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Abstract
We describe a Machine Translation
framawork aimedat the rapid developmentof
large scalerobustmachineranslatiorsystems
for assimilation purposes,where the MT
systemis incorporatedas one of the toolsin
an analysts workstation. The multilevel
architecture of the systemis designedto
enableearly delivery of functionaltranslation
capabilitiesand incrementalimprovementof
quality. A crucialaspecbf theframework s a
carefularticulationof a softwarearchitecture,
a linguistic architectureand an incremental
developmentproces®f linguisticknowledge.

1 Intr oduction

The machinetranslationsystemshat are being developed
at CRL are designedfor assimilationpurposesand are
targetedat a large variety of sourcetexts, including nevs
articles,Web pagesnewsgroupsarticlesand email traffic.
Thus, coverageand robustnessare emphasizedaver depth
of analysis,and accurag over stylistic fluidity. Moreover,
thesesystemsarefor the mostpartdevelopedundersevere
resourceconstraintsSomeof the new languagesvhich are
or will be coveredare so-called'low-densitylanguages’:
languagesfor which there are little or no electronic
resourceszomparatiely little expertiseandfew descriptve
linguistic works published An exampleof suchalanguage
under development at CRL is Persian. The lack of
electronicresourcesjncluding bilingual corporaor even
monolingual corpora rules out statistical and learning-
based approaches to machine translation. As a
consequencedanguageresourcesare carefully structured
and the organized to support rapid and large scale
acquisition of resources(computationaldictionariesand
grammars)Rolustnesss alsoafundamentalssue,andthe
architectureof the machine translation systemiitself is
designedto produce translationseven with incomplete
resources (although breadth of lexical coverage is a
minimum requirement) One of the desiderateof the MT
designis the ability to producetranslationsafter a very
short period of development:the incrementaladdition of

linguistic knowledgein the systemimprovesthetranslation
quality without the needto restructurehe MT softwareor

already acquiredknowledge. In this paper we illustrate

how the chosenstructurationof the languageresources
supportson the onehandrapid andincrementabcquisition
of resourcesand enablesrobust processingon the other
hand.

1.1 Past experience: the €mple
project

One of the resultsof the Temple projectat CRL, a three
yeareffort in building a setof MT systemdranslatingfrom
Arabic, Japaneserussiarand Spanishto Englishwith low
amountof resourcegVanni& Zajac97), is thata carefully
designedMT architectureis crucial for developing MT
systemswith a minimal amountof effort, and that the
quality of the software contritutes significantly to the
quality of thefinal result. The variousTempleMT systems
were built reusing existing componentsand resources
wheneer they existed, even if the quality was low. This
experience taught us some important lessons on the
construction of robust machine translation systems.In
particular it is very difficult to avoid error compounding
and to make sure that the final actual quality of the
translation is as good as the quality of the wealest
componenbf the system Also, variouslevels of linguistic
analysiswereidentifiedandtheir relationshipmadeprecise
notonly for the purposeof robustmultilevel processingbut
alsofor minimizing the effort in acquiringandmaintaining
the linguistic resourcesusedby the various components,
and ensuringa uniform quality acrossall theseresources.
Finally, since these machine translation system were
developed with levels of funding and resourceswhich
varied over time, the issue of scalability rose to
prominenceandis relatedto both the multilevel linguistic
approactandto thearchitectureof the MT systemsoftware
itself.

At the end of the Templeproject,we starteda new effort,
the Corelli project, for building an integrated machine
translation architecture that would fully meet these



requirementsThis new MT architectures alsoone of the
tamget of the new Expeditionprojectat CRL (Nirenkurg &
Raskin98), which aimsat building an integratedlinguistic
knowledge elicitation ervironment to develop languages
resourcedor building a machinetranslationsystemin a
very shortperiodof time, with alimited numberof human

resourcesandfor ary low-densitylanguage: Sinceoneof
the constraintss thatthe humanacquirersarenot linguists
or computationalinguists,andhave no prior knowledgeof
machinetranslationor even naturallanguageprocessingat
all, ary knowledge aboutthe processingand the control
flow in the systemshouldbe hidden;the acquirersshould
not needto specifyary kind of proceduraknowledge.One
feature of the Corelli architectureis precisely that all
linguistic knavledge is gpressed in a declarati way.

1.2 Goals: coverage, obustness and
incremental development

The multilevel linguistic representationused in the

architectures motivatedby two setsof goals.Thefirst set
of goalsis pragmatic. Onegoalis facilitating the designof

a syntacticmodelandthe acquisitionof syntacticrulesas
well as syntacticzonesin a dictionary In particular the

acquisitionof lexical entriesis deemedone of the most
expensve tasksin the processof building an NLP system
andspecialattentionis paidto reducethis acquisitioneffort

asmuchaspossible A secondjoalis enhancingobustness
of thevariousprocessorsilthoughanimportantpartof the

robustnessfactor is tied to the kind of processingitself

(e.g.,a top-davn vs. a bottom-up parsing stratgy), it is

largely constrainedby the way linguistic information is

structured. We therefore strive at defining a modular
framewvork where eachsyntacticmodule hasa few well-

defined interactionsa small number of other modules
(ideally, only one or two others).Failure of one module
should hare minimal consequencesn the overall output
quality of the system.

The second set of goals is related to the tamgeted
applicationsthatis machinetranslationsystemsThe way
of encoding syntactic information should facilitate the
constructionof bilingual transferdictionariesas well as
syntactictransferrules. In particular an incrementaland
modular approach to the development of language
resourcesis deemed essential: the construction of a
machine translation systemis very comple and it is

realistically impossibleto wait until the completionof all

modulesat the expecteddepthof analysis A staggerednd
modular approach has &wmportant consequences:

1. Project requirementsmention a transferbasedMT system
developedfrom scratchby a teamof onelanguagespecialist
ge.g._, a translator)and one programmerin 6 months; the

ngulsrlhqsneranorandthe Englishtarget dictionary aswell
asthe enginesare provided and the teamhasto build
language resources for analysis and transfer only (!).

* It becomegpossibleto testthe systemthroughpuibon
actual documentsvery early in the development

cycle;

e Each module can be tested and delugged
independentlyof others without waiting for the
completionof the whole system(testinga complete
system without being able to test each module
independentlys anightmarethatary MT developer
dreads).

* And last but not least, it becomespossible to
corvince funders early in the project that the
projects mone/ will not be wastedin somenew
hopeless MT gnture.

This paperpresentshe Corelli architectureandshowvs how

it addresseshe challengesenumeratedabore. Section2

presentsthe robust scalable parsing framewvork which

enables translation at varying depths of linguistic

representation depending on the availability of the

correspondindinguistic knowledgein the dictionariesand

the parsers rules. Section 3 gives an overview of the

multilevel linguistic representatiomsedin the systemand

shaws that it addresseghe needsfor robustnessand

scalability aswell asthe needto facilitate acquisitionand

maintenanceof linguistic resources.This representation
provides a standardized framavork for linguistic

description that can be applied to a large variety of

languages.Section 4 presentsbriefly the incremental
acquisition stratgy followed in developing languages
resources for a machine translation system.

2 Robust Machine Translation

We start from the assumptionthat we will never have a
grammarwith a completecoverage,that the parserwill
alwaysproducepartial results,thatthe dictionarywill also
be incomplete andthateven sometransferstepmight fail.
Building theseassumptionsnto the systems architecture,
we aim at producing the best results using a set of
componentsvith varyinglevels of quality. Robustmachine
translation can be achied by a combination of:

e Breath of leical coverage;

* Rolustnessof eachindividual component(e.g., of
the morphologicalanalyzer which mustinclude a
full grammar of unknavn words and recognize
genuine unknavn words from proper names or
misspellings);

* Flexible organizationof the set of componentgo
provide fall-back in caseof failure of one of the
components.

The Corelli MT architecture offers the functionalities
necessaryo implementa robusttop-level organizationand
specialized rule formalisms are also designed with



robustnessas a requirementAll componentperateon a
single data structure (a chart) additively. The overall

stratgy is to build all possiblelinguistic structuresand
disambiguatenly whenthereis no risk of eliminatingthe
correctstructures A morphologicalanalyzerfor example
will produceall possiblesegmentationsof a form without
usingary heuristicsor statisticsto reduceambiguity Past
experiencehas shovn that, for example, a taggerthat is

98% accuratewill produceoneerrorin almostevery other
sentenceof a text. This error will get propagted to

dictionarylook-up, syntax,transferandgenerationleading
to disastroustranslations.Transfer for example, will be
appliedon a setof structureghatrepresena bestcoverage:
after analysis,all shortestpathsthat containthe highest
level of analysesreselectedor transfer After generation,
the result is a lattice of surface word forms that is

disambiguatedisingatargetstatisticallanguagenodel:the
use of heuristics is delayed to the last possible step.

2.1 Process

Syntactic analysis is divided into three major steps
correspondindo a hierarcly of constituentsEachof these
stepcanbe further sub-dvided dependingon the structure
of particular languages.

1. Constituentsuilt from oneor morelexical items:
this step might also include parsing of idioms,
compoundsphrasalverbsand other structuresat

the boundary between morphology and syntax.

2. Modifiers and specifiers: this set of rules is
typically not recursve and produce few
ambiguities. It also typically disambiguatethe
parts-of-speech.

3. Complementsglausesandparallelstructuresthis
set of rules is recursve and might introduce
additional ambiguities.

Between each step, constituents that have been
incorporatedinto larger constituentsare deletedfrom the
chart. This clean-upprocesseducesambiguityandspeeds
up parsing,andalsofacilitatedetuggingof the grammarat
thelaterstepssincetherearelessstructureso beinspected.

The result of the parseris a set of constituentsthat
representshe bestcoverageof the inputin termsof depth

of analysis (see bel and breath of a@rage of the input.

Transfer is diided into three major components:

e A lexical transfer componentstranslateswords
independentlyof their context (for word-forword
translation for example) and is augmentedby
morphological transfer rules. This componentis
also called by the reorderingcomponentand the
structural transfer component.

« A simplebut very robustreorderingcomponenthat
reorder sub-constituentsaccording to the tamget
surfaceorder A very simplegenerationcomponent
simply traversethe re-orderedsyntacticstructurein
order to producea sequenceof lexical items: this
component produces basically a word-for-word
translation with reordering.

« A morecompl« structuraltransfercomponenthat
produces arbitrary target morpho-syntactic
structures, introducing for example syntactic
structures for syntactic phenomena that are
morphologicalphenomenan the sourcelanguage.
This level produces syntactically correct target
structures.

Lexical transfer applies when words have not been

incorporatedin ary syntactic structure,producingin the

worst casea word-forrword translation.Structuraltransfer
is appliedto syntacticconstituentslf for someconstituent
no structural transfer rule applies, the system usesthe

reorderingrulesto produceanapproximateargetstructure.
Structuraltransferand reorderingare interleared so that

structural transfer can be called on a sub-constituent
produced by a reordering rule.

Morphological
Analysis

orphological
Generation

Lexical
Transfer

Syntactic
Generation

Structural
Transfer

Figure 1. Multile vel Machine Translation.

An importantbeneficeof this architecturds thatit allows
to produce translation as soon as morphological
componentsandlexical transferareready After thatpoint,
the deelopment of the system can proceed incrementally:

1. Build the syntacticgrammarbottom-upaccording
to the constituenthierarcly outlined above. For
eachclassof constituentproducedby the parser
write a reordering rule.



This allows to improve the translationas soonas
some constituent is added in the grammar

2. At some point in the development, when a
particular sub-class of constituent has been
described, structural transfer rules can be
developed to produce more accurate target
structures However, since structuraltransferand
reorderingare interleased, full coveragefor the
structuraltransferis not necessaryto producea
translation.

2.2 Architecture

The Corelli machinetranslationarchitecturesupportsboth
the development phase and the runtime system. The
development version is designedto support interactve
acquisitionand modificationof languageesourceaswell
as testing and delhugging a whole MT system.A Corelli
machine translation system contains a set of linguistic
componentsthe top-level of the systemis a graphwhich
definesthe control flow betweendifferent components.
This architecture uses directly the Corelli Document
Manager(Zajacet al. 97) which providesan infrastructure
and tools for integrating NLP componentgo build NLP
systems (Figur@).

-
<—>| Component Manager
Components #
Application
Document Manager |
Documents

Figure 22 Corelli MT Softwar e Architecture.

The various software componentsthat are used by
computational linguists touild an MT system are:

e Tango, a language for defining typed feature
structureswhich provides a setof predefinedtypes
and supports the notion of modules (packages).

« Habaneraa Lexical KnowledgeBasemanagement
system which is used for managingall lexical
resourcegZajac97b); Lexical entriesareinstances
of typedfeaturestructuresanda dictionary schema

is definedby type definitionsin a Tango module.
Habanerassupportsseveral indexing schemesvhich
allow runtime access byavious NLP engines.

e Sambaa morphologicalformalismwhich provides
a high-level languagefor specifyingmorphological
models.Morphologicalrulesmapstring expressions
to feature structures and Samba provides
constructions to combine and factorize
morphological rules in various ways. This
formalism supports reversible morphological
analysisand generation(Zajac 97a) and is usedto

implement morphological analyzers and generators.

» Bolero,asyntacticformalismwherea grammaris a
set of general rewrite rules for analysis (and
generationpasednthe compositionof generalized
finite-state transducers Several Rumba grammars
can be applied sequentially on the graph
representing@nanalysisallowing for finer control of
grammar application and modularity in grammar
development.

* Rumba,a very simple reorderingrule formalism
where a rule specifiesan order on a sub-setof
features as well as constraintson the kind of
constituents on which

e Mambo, a transferformalism basedon (Zajac 89)
and (Amtrup 95) that is usedto write all transfer
components of a machine translation system.

The control flow betweenmorphological, syntactic and
transfercomponentss definedby a controlgraphsimilarto
a finite-stategraphwheretransitionsdefineconditionsand
nodescontainexecutablecomponentsConditionscanstate
for examplethat if subcatgorizationinformation hasnot
beenusedto computeargumentstructure fransfermustuse
default agumentmappinginsteadof the standardnapping
defined in the dictionaries.

3 Multile vel structuring of
language resouices

The idea of multilevel structuring of linguistic
representationsan be tracedat leastasfar as (Lamb 66),
and hasbeendevelopedby linguists suchasMel'cuk (see
Mel'cuk 88 for a recentpresentation).Theseideashave
beenimplementedn text generatorat Montréal(Kittredge
& Polguéredl) for example,andin the contet of machine
translation,at Grenoble(Vauquois& Chappuy85), where
the multilevel representatioris alsousedto definelevels of

fall-backin processingn caseof failure at higherlevels’!
Thus, multilevel representationbave beenusedchiefly to
structure and patrtition the linguistic knowledge into
manageabl@arts(Emeleetal. 92). Our proposalis cogent

1. Although to my knowledge, the fall-back mechanismhas
never been implemented to its fullestent.



with previous multilevel approaches$ut its main goalsare
essentiallypragmatic:to provide a framewvork for robust
NLP and for incremental acquisition of linguistic
knowledge. These goals in turn directly influence the
definition of levels and the interaction betweendés.

3.1 Multile vel grammars

In a machinetranslationsystem,syntacticinformation is
distributed and used in various components:(bilingual)
dictionaries,syntacticgrammarsandtransfergrammarsit
should be possibleto check that syntactic information
distributedin all thesecomponentss coherentsomething
which has been traditionally difficult to achieve. To
facilitate the control of coherence between these
components,the linguist formally definesthe syntactic
structuresandthe syntacticcateyories,featuresandvalues,
which are usedin all thesecomponentsThesedefinitions
take theform of a setof typedfeaturestructuresiefinitions,
and thesedefinitions are usedby syntacticand semantic
checlersto checklexical entriesandrules(Zajac92a,92b).

For example, syntactic grammarrules will use part-of-
speechinformation encodedin lexical entriesto build

dependeng structures, and subcatgorization to build

argumentstructures Lexical transferrules map argument
structuresfrom a sourcelanguageto a target language.
Structuraltransferrules map dependeng structuresThus,
for a machinetranslationsystemto work correctly it is

essentiato ensurghatall syntacticinformationdistributed
amongthesecomponentds coherent.The linguist hasto

define and acquire the following kinds of syntactic
information:

* Morphological disambiguation rules;

e Syntactic catgories (parts-of-speech);

¢ Argument structure and subagdeization;
* Dependeng structures;

« Transfer of dependendtructures;

< Transfer of agument structures.

Eachgrammarperformsa well definedsimple taskwhich

usesonly asmallpartof theinformationencodedn lexical

items. We can distinguish 2 kinds of grammars:
disambiguation grammars and  structure-hilding

grammars. There are currently only two kinds of

disambiguationgrammars:morphologicaldisambiguation
grammars which eliminate some morphological
ambiguitiesby consideringlocal contet, and constituent
disambiguation grammars which eliminate constituent
structuresvherethe structureof complement®f argument
takingwordsdoesnot correspondo theargumentstructure
of the word.

Structure-hbilding grammars are syntactic analysis
grammarsand transfergrammars Analysis grammarsare
divided into sub-grammarsaccordingto the constituent
hierarcly outlined above. A grammarrule is an extended
contet-free rule in which the linguist can specify several
kinds of information are which are processedfedéntly:

e The right-hand side describesa pattern to be
matchedThis patternshouldincludeall constraints
for the applicability of the rule.

» Theleft-handsidedescribethe structureto be built.
As opposedo PATR-stylerules,the left-handside
will build a differentfeaturestructurein which sub-
structures from RHS elements (head and sub-
constituents)are copied through unification. The
grammarwriter is thereforefree to build arbitrary
structuredrom the RHS elementsThe adoptionof
this stratgy also maks grammars easier toregse.

* A boolean expression on sub-featurestructures
refinesthe constraintson the LHS and the RHS.
This booleanexpressionis evaluatedwhenthe rule
is applied. The evaluation may produce a
disjunction: since the implementationof feature
structures used in the parser does not include
disjunctions, the parser produces altexmatidges.

Thebooleanexpressiorallow to distinguishsub-caseor a
givenRHSpatternthatwould otherwisebeencodedisa set
of disjunctive rules with the sameRHS. It also allows to
distinguishdifferentlevels of constraintswith a rule which
canbeaddedwvhenthecorrespondindexical informationis
added in the dictionary

1. Structuralconstraintsare encodeddirectly in the
LHS and the RHS elements;

2. Syntactic constraints linking several RHS
elements such as agreementcan be encoded
directly in the structural elements using co-
referenceconstraintsor in the booleanexpression
for more elaborated checking;

3. Subcatgorizationconstraintsand constructionof
theargumentstructureareencodedn the boolean
expression, allowing to distinguish between
various subcatgorization cases for the same
surface pattern and to introduce aelt cases.

Multile vel information in the
dictionary

3.2

A dictionary entry (correspondindo a single word-sense)
records only four kinds of information:

1. Parts-of-speech (POS),
2. Subcatgorization (subcat),



3. Mapping (translation) to a et word-sense,

4. Mapping of source agument structure to the
argument structure of the gt word-sense.

The part-of-speechinformation is used by the syntactic
parserto build the syntactic dependeng trees to the
exclusion of ary other information, including
subcatgorization. Thus, the POS must encode all
informationaboutthe rangeof syntacticdependentsf the
head of a constituent.

Subcatgorization encodeshe valeny of a complement-
taking lexical item, information about the number and
position of syntactic aguments(or complements)of a
head, and the syntactic type of these amguments.
Subcatgorizationis usedby the parser(1) to disambiguate
betweenseveral parsetreesby selectinga subsetof trees
wherethe attachmenbf complementss consistentvith the
subcatgorization patternsof the head,and (2) to assign
subcatgorized complementso hamedamgumentsof the
head.

The strict separationbetweenthe 2 kinds of information
malkesit possibleto build a systemwheresubcatgorization
is missing:if subcatgorizationis missing,the parserwill

produce more ambiguous structures, and transfer of
complements will be done using daft rules.

Somelanguageanay have a more complex morphology
and the dictionary may also contain additional
morphologicabropertiessuchastheinflectionalparadigm
of alexical unit andadditionalstems Similarly, in orderto
map an argumentstructureto syntacticcomplementsn a
given syntactic contet, the dictionary may contain the
specificatiorof the rangeof syntacticstructuresn which a
given lexical unit can appear(e.g., that a verb cannot
appear in a pas& construction).

4  Anincremental approach to
resouice acquisition

Given the cost of building language resourcesfor a
machinetranslationsystem(the dictionary alone can cost
asmuchas60% of the total costof a MT system),one of

the mostimportantgoal is to minimize the cognitive load
for the acquisitionof languageresourcesThis impliesthat
acquisitionfollows a predefinedscenario,makes use of

high quality but simple tools that include training support
and on-line help, and that each step addresse®nly one
simple well-defined task.

Thelinguist will first definethe setof featuresandvalues
that will be usedin all componentsof the system (by
definingtypesfor featurestructures)Oncethis stepis done
anddocumentedthetypedefinitionswill drive someof the
acquisition tools. The linguist will either instantiate

parameter$or thesetools or askfor new specializedools.
The main concern will be to carefully define each
acquisitiontaskandpreparea setof training materialsand
documentatiorfor eachtask. We give an overview of the
two mainacquisitiontasks the bilingual dictionaryandthe
grammars.

4.1 Lexical acquisition

Given the robust approachto parsingdescribedabove, we

can organize the dictionary acquisition tasksin distinct
stepsthe completionof thefirst allowing the productionof

word-for-word translationsandthe completionof the each
of thefollowing stepsproviding incrementaimprovements
in the quality of translation.We assumethat we startthe

dictionary acquisition with a list of heacdwds.

Step 1: Morphology and target equivalents
The first step includes:

« The definition of the part-of-speechand in some
languages,additional morphological information
such as inflectional paradigmsand/or additional
stems).

« Theidentificationof theword sensegwhich arenot
definedby themseles,only by their translationto a
set of equialents).

» For eachword-sensethelist of equivalents(words)
in the taget language.

At this point, it is alreadypossibleto run a morphological
analyzerand produce a word-for-word translation.If a
syntacticparseris available, a parsetree canbe produced
andreorderingand transferrules appliedto the parsetree
for reordering of the constituents.

Step 2:  Mor phosyntactic information

The second step introduces additional morphosyntactic
constraintsin order to reduce ambiguities. It typically
involves a refinementof the classificationof parts-of-
speechwherefor examplemainverbscanbe classifiednto
impersonaljntransitve, transitve; nounsmay be classified
into massnounsandcountnounsetc. Thisinformationcan
be used by the parserto eliminate spurious parses,for
example for prepositional attachment.

Step 3: Argument structure and selection of taget word-
senses

The last stepincludesthe mappingto target word-senses
(insteadof simply words)andthe mappingof agumentgo
the tamget word argument structure. Mismatches are
handled during this acquisition step. The acquisition of



lexical entriesat CRL actually follows this approachwith
several important benefits:

« For eachacquisitionsub-task,the acquirerusesa
simplespecializedacquisitiontool whichis notonly
simple to build but also simple to use. The
acquisitiontools arepartof the Habaneralictionary
management toolset (Zajac 1997b).

< Sincethe acquireris lessdistractedby a comple
GraphicalUserInterface(GUI), he canconcentrate
better on the task at hand.

e Sincethe task itself is simple and repetitive, the
cognitive loadis reducedtheacquirerdoesnothave
to switch betweendifferent complex procedures,
and can thus ark faster and with less errors.

4.2 Building analysis and transfer
grammars

The developmentof grammarsarallelsthe stepsfollowed

by the machinetranslationprocessOnceall featuresand
valuesfor all componentsiredefined eachof thefollowing

grammarss developedandtestedn turn. The development
of thesegrammarsalso parallelsthe developmentof the
lexicon: grammarsl to 5 useonly POSinformationin the
dictionary (and possibly additional morphologicallexical

propertiesfor the morphological analyzer). Grammar 6

usesadditionally subcatgorization. Grammar7 usesthe
lexical mapping of ayument structures.

1. Morphological grammay morphologicaltransfer
grammart

2. Dependeng grammar; reordering rules. The
syntacticgrammarbuilds a dependengtreeusing
phrase structure rules and assigns syntactic
functionsto dependentsf the head.For eachtype
of constituent, a reordering rule is written.

3. Structural transfer grammar maps syntactic
functionsto build thetargetdependeng structure.
This transfergrammammay for exampleintroduce
new lexical headsin the target structure,delete
sub-structuresetc. This grammarcan be built at
ary time after a correspondingsyntactic sub-
grammar is bilt.

4. Addition of featuresin the lexicon (mass/count,
animag, transitvity, etc.) parallelsthe additionof
constraints in the parser and the transfer
grammars, eliminating spurious ambiguities.

5. Addition of subcatgorization frames in the
lexicon parallel the addition of subcatgorization
constraintsn the syntacticgrammarandmapping
of aguments in the structural transfer

1. A completelist hereshouldalsoinclude rules for unknovn
words, dates, proper names, agros, etc.

5 Conclusions

We have describeda nev machinetranslationarchitecture
aimedat fastdevelopmentof machinetranslationsystems
for assimilationpurposeswhere breadthof coverageand

the productionof a functional systemearly in the project
are of paramountimportance.This architecturehas been
andis beingusedin severalmachinetranslationprojectsat

CRL:

« In the Corelli projectitself, for Koreanand Serbo-
Croatian;

e In the Shiraz project, for Persian;
« In the Expedition project;

e In the MINDS project, for porting the Temple
Spanish,Japanes@and Russiansystemto the new
architecture.

Althoughthis architecturds still underdevelopmentat the
time of writing, the major component®f the systemhave
alreadybeenimplementedand usedto develop a complete
Persian-EnglisMT systematthelevel of reorderingwith a
small team of lexicographers and one year of a
computational linguist.
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Abstract
We describe a Machine Translation
framawork aimedat the rapid developmentof
large scalerobustmachineranslatiorsystems
for assimilation purposes,where the MT
systemis incorporatedas one of the toolsin
an analysts workstation. The multilevel
architecture of the systemis designedto
enableearly delivery of functionaltranslation
capabilitiesand incrementalimprovementof
quality. A crucialaspecbf theframework s a
carefularticulationof a softwarearchitecture,
a linguistic architectureand an incremental
developmentproces®f linguisticknowledge.

1 Intr oduction

The machinetranslationsystemshat are being developed
at CRL are designedfor assimilationpurposesand are
targetedat a large variety of sourcetexts, including nevs
articles,Web pagesnewsgroupsarticlesand email traffic.
Thus, coverageand robustnessare emphasizedaver depth
of analysis,and accurag over stylistic fluidity. Moreover,
thesesystemsarefor the mostpartdevelopedundersevere
resourceconstraintsSomeof the new languagesvhich are
or will be coveredare so-called'low-densitylanguages’:
languagesfor which there are little or no electronic
resourceszomparatiely little expertiseandfew descriptve
linguistic works published An exampleof suchalanguage
under development at CRL is Persian. The lack of
electronicresourcesjncluding bilingual corporaor even
monolingual corpora rules out statistical and learning-
based approaches to machine translation. As a
consequencedanguageresourcesare carefully structured
and the organized to support rapid and large scale
acquisition of resources(computationaldictionariesand
grammars)Rolustnesss alsoafundamentalssue,andthe
architectureof the machine translation systemiitself is
designedto produce translationseven with incomplete
resources (although breadth of lexical coverage is a
minimum requirement) One of the desiderateof the MT
designis the ability to producetranslationsafter a very
short period of development:the incrementaladdition of

linguistic knowledgein the systemimprovesthetranslation
quality without the needto restructurehe MT softwareor

already acquiredknowledge. In this paper we illustrate

how the chosenstructurationof the languageresources
supportson the onehandrapid andincrementabcquisition
of resourcesand enablesrobust processingon the other
hand.

1.1 Past experience: the €mple
project

One of the resultsof the Temple projectat CRL, a three
yeareffort in building a setof MT systemdranslatingfrom
Arabic, Japaneserussiarand Spanishto Englishwith low
amountof resourcegVanni& Zajac97), is thata carefully
designedMT architectureis crucial for developing MT
systemswith a minimal amountof effort, and that the
quality of the software contritutes significantly to the
quality of thefinal result. The variousTempleMT systems
were built reusing existing componentsand resources
wheneer they existed, even if the quality was low. This
experience taught us some important lessons on the
construction of robust machine translation systems.In
particular it is very difficult to avoid error compounding
and to make sure that the final actual quality of the
translation is as good as the quality of the wealest
componenbf the system Also, variouslevels of linguistic
analysiswereidentifiedandtheir relationshipmadeprecise
notonly for the purposeof robustmultilevel processingbut
alsofor minimizing the effort in acquiringandmaintaining
the linguistic resourcesusedby the various components,
and ensuringa uniform quality acrossall theseresources.
Finally, since these machine translation system were
developed with levels of funding and resourceswhich
varied over time, the issue of scalability rose to
prominenceandis relatedto both the multilevel linguistic
approactandto thearchitectureof the MT systemsoftware
itself.

At the end of the Templeproject,we starteda new effort,
the Corelli project, for building an integrated machine
translation architecture that would fully meet these



requirementsThis new MT architectures alsoone of the
tamget of the new Expeditionprojectat CRL (Nirenkurg &
Raskin98), which aimsat building an integratedlinguistic
knowledge elicitation ervironment to develop languages
resourcedor building a machinetranslationsystemin a
very shortperiodof time, with alimited numberof human

resourcesandfor ary low-densitylanguage: Sinceoneof
the constraintss thatthe humanacquirersarenot linguists
or computationalinguists,andhave no prior knowledgeof
machinetranslationor even naturallanguageprocessingat
all, ary knowledge aboutthe processingand the control
flow in the systemshouldbe hidden;the acquirersshould
not needto specifyary kind of proceduraknowledge.One
feature of the Corelli architectureis precisely that all
linguistic knavledge is gpressed in a declarati way.

1.2 Goals: coverage, obustness and
incremental development

The multilevel linguistic representationused in the

architectures motivatedby two setsof goals.Thefirst set
of goalsis pragmatic. Onegoalis facilitating the designof

a syntacticmodelandthe acquisitionof syntacticrulesas
well as syntacticzonesin a dictionary In particular the

acquisitionof lexical entriesis deemedone of the most
expensve tasksin the processof building an NLP system
andspecialattentionis paidto reducethis acquisitioneffort

asmuchaspossible A secondjoalis enhancingobustness
of thevariousprocessorsilthoughanimportantpartof the

robustnessfactor is tied to the kind of processingitself

(e.g.,a top-davn vs. a bottom-up parsing stratgy), it is

largely constrainedby the way linguistic information is

structured. We therefore strive at defining a modular
framewvork where eachsyntacticmodule hasa few well-

defined interactionsa small number of other modules
(ideally, only one or two others).Failure of one module
should hare minimal consequencesn the overall output
quality of the system.

The second set of goals is related to the tamgeted
applicationsthatis machinetranslationsystemsThe way
of encoding syntactic information should facilitate the
constructionof bilingual transferdictionariesas well as
syntactictransferrules. In particular an incrementaland
modular approach to the development of language
resourcesis deemed essential: the construction of a
machine translation systemis very comple and it is

realistically impossibleto wait until the completionof all

modulesat the expecteddepthof analysis A staggerednd
modular approach has &wmportant consequences:

1. Project requirementsmention a transferbasedMT system
developedfrom scratchby a teamof onelanguagespecialist
ge.g._, a translator)and one programmerin 6 months; the

ngulsrlhqsneranorandthe Englishtarget dictionary aswell
asthe enginesare provided and the teamhasto build
language resources for analysis and transfer only (!).

* It becomegpossibleto testthe systemthroughpuibon
actual documentsvery early in the development

cycle;

e Each module can be tested and delugged
independentlyof others without waiting for the
completionof the whole system(testinga complete
system without being able to test each module
independentlys anightmarethatary MT developer
dreads).

* And last but not least, it becomespossible to
corvince funders early in the project that the
projects mone/ will not be wastedin somenew
hopeless MT gnture.

This paperpresentshe Corelli architectureandshowvs how

it addresseshe challengesenumeratedabore. Section2

presentsthe robust scalable parsing framewvork which

enables translation at varying depths of linguistic

representation depending on the availability of the

correspondindinguistic knowledgein the dictionariesand

the parsers rules. Section 3 gives an overview of the

multilevel linguistic representatiomsedin the systemand

shaws that it addresseghe needsfor robustnessand

scalability aswell asthe needto facilitate acquisitionand

maintenanceof linguistic resources.This representation
provides a standardized framavork for linguistic

description that can be applied to a large variety of

languages.Section 4 presentsbriefly the incremental
acquisition stratgy followed in developing languages
resources for a machine translation system.

2 Robust Machine Translation

We start from the assumptionthat we will never have a
grammarwith a completecoverage,that the parserwill
alwaysproducepartial results,thatthe dictionarywill also
be incomplete andthateven sometransferstepmight fail.
Building theseassumptionsnto the systems architecture,
we aim at producing the best results using a set of
componentsvith varyinglevels of quality. Robustmachine
translation can be achied by a combination of:

e Breath of leical coverage;

* Rolustnessof eachindividual component(e.g., of
the morphologicalanalyzer which mustinclude a
full grammar of unknavn words and recognize
genuine unknavn words from proper names or
misspellings);

* Flexible organizationof the set of componentgo
provide fall-back in caseof failure of one of the
components.

The Corelli MT architecture offers the functionalities
necessaryo implementa robusttop-level organizationand
specialized rule formalisms are also designed with



robustnessas a requirementAll componentperateon a
single data structure (a chart) additively. The overall

stratgy is to build all possiblelinguistic structuresand
disambiguatenly whenthereis no risk of eliminatingthe
correctstructures A morphologicalanalyzerfor example
will produceall possiblesegmentationsof a form without
usingary heuristicsor statisticsto reduceambiguity Past
experiencehas shovn that, for example, a taggerthat is

98% accuratewill produceoneerrorin almostevery other
sentenceof a text. This error will get propagted to

dictionarylook-up, syntax,transferandgenerationleading
to disastroustranslations.Transfer for example, will be
appliedon a setof structureghatrepresena bestcoverage:
after analysis,all shortestpathsthat containthe highest
level of analysesreselectedor transfer After generation,
the result is a lattice of surface word forms that is

disambiguatedisingatargetstatisticallanguagenodel:the
use of heuristics is delayed to the last possible step.

2.1 Process

Syntactic analysis is divided into three major steps
correspondindo a hierarcly of constituentsEachof these
stepcanbe further sub-dvided dependingon the structure
of particular languages.

1. Constituentsuilt from oneor morelexical items:
this step might also include parsing of idioms,
compoundsphrasalverbsand other structuresat

the boundary between morphology and syntax.

2. Modifiers and specifiers: this set of rules is
typically not recursve and produce few
ambiguities. It also typically disambiguatethe
parts-of-speech.

3. Complementsglausesandparallelstructuresthis
set of rules is recursve and might introduce
additional ambiguities.

Between each step, constituents that have been
incorporatedinto larger constituentsare deletedfrom the
chart. This clean-upprocesseducesambiguityandspeeds
up parsing,andalsofacilitatedetuggingof the grammarat
thelaterstepssincetherearelessstructureso beinspected.

The result of the parseris a set of constituentsthat
representshe bestcoverageof the inputin termsof depth

of analysis (see bel and breath of a@rage of the input.

Transfer is diided into three major components:

e A lexical transfer componentstranslateswords
independentlyof their context (for word-forword
translation for example) and is augmentedby
morphological transfer rules. This componentis
also called by the reorderingcomponentand the
structural transfer component.

« A simplebut very robustreorderingcomponenthat
reorder sub-constituentsaccording to the tamget
surfaceorder A very simplegenerationcomponent
simply traversethe re-orderedsyntacticstructurein
order to producea sequenceof lexical items: this
component produces basically a word-for-word
translation with reordering.

« A morecompl« structuraltransfercomponenthat
produces arbitrary target morpho-syntactic
structures, introducing for example syntactic
structures for syntactic phenomena that are
morphologicalphenomenan the sourcelanguage.
This level produces syntactically correct target
structures.

Lexical transfer applies when words have not been

incorporatedin ary syntactic structure,producingin the

worst casea word-forrword translation.Structuraltransfer
is appliedto syntacticconstituentslf for someconstituent
no structural transfer rule applies, the system usesthe

reorderingrulesto produceanapproximateargetstructure.
Structuraltransferand reorderingare interleared so that

structural transfer can be called on a sub-constituent
produced by a reordering rule.

Morphological
Analysis

orphological
Generation

Lexical
Transfer

Syntactic
Generation

Structural
Transfer

Figure 1. Multile vel Machine Translation.

An importantbeneficeof this architecturds thatit allows
to produce translation as soon as morphological
componentsandlexical transferareready After thatpoint,
the deelopment of the system can proceed incrementally:

1. Build the syntacticgrammarbottom-upaccording
to the constituenthierarcly outlined above. For
eachclassof constituentproducedby the parser
write a reordering rule.



This allows to improve the translationas soonas
some constituent is added in the grammar

2. At some point in the development, when a
particular sub-class of constituent has been
described, structural transfer rules can be
developed to produce more accurate target
structures However, since structuraltransferand
reorderingare interleased, full coveragefor the
structuraltransferis not necessaryto producea
translation.

2.2 Architecture

The Corelli machinetranslationarchitecturesupportsboth
the development phase and the runtime system. The
development version is designedto support interactve
acquisitionand modificationof languageesourceaswell
as testing and delhugging a whole MT system.A Corelli
machine translation system contains a set of linguistic
componentsthe top-level of the systemis a graphwhich
definesthe control flow betweendifferent components.
This architecture uses directly the Corelli Document
Manager(Zajacet al. 97) which providesan infrastructure
and tools for integrating NLP componentgo build NLP
systems (Figur@).

-
<—>| Component Manager
Components #
Application
Document Manager |
Documents

Figure 22 Corelli MT Softwar e Architecture.

The various software componentsthat are used by
computational linguists touild an MT system are:

e Tango, a language for defining typed feature
structureswhich provides a setof predefinedtypes
and supports the notion of modules (packages).

« Habaneraa Lexical KnowledgeBasemanagement
system which is used for managingall lexical
resourcegZajac97b); Lexical entriesareinstances
of typedfeaturestructuresanda dictionary schema

is definedby type definitionsin a Tango module.
Habanerassupportsseveral indexing schemesvhich
allow runtime access byavious NLP engines.

e Sambaa morphologicalformalismwhich provides
a high-level languagefor specifyingmorphological
models.Morphologicalrulesmapstring expressions
to feature structures and Samba provides
constructions to combine and factorize
morphological rules in various ways. This
formalism supports reversible morphological
analysisand generation(Zajac 97a) and is usedto

implement morphological analyzers and generators.

» Bolero,asyntacticformalismwherea grammaris a
set of general rewrite rules for analysis (and
generationpasednthe compositionof generalized
finite-state transducers Several Rumba grammars
can be applied sequentially on the graph
representing@nanalysisallowing for finer control of
grammar application and modularity in grammar
development.

* Rumba,a very simple reorderingrule formalism
where a rule specifiesan order on a sub-setof
features as well as constraintson the kind of
constituents on which

e Mambo, a transferformalism basedon (Zajac 89)
and (Amtrup 95) that is usedto write all transfer
components of a machine translation system.

The control flow betweenmorphological, syntactic and
transfercomponentss definedby a controlgraphsimilarto
a finite-stategraphwheretransitionsdefineconditionsand
nodescontainexecutablecomponentsConditionscanstate
for examplethat if subcatgorizationinformation hasnot
beenusedto computeargumentstructure fransfermustuse
default agumentmappinginsteadof the standardnapping
defined in the dictionaries.

3 Multile vel structuring of
language resouices

The idea of multilevel structuring of linguistic
representationsan be tracedat leastasfar as (Lamb 66),
and hasbeendevelopedby linguists suchasMel'cuk (see
Mel'cuk 88 for a recentpresentation).Theseideashave
beenimplementedn text generatorat Montréal(Kittredge
& Polguéredl) for example,andin the contet of machine
translation,at Grenoble(Vauquois& Chappuy85), where
the multilevel representatioris alsousedto definelevels of

fall-backin processingn caseof failure at higherlevels’!
Thus, multilevel representationbave beenusedchiefly to
structure and patrtition the linguistic knowledge into
manageabl@arts(Emeleetal. 92). Our proposalis cogent

1. Although to my knowledge, the fall-back mechanismhas
never been implemented to its fullestent.



with previous multilevel approaches$ut its main goalsare
essentiallypragmatic:to provide a framewvork for robust
NLP and for incremental acquisition of linguistic
knowledge. These goals in turn directly influence the
definition of levels and the interaction betweendés.

3.1 Multile vel grammars

In a machinetranslationsystem,syntacticinformation is
distributed and used in various components:(bilingual)
dictionaries,syntacticgrammarsandtransfergrammarsit
should be possibleto check that syntactic information
distributedin all thesecomponentss coherentsomething
which has been traditionally difficult to achieve. To
facilitate the control of coherence between these
components,the linguist formally definesthe syntactic
structuresandthe syntacticcateyories,featuresandvalues,
which are usedin all thesecomponentsThesedefinitions
take theform of a setof typedfeaturestructuresiefinitions,
and thesedefinitions are usedby syntacticand semantic
checlersto checklexical entriesandrules(Zajac92a,92b).

For example, syntactic grammarrules will use part-of-
speechinformation encodedin lexical entriesto build

dependeng structures, and subcatgorization to build

argumentstructures Lexical transferrules map argument
structuresfrom a sourcelanguageto a target language.
Structuraltransferrules map dependeng structuresThus,
for a machinetranslationsystemto work correctly it is

essentiato ensurghatall syntacticinformationdistributed
amongthesecomponentds coherent.The linguist hasto

define and acquire the following kinds of syntactic
information:

* Morphological disambiguation rules;

e Syntactic catgories (parts-of-speech);

¢ Argument structure and subagdeization;
* Dependeng structures;

« Transfer of dependendtructures;

< Transfer of agument structures.

Eachgrammarperformsa well definedsimple taskwhich

usesonly asmallpartof theinformationencodedn lexical

items. We can distinguish 2 kinds of grammars:
disambiguation grammars and  structure-hilding

grammars. There are currently only two kinds of

disambiguationgrammars:morphologicaldisambiguation
grammars which eliminate some morphological
ambiguitiesby consideringlocal contet, and constituent
disambiguation grammars which eliminate constituent
structuresvherethe structureof complement®f argument
takingwordsdoesnot correspondo theargumentstructure
of the word.

Structure-hbilding grammars are syntactic analysis
grammarsand transfergrammars Analysis grammarsare
divided into sub-grammarsaccordingto the constituent
hierarcly outlined above. A grammarrule is an extended
contet-free rule in which the linguist can specify several
kinds of information are which are processedfedéntly:

e The right-hand side describesa pattern to be
matchedThis patternshouldincludeall constraints
for the applicability of the rule.

» Theleft-handsidedescribethe structureto be built.
As opposedo PATR-stylerules,the left-handside
will build a differentfeaturestructurein which sub-
structures from RHS elements (head and sub-
constituents)are copied through unification. The
grammarwriter is thereforefree to build arbitrary
structuredrom the RHS elementsThe adoptionof
this stratgy also maks grammars easier toregse.

* A boolean expression on sub-featurestructures
refinesthe constraintson the LHS and the RHS.
This booleanexpressionis evaluatedwhenthe rule
is applied. The evaluation may produce a
disjunction: since the implementationof feature
structures used in the parser does not include
disjunctions, the parser produces altexmatidges.

Thebooleanexpressiorallow to distinguishsub-caseor a
givenRHSpatternthatwould otherwisebeencodedisa set
of disjunctive rules with the sameRHS. It also allows to
distinguishdifferentlevels of constraintswith a rule which
canbeaddedwvhenthecorrespondindexical informationis
added in the dictionary

1. Structuralconstraintsare encodeddirectly in the
LHS and the RHS elements;

2. Syntactic constraints linking several RHS
elements such as agreementcan be encoded
directly in the structural elements using co-
referenceconstraintsor in the booleanexpression
for more elaborated checking;

3. Subcatgorizationconstraintsand constructionof
theargumentstructureareencodedn the boolean
expression, allowing to distinguish between
various subcatgorization cases for the same
surface pattern and to introduce aelt cases.

Multile vel information in the
dictionary

3.2

A dictionary entry (correspondindo a single word-sense)
records only four kinds of information:

1. Parts-of-speech (POS),
2. Subcatgorization (subcat),



3. Mapping (translation) to a et word-sense,

4. Mapping of source agument structure to the
argument structure of the gt word-sense.

The part-of-speechinformation is used by the syntactic
parserto build the syntactic dependeng trees to the
exclusion of ary other information, including
subcatgorization. Thus, the POS must encode all
informationaboutthe rangeof syntacticdependentsf the
head of a constituent.

Subcatgorization encodeshe valeny of a complement-
taking lexical item, information about the number and
position of syntactic aguments(or complements)of a
head, and the syntactic type of these amguments.
Subcatgorizationis usedby the parser(1) to disambiguate
betweenseveral parsetreesby selectinga subsetof trees
wherethe attachmenbf complementss consistentvith the
subcatgorization patternsof the head,and (2) to assign
subcatgorized complementso hamedamgumentsof the
head.

The strict separationbetweenthe 2 kinds of information
malkesit possibleto build a systemwheresubcatgorization
is missing:if subcatgorizationis missing,the parserwill

produce more ambiguous structures, and transfer of
complements will be done using daft rules.

Somelanguageanay have a more complex morphology
and the dictionary may also contain additional
morphologicabropertiessuchastheinflectionalparadigm
of alexical unit andadditionalstems Similarly, in orderto
map an argumentstructureto syntacticcomplementsn a
given syntactic contet, the dictionary may contain the
specificatiorof the rangeof syntacticstructuresn which a
given lexical unit can appear(e.g., that a verb cannot
appear in a pas& construction).

4  Anincremental approach to
resouice acquisition

Given the cost of building language resourcesfor a
machinetranslationsystem(the dictionary alone can cost
asmuchas60% of the total costof a MT system),one of

the mostimportantgoal is to minimize the cognitive load
for the acquisitionof languageresourcesThis impliesthat
acquisitionfollows a predefinedscenario,makes use of

high quality but simple tools that include training support
and on-line help, and that each step addresse®nly one
simple well-defined task.

Thelinguist will first definethe setof featuresandvalues
that will be usedin all componentsof the system (by
definingtypesfor featurestructures)Oncethis stepis done
anddocumentedthetypedefinitionswill drive someof the
acquisition tools. The linguist will either instantiate

parameter$or thesetools or askfor new specializedools.
The main concern will be to carefully define each
acquisitiontaskandpreparea setof training materialsand
documentatiorfor eachtask. We give an overview of the
two mainacquisitiontasks the bilingual dictionaryandthe
grammars.

4.1 Lexical acquisition

Given the robust approachto parsingdescribedabove, we

can organize the dictionary acquisition tasksin distinct
stepsthe completionof thefirst allowing the productionof

word-for-word translationsandthe completionof the each
of thefollowing stepsproviding incrementaimprovements
in the quality of translation.We assumethat we startthe

dictionary acquisition with a list of heacdwds.

Step 1: Morphology and target equivalents
The first step includes:

« The definition of the part-of-speechand in some
languages,additional morphological information
such as inflectional paradigmsand/or additional
stems).

« Theidentificationof theword sensegwhich arenot
definedby themseles,only by their translationto a
set of equialents).

» For eachword-sensethelist of equivalents(words)
in the taget language.

At this point, it is alreadypossibleto run a morphological
analyzerand produce a word-for-word translation.If a
syntacticparseris available, a parsetree canbe produced
andreorderingand transferrules appliedto the parsetree
for reordering of the constituents.

Step 2:  Mor phosyntactic information

The second step introduces additional morphosyntactic
constraintsin order to reduce ambiguities. It typically
involves a refinementof the classificationof parts-of-
speechwherefor examplemainverbscanbe classifiednto
impersonaljntransitve, transitve; nounsmay be classified
into massnounsandcountnounsetc. Thisinformationcan
be used by the parserto eliminate spurious parses,for
example for prepositional attachment.

Step 3: Argument structure and selection of taget word-
senses

The last stepincludesthe mappingto target word-senses
(insteadof simply words)andthe mappingof agumentgo
the tamget word argument structure. Mismatches are
handled during this acquisition step. The acquisition of



lexical entriesat CRL actually follows this approachwith
several important benefits:

« For eachacquisitionsub-task,the acquirerusesa
simplespecializedacquisitiontool whichis notonly
simple to build but also simple to use. The
acquisitiontools arepartof the Habaneralictionary
management toolset (Zajac 1997b).

< Sincethe acquireris lessdistractedby a comple
GraphicalUserInterface(GUI), he canconcentrate
better on the task at hand.

e Sincethe task itself is simple and repetitive, the
cognitive loadis reducedtheacquirerdoesnothave
to switch betweendifferent complex procedures,
and can thus ark faster and with less errors.

4.2 Building analysis and transfer
grammars

The developmentof grammarsarallelsthe stepsfollowed

by the machinetranslationprocessOnceall featuresand
valuesfor all componentsiredefined eachof thefollowing

grammarss developedandtestedn turn. The development
of thesegrammarsalso parallelsthe developmentof the
lexicon: grammarsl to 5 useonly POSinformationin the
dictionary (and possibly additional morphologicallexical

propertiesfor the morphological analyzer). Grammar 6

usesadditionally subcatgorization. Grammar7 usesthe
lexical mapping of ayument structures.

1. Morphological grammay morphologicaltransfer
grammart

2. Dependeng grammar; reordering rules. The
syntacticgrammarbuilds a dependengtreeusing
phrase structure rules and assigns syntactic
functionsto dependentsf the head.For eachtype
of constituent, a reordering rule is written.

3. Structural transfer grammar maps syntactic
functionsto build thetargetdependeng structure.
This transfergrammammay for exampleintroduce
new lexical headsin the target structure,delete
sub-structuresetc. This grammarcan be built at
ary time after a correspondingsyntactic sub-
grammar is bilt.

4. Addition of featuresin the lexicon (mass/count,
animag, transitvity, etc.) parallelsthe additionof
constraints in the parser and the transfer
grammars, eliminating spurious ambiguities.

5. Addition of subcatgorization frames in the
lexicon parallel the addition of subcatgorization
constraintsn the syntacticgrammarandmapping
of aguments in the structural transfer

1. A completelist hereshouldalsoinclude rules for unknovn
words, dates, proper names, agros, etc.

5 Conclusions

We have describeda nev machinetranslationarchitecture
aimedat fastdevelopmentof machinetranslationsystems
for assimilationpurposeswhere breadthof coverageand

the productionof a functional systemearly in the project
are of paramountimportance.This architecturehas been
andis beingusedin severalmachinetranslationprojectsat

CRL:

« In the Corelli projectitself, for Koreanand Serbo-
Croatian;

e In the Shiraz project, for Persian;
« In the Expedition project;

e In the MINDS project, for porting the Temple
Spanish,Japanes@and Russiansystemto the new
architecture.

Althoughthis architecturds still underdevelopmentat the
time of writing, the major component®f the systemhave
alreadybeenimplementedand usedto develop a complete
Persian-EnglisMT systematthelevel of reorderingwith a
small team of lexicographers and one year of a
computational linguist.
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Abstract
We describe a Machine Translation
framawork aimedat the rapid developmentof
large scalerobustmachineranslatiorsystems
for assimilation purposes,where the MT
systemis incorporatedas one of the toolsin
an analysts workstation. The multilevel
architecture of the systemis designedto
enableearly delivery of functionaltranslation
capabilitiesand incrementalimprovementof
quality. A crucialaspecbf theframework s a
carefularticulationof a softwarearchitecture,
a linguistic architectureand an incremental
developmentproces®f linguisticknowledge.

1 Intr oduction

The machinetranslationsystemshat are being developed
at CRL are designedfor assimilationpurposesand are
targetedat a large variety of sourcetexts, including nevs
articles,Web pagesnewsgroupsarticlesand email traffic.
Thus, coverageand robustnessare emphasizedaver depth
of analysis,and accurag over stylistic fluidity. Moreover,
thesesystemsarefor the mostpartdevelopedundersevere
resourceconstraintsSomeof the new languagesvhich are
or will be coveredare so-called'low-densitylanguages’:
languagesfor which there are little or no electronic
resourceszomparatiely little expertiseandfew descriptve
linguistic works published An exampleof suchalanguage
under development at CRL is Persian. The lack of
electronicresourcesjncluding bilingual corporaor even
monolingual corpora rules out statistical and learning-
based approaches to machine translation. As a
consequencedanguageresourcesare carefully structured
and the organized to support rapid and large scale
acquisition of resources(computationaldictionariesand
grammars)Rolustnesss alsoafundamentalssue,andthe
architectureof the machine translation systemiitself is
designedto produce translationseven with incomplete
resources (although breadth of lexical coverage is a
minimum requirement) One of the desiderateof the MT
designis the ability to producetranslationsafter a very
short period of development:the incrementaladdition of

linguistic knowledgein the systemimprovesthetranslation
quality without the needto restructurehe MT softwareor

already acquiredknowledge. In this paper we illustrate

how the chosenstructurationof the languageresources
supportson the onehandrapid andincrementabcquisition
of resourcesand enablesrobust processingon the other
hand.

1.1 Past experience: the €mple
project

One of the resultsof the Temple projectat CRL, a three
yeareffort in building a setof MT systemdranslatingfrom
Arabic, Japaneserussiarand Spanishto Englishwith low
amountof resourcegVanni& Zajac97), is thata carefully
designedMT architectureis crucial for developing MT
systemswith a minimal amountof effort, and that the
quality of the software contritutes significantly to the
quality of thefinal result. The variousTempleMT systems
were built reusing existing componentsand resources
wheneer they existed, even if the quality was low. This
experience taught us some important lessons on the
construction of robust machine translation systems.In
particular it is very difficult to avoid error compounding
and to make sure that the final actual quality of the
translation is as good as the quality of the wealest
componenbf the system Also, variouslevels of linguistic
analysiswereidentifiedandtheir relationshipmadeprecise
notonly for the purposeof robustmultilevel processingbut
alsofor minimizing the effort in acquiringandmaintaining
the linguistic resourcesusedby the various components,
and ensuringa uniform quality acrossall theseresources.
Finally, since these machine translation system were
developed with levels of funding and resourceswhich
varied over time, the issue of scalability rose to
prominenceandis relatedto both the multilevel linguistic
approactandto thearchitectureof the MT systemsoftware
itself.

At the end of the Templeproject,we starteda new effort,
the Corelli project, for building an integrated machine
translation architecture that would fully meet these



requirementsThis new MT architectures alsoone of the
tamget of the new Expeditionprojectat CRL (Nirenkurg &
Raskin98), which aimsat building an integratedlinguistic
knowledge elicitation ervironment to develop languages
resourcedor building a machinetranslationsystemin a
very shortperiodof time, with alimited numberof human

resourcesandfor ary low-densitylanguage: Sinceoneof
the constraintss thatthe humanacquirersarenot linguists
or computationalinguists,andhave no prior knowledgeof
machinetranslationor even naturallanguageprocessingat
all, ary knowledge aboutthe processingand the control
flow in the systemshouldbe hidden;the acquirersshould
not needto specifyary kind of proceduraknowledge.One
feature of the Corelli architectureis precisely that all
linguistic knavledge is gpressed in a declarati way.

1.2 Goals: coverage, obustness and
incremental development

The multilevel linguistic representationused in the

architectures motivatedby two setsof goals.Thefirst set
of goalsis pragmatic. Onegoalis facilitating the designof

a syntacticmodelandthe acquisitionof syntacticrulesas
well as syntacticzonesin a dictionary In particular the

acquisitionof lexical entriesis deemedone of the most
expensve tasksin the processof building an NLP system
andspecialattentionis paidto reducethis acquisitioneffort

asmuchaspossible A secondjoalis enhancingobustness
of thevariousprocessorsilthoughanimportantpartof the

robustnessfactor is tied to the kind of processingitself

(e.g.,a top-davn vs. a bottom-up parsing stratgy), it is

largely constrainedby the way linguistic information is

structured. We therefore strive at defining a modular
framewvork where eachsyntacticmodule hasa few well-

defined interactionsa small number of other modules
(ideally, only one or two others).Failure of one module
should hare minimal consequencesn the overall output
quality of the system.

The second set of goals is related to the tamgeted
applicationsthatis machinetranslationsystemsThe way
of encoding syntactic information should facilitate the
constructionof bilingual transferdictionariesas well as
syntactictransferrules. In particular an incrementaland
modular approach to the development of language
resourcesis deemed essential: the construction of a
machine translation systemis very comple and it is

realistically impossibleto wait until the completionof all

modulesat the expecteddepthof analysis A staggerednd
modular approach has &wmportant consequences:

1. Project requirementsmention a transferbasedMT system
developedfrom scratchby a teamof onelanguagespecialist
ge.g._, a translator)and one programmerin 6 months; the

ngulsrlhqsneranorandthe Englishtarget dictionary aswell
asthe enginesare provided and the teamhasto build
language resources for analysis and transfer only (!).

* It becomegpossibleto testthe systemthroughpuibon
actual documentsvery early in the development

cycle;

e Each module can be tested and delugged
independentlyof others without waiting for the
completionof the whole system(testinga complete
system without being able to test each module
independentlys anightmarethatary MT developer
dreads).

* And last but not least, it becomespossible to
corvince funders early in the project that the
projects mone/ will not be wastedin somenew
hopeless MT gnture.

This paperpresentshe Corelli architectureandshowvs how

it addresseshe challengesenumeratedabore. Section2

presentsthe robust scalable parsing framewvork which

enables translation at varying depths of linguistic

representation depending on the availability of the

correspondindinguistic knowledgein the dictionariesand

the parsers rules. Section 3 gives an overview of the

multilevel linguistic representatiomsedin the systemand

shaws that it addresseghe needsfor robustnessand

scalability aswell asthe needto facilitate acquisitionand

maintenanceof linguistic resources.This representation
provides a standardized framavork for linguistic

description that can be applied to a large variety of

languages.Section 4 presentsbriefly the incremental
acquisition stratgy followed in developing languages
resources for a machine translation system.

2 Robust Machine Translation

We start from the assumptionthat we will never have a
grammarwith a completecoverage,that the parserwill
alwaysproducepartial results,thatthe dictionarywill also
be incomplete andthateven sometransferstepmight fail.
Building theseassumptionsnto the systems architecture,
we aim at producing the best results using a set of
componentsvith varyinglevels of quality. Robustmachine
translation can be achied by a combination of:

e Breath of leical coverage;

* Rolustnessof eachindividual component(e.g., of
the morphologicalanalyzer which mustinclude a
full grammar of unknavn words and recognize
genuine unknavn words from proper names or
misspellings);

* Flexible organizationof the set of componentgo
provide fall-back in caseof failure of one of the
components.

The Corelli MT architecture offers the functionalities
necessaryo implementa robusttop-level organizationand
specialized rule formalisms are also designed with



robustnessas a requirementAll componentperateon a
single data structure (a chart) additively. The overall

stratgy is to build all possiblelinguistic structuresand
disambiguatenly whenthereis no risk of eliminatingthe
correctstructures A morphologicalanalyzerfor example
will produceall possiblesegmentationsof a form without
usingary heuristicsor statisticsto reduceambiguity Past
experiencehas shovn that, for example, a taggerthat is

98% accuratewill produceoneerrorin almostevery other
sentenceof a text. This error will get propagted to

dictionarylook-up, syntax,transferandgenerationleading
to disastroustranslations.Transfer for example, will be
appliedon a setof structureghatrepresena bestcoverage:
after analysis,all shortestpathsthat containthe highest
level of analysesreselectedor transfer After generation,
the result is a lattice of surface word forms that is

disambiguatedisingatargetstatisticallanguagenodel:the
use of heuristics is delayed to the last possible step.

2.1 Process

Syntactic analysis is divided into three major steps
correspondindo a hierarcly of constituentsEachof these
stepcanbe further sub-dvided dependingon the structure
of particular languages.

1. Constituentsuilt from oneor morelexical items:
this step might also include parsing of idioms,
compoundsphrasalverbsand other structuresat

the boundary between morphology and syntax.

2. Modifiers and specifiers: this set of rules is
typically not recursve and produce few
ambiguities. It also typically disambiguatethe
parts-of-speech.

3. Complementsglausesandparallelstructuresthis
set of rules is recursve and might introduce
additional ambiguities.

Between each step, constituents that have been
incorporatedinto larger constituentsare deletedfrom the
chart. This clean-upprocesseducesambiguityandspeeds
up parsing,andalsofacilitatedetuggingof the grammarat
thelaterstepssincetherearelessstructureso beinspected.

The result of the parseris a set of constituentsthat
representshe bestcoverageof the inputin termsof depth

of analysis (see bel and breath of a@rage of the input.

Transfer is diided into three major components:

e A lexical transfer componentstranslateswords
independentlyof their context (for word-forword
translation for example) and is augmentedby
morphological transfer rules. This componentis
also called by the reorderingcomponentand the
structural transfer component.

« A simplebut very robustreorderingcomponenthat
reorder sub-constituentsaccording to the tamget
surfaceorder A very simplegenerationcomponent
simply traversethe re-orderedsyntacticstructurein
order to producea sequenceof lexical items: this
component produces basically a word-for-word
translation with reordering.

« A morecompl« structuraltransfercomponenthat
produces arbitrary target morpho-syntactic
structures, introducing for example syntactic
structures for syntactic phenomena that are
morphologicalphenomenan the sourcelanguage.
This level produces syntactically correct target
structures.

Lexical transfer applies when words have not been

incorporatedin ary syntactic structure,producingin the

worst casea word-forrword translation.Structuraltransfer
is appliedto syntacticconstituentslf for someconstituent
no structural transfer rule applies, the system usesthe

reorderingrulesto produceanapproximateargetstructure.
Structuraltransferand reorderingare interleared so that

structural transfer can be called on a sub-constituent
produced by a reordering rule.

Morphological
Analysis

orphological
Generation

Lexical
Transfer

Syntactic
Generation

Structural
Transfer

Figure 1. Multile vel Machine Translation.

An importantbeneficeof this architecturds thatit allows
to produce translation as soon as morphological
componentsandlexical transferareready After thatpoint,
the deelopment of the system can proceed incrementally:

1. Build the syntacticgrammarbottom-upaccording
to the constituenthierarcly outlined above. For
eachclassof constituentproducedby the parser
write a reordering rule.



This allows to improve the translationas soonas
some constituent is added in the grammar

2. At some point in the development, when a
particular sub-class of constituent has been
described, structural transfer rules can be
developed to produce more accurate target
structures However, since structuraltransferand
reorderingare interleased, full coveragefor the
structuraltransferis not necessaryto producea
translation.

2.2 Architecture

The Corelli machinetranslationarchitecturesupportsboth
the development phase and the runtime system. The
development version is designedto support interactve
acquisitionand modificationof languageesourceaswell
as testing and delhugging a whole MT system.A Corelli
machine translation system contains a set of linguistic
componentsthe top-level of the systemis a graphwhich
definesthe control flow betweendifferent components.
This architecture uses directly the Corelli Document
Manager(Zajacet al. 97) which providesan infrastructure
and tools for integrating NLP componentgo build NLP
systems (Figur@).

-
<—>| Component Manager
Components #
Application
Document Manager |
Documents

Figure 22 Corelli MT Softwar e Architecture.

The various software componentsthat are used by
computational linguists touild an MT system are:

e Tango, a language for defining typed feature
structureswhich provides a setof predefinedtypes
and supports the notion of modules (packages).

« Habaneraa Lexical KnowledgeBasemanagement
system which is used for managingall lexical
resourcegZajac97b); Lexical entriesareinstances
of typedfeaturestructuresanda dictionary schema

is definedby type definitionsin a Tango module.
Habanerassupportsseveral indexing schemesvhich
allow runtime access byavious NLP engines.

e Sambaa morphologicalformalismwhich provides
a high-level languagefor specifyingmorphological
models.Morphologicalrulesmapstring expressions
to feature structures and Samba provides
constructions to combine and factorize
morphological rules in various ways. This
formalism supports reversible morphological
analysisand generation(Zajac 97a) and is usedto

implement morphological analyzers and generators.

» Bolero,asyntacticformalismwherea grammaris a
set of general rewrite rules for analysis (and
generationpasednthe compositionof generalized
finite-state transducers Several Rumba grammars
can be applied sequentially on the graph
representing@nanalysisallowing for finer control of
grammar application and modularity in grammar
development.

* Rumba,a very simple reorderingrule formalism
where a rule specifiesan order on a sub-setof
features as well as constraintson the kind of
constituents on which

e Mambo, a transferformalism basedon (Zajac 89)
and (Amtrup 95) that is usedto write all transfer
components of a machine translation system.

The control flow betweenmorphological, syntactic and
transfercomponentss definedby a controlgraphsimilarto
a finite-stategraphwheretransitionsdefineconditionsand
nodescontainexecutablecomponentsConditionscanstate
for examplethat if subcatgorizationinformation hasnot
beenusedto computeargumentstructure fransfermustuse
default agumentmappinginsteadof the standardnapping
defined in the dictionaries.

3 Multile vel structuring of
language resouices

The idea of multilevel structuring of linguistic
representationsan be tracedat leastasfar as (Lamb 66),
and hasbeendevelopedby linguists suchasMel'cuk (see
Mel'cuk 88 for a recentpresentation).Theseideashave
beenimplementedn text generatorat Montréal(Kittredge
& Polguéredl) for example,andin the contet of machine
translation,at Grenoble(Vauquois& Chappuy85), where
the multilevel representatioris alsousedto definelevels of

fall-backin processingn caseof failure at higherlevels’!
Thus, multilevel representationbave beenusedchiefly to
structure and patrtition the linguistic knowledge into
manageabl@arts(Emeleetal. 92). Our proposalis cogent

1. Although to my knowledge, the fall-back mechanismhas
never been implemented to its fullestent.



with previous multilevel approaches$ut its main goalsare
essentiallypragmatic:to provide a framewvork for robust
NLP and for incremental acquisition of linguistic
knowledge. These goals in turn directly influence the
definition of levels and the interaction betweendés.

3.1 Multile vel grammars

In a machinetranslationsystem,syntacticinformation is
distributed and used in various components:(bilingual)
dictionaries,syntacticgrammarsandtransfergrammarsit
should be possibleto check that syntactic information
distributedin all thesecomponentss coherentsomething
which has been traditionally difficult to achieve. To
facilitate the control of coherence between these
components,the linguist formally definesthe syntactic
structuresandthe syntacticcateyories,featuresandvalues,
which are usedin all thesecomponentsThesedefinitions
take theform of a setof typedfeaturestructuresiefinitions,
and thesedefinitions are usedby syntacticand semantic
checlersto checklexical entriesandrules(Zajac92a,92b).

For example, syntactic grammarrules will use part-of-
speechinformation encodedin lexical entriesto build

dependeng structures, and subcatgorization to build

argumentstructures Lexical transferrules map argument
structuresfrom a sourcelanguageto a target language.
Structuraltransferrules map dependeng structuresThus,
for a machinetranslationsystemto work correctly it is

essentiato ensurghatall syntacticinformationdistributed
amongthesecomponentds coherent.The linguist hasto

define and acquire the following kinds of syntactic
information:

* Morphological disambiguation rules;

e Syntactic catgories (parts-of-speech);

¢ Argument structure and subagdeization;
* Dependeng structures;

« Transfer of dependendtructures;

< Transfer of agument structures.

Eachgrammarperformsa well definedsimple taskwhich

usesonly asmallpartof theinformationencodedn lexical

items. We can distinguish 2 kinds of grammars:
disambiguation grammars and  structure-hilding

grammars. There are currently only two kinds of

disambiguationgrammars:morphologicaldisambiguation
grammars which eliminate some morphological
ambiguitiesby consideringlocal contet, and constituent
disambiguation grammars which eliminate constituent
structuresvherethe structureof complement®f argument
takingwordsdoesnot correspondo theargumentstructure
of the word.

Structure-hbilding grammars are syntactic analysis
grammarsand transfergrammars Analysis grammarsare
divided into sub-grammarsaccordingto the constituent
hierarcly outlined above. A grammarrule is an extended
contet-free rule in which the linguist can specify several
kinds of information are which are processedfedéntly:

e The right-hand side describesa pattern to be
matchedThis patternshouldincludeall constraints
for the applicability of the rule.

» Theleft-handsidedescribethe structureto be built.
As opposedo PATR-stylerules,the left-handside
will build a differentfeaturestructurein which sub-
structures from RHS elements (head and sub-
constituents)are copied through unification. The
grammarwriter is thereforefree to build arbitrary
structuredrom the RHS elementsThe adoptionof
this stratgy also maks grammars easier toregse.

* A boolean expression on sub-featurestructures
refinesthe constraintson the LHS and the RHS.
This booleanexpressionis evaluatedwhenthe rule
is applied. The evaluation may produce a
disjunction: since the implementationof feature
structures used in the parser does not include
disjunctions, the parser produces altexmatidges.

Thebooleanexpressiorallow to distinguishsub-caseor a
givenRHSpatternthatwould otherwisebeencodedisa set
of disjunctive rules with the sameRHS. It also allows to
distinguishdifferentlevels of constraintswith a rule which
canbeaddedwvhenthecorrespondindexical informationis
added in the dictionary

1. Structuralconstraintsare encodeddirectly in the
LHS and the RHS elements;

2. Syntactic constraints linking several RHS
elements such as agreementcan be encoded
directly in the structural elements using co-
referenceconstraintsor in the booleanexpression
for more elaborated checking;

3. Subcatgorizationconstraintsand constructionof
theargumentstructureareencodedn the boolean
expression, allowing to distinguish between
various subcatgorization cases for the same
surface pattern and to introduce aelt cases.

Multile vel information in the
dictionary

3.2

A dictionary entry (correspondindo a single word-sense)
records only four kinds of information:

1. Parts-of-speech (POS),
2. Subcatgorization (subcat),



3. Mapping (translation) to a et word-sense,

4. Mapping of source agument structure to the
argument structure of the gt word-sense.

The part-of-speechinformation is used by the syntactic
parserto build the syntactic dependeng trees to the
exclusion of ary other information, including
subcatgorization. Thus, the POS must encode all
informationaboutthe rangeof syntacticdependentsf the
head of a constituent.

Subcatgorization encodeshe valeny of a complement-
taking lexical item, information about the number and
position of syntactic aguments(or complements)of a
head, and the syntactic type of these amguments.
Subcatgorizationis usedby the parser(1) to disambiguate
betweenseveral parsetreesby selectinga subsetof trees
wherethe attachmenbf complementss consistentvith the
subcatgorization patternsof the head,and (2) to assign
subcatgorized complementso hamedamgumentsof the
head.

The strict separationbetweenthe 2 kinds of information
malkesit possibleto build a systemwheresubcatgorization
is missing:if subcatgorizationis missing,the parserwill

produce more ambiguous structures, and transfer of
complements will be done using daft rules.

Somelanguageanay have a more complex morphology
and the dictionary may also contain additional
morphologicabropertiessuchastheinflectionalparadigm
of alexical unit andadditionalstems Similarly, in orderto
map an argumentstructureto syntacticcomplementsn a
given syntactic contet, the dictionary may contain the
specificatiorof the rangeof syntacticstructuresn which a
given lexical unit can appear(e.g., that a verb cannot
appear in a pas& construction).

4  Anincremental approach to
resouice acquisition

Given the cost of building language resourcesfor a
machinetranslationsystem(the dictionary alone can cost
asmuchas60% of the total costof a MT system),one of

the mostimportantgoal is to minimize the cognitive load
for the acquisitionof languageresourcesThis impliesthat
acquisitionfollows a predefinedscenario,makes use of

high quality but simple tools that include training support
and on-line help, and that each step addresse®nly one
simple well-defined task.

Thelinguist will first definethe setof featuresandvalues
that will be usedin all componentsof the system (by
definingtypesfor featurestructures)Oncethis stepis done
anddocumentedthetypedefinitionswill drive someof the
acquisition tools. The linguist will either instantiate

parameter$or thesetools or askfor new specializedools.
The main concern will be to carefully define each
acquisitiontaskandpreparea setof training materialsand
documentatiorfor eachtask. We give an overview of the
two mainacquisitiontasks the bilingual dictionaryandthe
grammars.

4.1 Lexical acquisition

Given the robust approachto parsingdescribedabove, we

can organize the dictionary acquisition tasksin distinct
stepsthe completionof thefirst allowing the productionof

word-for-word translationsandthe completionof the each
of thefollowing stepsproviding incrementaimprovements
in the quality of translation.We assumethat we startthe

dictionary acquisition with a list of heacdwds.

Step 1: Morphology and target equivalents
The first step includes:

« The definition of the part-of-speechand in some
languages,additional morphological information
such as inflectional paradigmsand/or additional
stems).

« Theidentificationof theword sensegwhich arenot
definedby themseles,only by their translationto a
set of equialents).

» For eachword-sensethelist of equivalents(words)
in the taget language.

At this point, it is alreadypossibleto run a morphological
analyzerand produce a word-for-word translation.If a
syntacticparseris available, a parsetree canbe produced
andreorderingand transferrules appliedto the parsetree
for reordering of the constituents.

Step 2:  Mor phosyntactic information

The second step introduces additional morphosyntactic
constraintsin order to reduce ambiguities. It typically
involves a refinementof the classificationof parts-of-
speechwherefor examplemainverbscanbe classifiednto
impersonaljntransitve, transitve; nounsmay be classified
into massnounsandcountnounsetc. Thisinformationcan
be used by the parserto eliminate spurious parses,for
example for prepositional attachment.

Step 3: Argument structure and selection of taget word-
senses

The last stepincludesthe mappingto target word-senses
(insteadof simply words)andthe mappingof agumentgo
the tamget word argument structure. Mismatches are
handled during this acquisition step. The acquisition of



lexical entriesat CRL actually follows this approachwith
several important benefits:

« For eachacquisitionsub-task,the acquirerusesa
simplespecializedacquisitiontool whichis notonly
simple to build but also simple to use. The
acquisitiontools arepartof the Habaneralictionary
management toolset (Zajac 1997b).

< Sincethe acquireris lessdistractedby a comple
GraphicalUserInterface(GUI), he canconcentrate
better on the task at hand.

e Sincethe task itself is simple and repetitive, the
cognitive loadis reducedtheacquirerdoesnothave
to switch betweendifferent complex procedures,
and can thus ark faster and with less errors.

4.2 Building analysis and transfer
grammars

The developmentof grammarsarallelsthe stepsfollowed

by the machinetranslationprocessOnceall featuresand
valuesfor all componentsiredefined eachof thefollowing

grammarss developedandtestedn turn. The development
of thesegrammarsalso parallelsthe developmentof the
lexicon: grammarsl to 5 useonly POSinformationin the
dictionary (and possibly additional morphologicallexical

propertiesfor the morphological analyzer). Grammar 6

usesadditionally subcatgorization. Grammar7 usesthe
lexical mapping of ayument structures.

1. Morphological grammay morphologicaltransfer
grammart

2. Dependeng grammar; reordering rules. The
syntacticgrammarbuilds a dependengtreeusing
phrase structure rules and assigns syntactic
functionsto dependentsf the head.For eachtype
of constituent, a reordering rule is written.

3. Structural transfer grammar maps syntactic
functionsto build thetargetdependeng structure.
This transfergrammammay for exampleintroduce
new lexical headsin the target structure,delete
sub-structuresetc. This grammarcan be built at
ary time after a correspondingsyntactic sub-
grammar is bilt.

4. Addition of featuresin the lexicon (mass/count,
animag, transitvity, etc.) parallelsthe additionof
constraints in the parser and the transfer
grammars, eliminating spurious ambiguities.

5. Addition of subcatgorization frames in the
lexicon parallel the addition of subcatgorization
constraintsn the syntacticgrammarandmapping
of aguments in the structural transfer

1. A completelist hereshouldalsoinclude rules for unknovn
words, dates, proper names, agros, etc.

5 Conclusions

We have describeda nev machinetranslationarchitecture
aimedat fastdevelopmentof machinetranslationsystems
for assimilationpurposeswhere breadthof coverageand

the productionof a functional systemearly in the project
are of paramountimportance.This architecturehas been
andis beingusedin severalmachinetranslationprojectsat

CRL:

« In the Corelli projectitself, for Koreanand Serbo-
Croatian;

e In the Shiraz project, for Persian;
« In the Expedition project;

e In the MINDS project, for porting the Temple
Spanish,Japanes@and Russiansystemto the new
architecture.

Althoughthis architecturds still underdevelopmentat the
time of writing, the major component®f the systemhave
alreadybeenimplementedand usedto develop a complete
Persian-EnglisMT systematthelevel of reorderingwith a
small team of lexicographers and one year of a
computational linguist.
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Abstract
We describe a Machine Translation
framawork aimedat the rapid developmentof
large scalerobustmachineranslatiorsystems
for assimilation purposes,where the MT
systemis incorporatedas one of the toolsin
an analysts workstation. The multilevel
architecture of the systemis designedto
enableearly delivery of functionaltranslation
capabilitiesand incrementalimprovementof
quality. A crucialaspecbf theframework s a
carefularticulationof a softwarearchitecture,
a linguistic architectureand an incremental
developmentproces®f linguisticknowledge.

1 Intr oduction

The machinetranslationsystemshat are being developed
at CRL are designedfor assimilationpurposesand are
targetedat a large variety of sourcetexts, including nevs
articles,Web pagesnewsgroupsarticlesand email traffic.
Thus, coverageand robustnessare emphasizedaver depth
of analysis,and accurag over stylistic fluidity. Moreover,
thesesystemsarefor the mostpartdevelopedundersevere
resourceconstraintsSomeof the new languagesvhich are
or will be coveredare so-called'low-densitylanguages’:
languagesfor which there are little or no electronic
resourceszomparatiely little expertiseandfew descriptve
linguistic works published An exampleof suchalanguage
under development at CRL is Persian. The lack of
electronicresourcesjncluding bilingual corporaor even
monolingual corpora rules out statistical and learning-
based approaches to machine translation. As a
consequencedanguageresourcesare carefully structured
and the organized to support rapid and large scale
acquisition of resources(computationaldictionariesand
grammars)Rolustnesss alsoafundamentalssue,andthe
architectureof the machine translation systemiitself is
designedto produce translationseven with incomplete
resources (although breadth of lexical coverage is a
minimum requirement) One of the desiderateof the MT
designis the ability to producetranslationsafter a very
short period of development:the incrementaladdition of

linguistic knowledgein the systemimprovesthetranslation
quality without the needto restructurehe MT softwareor

already acquiredknowledge. In this paper we illustrate

how the chosenstructurationof the languageresources
supportson the onehandrapid andincrementabcquisition
of resourcesand enablesrobust processingon the other
hand.

1.1 Past experience: the €mple
project

One of the resultsof the Temple projectat CRL, a three
yeareffort in building a setof MT systemdranslatingfrom
Arabic, Japaneserussiarand Spanishto Englishwith low
amountof resourcegVanni& Zajac97), is thata carefully
designedMT architectureis crucial for developing MT
systemswith a minimal amountof effort, and that the
quality of the software contritutes significantly to the
quality of thefinal result. The variousTempleMT systems
were built reusing existing componentsand resources
wheneer they existed, even if the quality was low. This
experience taught us some important lessons on the
construction of robust machine translation systems.In
particular it is very difficult to avoid error compounding
and to make sure that the final actual quality of the
translation is as good as the quality of the wealest
componenbf the system Also, variouslevels of linguistic
analysiswereidentifiedandtheir relationshipmadeprecise
notonly for the purposeof robustmultilevel processingbut
alsofor minimizing the effort in acquiringandmaintaining
the linguistic resourcesusedby the various components,
and ensuringa uniform quality acrossall theseresources.
Finally, since these machine translation system were
developed with levels of funding and resourceswhich
varied over time, the issue of scalability rose to
prominenceandis relatedto both the multilevel linguistic
approactandto thearchitectureof the MT systemsoftware
itself.

At the end of the Templeproject,we starteda new effort,
the Corelli project, for building an integrated machine
translation architecture that would fully meet these



requirementsThis new MT architectures alsoone of the
tamget of the new Expeditionprojectat CRL (Nirenkurg &
Raskin98), which aimsat building an integratedlinguistic
knowledge elicitation ervironment to develop languages
resourcedor building a machinetranslationsystemin a
very shortperiodof time, with alimited numberof human

resourcesandfor ary low-densitylanguage: Sinceoneof
the constraintss thatthe humanacquirersarenot linguists
or computationalinguists,andhave no prior knowledgeof
machinetranslationor even naturallanguageprocessingat
all, ary knowledge aboutthe processingand the control
flow in the systemshouldbe hidden;the acquirersshould
not needto specifyary kind of proceduraknowledge.One
feature of the Corelli architectureis precisely that all
linguistic knavledge is gpressed in a declarati way.

1.2 Goals: coverage, obustness and
incremental development

The multilevel linguistic representationused in the

architectures motivatedby two setsof goals.Thefirst set
of goalsis pragmatic. Onegoalis facilitating the designof

a syntacticmodelandthe acquisitionof syntacticrulesas
well as syntacticzonesin a dictionary In particular the

acquisitionof lexical entriesis deemedone of the most
expensve tasksin the processof building an NLP system
andspecialattentionis paidto reducethis acquisitioneffort

asmuchaspossible A secondjoalis enhancingobustness
of thevariousprocessorsilthoughanimportantpartof the

robustnessfactor is tied to the kind of processingitself

(e.g.,a top-davn vs. a bottom-up parsing stratgy), it is

largely constrainedby the way linguistic information is

structured. We therefore strive at defining a modular
framewvork where eachsyntacticmodule hasa few well-

defined interactionsa small number of other modules
(ideally, only one or two others).Failure of one module
should hare minimal consequencesn the overall output
quality of the system.

The second set of goals is related to the tamgeted
applicationsthatis machinetranslationsystemsThe way
of encoding syntactic information should facilitate the
constructionof bilingual transferdictionariesas well as
syntactictransferrules. In particular an incrementaland
modular approach to the development of language
resourcesis deemed essential: the construction of a
machine translation systemis very comple and it is

realistically impossibleto wait until the completionof all

modulesat the expecteddepthof analysis A staggerednd
modular approach has &wmportant consequences:

1. Project requirementsmention a transferbasedMT system
developedfrom scratchby a teamof onelanguagespecialist
ge.g._, a translator)and one programmerin 6 months; the

ngulsrlhqsneranorandthe Englishtarget dictionary aswell
asthe enginesare provided and the teamhasto build
language resources for analysis and transfer only (!).

* It becomegpossibleto testthe systemthroughpuibon
actual documentsvery early in the development

cycle;

e Each module can be tested and delugged
independentlyof others without waiting for the
completionof the whole system(testinga complete
system without being able to test each module
independentlys anightmarethatary MT developer
dreads).

* And last but not least, it becomespossible to
corvince funders early in the project that the
projects mone/ will not be wastedin somenew
hopeless MT gnture.

This paperpresentshe Corelli architectureandshowvs how

it addresseshe challengesenumeratedabore. Section2

presentsthe robust scalable parsing framewvork which

enables translation at varying depths of linguistic

representation depending on the availability of the

correspondindinguistic knowledgein the dictionariesand

the parsers rules. Section 3 gives an overview of the

multilevel linguistic representatiomsedin the systemand

shaws that it addresseghe needsfor robustnessand

scalability aswell asthe needto facilitate acquisitionand

maintenanceof linguistic resources.This representation
provides a standardized framavork for linguistic

description that can be applied to a large variety of

languages.Section 4 presentsbriefly the incremental
acquisition stratgy followed in developing languages
resources for a machine translation system.

2 Robust Machine Translation

We start from the assumptionthat we will never have a
grammarwith a completecoverage,that the parserwill
alwaysproducepartial results,thatthe dictionarywill also
be incomplete andthateven sometransferstepmight fail.
Building theseassumptionsnto the systems architecture,
we aim at producing the best results using a set of
componentsvith varyinglevels of quality. Robustmachine
translation can be achied by a combination of:

e Breath of leical coverage;

* Rolustnessof eachindividual component(e.g., of
the morphologicalanalyzer which mustinclude a
full grammar of unknavn words and recognize
genuine unknavn words from proper names or
misspellings);

* Flexible organizationof the set of componentgo
provide fall-back in caseof failure of one of the
components.

The Corelli MT architecture offers the functionalities
necessaryo implementa robusttop-level organizationand
specialized rule formalisms are also designed with



robustnessas a requirementAll componentperateon a
single data structure (a chart) additively. The overall

stratgy is to build all possiblelinguistic structuresand
disambiguatenly whenthereis no risk of eliminatingthe
correctstructures A morphologicalanalyzerfor example
will produceall possiblesegmentationsof a form without
usingary heuristicsor statisticsto reduceambiguity Past
experiencehas shovn that, for example, a taggerthat is

98% accuratewill produceoneerrorin almostevery other
sentenceof a text. This error will get propagted to

dictionarylook-up, syntax,transferandgenerationleading
to disastroustranslations.Transfer for example, will be
appliedon a setof structureghatrepresena bestcoverage:
after analysis,all shortestpathsthat containthe highest
level of analysesreselectedor transfer After generation,
the result is a lattice of surface word forms that is

disambiguatedisingatargetstatisticallanguagenodel:the
use of heuristics is delayed to the last possible step.

2.1 Process

Syntactic analysis is divided into three major steps
correspondindo a hierarcly of constituentsEachof these
stepcanbe further sub-dvided dependingon the structure
of particular languages.

1. Constituentsuilt from oneor morelexical items:
this step might also include parsing of idioms,
compoundsphrasalverbsand other structuresat

the boundary between morphology and syntax.

2. Modifiers and specifiers: this set of rules is
typically not recursve and produce few
ambiguities. It also typically disambiguatethe
parts-of-speech.

3. Complementsglausesandparallelstructuresthis
set of rules is recursve and might introduce
additional ambiguities.

Between each step, constituents that have been
incorporatedinto larger constituentsare deletedfrom the
chart. This clean-upprocesseducesambiguityandspeeds
up parsing,andalsofacilitatedetuggingof the grammarat
thelaterstepssincetherearelessstructureso beinspected.

The result of the parseris a set of constituentsthat
representshe bestcoverageof the inputin termsof depth

of analysis (see bel and breath of a@rage of the input.

Transfer is diided into three major components:

e A lexical transfer componentstranslateswords
independentlyof their context (for word-forword
translation for example) and is augmentedby
morphological transfer rules. This componentis
also called by the reorderingcomponentand the
structural transfer component.

« A simplebut very robustreorderingcomponenthat
reorder sub-constituentsaccording to the tamget
surfaceorder A very simplegenerationcomponent
simply traversethe re-orderedsyntacticstructurein
order to producea sequenceof lexical items: this
component produces basically a word-for-word
translation with reordering.

« A morecompl« structuraltransfercomponenthat
produces arbitrary target morpho-syntactic
structures, introducing for example syntactic
structures for syntactic phenomena that are
morphologicalphenomenan the sourcelanguage.
This level produces syntactically correct target
structures.

Lexical transfer applies when words have not been

incorporatedin ary syntactic structure,producingin the

worst casea word-forrword translation.Structuraltransfer
is appliedto syntacticconstituentslf for someconstituent
no structural transfer rule applies, the system usesthe

reorderingrulesto produceanapproximateargetstructure.
Structuraltransferand reorderingare interleared so that

structural transfer can be called on a sub-constituent
produced by a reordering rule.

Morphological
Analysis

orphological
Generation

Lexical
Transfer

Syntactic
Generation

Structural
Transfer

Figure 1. Multile vel Machine Translation.

An importantbeneficeof this architecturds thatit allows
to produce translation as soon as morphological
componentsandlexical transferareready After thatpoint,
the deelopment of the system can proceed incrementally:

1. Build the syntacticgrammarbottom-upaccording
to the constituenthierarcly outlined above. For
eachclassof constituentproducedby the parser
write a reordering rule.



This allows to improve the translationas soonas
some constituent is added in the grammar

2. At some point in the development, when a
particular sub-class of constituent has been
described, structural transfer rules can be
developed to produce more accurate target
structures However, since structuraltransferand
reorderingare interleased, full coveragefor the
structuraltransferis not necessaryto producea
translation.

2.2 Architecture

The Corelli machinetranslationarchitecturesupportsboth
the development phase and the runtime system. The
development version is designedto support interactve
acquisitionand modificationof languageesourceaswell
as testing and delhugging a whole MT system.A Corelli
machine translation system contains a set of linguistic
componentsthe top-level of the systemis a graphwhich
definesthe control flow betweendifferent components.
This architecture uses directly the Corelli Document
Manager(Zajacet al. 97) which providesan infrastructure
and tools for integrating NLP componentgo build NLP
systems (Figur@).

-
<—>| Component Manager
Components #
Application
Document Manager |
Documents

Figure 22 Corelli MT Softwar e Architecture.

The various software componentsthat are used by
computational linguists touild an MT system are:

e Tango, a language for defining typed feature
structureswhich provides a setof predefinedtypes
and supports the notion of modules (packages).

« Habaneraa Lexical KnowledgeBasemanagement
system which is used for managingall lexical
resourcegZajac97b); Lexical entriesareinstances
of typedfeaturestructuresanda dictionary schema

is definedby type definitionsin a Tango module.
Habanerassupportsseveral indexing schemesvhich
allow runtime access byavious NLP engines.

e Sambaa morphologicalformalismwhich provides
a high-level languagefor specifyingmorphological
models.Morphologicalrulesmapstring expressions
to feature structures and Samba provides
constructions to combine and factorize
morphological rules in various ways. This
formalism supports reversible morphological
analysisand generation(Zajac 97a) and is usedto

implement morphological analyzers and generators.

» Bolero,asyntacticformalismwherea grammaris a
set of general rewrite rules for analysis (and
generationpasednthe compositionof generalized
finite-state transducers Several Rumba grammars
can be applied sequentially on the graph
representing@nanalysisallowing for finer control of
grammar application and modularity in grammar
development.

* Rumba,a very simple reorderingrule formalism
where a rule specifiesan order on a sub-setof
features as well as constraintson the kind of
constituents on which

e Mambo, a transferformalism basedon (Zajac 89)
and (Amtrup 95) that is usedto write all transfer
components of a machine translation system.

The control flow betweenmorphological, syntactic and
transfercomponentss definedby a controlgraphsimilarto
a finite-stategraphwheretransitionsdefineconditionsand
nodescontainexecutablecomponentsConditionscanstate
for examplethat if subcatgorizationinformation hasnot
beenusedto computeargumentstructure fransfermustuse
default agumentmappinginsteadof the standardnapping
defined in the dictionaries.

3 Multile vel structuring of
language resouices

The idea of multilevel structuring of linguistic
representationsan be tracedat leastasfar as (Lamb 66),
and hasbeendevelopedby linguists suchasMel'cuk (see
Mel'cuk 88 for a recentpresentation).Theseideashave
beenimplementedn text generatorat Montréal(Kittredge
& Polguéredl) for example,andin the contet of machine
translation,at Grenoble(Vauquois& Chappuy85), where
the multilevel representatioris alsousedto definelevels of

fall-backin processingn caseof failure at higherlevels’!
Thus, multilevel representationbave beenusedchiefly to
structure and patrtition the linguistic knowledge into
manageabl@arts(Emeleetal. 92). Our proposalis cogent

1. Although to my knowledge, the fall-back mechanismhas
never been implemented to its fullestent.



with previous multilevel approaches$ut its main goalsare
essentiallypragmatic:to provide a framewvork for robust
NLP and for incremental acquisition of linguistic
knowledge. These goals in turn directly influence the
definition of levels and the interaction betweendés.

3.1 Multile vel grammars

In a machinetranslationsystem,syntacticinformation is
distributed and used in various components:(bilingual)
dictionaries,syntacticgrammarsandtransfergrammarsit
should be possibleto check that syntactic information
distributedin all thesecomponentss coherentsomething
which has been traditionally difficult to achieve. To
facilitate the control of coherence between these
components,the linguist formally definesthe syntactic
structuresandthe syntacticcateyories,featuresandvalues,
which are usedin all thesecomponentsThesedefinitions
take theform of a setof typedfeaturestructuresiefinitions,
and thesedefinitions are usedby syntacticand semantic
checlersto checklexical entriesandrules(Zajac92a,92b).

For example, syntactic grammarrules will use part-of-
speechinformation encodedin lexical entriesto build

dependeng structures, and subcatgorization to build

argumentstructures Lexical transferrules map argument
structuresfrom a sourcelanguageto a target language.
Structuraltransferrules map dependeng structuresThus,
for a machinetranslationsystemto work correctly it is

essentiato ensurghatall syntacticinformationdistributed
amongthesecomponentds coherent.The linguist hasto

define and acquire the following kinds of syntactic
information:

* Morphological disambiguation rules;

e Syntactic catgories (parts-of-speech);

¢ Argument structure and subagdeization;
* Dependeng structures;

« Transfer of dependendtructures;

< Transfer of agument structures.

Eachgrammarperformsa well definedsimple taskwhich

usesonly asmallpartof theinformationencodedn lexical

items. We can distinguish 2 kinds of grammars:
disambiguation grammars and  structure-hilding

grammars. There are currently only two kinds of

disambiguationgrammars:morphologicaldisambiguation
grammars which eliminate some morphological
ambiguitiesby consideringlocal contet, and constituent
disambiguation grammars which eliminate constituent
structuresvherethe structureof complement®f argument
takingwordsdoesnot correspondo theargumentstructure
of the word.

Structure-hbilding grammars are syntactic analysis
grammarsand transfergrammars Analysis grammarsare
divided into sub-grammarsaccordingto the constituent
hierarcly outlined above. A grammarrule is an extended
contet-free rule in which the linguist can specify several
kinds of information are which are processedfedéntly:

e The right-hand side describesa pattern to be
matchedThis patternshouldincludeall constraints
for the applicability of the rule.

» Theleft-handsidedescribethe structureto be built.
As opposedo PATR-stylerules,the left-handside
will build a differentfeaturestructurein which sub-
structures from RHS elements (head and sub-
constituents)are copied through unification. The
grammarwriter is thereforefree to build arbitrary
structuredrom the RHS elementsThe adoptionof
this stratgy also maks grammars easier toregse.

* A boolean expression on sub-featurestructures
refinesthe constraintson the LHS and the RHS.
This booleanexpressionis evaluatedwhenthe rule
is applied. The evaluation may produce a
disjunction: since the implementationof feature
structures used in the parser does not include
disjunctions, the parser produces altexmatidges.

Thebooleanexpressiorallow to distinguishsub-caseor a
givenRHSpatternthatwould otherwisebeencodedisa set
of disjunctive rules with the sameRHS. It also allows to
distinguishdifferentlevels of constraintswith a rule which
canbeaddedwvhenthecorrespondindexical informationis
added in the dictionary

1. Structuralconstraintsare encodeddirectly in the
LHS and the RHS elements;

2. Syntactic constraints linking several RHS
elements such as agreementcan be encoded
directly in the structural elements using co-
referenceconstraintsor in the booleanexpression
for more elaborated checking;

3. Subcatgorizationconstraintsand constructionof
theargumentstructureareencodedn the boolean
expression, allowing to distinguish between
various subcatgorization cases for the same
surface pattern and to introduce aelt cases.

Multile vel information in the
dictionary

3.2

A dictionary entry (correspondindo a single word-sense)
records only four kinds of information:

1. Parts-of-speech (POS),
2. Subcatgorization (subcat),



3. Mapping (translation) to a et word-sense,

4. Mapping of source agument structure to the
argument structure of the gt word-sense.

The part-of-speechinformation is used by the syntactic
parserto build the syntactic dependeng trees to the
exclusion of ary other information, including
subcatgorization. Thus, the POS must encode all
informationaboutthe rangeof syntacticdependentsf the
head of a constituent.

Subcatgorization encodeshe valeny of a complement-
taking lexical item, information about the number and
position of syntactic aguments(or complements)of a
head, and the syntactic type of these amguments.
Subcatgorizationis usedby the parser(1) to disambiguate
betweenseveral parsetreesby selectinga subsetof trees
wherethe attachmenbf complementss consistentvith the
subcatgorization patternsof the head,and (2) to assign
subcatgorized complementso hamedamgumentsof the
head.

The strict separationbetweenthe 2 kinds of information
malkesit possibleto build a systemwheresubcatgorization
is missing:if subcatgorizationis missing,the parserwill

produce more ambiguous structures, and transfer of
complements will be done using daft rules.

Somelanguageanay have a more complex morphology
and the dictionary may also contain additional
morphologicabropertiessuchastheinflectionalparadigm
of alexical unit andadditionalstems Similarly, in orderto
map an argumentstructureto syntacticcomplementsn a
given syntactic contet, the dictionary may contain the
specificatiorof the rangeof syntacticstructuresn which a
given lexical unit can appear(e.g., that a verb cannot
appear in a pas& construction).

4  Anincremental approach to
resouice acquisition

Given the cost of building language resourcesfor a
machinetranslationsystem(the dictionary alone can cost
asmuchas60% of the total costof a MT system),one of

the mostimportantgoal is to minimize the cognitive load
for the acquisitionof languageresourcesThis impliesthat
acquisitionfollows a predefinedscenario,makes use of

high quality but simple tools that include training support
and on-line help, and that each step addresse®nly one
simple well-defined task.

Thelinguist will first definethe setof featuresandvalues
that will be usedin all componentsof the system (by
definingtypesfor featurestructures)Oncethis stepis done
anddocumentedthetypedefinitionswill drive someof the
acquisition tools. The linguist will either instantiate

parameter$or thesetools or askfor new specializedools.
The main concern will be to carefully define each
acquisitiontaskandpreparea setof training materialsand
documentatiorfor eachtask. We give an overview of the
two mainacquisitiontasks the bilingual dictionaryandthe
grammars.

4.1 Lexical acquisition

Given the robust approachto parsingdescribedabove, we

can organize the dictionary acquisition tasksin distinct
stepsthe completionof thefirst allowing the productionof

word-for-word translationsandthe completionof the each
of thefollowing stepsproviding incrementaimprovements
in the quality of translation.We assumethat we startthe

dictionary acquisition with a list of heacdwds.

Step 1: Morphology and target equivalents
The first step includes:

« The definition of the part-of-speechand in some
languages,additional morphological information
such as inflectional paradigmsand/or additional
stems).

« Theidentificationof theword sensegwhich arenot
definedby themseles,only by their translationto a
set of equialents).

» For eachword-sensethelist of equivalents(words)
in the taget language.

At this point, it is alreadypossibleto run a morphological
analyzerand produce a word-for-word translation.If a
syntacticparseris available, a parsetree canbe produced
andreorderingand transferrules appliedto the parsetree
for reordering of the constituents.

Step 2:  Mor phosyntactic information

The second step introduces additional morphosyntactic
constraintsin order to reduce ambiguities. It typically
involves a refinementof the classificationof parts-of-
speechwherefor examplemainverbscanbe classifiednto
impersonaljntransitve, transitve; nounsmay be classified
into massnounsandcountnounsetc. Thisinformationcan
be used by the parserto eliminate spurious parses,for
example for prepositional attachment.

Step 3: Argument structure and selection of taget word-
senses

The last stepincludesthe mappingto target word-senses
(insteadof simply words)andthe mappingof agumentgo
the tamget word argument structure. Mismatches are
handled during this acquisition step. The acquisition of



lexical entriesat CRL actually follows this approachwith
several important benefits:

« For eachacquisitionsub-task,the acquirerusesa
simplespecializedacquisitiontool whichis notonly
simple to build but also simple to use. The
acquisitiontools arepartof the Habaneralictionary
management toolset (Zajac 1997b).

< Sincethe acquireris lessdistractedby a comple
GraphicalUserInterface(GUI), he canconcentrate
better on the task at hand.

e Sincethe task itself is simple and repetitive, the
cognitive loadis reducedtheacquirerdoesnothave
to switch betweendifferent complex procedures,
and can thus ark faster and with less errors.

4.2 Building analysis and transfer
grammars

The developmentof grammarsarallelsthe stepsfollowed

by the machinetranslationprocessOnceall featuresand
valuesfor all componentsiredefined eachof thefollowing

grammarss developedandtestedn turn. The development
of thesegrammarsalso parallelsthe developmentof the
lexicon: grammarsl to 5 useonly POSinformationin the
dictionary (and possibly additional morphologicallexical

propertiesfor the morphological analyzer). Grammar 6

usesadditionally subcatgorization. Grammar7 usesthe
lexical mapping of ayument structures.

1. Morphological grammay morphologicaltransfer
grammart

2. Dependeng grammar; reordering rules. The
syntacticgrammarbuilds a dependengtreeusing
phrase structure rules and assigns syntactic
functionsto dependentsf the head.For eachtype
of constituent, a reordering rule is written.

3. Structural transfer grammar maps syntactic
functionsto build thetargetdependeng structure.
This transfergrammammay for exampleintroduce
new lexical headsin the target structure,delete
sub-structuresetc. This grammarcan be built at
ary time after a correspondingsyntactic sub-
grammar is bilt.

4. Addition of featuresin the lexicon (mass/count,
animag, transitvity, etc.) parallelsthe additionof
constraints in the parser and the transfer
grammars, eliminating spurious ambiguities.

5. Addition of subcatgorization frames in the
lexicon parallel the addition of subcatgorization
constraintsn the syntacticgrammarandmapping
of aguments in the structural transfer

1. A completelist hereshouldalsoinclude rules for unknovn
words, dates, proper names, agros, etc.

5 Conclusions

We have describeda nev machinetranslationarchitecture
aimedat fastdevelopmentof machinetranslationsystems
for assimilationpurposeswhere breadthof coverageand

the productionof a functional systemearly in the project
are of paramountimportance.This architecturehas been
andis beingusedin severalmachinetranslationprojectsat

CRL:

« In the Corelli projectitself, for Koreanand Serbo-
Croatian;

e In the Shiraz project, for Persian;
« In the Expedition project;

e In the MINDS project, for porting the Temple
Spanish,Japanes@and Russiansystemto the new
architecture.

Althoughthis architecturds still underdevelopmentat the
time of writing, the major component®f the systemhave
alreadybeenimplementedand usedto develop a complete
Persian-EnglisMT systematthelevel of reorderingwith a
small team of lexicographers and one year of a
computational linguist.
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