealthoughthe oppositeis of coursemore
frequent. They may also be “multilevel”, which is our preferred strategy.

Take for example the sentent&he customers were not given their money back by the cashier,
by the waiter.” A “multilevel” head-driven concrete structure could be:
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S[type=assertive, time=past, aspect=perfective, tense=c-past, voice=passive...|
(NP[semrel=dest, logrel=arg2, synfunc=subj, sem=human, num=plur...]
(Art[lex="the’, semrel=deict, synfunc=det, number=plur, deter=definite...]
Noun[lex=‘customer’, synfunc=head, sem=human, number=plur...])
aux[lex="'be’, tense=pret, pers=3, number=plur...]
neg[lex=not’]
vrb[lex=‘give’, synfunc=head, voice=passive, tense=ppart, vbpart="back’...]
NP[semrel=patient, logrel=argl, synfunc=0bjl, number=sing...]
(adjposs[lex="his’, semrel=poss, synfunc=det, number=plur, deter=definite...]
Noun[lex="money’, synfunc=head, number=sing...])
vbpart[lex="back’]
NP[semrel=agent, logrel=arg0, synfunc=agcomp, number=sing, neg=not-but...]
(prep[lex="by’, synfunc=reg]
art[lex="the’, semrel=deict, synfunc=det, number=sing, deter=definite...]
Noun[lex=*‘cashier’, synfunc=head, sem=human, number=sing, neg=not...]
NP[semrel=id, logrel=arg0, synfunc=coord, number=sing...]
(conj[lex="but’, synfunc=req]
prep[lex="by’, synfunc=req]
art[lex="the’, semrel=deict, synfunc=det, number=sing, deter=definite...]
Noun[lex='waiter’, synfunc=head, sem=human, number=sing...]))
punct[lex=""])

Syntacticcategoriehavebeenusedhereasthe main labels, with phrase@yntagmas)n capitals
and preterminals in small letters. Acronyms should be self-explanatory.

In an abstractstructure, somedexical information would be “featurized”, and ordercould be
normalized, leading to:

S[type=assertive, time=past, aspect=perfective, tense=c-past, voice=passive...]
(vrb[lex="give’.’back’, synfunc=head, voice=passive, tense=c-past...]
NP[semrel=agent, logrel=arg0, synfunc=agcomp, num=sing, neg=not-but...]
(neg[lex="not’]
Noun[lex=‘cashier’, synfunc=head, sem=human, number=sing, deter=definite...]
NP[semrel=id, logrel=arg0, synfunc=coord, num=sing...]
(conj[lex="but’, synfunc=reg]
Noun[lex='waiter’, synfunc=head, sem=human, number=sing, deter=definite. |.]))
NP[semrel=patient, logrel=argl, synfunc=objl, num=sing...]
(adjposs|lex="his’, semrel=poss, synfunc=det, number=plur, deter=definite...]
Noun[lex="money’, synfunc=head, number=sing...])
NP[semrel=dest, logrel=arg2, synfunc=subj, sem=human, number=plur...]
(Noun[lex=‘customer’, synfunc=head, sem=human, number=plur, deter=definite. .]))

Abstractrepresentationsf utterancesare far superiorto concreterepresentationgs input and
output structuresf transferan semantictransferMT or as*lexical-conceptuaktructures”38] in

interlingual MT, especiallybetweendistant languages. Butheir relation to the corresponding
utterancess not as cleam natural consequencef abstraction.This “remoteness’is evenmore
apparent with other types of structures, saskhonceptualgraphs,logical formulaeor interlingual
representationa la KBMT-89 [43].

By contrast, concrete structures alearly more adequatdor interactivedisambiguationThey are
also superior foa variety of future applicationsFor example,no text processotodayis able to
replace“give-back” by “return” in the precedingexample,not to speak ofchangingthe modality,
the tense, thgoice, orthe discoursetype (say, fromdirectto indirector affirmative to negative).
Self-explaining documents would make such changes possible.

2. Presentation on an example

The LIDIA-1.2 mockup demonstratéise concepton a HyperCardstackshowingtypical kinds of
ambiguities in French. The target languages are Russian, German and English. The MTrserver
on an IBM-9221 minicomputer accessed in the background through a standard e-mail facility.

Ariane-GS5 itself has remained stable, but has been extended by a trarsglat@Enaccessiblédy e-
mail and http (Ariane-G5/LIDIA), and byatool allowing oneto developAriane-G5MT systems
from a Macintosh running Hypercard and Eudora, a simple e-mail utility.
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a All-paths analysisandinteractivedisambiguation
Here is a card of a demonstration HyperCard “stack”.

EI=———— Demo_LINIl =————1I=
Autres ambiguités de coordination
verbale
1 - =4 E
L'ouvrier creuse la chaussée Fig. 2 LIDIA Palette
et l'asphalte. Let us open a card ithe demostack
and click onthe second field, which
.|| contains the sentence :
Tevéierina I1 Tolol Y « L’ouvrier creusela chausséeet
e vétérinaire prend la patte de 1'oiseau lasphalte. » [The worker bores a
et la bague. hole into the roadway arakphaltst
I1 atteint la grange et la ferme. / The worker boresa hole into the
roadway and the asphalt.]

Fig. 1 : A demo LIDIA stack

A button (bulb-shaped here) appears next to the field to show thegritencdhasbeensentto the
remoteserverto be analyzed Whenthe analysiscomesback, anotherbutton bearinga question
mark appearsClicking on it with the LIDIA cursortriggersa disambiguatiordialogue. Note¢hat
the interactivedisambiguationstep is noimeantto replacerobust automaticdisambiguation.It

comes after it to guarantee correct disambiguation of the remaining ambiguities.

The analysis used here produegdsat wecall an “MMC-structure”, thatis, a multiple, multilevel,
concretestructure, actually a large decoratedtree containing subtrees,each correspondingto
possibly more than ongroper” analysis(disjunctionscanappeaitin the node decorations, which
are complex attribute structures).

The analysisdictionariesof LIDIA-1.2 are quite large (about20,000 lemmas). Iparticular,they
contain all of the verbs in the famous “Bescherelle” dictiondgwever,to dateonly about2,000
havebeenindexedto enabletransferinto other languageghrough “interlingual acceptions”.The
grammatical coverage is not as large, but not at all limited to the small corpus used in the mockup.

The ambiguities produced are of two types, thetstiveto the source language, and those which
appear relative to at least onetloé targetlanguages. In oucurrentstrategy, webeginwith ques-
tions onstructuralambiguities, continue with functional ambiguities (subject/object,argument-
/circumstancial, semantic roles -- none in this example), and finish with the lexical ambiguities.

ambiguité =

1 ya plusieurs interprétations pour 1a phrase
Louvrier creuse 1a chaussée et 1"asphalte.

Choizsissez 1a banne.

{® L'ouvrier creuse 1'asphalte.
) L'ouvrier asphalte 1a chaussée.

Fig. 3 : A structural disambiguation dialogue
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Here, « asphalte »canbe a noun ora verb. Thislexical ambiguity is also manifestedby a
structuralambiguity of attachmentAccordingto our strategy structuralambiguity schemataare
activated first, so that we get the following dialogue.

N ya plusieurs interprétations pour Ta phrase :
creuser a plusieurs sens.

Choisizsez 1e bon,

@ creuser un trou
{1 rendre creux en évidant de 1a matiére

Fig. 4 : A lexical disambiguation dialogue (creuser)

The two meanings here are “to bore a hole through sometaind'to makesomethinghollow by
boring matter out of it”.

ﬂmhigu'l'té |

1 ya plusieurs interprétations pour la phrase :
chaussée a plusieurs sens.

Choizsizsez 1e bon.

® route

) digue
{1 écueil sous-marin
{1 colonnes basaltiques

Fig. 5 : A lexical disambiguation dialogue (chaussée)

“Chausséemight be a road, a dam, anunderwatermreef, ora row of basaltic columns. After

disambiguationis finished, the resulting UMC-structure (unique, multilevel, concrete) is

automatically sent to the server, where it is submitteh “abstraction”processthe last phase of
analysis, andransformednto a “UMA-structure” (unique, multilevel, abstract), which ibetter
suited to translation into various languages (see below for more details).

Abstraction consists of simplifying and normalizing the geometry of théyreippressing nodes
correspondingto articles and auxiliaries and coding the correspondinginformation in the
decorations, in regrouping discontinuous constituents, and possibly in chérmejingar ordering
into a standard one.

b. Transferandgeneration

i. German

The lexical transfer of this mockup has only 250 French lexical units (UL), i.e., about 750 lemma
and 550 German Ul=(1,600 lemmas)The structuralgeneratiorhasbeendevelopedspecifically
for this project, to obtain a clear division into two phases.
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fi———— ennmaa=——————=59 First, the target “"GMA structure” (generating,
Weitere koordinative multilevel, abstract)producedby the transferis

Verbalverknupfungen transformed into a UMA ~ structure, by
recomputing or confirming the surface-level

Der Arbeiter graebt die Strassendecke attributesfrom the interlingual ones. Second, a
und den Asphalt. UMC structure is obtained via the following

syntactic generation phase.

The morphological generationhas 1,755 UL
(about5,000 lemmas)and haseenobtainedby
inverting the morphological analysis of a
previous project on German-French.

‘ When the result of the translationcomesback

_ . from the server, it iqutomaticallyinsertedin the

Fig. 6 : Translation into German same place in the image German stack (created by
LIDIA the first time it is needed).

i English

E—————— tmminmam =——————=39 [he transferis an adaptationof the French-
Other Verbal Coordination Ambiguities German transfer.

The generation adapts that of a previous
i feasibility study on French-English.
The worker bores a hole into the roadway

and into the asphalt. The figuresconcerningdictionariesare the same

as for Germangxcept that the morphological
genaration has less ULs (850 UL, or about 2,500
lemmas).

Here is the result of the translatioarresponding
to the same answers in the disambiguation
dialogue. Againit is automaticallyplacedin the

image English target stack.

Fig. 7 : Translation into English

ii. Russian
——  mas———————4&1 [ransferand generationhave been obtained by
[ pyrve OBYCMBICAEHHOCTW MAArofbHOMo inversingthe transferand analysisphases othe
COUMHEHVST large Russian-French systedevelopedbetween

1972 and 1987. As fothe other languages,
transfer  dictionaries (using interlingual
acceptions, which are difficult to code) haween
limited to what is necessary for the mockup.

By contrast,the morphological generationhas
12,000 UL (about 30,000 lemmasrresponding
to 440,000 inflected and accentuated forms).

As Russian is produced in a special Roman trans-
litteration on theMT server,it is transcribednto
cyrillic script when receivedby LIDIA on the

Fig. 8 : Translation into Russian Macintosh.

3. Perspectives for DBMT
a Discussiorof alternatives

Is DBMT really a betterapproactthan otheralternativesn our opinion, yesbecause(l) very
often, these alternatives are not really feasible; (2) the results can be intriretty ifpresented
as self-explaining documents.

First, machineaids for translators [1, 40, 41, 49]are usableonly if there are available and
affordable translators, and if they have enough time to do the job. But, in many situatioreethere
simply no such translatorsespecially if translationsare required in several languages.For

Pabounia KonaeT (poeT) Oopory W acoa/bT.
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example, multinational firms, banks, etc., have many unmet translation needs. In Europe, scientists
andengineersare engagedn many projectswhere communicationis hamperedby the language
barrier.

Even if competent translators are available dékaysare often suchthat translationis impossible.
This is forexamplethe casein Europearinstitutions, whicharetheoreticallyrequiredto issueall

important documents in all official languages, at¢unableto do so, althoughthey employ more
than 1,200 full-time translators, andranslatemore than 1.2M pagesa year. Further,the final

versions of documents are too ofteradyat the lastmoment. Hereit would makemore senseto

analyzeanddisambiguatdheir parts as soon dabkey are ready, ando translatethem at the last
moment.

Another possibility, often advocatedis to write in controlledlanguagesdesignedto be unambi-
guous, and use “black box” MT. This can be very successful, in restricted situationt)easase
of the TITUS system [24]. But it is very difficult ftorce peopleto write in a controlledlanguage.
Controlled languages are also difficult to design, and very task- and domain-specific.

Finally, controlled languagesre unambiguoudor the analyzerdesignedo process thenhut not

for humans. While this may be convenient for man-machinecommunication,it may be
counterproductivegr evendangerous, fohumancommunicationlf, for example,‘to replace(a
mechanical part)” is meant to mean only “to replace with a new part” (“remplaaed’)notto put

back in place” (“replacer”), a mechanic mall understandhe second,unintendedneaning, and

put back into place an airplane part which should be replaced by a new one, leading to an accident.

If the conceptof self-explainingdocumentgsee belowfanbe madeto work in broad contexts,
texts could be written without any restrictionsbeyondthe usual ones, whiclconcernstyle and
terminology, and at the sametime actually be lessambiguousthan texts written in controlled
languages. Even if translation is not an issue, the availabilitgxifexplainers” could proveto be
a major advance in document processing technology.

b. A concepffor thefuture: self-explainingdocuments

i. Problems with reverse translations

In the course of ourexperimentationwe have (again) observedthat translation introduces
ambiguities which are not present in the source t€rad(ittore, traditord) It also happenthat all

disambiguated analyse$ a sentenceproducethe sametranslation,which is asambiguousasthe
original. Oneexamplewas the translationfrom Frenchinto Russian othe famoussentence<The
manseesthe girl in the park withatelescopexlt also happenthat reversetranslationsseemas
ambiguous athe original. Inthe casewherethey arethe sameasthe original, the authoris even
more confused, because it is not clear whether the system has done anything!

In this case, goethe objection,what isthe use ofdisambiguatinghe sourcetext if ambiguities
reappear in the translation(s), or -- even worse -- if new arexgeatedand ifreversetranslation
does not help to detect these problem&uld it not bebetterto try to producetranslationsvhich
preserve the ambiguities, and dispense with interactive disambiguation altogether?

Unfortunately, the experience of human translation shows that ambiguities exachgpreserved
only in some cases, attidatto preserveambiguitiespurposefullyis quite difficult andoften leads
to unnaturalexpressionsn the translation.It is alsoquite clearthat the “transferable”ambiguities
vary with the targetlanguage. Finallyalthough some texts may be intentionnally ambiguous,
especially in poetry and politics, we take it ttis vastmajority of ambiguitiesare not intentional,

but are rather due to thetrinsic natureof naturallanguagesOf course, some authovgite more

clearly than others, yet all authors write unambiguouslyonly in programming languages,
unambiguous by construction, but ambiguously in natural languages, ambiguous by nature!

il The concept of self-explaining documents

This observationhasled to the idea of self-explainingdocuments:if the target documentsare
accompanied by their (unambiguous) linguistic structure, with indicatibpstentiallyambiguous
parts, so that if the reader in the target language can oltkirfigation of unclearpartsin a user-
friendly way, the objectiondisappears. Asiumanusersare notably insensitiveto ambiguities,
however, we should find a way to warn the reader that the target text is ambiguous.

In a multiingual DBMT setting,thereis a very simple way to perform this task.The system
analyzesthe targettext using the target languageanalyzer,and getsthe correspondingMMC-
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structures. It then runs the disambiguation dialoguéhe targetsidein automatic‘mute” mode--
by having the system itself answer each question so that the accompanying St wct@nedn
the selected subset at each point, and records questions and answers. It is then possillleeto show
presenceof ambiguitiesby anyconvenientmeans,e.g. by creatingbuttons whichthe readermay
click to obtainthe clarification which wouldhavebeengiven bythe author himself, had the text
beenwritten in the targetlanguage!To simplify this process,the accompanyingstructureshould

then be unambiguous and “concrete”.

Overall schema of an architecture for producing parallel self-explaining
documents

Here isa functional diagram of the processes wdave discussed above. IGMA-structures

(generatingmultilevel and abstractyon-interlinguallinguistic levels are underspecifiedand (if
present) are used only as reflections of corresponding surface levels in the source langaage, and

recomputed in the first generation phase, which we call “paraphrase choice”.

A N A

gma_structure gma-StI‘UCture gma-StI'UC'[ure

LA

araphrase choice)

A

interactive
dlsamblguatlon

S|mulated mute
dlsamblguatlon

/\
uma-structure  uma-struct -structure uma-structure
ui L\ ui [\
N\ A A A
umc-structure umc -structure umc-structure umc-structure
[\ A [\

%

translation 1

Text

Text

! /
mmc- structure ; \‘ mmc-structure  mmc-structure
,' g s
ambiguity marks 6 m.&
(amblgulty marks and dialogue —
and dialogue
' | ' '
Reverse Source Language Target Language 1 Target Language 2

Text

Fig. 9 : Diagram for producing parallel self-explaining documents with DBMT

C. Potentialandupscalingoroblems

Full-scale,generalDBMT systems “foreveryone”will require extremelylarge grammaticaland
lexical knowledgebases. Tocover a whole languagea lexical database shouldontainon the
order of 3 million terms, corresponding to 4 tan8lion monolingualacceptionsperhapgwice as
many interlingual acceptions for systems designed to handle 10 to 20 languages.

The developmentcosts are staggering, andorobably out of reach if conventionallingware
engineering techniques are used. For instahé@s cosEDR (Tokyo) about1,200 manyearsto
develop 300Ktermsin 2 languageg200K terminologicaland 100K general), wittine associated
640K interlingual conceptg 200K terminologicaland 2*300K general, minus 60K commoA).
least 100 times more (1.2M man years!) would be needed for 3 million term$ang2@ges. This
is why we advocatea step-by-stepapproach,along with the developmentof new groupware
techniques for developing very large lexical data bases.
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Even if cost were not a problem, developing extremely large lexical data bases and keepup them
to datewould beimpossibleusing onlyprofessionateamsof lexicographersThe quantityis too
huge, changesand innovationsare too fast, and onlspecialistscan be competentin specific
domains. It isa major challengeto designgroupwarelexical data basedevelopmentechniques
based orthe contribution of lexical information by usersof existing text explainersor DBMT
systems.

A distributed architecture would be very advantageous for this purpose, becauseérnxivaltion
createdby users ortheir personalcomputersmight transparentlyand automaticallybe sentto
servers.For example,authorsmight add new sense® existing terms, add new terms, and
propose translations in the languages they know. Professional teams would thengmoefsse

this “raw lexical material” on server sites. Thigleais not sofar-fetched,and verysimilar to that

used in Eurolang Optimizer™ [1], a distributed environment designed for professional translators.

B. Evolution: Ariane-G5/LIDIA

Our basicsoftware hadeenconsiderablyextendedfor this project.While Ariane-G5itself has
remained stable, an Ariane-G5 server has been developed by P. Guillaume.

A LIDIA user simply sends messages to Ariane-G5 by e-mail. Here is an examies dentence
“Le vétérinaire prend la patte de I'oisealaebague”[the veterinariantakesthe leg of the bird and
the ring/and rings it].

[*-SEPARATEUR-/

stack_name Demo_LIDIA

card_id 8446

object id 2

object_type cdfl

visible T

treatment analysis

language francais

[*-SEPARATEUR--*/

LGS = FVX

TLS=TYO

LLC=()

TYTR=A

[*-SEPARATEUR--*

*LE VEI1TE!I1RINAIRE PREND LA PATTE DE L' OISEAU ET LA BAGUE .

[*-SEPARATEUR-/

Here is the message returned with the MMC-structure.
/- SEPARATEUR-*

Received: from imag.imag.fr by durian.imag.fr IBM VM SMTP V2R2) with TCP;
Fri, 31 Mar 95 18:23:49 WDT

'.I:c.): lidial7@durian.imag.fr
From: lidia@warna.imag.fr (lidia)
Subject: ana_C8446_02_Tcdil

[*--SEPARATEUR--*/
stack_name Demo_LIDIA
card_id 8446

object id 2

object_type cdfl

visible T

treatment analysis
language francais
[*--SEPARATEUR--*/
LGS =FVX

TLS=TYO

LLC=()

TYTR =1
[*--SEPARATEUR--*

*LE VE!1TE!1RINAIRE PREND LA PATTE DE L' OISEAU ET LA BAGUE .

+-SEPARATEUR--*

1: 'ULTXT' (2 'ULFRA' (3: 'ULSOL' (4: 'PHVB' (5:'DGN' (6: 'LE', 7: VE!1TE!1RINAIRE), 8:
'NV' (9:'PRENDRE)), 10:'DGN' (11: 'LE, 12: 'PATTE', 13: 'GP’ (14: 'DE', 15: 'LE, 16:
'OISEAU'), 17: ' DGN' (18: 'ET, 19: 'LE', 20: 'BAGUE)), 21: ), 22: 'ULSOL' (23: 'PHVB'
(24:'DGN' (25: LE', 26: 'VEIITE!1RINAIREY), 27: 'NV' (28 'PRENDRE), 29: 'DGN' (30: 'LE,
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31: 'PATTE, 32: 'GP’ (33: 'DE, 34: 'LE', 35 'OISEAU)), 36: 'PHVB' (37: 'ET’, 38: 'GPRON'
(39: 'PATTE)), 40: NV’ (41: BAGUERY)), 42: "))

— end of the geometric part, beginning of algebraic part (content of “decorations”) —
1" ULCULTXT).
2" UL(ULFRA).
3" UL(ULSOL'), MODIF(NON).
4'PREND":
UL('PHVB'),LINKS(OUI),RECHTS(OUI),ENONCP(DECL),K(PHVB),SUBV(VF),VALET(Q),VOIX(ACT),

ARGS(A0,AL),CAT(V),MT(IPR),NBR(SING),PERS(3),PHASE(NONACC).

5'VEI1TE!1RINAIRE"
UL('DGN'),FS(SUJ),K(GN),RL(ARG0),SUBN(NC),VALET(N),CAT(N,D),GNR(MAS),

NBR(SING),PERS(3).

6 *LE": UL(LE'),FS(DES),CAT(D),GNR(MAS),NBR(SING), TYPOG(PCAP).

7 VEI1TE!1RINAIRE"

UL(VE!1TE!RINAIRE)),FLAG(CPRED)* FS(GOV),CAT(N),GNR(MAS),NBR(SING),PERS(3), SEMN(ANIME), SENS(
1),SSANIM(HUM).

8'PREND":

UL(NV),LINKS(OUI),RECHTS(OUI), ENONCP(DECL),K(PHVB),SUBV(VF),VALET(Q),VOIX(ACT),ARGS(A0,A1),C
AT(V),MT(IPR),NBR(SING),PERS(3),PHASE(NONACC).

9'PREND":
UL(PRENDRE),FLAG(CPRED),AUX(AVOIR),FS(GOV),VALO(N),VAL1(N),CAT(V),NBR(SING),PERS(3), SEM1(CON
CRET),SEMZ(ANIME),SENS(1,2,4), SSCONCL(MAT).

10 'PATTE"
UL('DGN'),RECHTS(OUI),VCOOR(OUI),FS(OBJ),K(GN),RL(ARG1),SUBN(NC),VALET(N),CAT(N,D), GNR(FEM),NB
R(SING),PERS(3).

11 'LA"; UL(LE),FS(DES),CAT(D),GNR(FEM),NBR(SING).

12 'PATTE"
UL(PATTE),FLAG(CPRED),FS(GOV),CAT(N),GNR(FEM),NBR(SING),SEMN(ANIME,CONCRET),SENS(1,2), SSANIM
(ANIMAL).

13 'OISEAU"
UL(GP"),FS(COMP),K(GN),SUBN(NC),VALET(DEN),CAT(N,D,S),GNR(MAS),NBR(SING),PERS(3).

14 'DE’; UL(DE),FS(REG),CAT(S).

15'L": UL(LE"),FS(DES),CAT(D),GNR(MAS),NBR(SING).

16 'OISEAU"
UL('OISEAU),FLAG(CPRED),FS(GOV),CAT(N),GNR(MAS),NBR(SING),SEMN(ANIME),SENS(1),
SSANIM(ANIMAL).

17 'BAGUE"
UL('DGN'),FS(COORD),K(GN),RL(ID),SUBN(NC),VALET(N),CAT(N,D),GNR(FEM),NBR(SING),PERS(3).

18 'ET": UL(ET),FS(REG),CAT(C).

19 LA’ UL(LE),FS(DES),CAT(D),GNR(FEM),NBR(SING).

20 'BAGUE"
UL(BAGUE)),FLAG(CPRED),FS(GOV),CAT(N),GNR(FEM),NBR(SING),SEMN(CONCRET),SENS(1,2).

21" UL(.),CAT(P),PONC(DR).

... and so on for the second geometrical structure (dominated by ‘ULSOL").
/--SEPARATEUR--/

On the Ariane-G5 siddyowever, thingsare morecomplex.A whole network o¥irtual machines

takescareof the various parts othe processinganalysisinto MMC-structure,abstractionfrom
UMC-structure into UMA-structure, transfers and generations into various target languages).

More recently,P. Guillaumehas alsalevelopeda WWW front end forAriane-G5: knowing the
“language codes” and usirtlge appropriatecharacterset andranscription,it is possibleto run an
MT application on a text from any machine connected to the Web.

C. Using Ariane-G5/LIDIA within UNL
1. UNL

Our LIDIA-1.2 mockup has shown that Dialogue-Based MT is a technieghibleand promising
paradigmfor many translationsituations. Itdistributedarchitecturehas beensuccessfullytested

from distant locations. However, it is necessary to build and experiment with full-size prototypes 1
be surehat upscalingthis technologyis economicallyand technicallyviable. This is one ahe
reasons why wehave welcomed the opportunity to participate in the UNL project. Other
motivations are the very internatioraatd highly multilingual characterof the project, itsemphasis

on producing a working system, and its linguistic architecture.

UNL is a project of multilingual personal networkingmmunicationnitiated by the University of
United Nationshasedn Tokyo. The pivot paradigmis usedthe representatiof anutterancan
the UNL interlingua(UNL stands for'Universal Networking Language")s a hypergraphwhere
nodes bear UWSs ("Universal Words", or interlingual acceptions) seithanticattributes,and arcs
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bear semanticrelations (deep cases, such as agt, obj, goal, etc:). Going feorext to the
corresponding "UNL text" or interactivley constructing a UNL tiextalled "enconversion"while
producing a text from a sequence of UNL graphs is called "deconversion".

This departure from the standard terms of analysis and generation is ggeddthat this is not a
classicalMT project, buthat UNL is plannedto be the sourceformat preferredfor representing
textual information in the envisaged multilingual network environment. The schedulepobjbet,
beginning with deconversion rather than enconversion, also reflects that difference.

13 languagesretackledduring the first 3-yearphase othe project,while many more are to be
addedin the second phasetachgroup isfree to reuse its own software todasd/orlingware
resources, or to develop directly with UNL-provided tools.

Emphasis is on a very large lexical coverage, so that all groups will presumably spendthast of
time on the UNL-NL lexicons, and develop tools and methods for efficient lexical development.

By contrast,grammarscan be initially limited to those necessaryfor deconversion, anthen
gradually expanded to allow for more naturalness in formultating text to be enconverted.

2. Architecture of deconversion and enconversion
Deconversion using Ariane-G5 will occur in three steps:

1) Transformatiorof UNL graphsinto Ariane-G5UNL trees. A parametrizabldgool is being
implemented.

2) UNL-French transfer.
3) French generation.
Symmetrically, enconversion using Ariane-G5/LIDIA will occur in 3 steps:
1) French analysis and interactive disambiguation.
2) French-UNL transfer.
3) Transformation of Ariane-G5 UNL trees into UNL graphs.

Ariane-G5UNL treesare UMA-structureswith their usual geometry, and nodsmntainingUNL
information in known variables, such as UNLRS fire UNL deepcase, UL forthe UW,
UNLREF for the references (coindexing), and UNLATTR for the attributes.

3. Lexical engineering for UNL-FR

The lexical work is determinedby the contentof the central UNL databaseAt the moment,it
containsabout95765English"headwords" with nearly220000associatedJWs. The task isto
produce:

1) the corresponding French-UNL data.

2) the correspondincAriane-G5dictionariesfor Frenchanalysisand generation,and transfers
between UNL and French.

3) the dictionary for interactive disambiguation (when enconversion is tackled).
The method used to attain this goal is as follows:
1) transform the UNL files into a collection of CLOS objects corresponding to the headwords.

2) enrich theseobjectsby Frenchequivalentsand associatednformation found in available
dictionariessuch aghe USM-MAE-GETA French-English-Malaydictionary, BDTAO, and
various MT-oriented dictionaries developed under Ariane-G5 or by other cooperating groups.

3) transformthem into a collection of Word files, whereeach paragraphcorrespondgo a
particular field and has a corresponding style, and each entry carhwianmsy paragraphgor
all obligatory fields.

4) distributethe Word files to lexicographsThe disquettescome with macroswhich provide
online help in the form of menus for all fixed lists (categomesnains, possiblaextstyles,
etc.) and of verification utilities.
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5) transformthe resulting files back into CLOS objects, and storthem in a CLOS-based
multilingual database organized as PARAX [3], i.e., as a central structured collection of UWs
and linked with monolingual bases (at least English and French).

6) enrich the CLOS base by generating the Ariane-G5 related information.

7) mirror this CLOS base using a commerddMS system such as 40 be used for server
functions.

8) produce all necessary dictionaries.

9) iterate the process, ideally amincrementalway: while the CLOS base should bine center
of the lexicologic work, the server should bthe source ofdistribution of all lexicographic
work, but no lexicographic work should be directly performed on it.

Steps 1-4 are already in progress. Steps 5-8 are undeNwajoubtmuchwill be learnedin this
huge effort.

I1l.  Evolution towards speech translation: integration within
C-STAR I

A. Task and general methodology

In SpeechTlranslation(ST) asin text translation,there are severalpossible kinds ofranslation
situations which lead to very differergquirementsHigh-quality output might be requiredfor the
disseminatiorof crucial information, but would beobtainableonly throughsevererestrictionson
the input and possibly require a high degree of user interactiothel@ther hand, on-line aids for
humaninterpreteramight be built with simple word-spottingtechniquescoupledwith dictionary
access and user-adaptative filtering. We have recently started to inveSTigatéhe contextof the
CSTAR project, which lies somewhere between these two extremes.

1. The task

In the contextof C-STAR I, the task isto translatehuman-to-humarourism-relateddialogues
(booking a room, buying seats fshow, etc.). Asin humaninterpretationtranslationneednot
be perfect by any means. Becausettine interlocutorsknow aboutthe subjectmatterand share a
common goal, it is enough fwroduceapproximateand possiblyncompletetranslationsprovided
that some feedback is given about what has been or will be translated.

The main task of our CLIPS*group within C-STAR llis to integrateFrenchin the architecture
and experiments of the consortium. This implies builditiguaslationsystem from spoken French
into at leastone target languageor into the task-specificinterchangeformat (IF), building or
integrating a speech syntheziser for French, and generating French friéim beeauseno partner
plansto developtranslationanto French.We intendto producelF representationaswell asfull
translations into German, Italian, and perhaps English, so that the péotriesselanguagewill
also be able to generate them from our IF structure.

The demonstrators under construction will conform to a scemdugsea client converses with his
travel agentand 2 or 3foreign travel agentsspeakingdifferent languagesgachdialoguebeing
translated so that all interlocutors can follow all dialogues.

An interestingaspectdue to the constraintsof the projectis thatit will be possibléo compare
different approaches to MT for exactly the same task, naamglyterlinguaapproach(IF) and two
transfer approachesa “GB-based” transfer approach using concretetrees at LATL, and a
multilevel transfer approach using abstract trees at GETA.

2. The approach taken

The languageat hand isquite restrictedand can be handledas a sublanguage, wittheuristic
techniguesHowever, the speechrecognitionphasemay deliver severallinguistically plausible

utterance candidates. Hence, the approach to analysis is to produce one representation for each such
utterance candidate.

® CLIPS++ consists of GETAand GEOD, two researchgroups of CLIPS (Grenoble) specializing in Machine
Translation, Speech Recogniti@amd Dialogue Processing, LATL(Geneva),also working on MT, and LAIP
(Lausanne, speech synthesis).

® GB for “Government and Binding”
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Although thereis almostno room forinteractivedisambiguationn the Machine Interpretationof

Human Dialogues, it seems both necessary and possifattow the CMU techniqueand askhe

user one questiobeforesendinga translation:"Which is the meaningyou wantme to translate"?
Hence,the UMA-structuresproducedby the analyzerfor one utteranceshould begeneratedas
standard text and proposed to the user in a menu.

In order to better integrate speech recognition and language analysis, we want to stalexrcah

lattice (see [18] fora more detailed discussion).If we can develop at some point a speech
recognizer incorporating a powerful language model, the latlitgorobablycontainfull or partial

trees. But all MT systems, including Ariane-G5, expect a string of characters as input. How can we
solve this problem? In thierst prototype the outputlattice containsonly phoneticwords, and we

simply transform it into the list of its possible traversals. In the future, we pevedopa GCFG
(Generalized Context-Free) tool for more complex lattices.

Theinput to Ariane-G5is thusa normal text, whereeachsentencecorrespondgdo one possible
traversalof the lattice, and isa sequenceof phoneticwords. After morphologicalanalysis,the
utterancds representedy a tree dominatedby a 'ULTEXT' node, and subtreetominatedby
'ULFRA' nodescorrespondingo eachtraversal. Fronthenon, analysisis donein parallel on
thesesubtrees|eadingto subtreescoding UMA-structures.In the process,some subtreesiay
disappeaibecauseahe correspondingsequenceof phoneticwords cannotbe analyzedas a full
utterance. It is also possible to erase only the "incorrect" parts and keep the "correct" parts.

B. A first prototype
We have developed an end-to-end first prototype in a few months. The goals were to:
1) integrate the components developed by the various members,
2) produce a complete prototype showing 2 target languages (German and English),
3) demonstrate French synthesis, without having yet developed generators from the IF,
4) use telecommunication links in at least a part of the demo,
5) use lattices as interfaces between speech recognition and machine translation.
1. Architecture
The hardware architecture of the demonstrator is shown in the figure below.

ftp Phon lattice i’ o
—

ECHO =
— speech recognition o
ITS2 : S @ —Phon lattice to HTTP requests
— French Phon to English TexE\\OQ\ — Requests management
DECTALK N O — User interface

— English synthesis LAIPTTS, MBROLA, MACSOUND

— French synthesis

ARIANE G5 lingware
— French Phon to French Text
— French Phon to German Text

a Sharedspeechrecognition

The speechrecognizerusedin this prototypeis anadaptationof the ECHO (Environnementet
CommunicationHomme-Ordinateursystembuilt by the GEOD group. ECHO is a connected
speech recognition system which uses the Hidden Mavialels approachThe system habeen
orignally implementedon UNIX platformsandthen adaptedfor PC computers. It has C/C++
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languaganterface(as DynamicLink Libraries)for developersand an higtevel interfacefor end
users. From the speech signal, the new ECHO/CSTAR version outputs a phonetic word lattice.

At this point, two paths are followethe first oneto Englishandthe second onéo German.The
first path is executed on the PC, while the second goes to a Macintosh which calls a remote server.

In eachcase,the MT lingware produces one amore French orthographicrenderingsof each
possible “trajectory” irthe lattice, by a kind of “reversetranslation”(phoneticFrenchinto written
French), and the user can choose "what will be translated".

b. Pathto English
The ITS-Il French analyzer has been considerably reconfigured to accept the phonetic output.

It hasthen beenconnectedo the existing generatorof French ando the existing transfer and
English generator.

C. Pathto German

The lattice produced by the speech recognition component is stpt(file transferprotocol)to a
Macintosh which handles the data and schedules the production of the expected results.

HTTP requests are sent from the Macintosh to the translation server to get:

— the speech to text “translation” of the phonetized input, and
— the German translation of the French Phonetic input.

Translation into German and into French text are adaptatioesisting Ariane-G5lingware. Note
that the interface presented below requires that the two resulting texts are strictly parallel.

2. Work done to adapt the components
a Datacollection

1) We have createdabout 400 dialoguesgachof about 10 turns,in the domain of hotel
reservation.Writers were instructedto follow the general pattern given by 4 example
dialogues, ando stick to some negotiationconcerningthe number and categoryof the
room(s), the dates, the prices, and the location of the hotel.

2) These dialoguebavebeenprocessedo extractthe relevantvocabulary(about800 lemmas)
and the most frequent expressions (such as “Bonjour Madame!”).

b. Speechrecognition

1) A restrictedsublanguagdiasthen beenbuilt, with restrictedsyntax and vocabularyor
reasons of speed anPC, only 180lemmas(900 wordforms)have beenretained,and
expressions quite natural in speech.

2) This vocabulary has then been learned from several speakers with a Markov model of worc

3) ECHO has then beadaptedo this sublanguagd=CHO is a markoviansystem with word
models, controlled by a finite-state automaton language model.

4) In orderto preparefor the extensionto speakelindependencehe 400 dialogueshavebeen
read by severalspeakers recordedwith two microphones, andcquiredon machinein
stereo.

5) Labelling of this data has begun, in ordeautomaticallylearn optimal acousticunits (semi-
syllables).

C. Machinetranslatiorwith Ariane-G5
1) We have first built a specific morphological analyzer using the phonetic transcription as inpu

2) We have thenimplementedvery quickly a first version ofthe analyzer,gearedtowards
processing of three dialogues, using the technique of “translatonory”. This version has
been used to integrate the first end-to-end prototype.

3) This analyzer has then beeonnectedo the availableFrenchgeneratoand French-German
transfer and generator, thereby indexing the necessary vocabulary.
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4) We have then built a second version of @&imalyzerwhich usesa memoryof short, slightly
parametrized fragmen{§e voudrais”, “N chambres”, “pour N nuits”, etc.) aadanguage
model expressed as finite-state automatonon these fragments. Thiscan handle a

considerably greater variety of turns.

No Germanspeeclsynthesizehasbeenintegratedfor this demo, butt is possibleto sendthe
selected German translation to angchinerunninga Germanspeechsynthesizewia the Internet.
Orthographic French is pronounced by the LAIPTTS synthesizer.

d. Machinetranslatiorwith ITS-II

The ITS-2 MT system developed at LATL (E. Wehrli) runs on PC machines Wideiows 95 or
Windows NT. The French-English version is an adaptation of the standard ITS-Il F-E lingware.

It receives fronthe speechrecognizera phoneticrepresentationf the spokensentencea lattice),
where somephonemesmay not have been completely disambiguated“archiphonemes”).The
linguistic enginetakesthe linearizedphoneticrepresentationas input andattemptsto parse them,
producing abstract syntactic representations for the “correct” ones and discarding the others.

An example of the various levels is given in (1).
(1) a. | [e-élm”r[e-€] yn /abr av[é-€]k du/ pur trwa jur.
b. [TP [DP j'] aimerais [VP [DP une [NP chambre [PP avec [NP douche ]]]]
[PP pour [DP trois [NP jours ]]]]]
c. [TP [DP I ] would [VP like [DP a [NP room [PP with [NP shower ]]]]
[PP for [DP three [DP days ]]]]]
d. I would like a room with shower for three days.

(1a) corresponds to the phonetic input with unresolved ambiguities noted with Brpckets, and
alternatives separated with a dash symbol (e.g. [e-€]).

(1b) isthe syntacticskeletonof the GB-structureproducedby the parser. It is alsdhe structure
used by the transfer component.

(1c) is the corresponding target GB-structure produced by the translator.
Finally, (1d) is the target sentence, which is passed to the DECTalk speech synthesizer.

If the output of the speech recognizer is ambiguous, the possible interpretations are regatwerated
orthographic French so that the user can choose whictvihniee translated Orthographid=rench

was pronounced by the Lernhout & Houspie synthesizer becauB€thersion oLAIPTTS was

not yet available.

e Speecltsynthesiswith LAIPTSS

LAIPTTS [34, 35] isa high-quality text-to-speeclsystem for Frenchuilt by LAIP at Lausanne.
Currently, it uses the Mons (Belgium) MBROLA diphone output system to produce aodiplé.

The system consists of a 350K application (without interface) and uses a 2 Mb dictionaryaas well
a 4.8 Mb diphone database.

Like most text-to-speech systems, LAIPTTS is structured into four main modules. The first modul
takeswritten text and generatesan annotatedohoneticchain of eachsentenceon the basis of a
dictionaryandgraphemo-phoneticules. The chainis parsednto prosodicgroups,and various
phonological rules (liaison, chaining, schwa-handling, syllabification) are applied.

In the next module, durationsand FOvalues are generated.Thesevalues are combinedwith
diphone segmentsin the subsequent modulefter which the entire signal is reproduced.
Calculations for the second afallowing sentence@ a text are performedin parallelwith sound
outputof the precedingsentence. This providesal-time synthesisperformancefor unrestricted
text on most high-entry personal computers (PowerPC, Pentium-level).

3. Integration
a Prolemé& approach

From the start, it has beenclear that a distributedarchitecturewas necessaryWe havein fact
integrated seven components on three machines using three different OSs:
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-  ECHO (speech recognizer) on a PC,
- ITS-Il (phonetic French to orthographic French and to orthographic English) on a PC,
- Ariane-G5 (phonetic French to orthographic French and German) on an IBM 9221-130,
- LAIPTTS (French speech synthesizer) on a Macintosh,
- Lernhout & Hauspie (French synthesizer) on a PC,
- User interface and components coordinator (on a Macintosh),
- Web utilities (in MCL on Macintosh and C on IBM-9221).
1) We havefirst definedthe phonetictranscriptioninput to the MT systems,and the detailed

format of the data to be exchanged. This comptiseexactsyntax ofthe lattices,including
comments.

2) We have then worked on the communication mechanisms, aravangolutionin which the
PC sends lattices to the Mac by ftp, while the Mac communicates with the IBM through http.

3) We have used the “whiteboard architecture” to do the integration at the logical level.

At the logical levelwe do notcarewherethe componentsun, or under whicloperatingsystem.
The only thing we want is fast anekliablecommunicatiormethodsfor exchangingdata, bethey
mailboxes, sockets, http or other. Components may be running in distant locations.

The mainideaof the “whiteboardarchitecture’is that a “coordinator” maintainsa possiblypartial
imageof the essentiadatastructuresmanipulatecby the components, andctslike an orchestra
“conductor”, synchronizing the work of the components accorthintg private strategy.We have

b

een working on that architecture in cooperation with ATR [18], and have tested and impmoved

two different forms in the.IDIA project. Itsmain advantagever otherarchitecturegblackboard,
communicatingagents, etc.) is itsimplicity: componentsiever communicatedirectly, and never

h

L

ave to adapt to changes in a common data structure.
b. Ariane-G5/CSTARanda demoof the "Germanpath"
et us now detail the componentf the "German" pathThe schedulingcomponenthas been

written in Macintosh Common Lisp (MCL). It is made of several processes.

Permanent processes

» fetch-lattice-process: this process regularly scans a CSTAR-in-mailbox where any lattic
produced by the speech regognition component is dropped from the PC (by ftp). Wher
a new lattice file is found, it transforms it into an Ariane-G5 “text”, where a paragraph
corresponds to one trajectory, and may contain several sentences if the “archiphoneme
(such as E/ for é or €) present in the input give rise to several possible "phonetic
sentences”, given the current dictionary of phonetic forms prepared from the list of
active lemmas.

» process-lattice-process: this process scans regularly the requests queue, and whenev
an object is found, treatment requests (Phonetic French to French Text and German
translation) are launched as processes. These processes are called http-ariane-reque:

EDE Processes EEE'
Commands | Eeaampleﬂ
Hame State Priority_ ldle B Utilization |{F
process—|attice—process waiting o 2. 18s 0.1 |
fetch—lattice-process waiting ] 2.20= 0.4
HTTF Connection Scauvenger Scavenge Hait 0 2.70h 0.a
Listener Input ] 0.68= 0.9
lnitial Suspendead 1 0.0o0= g5 .5

]
(=

Temporary processes

ariane-http-request: there is one such process per pending request. For each lattice, two http
requests are sent to the Ariane server, one to get the French orthographic rendering(s)
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and one to get the German translation(s). The server answers by sending back a stamp.
The process then checks regularly if the result is available, using the stamp to identify
its request.

cstar-request: when a result is given to one of the two requests involved in the treatment of
one turn, a cstar-request process is created. When both results have been delivered by
the Ariane-G5 server, a dialogue is proposed to the speaker. This process is ephemeral.

S[I=————"————— Processes EEEI
Commands | El‘rﬁﬂmlﬂﬂﬂ
Hame State Priority_ ldle F Utilization i
ariane—http-request-process TCP In i} 5.18s= 2.0 |
Listenar 4 I nput 1] 0.25= 0.2
ar iane—http-request-process TCP In u] S.20= 2.6
Listener 3 | npt o 0.2%7= 0.z
process—lattice—process waiting 1] 1.25= 0.1
fetch-lattice-process waiting u] 0.93= 0.4
HTTF Connection Scavenger Scavenge Hait o 3. 74h o.o
Li=tener Ihput o 0.30= 0.9
Initial Event-pol | 1 0.00= Q5.5
]
e

A dialogue is then produced to ask the usahinosethe proper Frenclorthographicrendering,if
several have been produced by the recognizer or the analyzer.

—————— (STAR dialog —"—————— Pushingthe “Say it” button invokes LAIPTTS,
French text, please, choose the correct utterance: which pronounceghe selectedFrench ortho-
Je voudrais une chambre pour deux nuits. [ graphic rendering.
Je voudrais une chambre pour des nuits. = (STAR dialog
French text, please, choose the correct utterance:
|| | |Je voudrais une chambre pour deux nuits. [
& [ Je voudrais une chambre pour des nuits.
Phonetic:
=
German text: < |
Phonetic:
JE VOU-DRE+ UN CH-AN-BR POU-R DE NW-I
German text:
- - - B Ich mochte ein Zimmer fir einige Nachte.
Whenanitemis selectedthe phoneticform of
the input and the Germantranslationappearin
the lower part of the window.
[
C. Further evolutions envisaged
1. Building and passing information between utterances

We have studied how to copéth ellipsis andanaphoraacross turns, andavecomeup withthe
following method:

» store in our “whiteboard” (on the Mac) the memory of possible candidates,

« add special markers at the beginning of the text sent to Ariane for each turn (after
morphological analysis, this will give rise to a special "sentence" subtree),

e arrange during analysis that the output French text contains the appropriate record,
attached to each possible orthographic rendering of the turn.
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* |terate.

2. More integration between SR and MT

If we havetime duringthe project, or perhaps only afterward, we would dils® to developa
GCFG-basedool to handlelatticesdirectly. Substantialvork hasbeendescribedin detail in the
literature, notably by P. Quinton (1980, KEAL system) and M. Tomita, sdltbanplementation
effort should be reasonable would however b@&ecessaryo adaptthe analyzerto the new tool,
usually a heavy task.

Conclusion

We have described trmomputertools andinguistic methodsdevelopedat Grenobleduring many
years forbuilding MT systems forevisors.As they are not embodiment®f a particulartheory,
they are quite easy to adapttew problems. Irthe lastfew years,they havein fact beenrevised
and further developedin the framework of new researchon high quality MT for monolingual
authors (MT-A), relyingon a disambiguatiordialoguewith the author(DBMT), following anall-
paths analysis.

The evolutionof Ariane-G5/LIDIA andassociatedinguistic methodologiess now motivated by
two projects of different aims and requirements. The most important points of current
developments arthe constructionof a large lexical databasérom whichcoherentdictionariesfor

MT and forinteractivedisambiguatiorwill be generatedandthe developmenbdf robust tools for
the integration of heterogeneous speech translation systems using the "whiteboard" approach.

For the future, it will be important to design and implement specialized languages ehagplirsgs
to work directly on complexlattices,with two complementanaims: (1) to betterintegratethe SR
and MT parts of ST systems; and (2) to make it possible to ignore ambiguities mosgiro&tHoeit
to handle them directly at particular points in the overall process.
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