
Abstract
We describe a Machine Translation
framework aimedat therapiddevelopmentof
largescalerobustmachinetranslationsystems
for assimilation purposes,where the MT
systemis incorporatedasoneof the tools in
an analyst’s workstation. The multilevel
architectureof the system is designed to
enableearlydelivery of functionaltranslation
capabilitiesand incrementalimprovementof
quality. A crucialaspectof theframework is a
carefularticulationof a softwarearchitecture,
a linguistic architectureand an incremental
developmentprocessof linguisticknowledge.

1 Intr oduction

The machinetranslationsystemsthat arebeingdeveloped
at CRL are designedfor assimilationpurposesand are
targetedat a large variety of sourcetexts, including news
articles,Web pages,newsgroupsarticlesandemail traffic.
Thus,coverageandrobustnessareemphasizedover depth
of analysis,andaccuracy over stylistic fluidity. Moreover,
thesesystemsarefor themostpartdevelopedundersevere
resourceconstraints.Someof thenew languageswhich are
or will be coveredare so-called‘low-density languages’:
languagesfor which there are little or no electronic
resources,comparatively little expertiseandfew descriptive
linguistic workspublished.An exampleof sucha language
under development at CRL is Persian. The lack of
electronic resources,including bilingual corporaor even
monolingual corpora rules out statistical and learning-
based approaches to machine translation. As a
consequence,languageresourcesare carefully structured
and the organized to support rapid and large scale
acquisition of resources(computationaldictionariesand
grammars).Robustnessis alsoa fundamentalissue,andthe
architectureof the machine translation system itself is
designedto produce translationseven with incomplete
resources(although breadth of lexical coverage is a
minimum requirement).One of the desiderataof the MT
design is the ability to producetranslationsafter a very
short period of development:the incrementaladdition of

linguistic knowledgein thesystemimprovesthetranslation
quality without the needto restructuretheMT softwareor
already acquiredknowledge. In this paper, we illustrate
how the chosenstructurationof the languageresources
supportson theonehandrapidandincrementalacquisition
of resourcesand enablesrobust processingon the other
hand.

1.1 Past experience: the Temple
project

One of the resultsof the Templeproject at CRL, a three
yeareffort in building a setof MT systemstranslatingfrom
Arabic,Japanese,RussianandSpanishto Englishwith low
amountof resources(Vanni& Zajac97), is thata carefully
designedMT architectureis crucial for developing MT
systemswith a minimal amount of effort, and that the
quality of the software contributes significantly to the
quality of thefinal result.ThevariousTempleMT systems
were built reusing existing componentsand resources
whenever 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 weakest
componentof thesystem.Also, variouslevelsof linguistic
analysiswereidentifiedandtheir relationshipmadeprecise
notonly for thepurposeof robustmultilevel processing,but
alsofor minimizing theeffort in acquiringandmaintaining
the linguistic resourcesusedby the various components,
andensuringa 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
prominence,andis relatedto both themultilevel linguistic
approachandto thearchitectureof theMT systemsoftware
itself.

At the endof the Templeproject,we starteda new effort,
the Corelli project, for building an integrated machine
translation architecture that would fully meet these
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requirements.This new MT architectureis alsooneof the
target of the new Expeditionprojectat CRL (Nirenburg &
Raskin98), which aimsat building an integratedlinguistic
knowledge elicitation environment to develop languages
resourcesfor building a machinetranslationsystemin a
very shortperiodof time, with a limited numberof human

resources,andfor any low-densitylanguage.1 Sinceoneof
theconstraintsis that thehumanacquirersarenot linguists
or computationallinguists,andhave no prior knowledgeof
machinetranslation,or evennaturallanguageprocessingat
all, any knowledge about the processingand the control
flow in the systemshouldbe hidden;the acquirersshould
not needto specifyany kind of proceduralknowledge.One
feature of the Corelli architectureis precisely that all
linguistic knowledge is expressed in a declarative way.

1.2 Goals: coverage, robustness and
incremental development

The multilevel linguistic representationused in the
architectureis motivatedby two setsof goals.Thefirst set
of goalsis pragmatic.Onegoal is facilitating thedesignof
a syntacticmodelandthe acquisitionof syntacticrulesas
well as syntacticzonesin a dictionary. In particular, the
acquisitionof lexical entries is deemedone of the most
expensive tasksin the processof building an NLP system
andspecialattentionis paidto reducethisacquisitioneffort
asmuchaspossible.A secondgoalis enhancingrobustness
of thevariousprocessors.Althoughanimportantpartof the
robustnessfactor is tied to the kind of processingitself
(e.g., a top-down vs. a bottom-upparsingstrategy), it is
largely constrainedby the way linguistic information is
structured. We therefore strive at defining a modular
framework whereeachsyntacticmodulehasa few well-
defined interactions a small number of other modules
(ideally, only one or two others).Failure of one module
shouldhave minimal consequenceson the overall output
quality of the system.

The second set of goals is related to the targeted
applications,that is machinetranslationsystems.The 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 system is very complex and it is
realistically impossibleto wait until the completionof all
modulesat theexpecteddepthof analysis.A staggeredand
modular approach has two important consequences:

• It becomespossibleto testthesystemthroughputon
actual documentsvery early in the development
cycle;

• Each module can be tested and debugged
independentlyof others without waiting for the
completionof thewholesystem(testinga complete
system without being able to test each module
independentlyis anightmarethatany MT developer
dreads).

• And last but not least, it becomespossible to
convince funders early in the project that the
project’s money will not be wastedin somenew
hopeless MT venture.

This paperpresentstheCorelli architectureandshows how
it addressesthe challengesenumeratedabove. Section2
presentsthe robust scalable parsing framework which
enables translation at varying depths of linguistic
representationdepending on the availability of the
correspondinglinguistic knowledgein thedictionariesand
the parser’s rules. Section 3 gives an overview of the
multilevel linguistic representationusedin the systemand
shows that it addressesthe needs for robustnessand
scalabilityaswell as the needto facilitateacquisitionand
maintenanceof linguistic resources.This representation
provides a standardized framework for linguistic
description that can be applied to a large variety of
languages.Section 4 presentsbriefly the incremental
acquisition strategy 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,that thedictionarywill also
be incomplete,andthatevensometransferstepmight fail.
Building theseassumptionsinto the system’s architecture,
we aim at producing the best results using a set of
componentswith varyinglevelsof quality. Robustmachine
translation can be achieved by a combination of:

• Breath of lexical coverage;

• Robustnessof eachindividual component(e.g., of
the morphologicalanalyzer, which must include a
full grammar of unknown words and recognize
genuine unknown words from proper names or
misspellings);

• Flexible organizationof the set of componentsto
provide fall-back in caseof failure of one of the
components.

The Corelli MT architecture offers the functionalities
necessaryto implementa robusttop-level organization,and
specialized rule formalisms are also designed with

1. Project requirementsmention a transfer-basedMT system
developedfrom scratchby a teamof onelanguagespecialist
(e.g., a translator)and one programmerin 6 months; the
Englishgenerationandthe English target dictionary, aswell
as the MT enginesare provided and the team has to build
language resources for analysis and transfer only (!).



robustnessasa requirement.All componentsoperateon a
single data structure (a chart) additively. The overall
strategy is to build all possiblelinguistic structuresand
disambiguateonly whenthereis no risk of eliminatingthe
correctstructures.A morphologicalanalyzerfor example
will produceall possiblesegmentationsof a form without
usingany heuristicsor statisticsto reduceambiguity. Past
experiencehas shown that, for example,a taggerthat is
98%accuratewill produceoneerror in almostevery other
sentenceof a text. This error will get propagated to
dictionarylook-up,syntax,transferandgeneration,leading
to disastroustranslations.Transfer for example, will be
appliedonasetof structuresthatrepresentabestcoverage:
after analysis,all shortestpaths that contain the highest
level of analysesareselectedfor transfer. After generation,
the result is a lattice of surface word forms that is
disambiguatedusinga targetstatisticallanguagemodel:the
use of heuristics is delayed to the last possible step.

2.1 Process

Syntactic analysis is divided into three major steps
correspondingto a hierarchy of constituents.Eachof these
stepcanbe further sub-divided dependingon the structure
of particular languages.

1. Constituentsbuilt from oneor morelexical items:
this step might also include parsing of idioms,
compounds,phrasalverbsandotherstructuresat
the boundary between morphology and syntax.

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

3. Complements,clausesandparallelstructures:this
set of rules is recursive and might introduce
additional ambiguities.

Between each step, constituents that have been
incorporatedinto larger constituentsare deletedfrom the
chart.This clean-upprocessreducesambiguityandspeeds
up parsing,andalsofacilitatedebuggingof thegrammarat
thelaterstepssincetherearelessstructuresto beinspected.

The result of the parser is a set of constituentsthat
representsthe bestcoverageof the input in termsof depth
of analysis (see below) and breath of coverage of the input.

Transfer is divided into three major components:

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

• A simplebut very robustreorderingcomponentthat
reorder sub-constituentsaccording to the target
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 morecomplex structuraltransfercomponentthat
produces arbitrary target morpho-syntactic
structures, introducing for example syntactic
structures for syntactic phenomena that are
morphologicalphenomenain the sourcelanguage.
This level produces syntactically correct target
structures.

Lexical transfer applies when words have not been
incorporatedin any syntacticstructure,producing in the
worst casea word-for-word translation.Structuraltransfer
is appliedto syntacticconstituents.If for someconstituent
no structural transfer rule applies, the system uses the
reorderingrulesto produceanapproximatetargetstructure.
Structural transferand reorderingare interleaved so that
structural transfer can be called on a sub-constituent
produced by a reordering rule.

Figure 1: Multile vel Machine Translation.

An importantbeneficeof this architectureis that it allows
to produce translation as soon as morphological
componentsandlexical transferareready. After thatpoint,
the development of the system can proceed incrementally:

1. Build thesyntacticgrammarbottom-upaccording
to the constituenthierarchy outlined above. For
eachclassof constituentproducedby the parser,
write a reordering rule.
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This allows to improve the translationassoonas
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, sincestructuraltransferand
reorderingare interleaved, full coveragefor the
structural transfer is not necessaryto producea
translation.

2.2 Ar chitecture

The Corelli machinetranslationarchitecturesupportsboth
the development phase and the runtime system. The
development version is designedto support interactive
acquisitionandmodificationof languageresourcesaswell
as testingand debugging a whole MT system.A Corelli
machine translation system contains a set of linguistic
components:the top-level of the systemis a graphwhich
defines the control flow betweendifferent components.
This architecture uses directly the Corelli Document
Manager(Zajacet al. 97) which providesan infrastructure
and tools for integrating NLP componentsto build NLP
systems (Figure2).

Figure 2: Corelli MT Softwar e Architecture.

The various software components that are used by
computational linguists to build an MT system are:

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

• Habanera,a Lexical KnowledgeBasemanagement
system which is used for managing all lexical
resources(Zajac97b); Lexical entriesareinstances
of typedfeaturestructuresanda dictionaryschema

is definedby type definitions in a Tango module.
Habanerasupportsseveral indexing schemeswhich
allow runtime access by various NLP engines.

• Samba,a morphologicalformalismwhich provides
a high-level languagefor specifyingmorphological
models.Morphologicalrulesmapstringexpressions
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,a syntacticformalismwherea grammaris a
set of general rewrite rules for analysis (and
generation)basedon thecompositionof generalized
finite-statetransducers.Several Rumba grammars
can be applied sequentially on the graph
representingananalysisallowing for finercontrolof
grammarapplication and modularity in grammar
development.

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

• 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
transfercomponentsis definedby acontrolgraphsimilar to
a finite-stategraphwheretransitionsdefineconditionsand
nodescontainexecutablecomponents.Conditionscanstate
for examplethat if subcategorization information hasnot
beenusedto computeargumentstructure,transfermustuse
default argumentmappinginsteadof thestandardmapping
defined in the dictionaries.

3 Multile vel structuring of
language resources

The idea of multilevel structuring of linguistic
representationscanbe tracedat leastasfar as(Lamb 66),
andhasbeendevelopedby linguistssuchasMel’çuk (see
Mel’çuk 88 for a recentpresentation).Theseideashave
beenimplementedin text generatorsatMontréal(Kittredge
& Polguère91) for example,andin thecontext of machine
translation,at Grenoble(Vauquois& Chappuy85), where
themultilevel representationis alsousedto definelevelsof

fall-back in processingin caseof failure at higher levels.1

Thus,multilevel representationshave beenusedchiefly to
structure and partition the linguistic knowledge into
manageableparts(Emeleet al. 92). Our proposalis cogent
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1. Although to my knowledge, the fall-back mechanismhas
never been implemented to its fullest extent.



with previous multilevel approachesbut its main goalsare
essentiallypragmatic:to provide a framework for robust
NLP and for incremental acquisition of linguistic
knowledge. These goals in turn directly influence the
definition of levels and the interaction between levels.

3.1 Multile vel grammars

In a machinetranslationsystem,syntacticinformation is
distributed and used in various components:(bilingual)
dictionaries,syntacticgrammarsandtransfergrammars.It
should be possible to check that syntactic information
distributedin all thesecomponentsis coherent,something
which has been traditionally difficult to achieve. To
facilitate the control of coherence between these
components,the linguist formally defines the syntactic
structuresandthesyntacticcategories,featuresandvalues,
which areusedin all thesecomponents.Thesedefinitions
take theform of asetof typedfeaturestructuresdefinitions,
and thesedefinitions are usedby syntacticand semantic
checkersto checklexical entriesandrules(Zajac92a,92b).

For example, syntactic grammar rules will use part-of-
speechinformation encodedin lexical entries to build
dependency structures, and subcategorization to build
argumentstructures.Lexical transferrules map argument
structuresfrom a sourcelanguageto a target language.
Structuraltransferrulesmapdependency structures.Thus,
for a machinetranslationsystemto work correctly, it is
essentialto ensurethatall syntacticinformationdistributed
amongthesecomponentsis coherent.The linguist hasto
define and acquire the following kinds of syntactic
information:

• Morphological disambiguation rules;

• Syntactic categories (parts-of-speech);

• Argument structure and subcategorization;

• Dependency structures;

• Transfer of dependency structures;

• Transfer of argument structures.

Eachgrammarperformsa well definedsimple taskwhich
usesonly a smallpartof theinformationencodedin lexical
items. We can distinguish 2 kinds of grammars:
disambiguation grammars and structure-building
grammars. There are currently only two kinds of
disambiguationgrammars:morphologicaldisambiguation
grammars which eliminate some morphological
ambiguitiesby consideringlocal context, and constituent
disambiguation grammars which eliminate constituent
structureswherethestructureof complementsof argument
takingwordsdoesnot correspondto theargumentstructure
of the word.

Structure-building grammars are syntactic analysis
grammarsand transfergrammars.Analysis grammarsare
divided into sub-grammarsaccording to the constituent
hierarchy outlined above. A grammarrule is an extended
context-free rule in which the linguist canspecifyseveral
kinds of information are which are processed differently:

• The right-hand side describesa pattern to be
matched.This patternshouldincludeall constraints
for the applicability of the rule.

• Theleft-handsidedescribethestructureto bebuilt.
As opposedto PATR-style rules,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
structuresfrom the RHS elements.The adoptionof
this strategy also makes grammars easier to reverse.

• A boolean expression on sub-featurestructures
refines the 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 alternative edges.

Thebooleanexpressionallow to distinguishsub-casesfor a
givenRHSpatternthatwouldotherwisebeencodedasaset
of disjunctive rules with the sameRHS. It also allows to
distinguishdifferentlevelsof constraintswith a rule which
canbeaddedwhenthecorrespondinglexical 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 thebooleanexpression
for more elaborated checking;

3. Subcategorizationconstraintsandconstructionof
theargumentstructureareencodedin theboolean
expression, allowing to distinguish between
various subcategorization cases for the same
surface pattern and to introduce default cases.

3.2 Multile vel information in the
dictionary

A dictionaryentry (correspondingto a singleword-sense)
records only four kinds of information:

1. Parts-of-speech (POS),

2. Subcategorization (subcat),



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

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

The part-of-speechinformation is used by the syntactic
parser to build the syntactic dependency trees to the
exclusion of any other information, including
subcategorization. Thus, the POS must encode all
informationaboutthe rangeof syntacticdependentsof the
head of a constituent.

Subcategorizationencodesthe valency of a complement-
taking lexical item, information about the number and
position of syntactic arguments(or complements)of a
head, and the syntactic type of these arguments.
Subcategorizationis usedby theparser(1) to disambiguate
betweenseveral parsetreesby selectinga subsetof trees
wheretheattachmentof complementsis consistentwith the
subcategorization patternsof the head,and (2) to assign
subcategorized complementsto namedargumentsof the
head.

The strict separationbetweenthe 2 kinds of information
makesit possibleto build asystemwheresubcategorization
is missing:if subcategorizationis missing,the parserwill
produce more ambiguous structures, and transfer of
complements will be done using default rules.

Somelanguagesmay have a more complex morphology
and the dictionary may also contain additional
morphologicalproperties,suchastheinflectionalparadigm
of a lexical unit andadditionalstems.Similarly, in orderto
map an argumentstructureto syntacticcomplementsin a
given syntactic context, the dictionary may contain the
specificationof therangeof syntacticstructuresin which a
given lexical unit can appear(e.g., that a verb cannot
appear in a passive construction).

4 An incremental approach to
resource acquisition

Given the cost of building language resourcesfor a
machinetranslationsystem(the dictionary alonecan cost
asmuchas60% of the total costof a MT system),oneof
the most importantgoal is to minimize the cognitive load
for theacquisitionof languageresources.This implies that
acquisition follows a predefinedscenario,makes use of
high quality but simple tools that include training support
and on-line help, and that eachstep addressesonly one
simple well-defined task.

The linguist will first definethe setof featuresandvalues
that will be used in all componentsof the system(by
definingtypesfor featurestructures).Oncethisstepis done
anddocumented,thetypedefinitionswill drive someof the
acquisition tools. The linguist will either instantiate

parametersfor thesetoolsor askfor new specializedtools.
The main concern will be to carefully define each
acquisitiontaskandpreparea setof trainingmaterialsand
documentationfor eachtask.We give an overview of the
two mainacquisitiontasks,thebilingual dictionaryandthe
grammars.

4.1 Lexical acquisition

Given the robust approachto parsingdescribedabove, we
can organize the dictionary acquisition tasks in distinct
steps,thecompletionof thefirst allowing theproductionof
word-for-word translations,andthecompletionof theeach
of thefollowing stepsproviding incrementalimprovements
in the quality of translation.We assumethat we start the
dictionary acquisition with a list of head words.

Step 1: Mor phology and target equivalents

The first step includes:

• The definition of the part-of-speech(and in some
languages,additional morphological information
such as inflectional paradigmsand/or additional
stems).

• Theidentificationof theword senses(which arenot
definedby themselves,only by their translationto a
set of equivalents).

• For eachword-sense,the list of equivalents(words)
in the target language.

At this point, it is alreadypossibleto run a morphological
analyzer and produce a word-for-word translation. If a
syntacticparseris available,a parsetreecanbe produced
andreorderingand transferrulesappliedto 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 refinement of the classification of parts-of-
speechwherefor examplemainverbscanbeclassifiedinto
impersonal,intransitive, transitive; nounsmaybeclassified
into massnounsandcountnouns,etc.This informationcan
be used by the parser to eliminate spuriousparses,for
example for prepositional attachment.

Step 3: Ar gument structure and selection of target word-
senses

The last step includesthe mappingto target word-senses
(insteadof simply words)andthemappingof argumentsto
the target word argument structure. Mismatches are
handledduring this acquisition step. The acquisition of



lexical entriesat CRL actually follows this approachwith
several important benefits:

• For eachacquisitionsub-task,the acquirerusesa
simplespecializedacquisitiontool which is notonly
simple to build but also simple to use. The
acquisitiontoolsarepartof theHabaneradictionary
management toolset (Zajac 1997b).

• Since the acquireris lessdistractedby a complex
GraphicalUserInterface(GUI), he canconcentrate
better on the task at hand.

• Since the task itself is simple and repetitive, the
cognitive loadis reduced:theacquirerdoesnothave
to switch betweendifferent complex procedures,
and can thus work faster and with less errors.

4.2 Building analysis and transfer
grammars

Thedevelopmentof grammarsparallelsthestepsfollowed
by the machinetranslationprocess.Onceall featuresand
valuesfor all componentsaredefined,eachof thefollowing
grammarsis developedandtestedin turn.Thedevelopment
of thesegrammarsalso parallelsthe developmentof the
lexicon: grammars1 to 5 useonly POSinformationin the
dictionary (and possibly additional morphologicallexical
propertiesfor the morphological analyzer).Grammar 6
usesadditionally subcategorization. Grammar7 usesthe
lexical mapping of argument structures.

1. Morphological grammar, morphological transfer

grammar.1

2. Dependency grammar; reordering rules. The
syntacticgrammarbuilds a dependency treeusing
phrase structure rules and assigns syntactic
functionsto dependentsof thehead.For eachtype
of constituent, a reordering rule is written.

3. Structural transfer grammar maps syntactic
functionsto build thetargetdependency structure.
This transfergrammarmayfor exampleintroduce
new lexical headsin the target structure,delete
sub-structures,etc. This grammarcan be built at
any time after a correspondingsyntactic sub-
grammar is built.

4. Addition of featuresin the lexicon (mass/count,
animacy, transitivity, etc.)parallelstheadditionof
constraints in the parser and the transfer
grammars, eliminating spurious ambiguities.

5. Addition of subcategorization frames in the
lexicon parallel the addition of subcategorization
constraintsin thesyntacticgrammarandmapping
of arguments in the structural transfer.

5 Conclusions

We have describeda new machinetranslationarchitecture
aimedat fastdevelopmentof machinetranslationsystems
for assimilationpurposeswherebreadthof coverageand
the productionof a functional systemearly in the project
are of paramountimportance.This architecturehas been
andis beingusedin severalmachinetranslationprojectsat
CRL:

• In the Corelli project itself, for KoreanandSerbo-
Croatian;

• In the Shiraz project, for Persian;

• In the Expedition project;

• In the MINDS project, for porting the Temple
Spanish,Japaneseand Russiansystemto the new
architecture.

Althoughthis architectureis still underdevelopmentat the
time of writing, the major componentsof the systemhave
alreadybeenimplementedandusedto developa complete
Persian-EnglishMT systemat thelevel of reorderingwith a
small team of lexicographers and one year of a
computational linguist.
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Abstract
We describe a Machine Translation
framework aimedat therapiddevelopmentof
largescalerobustmachinetranslationsystems
for assimilation purposes,where the MT
systemis incorporatedasoneof the tools in
an analyst’s workstation. The multilevel
architectureof the system is designed to
enableearlydelivery of functionaltranslation
capabilitiesand incrementalimprovementof
quality. A crucialaspectof theframework is a
carefularticulationof a softwarearchitecture,
a linguistic architectureand an incremental
developmentprocessof linguisticknowledge.

1 Intr oduction

The machinetranslationsystemsthat arebeingdeveloped
at CRL are designedfor assimilationpurposesand are
targetedat a large variety of sourcetexts, including news
articles,Web pages,newsgroupsarticlesandemail traffic.
Thus,coverageandrobustnessareemphasizedover depth
of analysis,andaccuracy over stylistic fluidity. Moreover,
thesesystemsarefor themostpartdevelopedundersevere
resourceconstraints.Someof thenew languageswhich are
or will be coveredare so-called‘low-density languages’:
languagesfor which there are little or no electronic
resources,comparatively little expertiseandfew descriptive
linguistic workspublished.An exampleof sucha language
under development at CRL is Persian. The lack of
electronic resources,including bilingual corporaor even
monolingual corpora rules out statistical and learning-
based approaches to machine translation. As a
consequence,languageresourcesare carefully structured
and the organized to support rapid and large scale
acquisition of resources(computationaldictionariesand
grammars).Robustnessis alsoa fundamentalissue,andthe
architectureof the machine translation system itself is
designedto produce translationseven with incomplete
resources(although breadth of lexical coverage is a
minimum requirement).One of the desiderataof the MT
design is the ability to producetranslationsafter a very
short period of development:the incrementaladdition of

linguistic knowledgein thesystemimprovesthetranslation
quality without the needto restructuretheMT softwareor
already acquiredknowledge. In this paper, we illustrate
how the chosenstructurationof the languageresources
supportson theonehandrapidandincrementalacquisition
of resourcesand enablesrobust processingon the other
hand.

1.1 Past experience: the Temple
project

One of the resultsof the Templeproject at CRL, a three
yeareffort in building a setof MT systemstranslatingfrom
Arabic,Japanese,RussianandSpanishto Englishwith low
amountof resources(Vanni& Zajac97), is thata carefully
designedMT architectureis crucial for developing MT
systemswith a minimal amount of effort, and that the
quality of the software contributes significantly to the
quality of thefinal result.ThevariousTempleMT systems
were built reusing existing componentsand resources
whenever 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 weakest
componentof thesystem.Also, variouslevelsof linguistic
analysiswereidentifiedandtheir relationshipmadeprecise
notonly for thepurposeof robustmultilevel processing,but
alsofor minimizing theeffort in acquiringandmaintaining
the linguistic resourcesusedby the various components,
andensuringa 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
prominence,andis relatedto both themultilevel linguistic
approachandto thearchitectureof theMT systemsoftware
itself.

At the endof the Templeproject,we starteda new effort,
the Corelli project, for building an integrated machine
translation architecture that would fully meet these
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requirements.This new MT architectureis alsooneof the
target of the new Expeditionprojectat CRL (Nirenburg &
Raskin98), which aimsat building an integratedlinguistic
knowledge elicitation environment to develop languages
resourcesfor building a machinetranslationsystemin a
very shortperiodof time, with a limited numberof human

resources,andfor any low-densitylanguage.1 Sinceoneof
theconstraintsis that thehumanacquirersarenot linguists
or computationallinguists,andhave no prior knowledgeof
machinetranslation,or evennaturallanguageprocessingat
all, any knowledge about the processingand the control
flow in the systemshouldbe hidden;the acquirersshould
not needto specifyany kind of proceduralknowledge.One
feature of the Corelli architectureis precisely that all
linguistic knowledge is expressed in a declarative way.

1.2 Goals: coverage, robustness and
incremental development

The multilevel linguistic representationused in the
architectureis motivatedby two setsof goals.Thefirst set
of goalsis pragmatic.Onegoal is facilitating thedesignof
a syntacticmodelandthe acquisitionof syntacticrulesas
well as syntacticzonesin a dictionary. In particular, the
acquisitionof lexical entries is deemedone of the most
expensive tasksin the processof building an NLP system
andspecialattentionis paidto reducethisacquisitioneffort
asmuchaspossible.A secondgoalis enhancingrobustness
of thevariousprocessors.Althoughanimportantpartof the
robustnessfactor is tied to the kind of processingitself
(e.g., a top-down vs. a bottom-upparsingstrategy), it is
largely constrainedby the way linguistic information is
structured. We therefore strive at defining a modular
framework whereeachsyntacticmodulehasa few well-
defined interactions a small number of other modules
(ideally, only one or two others).Failure of one module
shouldhave minimal consequenceson the overall output
quality of the system.

The second set of goals is related to the targeted
applications,that is machinetranslationsystems.The 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 system is very complex and it is
realistically impossibleto wait until the completionof all
modulesat theexpecteddepthof analysis.A staggeredand
modular approach has two important consequences:

• It becomespossibleto testthesystemthroughputon
actual documentsvery early in the development
cycle;

• Each module can be tested and debugged
independentlyof others without waiting for the
completionof thewholesystem(testinga complete
system without being able to test each module
independentlyis anightmarethatany MT developer
dreads).

• And last but not least, it becomespossible to
convince funders early in the project that the
project’s money will not be wastedin somenew
hopeless MT venture.

This paperpresentstheCorelli architectureandshows how
it addressesthe challengesenumeratedabove. Section2
presentsthe robust scalable parsing framework which
enables translation at varying depths of linguistic
representationdepending on the availability of the
correspondinglinguistic knowledgein thedictionariesand
the parser’s rules. Section 3 gives an overview of the
multilevel linguistic representationusedin the systemand
shows that it addressesthe needs for robustnessand
scalabilityaswell as the needto facilitateacquisitionand
maintenanceof linguistic resources.This representation
provides a standardized framework for linguistic
description that can be applied to a large variety of
languages.Section 4 presentsbriefly the incremental
acquisition strategy 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,that thedictionarywill also
be incomplete,andthatevensometransferstepmight fail.
Building theseassumptionsinto the system’s architecture,
we aim at producing the best results using a set of
componentswith varyinglevelsof quality. Robustmachine
translation can be achieved by a combination of:

• Breath of lexical coverage;

• Robustnessof eachindividual component(e.g., of
the morphologicalanalyzer, which must include a
full grammar of unknown words and recognize
genuine unknown words from proper names or
misspellings);

• Flexible organizationof the set of componentsto
provide fall-back in caseof failure of one of the
components.

The Corelli MT architecture offers the functionalities
necessaryto implementa robusttop-level organization,and
specialized rule formalisms are also designed with

1. Project requirementsmention a transfer-basedMT system
developedfrom scratchby a teamof onelanguagespecialist
(e.g., a translator)and one programmerin 6 months; the
Englishgenerationandthe English target dictionary, aswell
as the MT enginesare provided and the team has to build
language resources for analysis and transfer only (!).



robustnessasa requirement.All componentsoperateon a
single data structure (a chart) additively. The overall
strategy is to build all possiblelinguistic structuresand
disambiguateonly whenthereis no risk of eliminatingthe
correctstructures.A morphologicalanalyzerfor example
will produceall possiblesegmentationsof a form without
usingany heuristicsor statisticsto reduceambiguity. Past
experiencehas shown that, for example,a taggerthat is
98%accuratewill produceoneerror in almostevery other
sentenceof a text. This error will get propagated to
dictionarylook-up,syntax,transferandgeneration,leading
to disastroustranslations.Transfer for example, will be
appliedonasetof structuresthatrepresentabestcoverage:
after analysis,all shortestpaths that contain the highest
level of analysesareselectedfor transfer. After generation,
the result is a lattice of surface word forms that is
disambiguatedusinga targetstatisticallanguagemodel:the
use of heuristics is delayed to the last possible step.

2.1 Process

Syntactic analysis is divided into three major steps
correspondingto a hierarchy of constituents.Eachof these
stepcanbe further sub-divided dependingon the structure
of particular languages.

1. Constituentsbuilt from oneor morelexical items:
this step might also include parsing of idioms,
compounds,phrasalverbsandotherstructuresat
the boundary between morphology and syntax.

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

3. Complements,clausesandparallelstructures:this
set of rules is recursive and might introduce
additional ambiguities.

Between each step, constituents that have been
incorporatedinto larger constituentsare deletedfrom the
chart.This clean-upprocessreducesambiguityandspeeds
up parsing,andalsofacilitatedebuggingof thegrammarat
thelaterstepssincetherearelessstructuresto beinspected.

The result of the parser is a set of constituentsthat
representsthe bestcoverageof the input in termsof depth
of analysis (see below) and breath of coverage of the input.

Transfer is divided into three major components:

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

• A simplebut very robustreorderingcomponentthat
reorder sub-constituentsaccording to the target
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 morecomplex structuraltransfercomponentthat
produces arbitrary target morpho-syntactic
structures, introducing for example syntactic
structures for syntactic phenomena that are
morphologicalphenomenain the sourcelanguage.
This level produces syntactically correct target
structures.

Lexical transfer applies when words have not been
incorporatedin any syntacticstructure,producing in the
worst casea word-for-word translation.Structuraltransfer
is appliedto syntacticconstituents.If for someconstituent
no structural transfer rule applies, the system uses the
reorderingrulesto produceanapproximatetargetstructure.
Structural transferand reorderingare interleaved so that
structural transfer can be called on a sub-constituent
produced by a reordering rule.

Figure 1: Multile vel Machine Translation.

An importantbeneficeof this architectureis that it allows
to produce translation as soon as morphological
componentsandlexical transferareready. After thatpoint,
the development of the system can proceed incrementally:

1. Build thesyntacticgrammarbottom-upaccording
to the constituenthierarchy outlined above. For
eachclassof constituentproducedby the parser,
write a reordering rule.
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This allows to improve the translationassoonas
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, sincestructuraltransferand
reorderingare interleaved, full coveragefor the
structural transfer is not necessaryto producea
translation.

2.2 Ar chitecture

The Corelli machinetranslationarchitecturesupportsboth
the development phase and the runtime system. The
development version is designedto support interactive
acquisitionandmodificationof languageresourcesaswell
as testingand debugging a whole MT system.A Corelli
machine translation system contains a set of linguistic
components:the top-level of the systemis a graphwhich
defines the control flow betweendifferent components.
This architecture uses directly the Corelli Document
Manager(Zajacet al. 97) which providesan infrastructure
and tools for integrating NLP componentsto build NLP
systems (Figure2).

Figure 2: Corelli MT Softwar e Architecture.

The various software components that are used by
computational linguists to build an MT system are:

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

• Habanera,a Lexical KnowledgeBasemanagement
system which is used for managing all lexical
resources(Zajac97b); Lexical entriesareinstances
of typedfeaturestructuresanda dictionaryschema

is definedby type definitions in a Tango module.
Habanerasupportsseveral indexing schemeswhich
allow runtime access by various NLP engines.

• Samba,a morphologicalformalismwhich provides
a high-level languagefor specifyingmorphological
models.Morphologicalrulesmapstringexpressions
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,a syntacticformalismwherea grammaris a
set of general rewrite rules for analysis (and
generation)basedon thecompositionof generalized
finite-statetransducers.Several Rumba grammars
can be applied sequentially on the graph
representingananalysisallowing for finercontrolof
grammarapplication and modularity in grammar
development.

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

• 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
transfercomponentsis definedby acontrolgraphsimilar to
a finite-stategraphwheretransitionsdefineconditionsand
nodescontainexecutablecomponents.Conditionscanstate
for examplethat if subcategorization information hasnot
beenusedto computeargumentstructure,transfermustuse
default argumentmappinginsteadof thestandardmapping
defined in the dictionaries.

3 Multile vel structuring of
language resources

The idea of multilevel structuring of linguistic
representationscanbe tracedat leastasfar as(Lamb 66),
andhasbeendevelopedby linguistssuchasMel’çuk (see
Mel’çuk 88 for a recentpresentation).Theseideashave
beenimplementedin text generatorsatMontréal(Kittredge
& Polguère91) for example,andin thecontext of machine
translation,at Grenoble(Vauquois& Chappuy85), where
themultilevel representationis alsousedto definelevelsof

fall-back in processingin caseof failure at higher levels.1

Thus,multilevel representationshave beenusedchiefly to
structure and partition the linguistic knowledge into
manageableparts(Emeleet al. 92). Our proposalis cogent
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1. Although to my knowledge, the fall-back mechanismhas
never been implemented to its fullest extent.



with previous multilevel approachesbut its main goalsare
essentiallypragmatic:to provide a framework for robust
NLP and for incremental acquisition of linguistic
knowledge. These goals in turn directly influence the
definition of levels and the interaction between levels.

3.1 Multile vel grammars

In a machinetranslationsystem,syntacticinformation is
distributed and used in various components:(bilingual)
dictionaries,syntacticgrammarsandtransfergrammars.It
should be possible to check that syntactic information
distributedin all thesecomponentsis coherent,something
which has been traditionally difficult to achieve. To
facilitate the control of coherence between these
components,the linguist formally defines the syntactic
structuresandthesyntacticcategories,featuresandvalues,
which areusedin all thesecomponents.Thesedefinitions
take theform of asetof typedfeaturestructuresdefinitions,
and thesedefinitions are usedby syntacticand semantic
checkersto checklexical entriesandrules(Zajac92a,92b).

For example, syntactic grammar rules will use part-of-
speechinformation encodedin lexical entries to build
dependency structures, and subcategorization to build
argumentstructures.Lexical transferrules map argument
structuresfrom a sourcelanguageto a target language.
Structuraltransferrulesmapdependency structures.Thus,
for a machinetranslationsystemto work correctly, it is
essentialto ensurethatall syntacticinformationdistributed
amongthesecomponentsis coherent.The linguist hasto
define and acquire the following kinds of syntactic
information:

• Morphological disambiguation rules;

• Syntactic categories (parts-of-speech);

• Argument structure and subcategorization;

• Dependency structures;

• Transfer of dependency structures;

• Transfer of argument structures.

Eachgrammarperformsa well definedsimple taskwhich
usesonly a smallpartof theinformationencodedin lexical
items. We can distinguish 2 kinds of grammars:
disambiguation grammars and structure-building
grammars. There are currently only two kinds of
disambiguationgrammars:morphologicaldisambiguation
grammars which eliminate some morphological
ambiguitiesby consideringlocal context, and constituent
disambiguation grammars which eliminate constituent
structureswherethestructureof complementsof argument
takingwordsdoesnot correspondto theargumentstructure
of the word.

Structure-building grammars are syntactic analysis
grammarsand transfergrammars.Analysis grammarsare
divided into sub-grammarsaccording to the constituent
hierarchy outlined above. A grammarrule is an extended
context-free rule in which the linguist canspecifyseveral
kinds of information are which are processed differently:

• The right-hand side describesa pattern to be
matched.This patternshouldincludeall constraints
for the applicability of the rule.

• Theleft-handsidedescribethestructureto bebuilt.
As opposedto PATR-style rules,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
structuresfrom the RHS elements.The adoptionof
this strategy also makes grammars easier to reverse.

• A boolean expression on sub-featurestructures
refines the 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 alternative edges.

Thebooleanexpressionallow to distinguishsub-casesfor a
givenRHSpatternthatwouldotherwisebeencodedasaset
of disjunctive rules with the sameRHS. It also allows to
distinguishdifferentlevelsof constraintswith a rule which
canbeaddedwhenthecorrespondinglexical 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 thebooleanexpression
for more elaborated checking;

3. Subcategorizationconstraintsandconstructionof
theargumentstructureareencodedin theboolean
expression, allowing to distinguish between
various subcategorization cases for the same
surface pattern and to introduce default cases.

3.2 Multile vel information in the
dictionary

A dictionaryentry (correspondingto a singleword-sense)
records only four kinds of information:

1. Parts-of-speech (POS),

2. Subcategorization (subcat),



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

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

The part-of-speechinformation is used by the syntactic
parser to build the syntactic dependency trees to the
exclusion of any other information, including
subcategorization. Thus, the POS must encode all
informationaboutthe rangeof syntacticdependentsof the
head of a constituent.

Subcategorizationencodesthe valency of a complement-
taking lexical item, information about the number and
position of syntactic arguments(or complements)of a
head, and the syntactic type of these arguments.
Subcategorizationis usedby theparser(1) to disambiguate
betweenseveral parsetreesby selectinga subsetof trees
wheretheattachmentof complementsis consistentwith the
subcategorization patternsof the head,and (2) to assign
subcategorized complementsto namedargumentsof the
head.

The strict separationbetweenthe 2 kinds of information
makesit possibleto build asystemwheresubcategorization
is missing:if subcategorizationis missing,the parserwill
produce more ambiguous structures, and transfer of
complements will be done using default rules.

Somelanguagesmay have a more complex morphology
and the dictionary may also contain additional
morphologicalproperties,suchastheinflectionalparadigm
of a lexical unit andadditionalstems.Similarly, in orderto
map an argumentstructureto syntacticcomplementsin a
given syntactic context, the dictionary may contain the
specificationof therangeof syntacticstructuresin which a
given lexical unit can appear(e.g., that a verb cannot
appear in a passive construction).

4 An incremental approach to
resource acquisition

Given the cost of building language resourcesfor a
machinetranslationsystem(the dictionary alonecan cost
asmuchas60% of the total costof a MT system),oneof
the most importantgoal is to minimize the cognitive load
for theacquisitionof languageresources.This implies that
acquisition follows a predefinedscenario,makes use of
high quality but simple tools that include training support
and on-line help, and that eachstep addressesonly one
simple well-defined task.

The linguist will first definethe setof featuresandvalues
that will be used in all componentsof the system(by
definingtypesfor featurestructures).Oncethisstepis done
anddocumented,thetypedefinitionswill drive someof the
acquisition tools. The linguist will either instantiate

parametersfor thesetoolsor askfor new specializedtools.
The main concern will be to carefully define each
acquisitiontaskandpreparea setof trainingmaterialsand
documentationfor eachtask.We give an overview of the
two mainacquisitiontasks,thebilingual dictionaryandthe
grammars.

4.1 Lexical acquisition

Given the robust approachto parsingdescribedabove, we
can organize the dictionary acquisition tasks in distinct
steps,thecompletionof thefirst allowing theproductionof
word-for-word translations,andthecompletionof theeach
of thefollowing stepsproviding incrementalimprovements
in the quality of translation.We assumethat we start the
dictionary acquisition with a list of head words.

Step 1: Mor phology and target equivalents

The first step includes:

• The definition of the part-of-speech(and in some
languages,additional morphological information
such as inflectional paradigmsand/or additional
stems).

• Theidentificationof theword senses(which arenot
definedby themselves,only by their translationto a
set of equivalents).

• For eachword-sense,the list of equivalents(words)
in the target language.

At this point, it is alreadypossibleto run a morphological
analyzer and produce a word-for-word translation. If a
syntacticparseris available,a parsetreecanbe produced
andreorderingand transferrulesappliedto 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 refinement of the classification of parts-of-
speechwherefor examplemainverbscanbeclassifiedinto
impersonal,intransitive, transitive; nounsmaybeclassified
into massnounsandcountnouns,etc.This informationcan
be used by the parser to eliminate spuriousparses,for
example for prepositional attachment.

Step 3: Ar gument structure and selection of target word-
senses

The last step includesthe mappingto target word-senses
(insteadof simply words)andthemappingof argumentsto
the target word argument structure. Mismatches are
handledduring this acquisition step. The acquisition of



lexical entriesat CRL actually follows this approachwith
several important benefits:

• For eachacquisitionsub-task,the acquirerusesa
simplespecializedacquisitiontool which is notonly
simple to build but also simple to use. The
acquisitiontoolsarepartof theHabaneradictionary
management toolset (Zajac 1997b).

• Since the acquireris lessdistractedby a complex
GraphicalUserInterface(GUI), he canconcentrate
better on the task at hand.

• Since the task itself is simple and repetitive, the
cognitive loadis reduced:theacquirerdoesnothave
to switch betweendifferent complex procedures,
and can thus work faster and with less errors.

4.2 Building analysis and transfer
grammars

Thedevelopmentof grammarsparallelsthestepsfollowed
by the machinetranslationprocess.Onceall featuresand
valuesfor all componentsaredefined,eachof thefollowing
grammarsis developedandtestedin turn.Thedevelopment
of thesegrammarsalso parallelsthe developmentof the
lexicon: grammars1 to 5 useonly POSinformationin the
dictionary (and possibly additional morphologicallexical
propertiesfor the morphological analyzer).Grammar 6
usesadditionally subcategorization. Grammar7 usesthe
lexical mapping of argument structures.

1. Morphological grammar, morphological transfer

grammar.1

2. Dependency grammar; reordering rules. The
syntacticgrammarbuilds a dependency treeusing
phrase structure rules and assigns syntactic
functionsto dependentsof thehead.For eachtype
of constituent, a reordering rule is written.

3. Structural transfer grammar maps syntactic
functionsto build thetargetdependency structure.
This transfergrammarmayfor exampleintroduce
new lexical headsin the target structure,delete
sub-structures,etc. This grammarcan be built at
any time after a correspondingsyntactic sub-
grammar is built.

4. Addition of featuresin the lexicon (mass/count,
animacy, transitivity, etc.)parallelstheadditionof
constraints in the parser and the transfer
grammars, eliminating spurious ambiguities.

5. Addition of subcategorization frames in the
lexicon parallel the addition of subcategorization
constraintsin thesyntacticgrammarandmapping
of arguments in the structural transfer.

5 Conclusions

We have describeda new machinetranslationarchitecture
aimedat fastdevelopmentof machinetranslationsystems
for assimilationpurposeswherebreadthof coverageand
the productionof a functional systemearly in the project
are of paramountimportance.This architecturehas been
andis beingusedin severalmachinetranslationprojectsat
CRL:

• In the Corelli project itself, for KoreanandSerbo-
Croatian;

• In the Shiraz project, for Persian;

• In the Expedition project;

• In the MINDS project, for porting the Temple
Spanish,Japaneseand Russiansystemto the new
architecture.

Althoughthis architectureis still underdevelopmentat the
time of writing, the major componentsof the systemhave
alreadybeenimplementedandusedto developa complete
Persian-EnglishMT systemat thelevel of reorderingwith a
small team of lexicographers and one year of a
computational linguist.
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Abstract
We describe a Machine Translation
framework aimedat therapiddevelopmentof
largescalerobustmachinetranslationsystems
for assimilation purposes,where the MT
systemis incorporatedasoneof the tools in
an analyst’s workstation. The multilevel
architectureof the system is designed to
enableearlydelivery of functionaltranslation
capabilitiesand incrementalimprovementof
quality. A crucialaspectof theframework is a
carefularticulationof a softwarearchitecture,
a linguistic architectureand an incremental
developmentprocessof linguisticknowledge.

1 Intr oduction

The machinetranslationsystemsthat arebeingdeveloped
at CRL are designedfor assimilationpurposesand are
targetedat a large variety of sourcetexts, including news
articles,Web pages,newsgroupsarticlesandemail traffic.
Thus,coverageandrobustnessareemphasizedover depth
of analysis,andaccuracy over stylistic fluidity. Moreover,
thesesystemsarefor themostpartdevelopedundersevere
resourceconstraints.Someof thenew languageswhich are
or will be coveredare so-called‘low-density languages’:
languagesfor which there are little or no electronic
resources,comparatively little expertiseandfew descriptive
linguistic workspublished.An exampleof sucha language
under development at CRL is Persian. The lack of
electronic resources,including bilingual corporaor even
monolingual corpora rules out statistical and learning-
based approaches to machine translation. As a
consequence,languageresourcesare carefully structured
and the organized to support rapid and large scale
acquisition of resources(computationaldictionariesand
grammars).Robustnessis alsoa fundamentalissue,andthe
architectureof the machine translation system itself is
designedto produce translationseven with incomplete
resources(although breadth of lexical coverage is a
minimum requirement).One of the desiderataof the MT
design is the ability to producetranslationsafter a very
short period of development:the incrementaladdition of

linguistic knowledgein thesystemimprovesthetranslation
quality without the needto restructuretheMT softwareor
already acquiredknowledge. In this paper, we illustrate
how the chosenstructurationof the languageresources
supportson theonehandrapidandincrementalacquisition
of resourcesand enablesrobust processingon the other
hand.

1.1 Past experience: the Temple
project

One of the resultsof the Templeproject at CRL, a three
yeareffort in building a setof MT systemstranslatingfrom
Arabic,Japanese,RussianandSpanishto Englishwith low
amountof resources(Vanni& Zajac97), is thata carefully
designedMT architectureis crucial for developing MT
systemswith a minimal amount of effort, and that the
quality of the software contributes significantly to the
quality of thefinal result.ThevariousTempleMT systems
were built reusing existing componentsand resources
whenever 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 weakest
componentof thesystem.Also, variouslevelsof linguistic
analysiswereidentifiedandtheir relationshipmadeprecise
notonly for thepurposeof robustmultilevel processing,but
alsofor minimizing theeffort in acquiringandmaintaining
the linguistic resourcesusedby the various components,
andensuringa 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
prominence,andis relatedto both themultilevel linguistic
approachandto thearchitectureof theMT systemsoftware
itself.

At the endof the Templeproject,we starteda new effort,
the Corelli project, for building an integrated machine
translation architecture that would fully meet these
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requirements.This new MT architectureis alsooneof the
target of the new Expeditionprojectat CRL (Nirenburg &
Raskin98), which aimsat building an integratedlinguistic
knowledge elicitation environment to develop languages
resourcesfor building a machinetranslationsystemin a
very shortperiodof time, with a limited numberof human

resources,andfor any low-densitylanguage.1 Sinceoneof
theconstraintsis that thehumanacquirersarenot linguists
or computationallinguists,andhave no prior knowledgeof
machinetranslation,or evennaturallanguageprocessingat
all, any knowledge about the processingand the control
flow in the systemshouldbe hidden;the acquirersshould
not needto specifyany kind of proceduralknowledge.One
feature of the Corelli architectureis precisely that all
linguistic knowledge is expressed in a declarative way.

1.2 Goals: coverage, robustness and
incremental development

The multilevel linguistic representationused in the
architectureis motivatedby two setsof goals.Thefirst set
of goalsis pragmatic.Onegoal is facilitating thedesignof
a syntacticmodelandthe acquisitionof syntacticrulesas
well as syntacticzonesin a dictionary. In particular, the
acquisitionof lexical entries is deemedone of the most
expensive tasksin the processof building an NLP system
andspecialattentionis paidto reducethisacquisitioneffort
asmuchaspossible.A secondgoalis enhancingrobustness
of thevariousprocessors.Althoughanimportantpartof the
robustnessfactor is tied to the kind of processingitself
(e.g., a top-down vs. a bottom-upparsingstrategy), it is
largely constrainedby the way linguistic information is
structured. We therefore strive at defining a modular
framework whereeachsyntacticmodulehasa few well-
defined interactions a small number of other modules
(ideally, only one or two others).Failure of one module
shouldhave minimal consequenceson the overall output
quality of the system.

The second set of goals is related to the targeted
applications,that is machinetranslationsystems.The 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 system is very complex and it is
realistically impossibleto wait until the completionof all
modulesat theexpecteddepthof analysis.A staggeredand
modular approach has two important consequences:

• It becomespossibleto testthesystemthroughputon
actual documentsvery early in the development
cycle;

• Each module can be tested and debugged
independentlyof others without waiting for the
completionof thewholesystem(testinga complete
system without being able to test each module
independentlyis anightmarethatany MT developer
dreads).

• And last but not least, it becomespossible to
convince funders early in the project that the
project’s money will not be wastedin somenew
hopeless MT venture.

This paperpresentstheCorelli architectureandshows how
it addressesthe challengesenumeratedabove. Section2
presentsthe robust scalable parsing framework which
enables translation at varying depths of linguistic
representationdepending on the availability of the
correspondinglinguistic knowledgein thedictionariesand
the parser’s rules. Section 3 gives an overview of the
multilevel linguistic representationusedin the systemand
shows that it addressesthe needs for robustnessand
scalabilityaswell as the needto facilitateacquisitionand
maintenanceof linguistic resources.This representation
provides a standardized framework for linguistic
description that can be applied to a large variety of
languages.Section 4 presentsbriefly the incremental
acquisition strategy 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,that thedictionarywill also
be incomplete,andthatevensometransferstepmight fail.
Building theseassumptionsinto the system’s architecture,
we aim at producing the best results using a set of
componentswith varyinglevelsof quality. Robustmachine
translation can be achieved by a combination of:

• Breath of lexical coverage;

• Robustnessof eachindividual component(e.g., of
the morphologicalanalyzer, which must include a
full grammar of unknown words and recognize
genuine unknown words from proper names or
misspellings);

• Flexible organizationof the set of componentsto
provide fall-back in caseof failure of one of the
components.

The Corelli MT architecture offers the functionalities
necessaryto implementa robusttop-level organization,and
specialized rule formalisms are also designed with

1. Project requirementsmention a transfer-basedMT system
developedfrom scratchby a teamof onelanguagespecialist
(e.g., a translator)and one programmerin 6 months; the
Englishgenerationandthe English target dictionary, aswell
as the MT enginesare provided and the team has to build
language resources for analysis and transfer only (!).



robustnessasa requirement.All componentsoperateon a
single data structure (a chart) additively. The overall
strategy is to build all possiblelinguistic structuresand
disambiguateonly whenthereis no risk of eliminatingthe
correctstructures.A morphologicalanalyzerfor example
will produceall possiblesegmentationsof a form without
usingany heuristicsor statisticsto reduceambiguity. Past
experiencehas shown that, for example,a taggerthat is
98%accuratewill produceoneerror in almostevery other
sentenceof a text. This error will get propagated to
dictionarylook-up,syntax,transferandgeneration,leading
to disastroustranslations.Transfer for example, will be
appliedonasetof structuresthatrepresentabestcoverage:
after analysis,all shortestpaths that contain the highest
level of analysesareselectedfor transfer. After generation,
the result is a lattice of surface word forms that is
disambiguatedusinga targetstatisticallanguagemodel:the
use of heuristics is delayed to the last possible step.

2.1 Process

Syntactic analysis is divided into three major steps
correspondingto a hierarchy of constituents.Eachof these
stepcanbe further sub-divided dependingon the structure
of particular languages.

1. Constituentsbuilt from oneor morelexical items:
this step might also include parsing of idioms,
compounds,phrasalverbsandotherstructuresat
the boundary between morphology and syntax.

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

3. Complements,clausesandparallelstructures:this
set of rules is recursive and might introduce
additional ambiguities.

Between each step, constituents that have been
incorporatedinto larger constituentsare deletedfrom the
chart.This clean-upprocessreducesambiguityandspeeds
up parsing,andalsofacilitatedebuggingof thegrammarat
thelaterstepssincetherearelessstructuresto beinspected.

The result of the parser is a set of constituentsthat
representsthe bestcoverageof the input in termsof depth
of analysis (see below) and breath of coverage of the input.

Transfer is divided into three major components:

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

• A simplebut very robustreorderingcomponentthat
reorder sub-constituentsaccording to the target
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 morecomplex structuraltransfercomponentthat
produces arbitrary target morpho-syntactic
structures, introducing for example syntactic
structures for syntactic phenomena that are
morphologicalphenomenain the sourcelanguage.
This level produces syntactically correct target
structures.

Lexical transfer applies when words have not been
incorporatedin any syntacticstructure,producing in the
worst casea word-for-word translation.Structuraltransfer
is appliedto syntacticconstituents.If for someconstituent
no structural transfer rule applies, the system uses the
reorderingrulesto produceanapproximatetargetstructure.
Structural transferand reorderingare interleaved so that
structural transfer can be called on a sub-constituent
produced by a reordering rule.

Figure 1: Multile vel Machine Translation.

An importantbeneficeof this architectureis that it allows
to produce translation as soon as morphological
componentsandlexical transferareready. After thatpoint,
the development of the system can proceed incrementally:

1. Build thesyntacticgrammarbottom-upaccording
to the constituenthierarchy outlined above. For
eachclassof constituentproducedby the parser,
write a reordering rule.
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This allows to improve the translationassoonas
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, sincestructuraltransferand
reorderingare interleaved, full coveragefor the
structural transfer is not necessaryto producea
translation.

2.2 Ar chitecture

The Corelli machinetranslationarchitecturesupportsboth
the development phase and the runtime system. The
development version is designedto support interactive
acquisitionandmodificationof languageresourcesaswell
as testingand debugging a whole MT system.A Corelli
machine translation system contains a set of linguistic
components:the top-level of the systemis a graphwhich
defines the control flow betweendifferent components.
This architecture uses directly the Corelli Document
Manager(Zajacet al. 97) which providesan infrastructure
and tools for integrating NLP componentsto build NLP
systems (Figure2).

Figure 2: Corelli MT Softwar e Architecture.

The various software components that are used by
computational linguists to build an MT system are:

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

• Habanera,a Lexical KnowledgeBasemanagement
system which is used for managing all lexical
resources(Zajac97b); Lexical entriesareinstances
of typedfeaturestructuresanda dictionaryschema

is definedby type definitions in a Tango module.
Habanerasupportsseveral indexing schemeswhich
allow runtime access by various NLP engines.

• Samba,a morphologicalformalismwhich provides
a high-level languagefor specifyingmorphological
models.Morphologicalrulesmapstringexpressions
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,a syntacticformalismwherea grammaris a
set of general rewrite rules for analysis (and
generation)basedon thecompositionof generalized
finite-statetransducers.Several Rumba grammars
can be applied sequentially on the graph
representingananalysisallowing for finercontrolof
grammarapplication and modularity in grammar
development.

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

• 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
transfercomponentsis definedby acontrolgraphsimilar to
a finite-stategraphwheretransitionsdefineconditionsand
nodescontainexecutablecomponents.Conditionscanstate
for examplethat if subcategorization information hasnot
beenusedto computeargumentstructure,transfermustuse
default argumentmappinginsteadof thestandardmapping
defined in the dictionaries.

3 Multile vel structuring of
language resources

The idea of multilevel structuring of linguistic
representationscanbe tracedat leastasfar as(Lamb 66),
andhasbeendevelopedby linguistssuchasMel’çuk (see
Mel’çuk 88 for a recentpresentation).Theseideashave
beenimplementedin text generatorsatMontréal(Kittredge
& Polguère91) for example,andin thecontext of machine
translation,at Grenoble(Vauquois& Chappuy85), where
themultilevel representationis alsousedto definelevelsof

fall-back in processingin caseof failure at higher levels.1

Thus,multilevel representationshave beenusedchiefly to
structure and partition the linguistic knowledge into
manageableparts(Emeleet al. 92). Our proposalis cogent
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1. Although to my knowledge, the fall-back mechanismhas
never been implemented to its fullest extent.



with previous multilevel approachesbut its main goalsare
essentiallypragmatic:to provide a framework for robust
NLP and for incremental acquisition of linguistic
knowledge. These goals in turn directly influence the
definition of levels and the interaction between levels.

3.1 Multile vel grammars

In a machinetranslationsystem,syntacticinformation is
distributed and used in various components:(bilingual)
dictionaries,syntacticgrammarsandtransfergrammars.It
should be possible to check that syntactic information
distributedin all thesecomponentsis coherent,something
which has been traditionally difficult to achieve. To
facilitate the control of coherence between these
components,the linguist formally defines the syntactic
structuresandthesyntacticcategories,featuresandvalues,
which areusedin all thesecomponents.Thesedefinitions
take theform of asetof typedfeaturestructuresdefinitions,
and thesedefinitions are usedby syntacticand semantic
checkersto checklexical entriesandrules(Zajac92a,92b).

For example, syntactic grammar rules will use part-of-
speechinformation encodedin lexical entries to build
dependency structures, and subcategorization to build
argumentstructures.Lexical transferrules map argument
structuresfrom a sourcelanguageto a target language.
Structuraltransferrulesmapdependency structures.Thus,
for a machinetranslationsystemto work correctly, it is
essentialto ensurethatall syntacticinformationdistributed
amongthesecomponentsis coherent.The linguist hasto
define and acquire the following kinds of syntactic
information:

• Morphological disambiguation rules;

• Syntactic categories (parts-of-speech);

• Argument structure and subcategorization;

• Dependency structures;

• Transfer of dependency structures;

• Transfer of argument structures.

Eachgrammarperformsa well definedsimple taskwhich
usesonly a smallpartof theinformationencodedin lexical
items. We can distinguish 2 kinds of grammars:
disambiguation grammars and structure-building
grammars. There are currently only two kinds of
disambiguationgrammars:morphologicaldisambiguation
grammars which eliminate some morphological
ambiguitiesby consideringlocal context, and constituent
disambiguation grammars which eliminate constituent
structureswherethestructureof complementsof argument
takingwordsdoesnot correspondto theargumentstructure
of the word.

Structure-building grammars are syntactic analysis
grammarsand transfergrammars.Analysis grammarsare
divided into sub-grammarsaccording to the constituent
hierarchy outlined above. A grammarrule is an extended
context-free rule in which the linguist canspecifyseveral
kinds of information are which are processed differently:

• The right-hand side describesa pattern to be
matched.This patternshouldincludeall constraints
for the applicability of the rule.

• Theleft-handsidedescribethestructureto bebuilt.
As opposedto PATR-style rules,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
structuresfrom the RHS elements.The adoptionof
this strategy also makes grammars easier to reverse.

• A boolean expression on sub-featurestructures
refines the 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 alternative edges.

Thebooleanexpressionallow to distinguishsub-casesfor a
givenRHSpatternthatwouldotherwisebeencodedasaset
of disjunctive rules with the sameRHS. It also allows to
distinguishdifferentlevelsof constraintswith a rule which
canbeaddedwhenthecorrespondinglexical 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 thebooleanexpression
for more elaborated checking;

3. Subcategorizationconstraintsandconstructionof
theargumentstructureareencodedin theboolean
expression, allowing to distinguish between
various subcategorization cases for the same
surface pattern and to introduce default cases.

3.2 Multile vel information in the
dictionary

A dictionaryentry (correspondingto a singleword-sense)
records only four kinds of information:

1. Parts-of-speech (POS),

2. Subcategorization (subcat),



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

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

The part-of-speechinformation is used by the syntactic
parser to build the syntactic dependency trees to the
exclusion of any other information, including
subcategorization. Thus, the POS must encode all
informationaboutthe rangeof syntacticdependentsof the
head of a constituent.

Subcategorizationencodesthe valency of a complement-
taking lexical item, information about the number and
position of syntactic arguments(or complements)of a
head, and the syntactic type of these arguments.
Subcategorizationis usedby theparser(1) to disambiguate
betweenseveral parsetreesby selectinga subsetof trees
wheretheattachmentof complementsis consistentwith the
subcategorization patternsof the head,and (2) to assign
subcategorized complementsto namedargumentsof the
head.

The strict separationbetweenthe 2 kinds of information
makesit possibleto build asystemwheresubcategorization
is missing:if subcategorizationis missing,the parserwill
produce more ambiguous structures, and transfer of
complements will be done using default rules.

Somelanguagesmay have a more complex morphology
and the dictionary may also contain additional
morphologicalproperties,suchastheinflectionalparadigm
of a lexical unit andadditionalstems.Similarly, in orderto
map an argumentstructureto syntacticcomplementsin a
given syntactic context, the dictionary may contain the
specificationof therangeof syntacticstructuresin which a
given lexical unit can appear(e.g., that a verb cannot
appear in a passive construction).

4 An incremental approach to
resource acquisition

Given the cost of building language resourcesfor a
machinetranslationsystem(the dictionary alonecan cost
asmuchas60% of the total costof a MT system),oneof
the most importantgoal is to minimize the cognitive load
for theacquisitionof languageresources.This implies that
acquisition follows a predefinedscenario,makes use of
high quality but simple tools that include training support
and on-line help, and that eachstep addressesonly one
simple well-defined task.

The linguist will first definethe setof featuresandvalues
that will be used in all componentsof the system(by
definingtypesfor featurestructures).Oncethisstepis done
anddocumented,thetypedefinitionswill drive someof the
acquisition tools. The linguist will either instantiate

parametersfor thesetoolsor askfor new specializedtools.
The main concern will be to carefully define each
acquisitiontaskandpreparea setof trainingmaterialsand
documentationfor eachtask.We give an overview of the
two mainacquisitiontasks,thebilingual dictionaryandthe
grammars.

4.1 Lexical acquisition

Given the robust approachto parsingdescribedabove, we
can organize the dictionary acquisition tasks in distinct
steps,thecompletionof thefirst allowing theproductionof
word-for-word translations,andthecompletionof theeach
of thefollowing stepsproviding incrementalimprovements
in the quality of translation.We assumethat we start the
dictionary acquisition with a list of head words.

Step 1: Mor phology and target equivalents

The first step includes:

• The definition of the part-of-speech(and in some
languages,additional morphological information
such as inflectional paradigmsand/or additional
stems).

• Theidentificationof theword senses(which arenot
definedby themselves,only by their translationto a
set of equivalents).

• For eachword-sense,the list of equivalents(words)
in the target language.

At this point, it is alreadypossibleto run a morphological
analyzer and produce a word-for-word translation. If a
syntacticparseris available,a parsetreecanbe produced
andreorderingand transferrulesappliedto 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 refinement of the classification of parts-of-
speechwherefor examplemainverbscanbeclassifiedinto
impersonal,intransitive, transitive; nounsmaybeclassified
into massnounsandcountnouns,etc.This informationcan
be used by the parser to eliminate spuriousparses,for
example for prepositional attachment.

Step 3: Ar gument structure and selection of target word-
senses

The last step includesthe mappingto target word-senses
(insteadof simply words)andthemappingof argumentsto
the target word argument structure. Mismatches are
handledduring this acquisition step. The acquisition of



lexical entriesat CRL actually follows this approachwith
several important benefits:

• For eachacquisitionsub-task,the acquirerusesa
simplespecializedacquisitiontool which is notonly
simple to build but also simple to use. The
acquisitiontoolsarepartof theHabaneradictionary
management toolset (Zajac 1997b).

• Since the acquireris lessdistractedby a complex
GraphicalUserInterface(GUI), he canconcentrate
better on the task at hand.

• Since the task itself is simple and repetitive, the
cognitive loadis reduced:theacquirerdoesnothave
to switch betweendifferent complex procedures,
and can thus work faster and with less errors.

4.2 Building analysis and transfer
grammars

Thedevelopmentof grammarsparallelsthestepsfollowed
by the machinetranslationprocess.Onceall featuresand
valuesfor all componentsaredefined,eachof thefollowing
grammarsis developedandtestedin turn.Thedevelopment
of thesegrammarsalso parallelsthe developmentof the
lexicon: grammars1 to 5 useonly POSinformationin the
dictionary (and possibly additional morphologicallexical
propertiesfor the morphological analyzer).Grammar 6
usesadditionally subcategorization. Grammar7 usesthe
lexical mapping of argument structures.

1. Morphological grammar, morphological transfer

grammar.1

2. Dependency grammar; reordering rules. The
syntacticgrammarbuilds a dependency treeusing
phrase structure rules and assigns syntactic
functionsto dependentsof thehead.For eachtype
of constituent, a reordering rule is written.

3. Structural transfer grammar maps syntactic
functionsto build thetargetdependency structure.
This transfergrammarmayfor exampleintroduce
new lexical headsin the target structure,delete
sub-structures,etc. This grammarcan be built at
any time after a correspondingsyntactic sub-
grammar is built.

4. Addition of featuresin the lexicon (mass/count,
animacy, transitivity, etc.)parallelstheadditionof
constraints in the parser and the transfer
grammars, eliminating spurious ambiguities.

5. Addition of subcategorization frames in the
lexicon parallel the addition of subcategorization
constraintsin thesyntacticgrammarandmapping
of arguments in the structural transfer.

5 Conclusions

We have describeda new machinetranslationarchitecture
aimedat fastdevelopmentof machinetranslationsystems
for assimilationpurposeswherebreadthof coverageand
the productionof a functional systemearly in the project
are of paramountimportance.This architecturehas been
andis beingusedin severalmachinetranslationprojectsat
CRL:

• In the Corelli project itself, for KoreanandSerbo-
Croatian;

• In the Shiraz project, for Persian;

• In the Expedition project;

• In the MINDS project, for porting the Temple
Spanish,Japaneseand Russiansystemto the new
architecture.

Althoughthis architectureis still underdevelopmentat the
time of writing, the major componentsof the systemhave
alreadybeenimplementedandusedto developa complete
Persian-EnglishMT systemat thelevel of reorderingwith a
small team of lexicographers and one year of a
computational linguist.
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Abstract
We describe a Machine Translation
framework aimedat therapiddevelopmentof
largescalerobustmachinetranslationsystems
for assimilation purposes,where the MT
systemis incorporatedasoneof the tools in
an analyst’s workstation. The multilevel
architectureof the system is designed to
enableearlydelivery of functionaltranslation
capabilitiesand incrementalimprovementof
quality. A crucialaspectof theframework is a
carefularticulationof a softwarearchitecture,
a linguistic architectureand an incremental
developmentprocessof linguisticknowledge.

1 Intr oduction

The machinetranslationsystemsthat arebeingdeveloped
at CRL are designedfor assimilationpurposesand are
targetedat a large variety of sourcetexts, including news
articles,Web pages,newsgroupsarticlesandemail traffic.
Thus,coverageandrobustnessareemphasizedover depth
of analysis,andaccuracy over stylistic fluidity. Moreover,
thesesystemsarefor themostpartdevelopedundersevere
resourceconstraints.Someof thenew languageswhich are
or will be coveredare so-called‘low-density languages’:
languagesfor which there are little or no electronic
resources,comparatively little expertiseandfew descriptive
linguistic workspublished.An exampleof sucha language
under development at CRL is Persian. The lack of
electronic resources,including bilingual corporaor even
monolingual corpora rules out statistical and learning-
based approaches to machine translation. As a
consequence,languageresourcesare carefully structured
and the organized to support rapid and large scale
acquisition of resources(computationaldictionariesand
grammars).Robustnessis alsoa fundamentalissue,andthe
architectureof the machine translation system itself is
designedto produce translationseven with incomplete
resources(although breadth of lexical coverage is a
minimum requirement).One of the desiderataof the MT
design is the ability to producetranslationsafter a very
short period of development:the incrementaladdition of

linguistic knowledgein thesystemimprovesthetranslation
quality without the needto restructuretheMT softwareor
already acquiredknowledge. In this paper, we illustrate
how the chosenstructurationof the languageresources
supportson theonehandrapidandincrementalacquisition
of resourcesand enablesrobust processingon the other
hand.

1.1 Past experience: the Temple
project

One of the resultsof the Templeproject at CRL, a three
yeareffort in building a setof MT systemstranslatingfrom
Arabic,Japanese,RussianandSpanishto Englishwith low
amountof resources(Vanni& Zajac97), is thata carefully
designedMT architectureis crucial for developing MT
systemswith a minimal amount of effort, and that the
quality of the software contributes significantly to the
quality of thefinal result.ThevariousTempleMT systems
were built reusing existing componentsand resources
whenever 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 weakest
componentof thesystem.Also, variouslevelsof linguistic
analysiswereidentifiedandtheir relationshipmadeprecise
notonly for thepurposeof robustmultilevel processing,but
alsofor minimizing theeffort in acquiringandmaintaining
the linguistic resourcesusedby the various components,
andensuringa 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
prominence,andis relatedto both themultilevel linguistic
approachandto thearchitectureof theMT systemsoftware
itself.

At the endof the Templeproject,we starteda new effort,
the Corelli project, for building an integrated machine
translation architecture that would fully meet these
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requirements.This new MT architectureis alsooneof the
target of the new Expeditionprojectat CRL (Nirenburg &
Raskin98), which aimsat building an integratedlinguistic
knowledge elicitation environment to develop languages
resourcesfor building a machinetranslationsystemin a
very shortperiodof time, with a limited numberof human

resources,andfor any low-densitylanguage.1 Sinceoneof
theconstraintsis that thehumanacquirersarenot linguists
or computationallinguists,andhave no prior knowledgeof
machinetranslation,or evennaturallanguageprocessingat
all, any knowledge about the processingand the control
flow in the systemshouldbe hidden;the acquirersshould
not needto specifyany kind of proceduralknowledge.One
feature of the Corelli architectureis precisely that all
linguistic knowledge is expressed in a declarative way.

1.2 Goals: coverage, robustness and
incremental development

The multilevel linguistic representationused in the
architectureis motivatedby two setsof goals.Thefirst set
of goalsis pragmatic.Onegoal is facilitating thedesignof
a syntacticmodelandthe acquisitionof syntacticrulesas
well as syntacticzonesin a dictionary. In particular, the
acquisitionof lexical entries is deemedone of the most
expensive tasksin the processof building an NLP system
andspecialattentionis paidto reducethisacquisitioneffort
asmuchaspossible.A secondgoalis enhancingrobustness
of thevariousprocessors.Althoughanimportantpartof the
robustnessfactor is tied to the kind of processingitself
(e.g., a top-down vs. a bottom-upparsingstrategy), it is
largely constrainedby the way linguistic information is
structured. We therefore strive at defining a modular
framework whereeachsyntacticmodulehasa few well-
defined interactions a small number of other modules
(ideally, only one or two others).Failure of one module
shouldhave minimal consequenceson the overall output
quality of the system.

The second set of goals is related to the targeted
applications,that is machinetranslationsystems.The 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 system is very complex and it is
realistically impossibleto wait until the completionof all
modulesat theexpecteddepthof analysis.A staggeredand
modular approach has two important consequences:

• It becomespossibleto testthesystemthroughputon
actual documentsvery early in the development
cycle;

• Each module can be tested and debugged
independentlyof others without waiting for the
completionof thewholesystem(testinga complete
system without being able to test each module
independentlyis anightmarethatany MT developer
dreads).

• And last but not least, it becomespossible to
convince funders early in the project that the
project’s money will not be wastedin somenew
hopeless MT venture.

This paperpresentstheCorelli architectureandshows how
it addressesthe challengesenumeratedabove. Section2
presentsthe robust scalable parsing framework which
enables translation at varying depths of linguistic
representationdepending on the availability of the
correspondinglinguistic knowledgein thedictionariesand
the parser’s rules. Section 3 gives an overview of the
multilevel linguistic representationusedin the systemand
shows that it addressesthe needs for robustnessand
scalabilityaswell as the needto facilitateacquisitionand
maintenanceof linguistic resources.This representation
provides a standardized framework for linguistic
description that can be applied to a large variety of
languages.Section 4 presentsbriefly the incremental
acquisition strategy 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,that thedictionarywill also
be incomplete,andthatevensometransferstepmight fail.
Building theseassumptionsinto the system’s architecture,
we aim at producing the best results using a set of
componentswith varyinglevelsof quality. Robustmachine
translation can be achieved by a combination of:

• Breath of lexical coverage;

• Robustnessof eachindividual component(e.g., of
the morphologicalanalyzer, which must include a
full grammar of unknown words and recognize
genuine unknown words from proper names or
misspellings);

• Flexible organizationof the set of componentsto
provide fall-back in caseof failure of one of the
components.

The Corelli MT architecture offers the functionalities
necessaryto implementa robusttop-level organization,and
specialized rule formalisms are also designed with

1. Project requirementsmention a transfer-basedMT system
developedfrom scratchby a teamof onelanguagespecialist
(e.g., a translator)and one programmerin 6 months; the
Englishgenerationandthe English target dictionary, aswell
as the MT enginesare provided and the team has to build
language resources for analysis and transfer only (!).



robustnessasa requirement.All componentsoperateon a
single data structure (a chart) additively. The overall
strategy is to build all possiblelinguistic structuresand
disambiguateonly whenthereis no risk of eliminatingthe
correctstructures.A morphologicalanalyzerfor example
will produceall possiblesegmentationsof a form without
usingany heuristicsor statisticsto reduceambiguity. Past
experiencehas shown that, for example,a taggerthat is
98%accuratewill produceoneerror in almostevery other
sentenceof a text. This error will get propagated to
dictionarylook-up,syntax,transferandgeneration,leading
to disastroustranslations.Transfer for example, will be
appliedonasetof structuresthatrepresentabestcoverage:
after analysis,all shortestpaths that contain the highest
level of analysesareselectedfor transfer. After generation,
the result is a lattice of surface word forms that is
disambiguatedusinga targetstatisticallanguagemodel:the
use of heuristics is delayed to the last possible step.

2.1 Process

Syntactic analysis is divided into three major steps
correspondingto a hierarchy of constituents.Eachof these
stepcanbe further sub-divided dependingon the structure
of particular languages.

1. Constituentsbuilt from oneor morelexical items:
this step might also include parsing of idioms,
compounds,phrasalverbsandotherstructuresat
the boundary between morphology and syntax.

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

3. Complements,clausesandparallelstructures:this
set of rules is recursive and might introduce
additional ambiguities.

Between each step, constituents that have been
incorporatedinto larger constituentsare deletedfrom the
chart.This clean-upprocessreducesambiguityandspeeds
up parsing,andalsofacilitatedebuggingof thegrammarat
thelaterstepssincetherearelessstructuresto beinspected.

The result of the parser is a set of constituentsthat
representsthe bestcoverageof the input in termsof depth
of analysis (see below) and breath of coverage of the input.

Transfer is divided into three major components:

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

• A simplebut very robustreorderingcomponentthat
reorder sub-constituentsaccording to the target
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 morecomplex structuraltransfercomponentthat
produces arbitrary target morpho-syntactic
structures, introducing for example syntactic
structures for syntactic phenomena that are
morphologicalphenomenain the sourcelanguage.
This level produces syntactically correct target
structures.

Lexical transfer applies when words have not been
incorporatedin any syntacticstructure,producing in the
worst casea word-for-word translation.Structuraltransfer
is appliedto syntacticconstituents.If for someconstituent
no structural transfer rule applies, the system uses the
reorderingrulesto produceanapproximatetargetstructure.
Structural transferand reorderingare interleaved so that
structural transfer can be called on a sub-constituent
produced by a reordering rule.

Figure 1: Multile vel Machine Translation.

An importantbeneficeof this architectureis that it allows
to produce translation as soon as morphological
componentsandlexical transferareready. After thatpoint,
the development of the system can proceed incrementally:

1. Build thesyntacticgrammarbottom-upaccording
to the constituenthierarchy outlined above. For
eachclassof constituentproducedby the parser,
write a reordering rule.
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This allows to improve the translationassoonas
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, sincestructuraltransferand
reorderingare interleaved, full coveragefor the
structural transfer is not necessaryto producea
translation.

2.2 Ar chitecture

The Corelli machinetranslationarchitecturesupportsboth
the development phase and the runtime system. The
development version is designedto support interactive
acquisitionandmodificationof languageresourcesaswell
as testingand debugging a whole MT system.A Corelli
machine translation system contains a set of linguistic
components:the top-level of the systemis a graphwhich
defines the control flow betweendifferent components.
This architecture uses directly the Corelli Document
Manager(Zajacet al. 97) which providesan infrastructure
and tools for integrating NLP componentsto build NLP
systems (Figure2).

Figure 2: Corelli MT Softwar e Architecture.

The various software components that are used by
computational linguists to build an MT system are:

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

• Habanera,a Lexical KnowledgeBasemanagement
system which is used for managing all lexical
resources(Zajac97b); Lexical entriesareinstances
of typedfeaturestructuresanda dictionaryschema

is definedby type definitions in a Tango module.
Habanerasupportsseveral indexing schemeswhich
allow runtime access by various NLP engines.

• Samba,a morphologicalformalismwhich provides
a high-level languagefor specifyingmorphological
models.Morphologicalrulesmapstringexpressions
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,a syntacticformalismwherea grammaris a
set of general rewrite rules for analysis (and
generation)basedon thecompositionof generalized
finite-statetransducers.Several Rumba grammars
can be applied sequentially on the graph
representingananalysisallowing for finercontrolof
grammarapplication and modularity in grammar
development.

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

• 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
transfercomponentsis definedby acontrolgraphsimilar to
a finite-stategraphwheretransitionsdefineconditionsand
nodescontainexecutablecomponents.Conditionscanstate
for examplethat if subcategorization information hasnot
beenusedto computeargumentstructure,transfermustuse
default argumentmappinginsteadof thestandardmapping
defined in the dictionaries.

3 Multile vel structuring of
language resources

The idea of multilevel structuring of linguistic
representationscanbe tracedat leastasfar as(Lamb 66),
andhasbeendevelopedby linguistssuchasMel’çuk (see
Mel’çuk 88 for a recentpresentation).Theseideashave
beenimplementedin text generatorsatMontréal(Kittredge
& Polguère91) for example,andin thecontext of machine
translation,at Grenoble(Vauquois& Chappuy85), where
themultilevel representationis alsousedto definelevelsof

fall-back in processingin caseof failure at higher levels.1

Thus,multilevel representationshave beenusedchiefly to
structure and partition the linguistic knowledge into
manageableparts(Emeleet al. 92). Our proposalis cogent
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1. Although to my knowledge, the fall-back mechanismhas
never been implemented to its fullest extent.



with previous multilevel approachesbut its main goalsare
essentiallypragmatic:to provide a framework for robust
NLP and for incremental acquisition of linguistic
knowledge. These goals in turn directly influence the
definition of levels and the interaction between levels.

3.1 Multile vel grammars

In a machinetranslationsystem,syntacticinformation is
distributed and used in various components:(bilingual)
dictionaries,syntacticgrammarsandtransfergrammars.It
should be possible to check that syntactic information
distributedin all thesecomponentsis coherent,something
which has been traditionally difficult to achieve. To
facilitate the control of coherence between these
components,the linguist formally defines the syntactic
structuresandthesyntacticcategories,featuresandvalues,
which areusedin all thesecomponents.Thesedefinitions
take theform of asetof typedfeaturestructuresdefinitions,
and thesedefinitions are usedby syntacticand semantic
checkersto checklexical entriesandrules(Zajac92a,92b).

For example, syntactic grammar rules will use part-of-
speechinformation encodedin lexical entries to build
dependency structures, and subcategorization to build
argumentstructures.Lexical transferrules map argument
structuresfrom a sourcelanguageto a target language.
Structuraltransferrulesmapdependency structures.Thus,
for a machinetranslationsystemto work correctly, it is
essentialto ensurethatall syntacticinformationdistributed
amongthesecomponentsis coherent.The linguist hasto
define and acquire the following kinds of syntactic
information:

• Morphological disambiguation rules;

• Syntactic categories (parts-of-speech);

• Argument structure and subcategorization;

• Dependency structures;

• Transfer of dependency structures;

• Transfer of argument structures.

Eachgrammarperformsa well definedsimple taskwhich
usesonly a smallpartof theinformationencodedin lexical
items. We can distinguish 2 kinds of grammars:
disambiguation grammars and structure-building
grammars. There are currently only two kinds of
disambiguationgrammars:morphologicaldisambiguation
grammars which eliminate some morphological
ambiguitiesby consideringlocal context, and constituent
disambiguation grammars which eliminate constituent
structureswherethestructureof complementsof argument
takingwordsdoesnot correspondto theargumentstructure
of the word.

Structure-building grammars are syntactic analysis
grammarsand transfergrammars.Analysis grammarsare
divided into sub-grammarsaccording to the constituent
hierarchy outlined above. A grammarrule is an extended
context-free rule in which the linguist canspecifyseveral
kinds of information are which are processed differently:

• The right-hand side describesa pattern to be
matched.This patternshouldincludeall constraints
for the applicability of the rule.

• Theleft-handsidedescribethestructureto bebuilt.
As opposedto PATR-style rules,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
structuresfrom the RHS elements.The adoptionof
this strategy also makes grammars easier to reverse.

• A boolean expression on sub-featurestructures
refines the 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 alternative edges.

Thebooleanexpressionallow to distinguishsub-casesfor a
givenRHSpatternthatwouldotherwisebeencodedasaset
of disjunctive rules with the sameRHS. It also allows to
distinguishdifferentlevelsof constraintswith a rule which
canbeaddedwhenthecorrespondinglexical 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 thebooleanexpression
for more elaborated checking;

3. Subcategorizationconstraintsandconstructionof
theargumentstructureareencodedin theboolean
expression, allowing to distinguish between
various subcategorization cases for the same
surface pattern and to introduce default cases.

3.2 Multile vel information in the
dictionary

A dictionaryentry (correspondingto a singleword-sense)
records only four kinds of information:

1. Parts-of-speech (POS),

2. Subcategorization (subcat),



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

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

The part-of-speechinformation is used by the syntactic
parser to build the syntactic dependency trees to the
exclusion of any other information, including
subcategorization. Thus, the POS must encode all
informationaboutthe rangeof syntacticdependentsof the
head of a constituent.

Subcategorizationencodesthe valency of a complement-
taking lexical item, information about the number and
position of syntactic arguments(or complements)of a
head, and the syntactic type of these arguments.
Subcategorizationis usedby theparser(1) to disambiguate
betweenseveral parsetreesby selectinga subsetof trees
wheretheattachmentof complementsis consistentwith the
subcategorization patternsof the head,and (2) to assign
subcategorized complementsto namedargumentsof the
head.

The strict separationbetweenthe 2 kinds of information
makesit possibleto build asystemwheresubcategorization
is missing:if subcategorizationis missing,the parserwill
produce more ambiguous structures, and transfer of
complements will be done using default rules.

Somelanguagesmay have a more complex morphology
and the dictionary may also contain additional
morphologicalproperties,suchastheinflectionalparadigm
of a lexical unit andadditionalstems.Similarly, in orderto
map an argumentstructureto syntacticcomplementsin a
given syntactic context, the dictionary may contain the
specificationof therangeof syntacticstructuresin which a
given lexical unit can appear(e.g., that a verb cannot
appear in a passive construction).

4 An incremental approach to
resource acquisition

Given the cost of building language resourcesfor a
machinetranslationsystem(the dictionary alonecan cost
asmuchas60% of the total costof a MT system),oneof
the most importantgoal is to minimize the cognitive load
for theacquisitionof languageresources.This implies that
acquisition follows a predefinedscenario,makes use of
high quality but simple tools that include training support
and on-line help, and that eachstep addressesonly one
simple well-defined task.

The linguist will first definethe setof featuresandvalues
that will be used in all componentsof the system(by
definingtypesfor featurestructures).Oncethisstepis done
anddocumented,thetypedefinitionswill drive someof the
acquisition tools. The linguist will either instantiate

parametersfor thesetoolsor askfor new specializedtools.
The main concern will be to carefully define each
acquisitiontaskandpreparea setof trainingmaterialsand
documentationfor eachtask.We give an overview of the
two mainacquisitiontasks,thebilingual dictionaryandthe
grammars.

4.1 Lexical acquisition

Given the robust approachto parsingdescribedabove, we
can organize the dictionary acquisition tasks in distinct
steps,thecompletionof thefirst allowing theproductionof
word-for-word translations,andthecompletionof theeach
of thefollowing stepsproviding incrementalimprovements
in the quality of translation.We assumethat we start the
dictionary acquisition with a list of head words.

Step 1: Mor phology and target equivalents

The first step includes:

• The definition of the part-of-speech(and in some
languages,additional morphological information
such as inflectional paradigmsand/or additional
stems).

• Theidentificationof theword senses(which arenot
definedby themselves,only by their translationto a
set of equivalents).

• For eachword-sense,the list of equivalents(words)
in the target language.

At this point, it is alreadypossibleto run a morphological
analyzer and produce a word-for-word translation. If a
syntacticparseris available,a parsetreecanbe produced
andreorderingand transferrulesappliedto 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 refinement of the classification of parts-of-
speechwherefor examplemainverbscanbeclassifiedinto
impersonal,intransitive, transitive; nounsmaybeclassified
into massnounsandcountnouns,etc.This informationcan
be used by the parser to eliminate spuriousparses,for
example for prepositional attachment.

Step 3: Ar gument structure and selection of target word-
senses

The last step includesthe mappingto target word-senses
(insteadof simply words)andthemappingof argumentsto
the target word argument structure. Mismatches are
handledduring this acquisition step. The acquisition of



lexical entriesat CRL actually follows this approachwith
several important benefits:

• For eachacquisitionsub-task,the acquirerusesa
simplespecializedacquisitiontool which is notonly
simple to build but also simple to use. The
acquisitiontoolsarepartof theHabaneradictionary
management toolset (Zajac 1997b).

• Since the acquireris lessdistractedby a complex
GraphicalUserInterface(GUI), he canconcentrate
better on the task at hand.

• Since the task itself is simple and repetitive, the
cognitive loadis reduced:theacquirerdoesnothave
to switch betweendifferent complex procedures,
and can thus work faster and with less errors.

4.2 Building analysis and transfer
grammars

Thedevelopmentof grammarsparallelsthestepsfollowed
by the machinetranslationprocess.Onceall featuresand
valuesfor all componentsaredefined,eachof thefollowing
grammarsis developedandtestedin turn.Thedevelopment
of thesegrammarsalso parallelsthe developmentof the
lexicon: grammars1 to 5 useonly POSinformationin the
dictionary (and possibly additional morphologicallexical
propertiesfor the morphological analyzer).Grammar 6
usesadditionally subcategorization. Grammar7 usesthe
lexical mapping of argument structures.

1. Morphological grammar, morphological transfer

grammar.1

2. Dependency grammar; reordering rules. The
syntacticgrammarbuilds a dependency treeusing
phrase structure rules and assigns syntactic
functionsto dependentsof thehead.For eachtype
of constituent, a reordering rule is written.

3. Structural transfer grammar maps syntactic
functionsto build thetargetdependency structure.
This transfergrammarmayfor exampleintroduce
new lexical headsin the target structure,delete
sub-structures,etc. This grammarcan be built at
any time after a correspondingsyntactic sub-
grammar is built.

4. Addition of featuresin the lexicon (mass/count,
animacy, transitivity, etc.)parallelstheadditionof
constraints in the parser and the transfer
grammars, eliminating spurious ambiguities.

5. Addition of subcategorization frames in the
lexicon parallel the addition of subcategorization
constraintsin thesyntacticgrammarandmapping
of arguments in the structural transfer.

5 Conclusions

We have describeda new machinetranslationarchitecture
aimedat fastdevelopmentof machinetranslationsystems
for assimilationpurposeswherebreadthof coverageand
the productionof a functional systemearly in the project
are of paramountimportance.This architecturehas been
andis beingusedin severalmachinetranslationprojectsat
CRL:

• In the Corelli project itself, for KoreanandSerbo-
Croatian;

• In the Shiraz project, for Persian;

• In the Expedition project;

• In the MINDS project, for porting the Temple
Spanish,Japaneseand Russiansystemto the new
architecture.

Althoughthis architectureis still underdevelopmentat the
time of writing, the major componentsof the systemhave
alreadybeenimplementedandusedto developa complete
Persian-EnglishMT systemat thelevel of reorderingwith a
small team of lexicographers and one year of a
computational linguist.
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