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1 Intro duction

In this paper, | argue that the tools and techniques of grammar engineeringprovide a
meansto take the dewelopmen and ewaluation of syntactic hypothesis testing to a new
level. Grammar engineeringis the processof creating madine-readableimplemertations of
formal grammars. Traditionally, linguistic hypothesesare encaled as statemerts within a
grammatical theory and tested by collecting relevant examplesand manually verifying that
the grammarscorrectly predict the grammaticality and linguistic structure of thoseexamples.
Computerized implemertations of their grammars allow linguists to more e ciently and
e ectively test hypothesesfor two reasons:First, languagesare madeup of many subsystems
with complexinteractions. Linguists generallyfocuson just onesubsystemat a time, yet the
predictions of any particular analysiscannot be calculatedindependerily of the interacting
subsystems.With implemened grammars,the computer can track the e ects of all aspects
of the implemenation while the linguist focuseson deweloping just one. Second,automated
application of grammarsto test suites and naturally occurring data allows for much more
thorough testing of linguistic analyses|against thousandsas opposedto tens of examples
and including examplesnot anticipated by the linguist.

This work is situated within the Montagovian tradition of the \method of fragmens"
(Montague, 1974, Partee, 1979,Gazdar et al., 1985). In this methodology, theoretical ideas
are validated (and extended)through the dewelopmen of explicit grammarswhich canrelate
strings from somefragmert of the languageunder study to semaric represetations. This
is usefulbecauseas Partee puts it, \otherwise it is extremely easyto think that you have a
solution to a problem whenin fact you don't." (1979:95)In the remainder of this section, |
provide somefurther badkground on why this is the case,working from three obsenations.

Observ ation 1: Thereis no ultimate answer to the ultimate questionof synax,
phonologyand morphology?

Despite this, much work in theoretical and computational linguistics seemsfocusedon
nding simple,elegan answerswhich, evenif they don't explainthe wholelanguage nhonethe-
less have far-reading consequences.This seard is not ertirely without fruit: Important

INot even 42. For discussion,seeAdams, 1979.



big-picture results in computational linguistics can change the way we approad certain
tasks (e.g., the application of the noisy-thannel model to macine translation (Brown et al.,
1993)). In theoretical linguistics, analyses(or reanalyses)of particular phenomenacan mo-
tivate the dewelopmen of new formal theories (Bresnan, 1978, Gazdar, 1981). And yet, it
is a mistake to focusonly on sud big picture results. Practical working systemsas well as
thorough scierti ¢ analysisboth require attention to the details of language. The strong per-
formanceof NLP systemstypically dependson language-spci ¢ parameter-tuning and/or
rich linguistic annotation of training data, though theseaspects are usually de-emphasized
in presenations of sud work. At the sametime, there exists no formal grammar that ap-
proachescomprehensie descriptionof a language? The eld of documertary and descriptive
linguistics provides an exceptionto the generaltrend, re ecting an interestin whole-picture
descriptionsof languagesjncluding as many details of as many subsystemsas possible.

Observations 2: \. ..qgue chaque langageforme un systeme ou tout setient”
(...that ead languageforms a systemwhere everything hangstogether)®

For the structuralists, this dictum wasmeart to indicate that the structure of language|
the object of study of grammarians|is all in the cortrasts. From the point of view of
generative grammar, this obsenation can be taken to mean that all of the parts of the
system (phonology morphology syntax, semaitics, etc.) and all of the subparts (e.g., case,
agreemety word-order) have to work together in the production and interpretation of ev-
ery utterance. As as consequenceit is not possibleto test a syntactic hypothesisin one
subdomain without simultaneously building a model of many intersecting subdomains. Fur-
thermore, it is not possibleto test a syntactic hypothesiswithout consideringa wide variety
of su ciently complexsenences,to illustrate the interaction of subdomains.

Observ ation 3: Explanatory adequacydependson descriptive adequacy

A grammar is descriptively adequateif it accepts(and assignsthe correct structure to)
the right setof strings (Chomsky, 1965). Howeer, the sameset of strings (or string-meaning
pairs) can be descrited by many di erent grammars* Thus, accordingto Chomsky's 1965
de nitions of the terms, to have "explanatoryadequacy'a theory of grammar must provide a
way to chooseamonggrammarsdescribingthe samestring set only on the basisof the data
that a human languagelearnerwould be exposedto.

Much work in theoretical linguistics has thus focusedon trying to achieve explanatory
adequacyunfortunately at the expenseof the logically prior descriptive adequacy No matter
how interesting or elegan the analysis,it remainsa conjectureunlessits descriptive adequacy
canbeveri ed. At aminimum, onewould wishto verify that the analysiscorrectly accourts

2Those that come closestare without exception computer implementations, for reasonsthat should be-
comeclear below.

3The text hereis taken from Meillet 1903, but the original obsenation is variously attributed to Meillet,
de Saussure,and von der Gabelertz; translation mine.

4This is believed to be true in principle, and seemslikely given current evidence. However, as noted
above, there are no complete formal grammars for any language,soit hasn't beenshawn in practice.
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for the data that motivated it. More broadly, analysesshould be veri ed in the cortexts of
larger test suiteswhich illustrate their interactionswith intersectingphenomena.ln the early
days of generative grammar, sud veri cation was prohibitively expensive> With modern
computing and computational linguistic technology, howeer, it is within read.

The remainder of this paper is structured as follows: x2 provides somebadkground on
hypothesistesting in the eld of syntax. x3 givessomegeneralinformation about grammar
engineering. x4 preseits the LinGO Grammar Matrix and descriteshow it can reducethe
overhead costs of deweloping grammars. x5 presens the Montage vision of how grammar
engineeringcan cortribute to the documertation of under-descriled languages.

2 Syntactic Hyp othesis Testing

2.1 Preliminaries

For the purposesof this paper, | take syntaxto be the meansby which natural languages
relate strings of words to their meanings, over an unbounded set of strings of words (cf.
Montague, 1974;Gazdaret al., 1985)8 Secondarily syrtax is a systemwhich modelsa kind
of well-formedness. From a (human or computer) processingperspective, modeling well-
formednesss potertially usefulbecauset constrainsthe set of possiblestructures assigned
to sertences,which in turn reducesthe problem of ambiguity resolution. In cortrast to
much theoretical work on syntax, | take the string-meaningmappingto be primary and the
modeling of well-formednesdo be secondary

A syntactic hypothesisis a hypothesisabout the structuresassignedo a classof seritences
or more broadly about constrairts on possiblegrammars.

2.2 Some examples

In this section, | illustrate the notion of a syntactic hypothesis by meansof a number of
examples.l will conceitrate here mostly on the very broad-brushkind of hypotheseswhich
can only be validated in principle by building very large models, in somecases,models of
marny languages.

Principles and Parameters The Principles and Parametersconceptualization of Uni-
versalGrammar (Chomsky 1981)holdsthat particular grammarsare composedof universal
principles and settingsfor particular parameters. Each parameterhasa small number of pos-
sible values,and cortrols a range of (often apparertly unrelated) surfacephenomena.This
approad hasinspired a lot of work exploring connectionsbetweendi erent phenomenaand

5Though somedid try: cf. Friedman et al., 1971.

8In fact, there's moreto linguistic form than strings of words (conceived of as orthography or phonology),
and the form side of this equation should include such things asintonation. For presert purposes,however,
I will continue to refer to the linguistic form of an utterance as a string of words.



similarities acrosslanguages.To validate the overall approad, however, would require build-
ing a systemwhich could create grammarsfor (substartial fragmenrs of) various languages
on the basisof parametric descriptionsof those languages.

Semantic Comp ositionalit y Another exampleis semartic compositionality, or the hy-
pothesisthat the meaning of an expressionis computable from the meaning of its parts
(constituent morphemes)and how they are put together. This hypothesis(or alternatively,
principle) has appearedin many di erent guises(seee.g., Montague (1970), Szalo (2005),
Partee (1984); for its manifestation within the Grammar Matrix, seeFlickinger and Bender
(2003)). Semaric compositionality has often beensupported by an appeal to the argumen
from productivity (as far badk as Frege,1914): if it didn't hold, how could we manageto
produce and understand novel utterances? Szalo (2005)

As arguedby Reddy (1993), howe\er, it is misleadingto seenatural languageutterances
as a conduit through which spealers convey their preciseintended meaningsto hearers.
Rather, natural languageutterances sene as cluesto spealers' intentions, which hearers
interpret together with whatewer other information is at their disposal. Thus for any given
utterance that we understand, novel or not, we are using much more than the words and the
way they are put together. | do not wish to dery that there is somethingsystematicabout
how the meaning of an expressionis created from the meaning of its parts. My purpose
hereis to point out that semanic compositionality falls into the classof ideaswhich can
be fruitfully exploredthrough the method of fragmerts: There is much that can be learned
about which aspectsof meaningare handledcompositionally and how by attempting to model
the relationship between strings and meanings(or meaningrepresetations) for expanding
fragmerts of natural languages.

Natural Languages as Context-F ree Languages An exampleof alinguistic hypothesis
which has beendisproven through careful investigation is the claim that natural languages
(assetsof strings) belongto the classof cortext-free languages.Early argumerts againstthis
hypothesiswere shovn to be spuriousby Pullum and Gazdar (1982). Gazdar et al. (1985)
then wert on to try to dewelop a grammatical formalism (illustrated through a grammar
for a fragmert of English) which was conext-free in its generative capacily yet allowed
for the expressionof linguistic generalizations(in cortrast to naive applications of cortext-
free grammarsto natural language). Shieker (1986) subsequetty was able to prove the
non-conext-freenessof SwissGerman (and by extension, the classof natural languages).
Nonethelessthe grammatical theory worked out in Gazdar et al. (1985) remaineduseful as
a point of departure for the dewelopmen of additional preciseframeworks (namely, HPSG
in its variousversions). A singlecourterexamplewas enoughto shav that natural languages
(in general) are not cortext free. It would not have been possiblein principle to show
conclusiely that they are (as a courterexample might always be lurking). Howewer, the
hypothesis could have been supported by building models of ever-increasingcoverage, all
within a cortext-free formalism.

Similarly, the only way to showv that the analysisof natural languagedoes not require
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theoretical constructs sud asempty categoriesor movemert is to build working grammars
which handleall phenomengpurported to requirethesedevices,and then cortinue to extend
the grammarsfrom there to larger fragmerts of the language. But how does one discover
phenomenawhich have not yet beenanalyzed? Baldwin et al. (2005) proposea method of
using an existing implemerted grammar to systematically sift through a corpusfor phenom-
enanot yet handled by the grammar (and exceptionsto analysesof phenomenathat have
beenincorporated).

Core and periphery  Another pair of broad-brush syntactic hypothesesconcernthe dis-
tinction between\core" and \p eripheral” syntactic phenomena.Someapproadiesto syntax
delineate a set of \core" phenomena,leaving the remainder (the \p eriphery") outside the
scope of syntactic theory. In cortrast, Construction Grammar (Kay and Fillmore, 1999)
and related frameworks take the stancethat there is no sharp line between \core" and
\p eriphery", that natural languagesynax involves both broad generalizationsand speci ¢
idiosyncrasies,and that these should be stored together in one formally consistem system.
Bender and Flickinger (1999) further argue that in building grammarswhich courtenance
both core and peripheral phenomena,handling the exigenciesof the latter (e.g., English
tag questions)provides a meansof selectingamongcompeting analysesof the former (e.g.,
agreemet).

2.3 Testing hyp otheses

As a generalrule, onecannottest a syrtactic hypothesismerely by looking at surfacestrings.
These properties typically aren't apparen in that fashion, nor are they directly accessible
to introspection. Instead, syntacticians build models and test the predictions about gram-
maticality and paraphraserelations made by the model against judgmerts of acceptability
provided by native spealers.

Sud syntactic modelsvary in their explicitness. At oneend, we nd generalargumeris
for or againstparticular propertiesof models. When sud argumeris are madein the absence
of a worked-out grammar for a fragmert of the language,it is typically not possibleto fully
calculate the predictions they make about any particular string. At the other end of the
scaleare elaborated models which are detailed enoughthat one can processtest examples
with them and arrive at predictions of string-meaningmappingsas well as grammaticality.
By building elaborated models (and implemerting them in madine-readableform so that
computers can handle the testing), we can validate that the assumptionsat least work
together asintended. More importantly, sincethe goalis to ultimately build one model that
accourts for all of the known data pertaining to linguistic competence ,we canuseelaborated
modelsto track how well various analyseswork together.



3 Grammar Engineering

Grammar engineeringis the practice of building elaborated linguistic models on comput-
ers. Grammar engineeringhas beenusedfor many yearsnow for practical purposes(e.g.,
Microsoft's grammar cheder, Boeing's Simpli ed English grammar cheder). Here we are
concernedwith its scieri ¢ uses.On the one hand, implemerted grammarsallow the com-
puter to keeptrack of interactions between analyses. For example,if | add an analysis of
caseto a grammar which includes coordination, the computer can calculate the conmbined
predictions of the two analysesregarding the grammaticality of coordinated noun phrases
with di erent casesr coordinated verb phraseswith di erent requiremerts on the caseof
their (shared) subject. On the other hand, implemerting a grammar allows the hypotheses
encaledin that grammarto be tested againstthousandsof examples.Both of thesetasks|
calculating how analysesof separatephenomenainteract and crunching through thousands
of examplesto calculate the grammar's predictions and how they di er from someprevious
state of the grammar|are well-suited to computersand ill-suited to humans.

Software support for creating implemerted grammars has been around since the early
days of generative grammar (Petrick, 1965,Zwicky et al., 1965,Friedmanet al., 1971). As re-
certly asl10yearsago,howeer, the technologicalstate-of-the-art madegrammar engineering
quite tedious: parsersusing the complexgrammarsrequired for deeplinguistic analysisran
soslowly that running a thousand-setencetest-suite was an overnight a air. Over the past
10 years, howewer, advancesin parsing technology (seee.g., Oepen et al., 2002) conbined
with Moore's Law’ have changedthe equation: it is now possibleto run a substartial test
suite quickly enoughthat sud testing can be intimately integrated into the dewlopmen
cycle, allowing the grammar engineerto explore the consequencesf ead minor changeto
the grammar. Furthermore, sincethe processingof any given exampleis independen of
the processingof all the others, it is easyto take advantage of computer clustersto process
multiple examplesin parallel, further reducingthe time it takesto run a test suite.

The basicrequiremens for grammar engineeringinclude:

1. A reasonablystable grammar formalism, typically with enough exibilit y to encale
a variety of theories. This in turn entails a distinction betweenthe formalism (the
languagein which analysesor theoriesare encaled), the theory (a set of analyses)and
the framework (a set of generalguiding principles for syrtactic inquiry).

It is important for the formalismto be stablerather than rapidly ewlving, becausehe
formalism is interpreted by software which usesthe grammarsto parseand generate
sertences. Creating sud softwarerequiresde ning (and re ning) aparticular versionof
the formalism. Subsequen changesto the formalism require changesto the software,
which can be expensive. As a consequenceit is prudent to de ne a fairly exible

formalism, sudh that multiple theoriescan be exploredwithout having to reimplemert

the assaiated software.

"The tendency of the processingpower of computersto double every two years.



2. Algorithms for parsing (and ideally also generation). Thesealgorithms, implemerted
as software, apply the grammars written by the linguist for processing. A parsing
algorithm takesstrings asinput, and producessynactic and/or semanic structuresas
output. A generationalgorithm takessemairtic structures (in an appropriate form) as
input, and producesstrings as output.

3. Grammar dewelopmen tools. Usinga grammarto parseand generateprovidesa wealth
of valuable information. Nonethelessjn order to e ciently dewelop (and debug) sut
a grammar, it is usefulto be able to manipulate it in various ways, including visual-
izing the componerts of the grammar and interactively stepping through derivations
of problematic examples. A grammar dewelopmen ernvironment accordingly provides
a suite of grammar visualization and debuggingaides.

4. Test suite managemen software. Sud software facilitates the batch processingof test
examplesand the comparisonof results acrossdi erent grammar versions.

Parsers and related tools are available for a variety of frameworks, including HPSG
(Copestale, 2002,Meurerset al., 2002),LFG (Maxwell and Kaplan, 1996), CCG (Baldridge
andKruij, 2003),and Minimalism (Stabler, 2001)8 Unlike parsersand generators test suite
managemeh tools (e.g., Oepen 2002) neednot be committed to any particular formalism.
As a result, a single test suite managemehn tool can be integrated with parsers/generators
from di erent frameworks, facilitating comparative analysis.

4 The LInGO Grammar Matrix

Despite the technological advancesdescribed above, it may seemlike a daunting amourt of
work to implemert a grammar large enoughto beginto explorethe particular phenomena
a linguist is interestedin. The LinGO Grammar Matrix (Bender et al., 2002, Flickinger
and Bender, 2003,Drellishak and Bender, 2005,Benderand Flickinger, 2005)is designedto
reducethis start-up cost by providing a substartial jump-start to the dewelopmen of new
grammars. The Grammar Matrix consistsof a cross-linguisticcoregrammar (code sharedby
all grammars)and a setof phenomenon-spci ¢ libraries' which provide implemertations for
alternative realizations of phenomenasud asbasicword order, coordination, and negation.
The Grammar Matrix can be accessedhrough a web form which elicits information
about the syntactic structuresin the languageto be modeledand the outputs a customized
grammar start'.® The webform is arrangedinto phenomenon-spci ¢ sections.For example,
the section on sertential negation asks whether seriential negation is expressedthrough

8As noted, the developmert of such software requires a commitment to a particular formalism. The for-
malismsde ned by the software may be more or lesscloselyrelated to the formalisms assumedin theoretical
work.

9The Grammar Matrix customization and download page can be found here:

http://www.delph-in.net/matrix/customize/matrix.cgi



verbal in ection, an adverb or both. For verbal in ection, the userfurther speci es whether
the a x in questionattachesto auxiliaries only, main verbsonly, or any nite verb; whether
it isaprex orasux; andhow it is spelled. For adverbial negation, the user can specify
an independent adverb (appearing to the left or right of V, VP or S) or a selectedadverb
(cf. Kim, 2000) (selectedby main verbs, auxiliaries, or any nite verb). If a languageuses
both the in ectional and adverbial strategiesfor expressingnegation, the user is asked to

specify how they may or may not co-accur. The options are: complememary distribution,

both in ection and adverb required, both optional, in ection required/adverb optional, and
adverb required/in ection optional. On the basisof the user'sanswersto these questions,
and with referenceto their answersto other parts of the questionnaire,the customization
systemoutputs the appropriate rulesand constrairts for assaiating the meaningof seriential

negationwith its form, as speci ed.

4.1 Assumptions

The jump start provided by any sud systemcomesat the costof acceptingthe assumptionsof
the system. The assumptionsencaled in the Grammar Matrix comefrom three sources:the
typed-featurestructure formalismthat we have adopted(called "type descriptionlanguage'or
“tdl' and recognizedby the LKB Grammar Dewelopment Environment (Copestale, 2002)),
the general theoretical assumptionsof Head-Driven Phrase Structure Grammar (HPSG,
Pollard and Sag1994),and particular implemertation decisionswe have madein the Matrix
itself.

Some examplesof assumptionsor constrairnts that we inherit from the tdl formalism
include: (i) no relational constrairts; if the value of one feature depends on the value of
another, the relationship is simply one of identity, (ii) any given phrasestructure rule hasa
xed number of daughters, (iii) tectogrammatic/phenogrammaticequivalence: the yield of
the tree givesthe surfacestring order.

Someexamplesof assumptionsof hypotheseswe adopt from HPSG include: (i) Monos-
tratal approad: input strings are assaiated with a single, elaborated structure, rather than
a sequencef sud structures. (i) No empty elemerts. (iii) Hierarchical organization: gram-
mars consistof rich collectionsof constructions,which are arrangedinto hierarchiesin order
to capture the similarities acrossthem. (iv) Local compositionality (cf. Szatw, 2005): the
semaiic represemation asseiated with any particular constituert is a function of the se-
martic represetation of its immediate subconstituerts and the idertit y of the rule licensing
the constituert. (v) X°theory: most phrasesare headed; headsselectfor complemets,
subjects, and/or speci ers; the “category'of the mother is determinedby the categoryof the
head daughter and the remaining valencerequiremerts. (vi) Selectionof headsby modi ers
and reciprocal selectionof headsby speci ers. 1°

We adopt a particular preciseformalism (tdl) sothat we canimplement the grammars,
and thereforeadopt the assumptionsassaiated with that formalism. We adopt a particular

10Theseassumptionsare not uniformly held within the HPSG community, and variants of the framework
may reject one or more of them.
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Figure 1. Recursiwe binary branching in head-complemenand coordination constructions

framework (HPSG), for theoretical grounding aswell asinspiration for particular analyses:!
Thesetwo commitmerts narrow the spaceof possiblegrammarssomewhat,but there are still
alargenumber of possibilitiesremaining. In orderto build working grammars,we must adopt
many more working hypotheses.Someof the working hypothesespresenly encaled in the
Matrix include binary branching structure, a distinction betweensubjects and speci ers, the
at, surface-orieted sematic represetations of Minimal RecursionSemattics (Copestale
et al., 2005),and semartic monotonicity. Ead of theseis discussedrie y below.

Extensiv e use of binary branc hing structure  For constructionswith an unbounded
or variable number of dependerts, we posit recursive binary-branching rules rather than
rules with varying number of daughers. In the caseof adjuncts, this is not cortroversial.
In the caseof head-complemenstructures and coordination, it is somewhatmore unusual.
Nonethelesswe nd the structures schematizedin Figure 1 preferableto atter structures
becausedhe rule systemsrequiredto producethe former (and assaiate them with appropriate
semaiic represetations) are simpler.

The Grammar Matrix also allows for unary and ternary rules. The latter are a recen
addition motivated by Hausa, which expressesiegation through a pair of particles, oneon
either end of the clause,asillustrated in (1), (from Newman,2000:363):

(1) baa rashn namaa (ne) zai kashe mutOm ba
neg lack.of meat (focusmarker) fut kill person neg
‘It is not that lack of meat will kill a person.’

Treatmen t of valence features In the Grammar Matrix, we distinguish three kinds of
argumernts selectedby heads: subjects, complemems and speci ers. This classi cation en-
codesthree primary syrntactic hypotheses:(i) subjects and speci ers are distinguishedfrom

1This relationship is symbiotic: Results from grammar engineering have informed theoretical work in
HPSG as well.



complemets as external argumerts, (ii) there are no further grammatical function distinc-
tions among complemets, and (iii) subjects of verbs and other predicatesrequire di erent
treatment than speci ers of noun phrasesand degreespeci ers of modi ers. This last dis-
tinction is motivated by a sematic di erence: In order to build semaric represetations
compositionally, eat constituert “publishes'information that constituerts higherin the tree
canuse(cf. Copestale et al., 2001). In head-sulect constructions,the syrtactic head(e.qg.,
a VP) cortrols which semarnic information is published. In head-sgci er constructions, it
is the speci er (non-head)daughter which doesso.

Minimal Recursion Semantics We adopt the systemof Minimal RecursionSemarnics
(MRS, Copestale et al., 2001;Copestale et al. 2005)for our semaric represetations. MRS
was designedto meet the competing demandsof computational tractabilit y and linguistic
adequacy It adievesthis through at, underspeci ed structures which are hypothesizedto
be ableto captureall linguistically relevant, syrntactically marked semaric information while
deferringdisanbiguation of distinctions like quarti er scoge (to the externt that theseare not
constrainedby the syntax). Minimal RecursionSemairics provides a generalde nition of
well-formed semattic represetations. Within this generalde nition, however, this is much
room for speci ¢ realizations. In the Grammar Matrix, we adopt se\eral designprinciples:

1. Semattic distinctions which are not syntactically marked in a languageshould be left
underspeci ed. A possibleexampleis sequetial versusnon sequetial readingsof VP
and S coordination in English:

(2) a. Kim ertered the room and sav Sandy
b. Kim studied Latin and wrote books.

Rather than producetwo analysedor eat of the sertences(with two di erent interpre-
tations of and), we simply leave the distinction underspeci ed at the level of MRS. As
long as any information internal to the sertencerelevant to the disambiguation (suc
asthe order of the conjuncts, the lexical predicatesinvolved, and the tense/asgect in-
formation ass@iated with ead predicate)is re ected in the MRS, sud disambiguation
can be left to further processingsteps.

2. Semaric represemations should be closelytied to the surfacestring and surfacesyn-
tactic relations. This is required by the combination of local compositionality and the
monostratal theory we adopt. It is alsousefulin facilitating comparison(for practical
applications) with the even more underspeci ed semaric represetations gleanedfrom
shallov processingtechniques(e.g., Callmeier et al., 2004).

3. Semaric represetations shouldbe harmonizedacrosdanguagedo the extert possible.
This facilitates the creation of language-indeenden software applications which can
be specializedfor a particular languageby pluggingin the right grammar. In addition,
it is interesting in the cortext of madine translation. At the sametime, we are not
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treating MRS as an interlingua, as this designprinciple is often in tension with the
secondone. Languagesdi er, and soit will not be possibleto completely harmonize
\surfacy" semarnic represetations acrosslanguages.

Semantic monotonicit y Lexical rulesand phrasestructure rules canadd semartic infor-
mation, but they cannot remove or alter information provided by their constituerts.'? For
example,considerthe causative-inchoative alternation illustrated in (3):

(3) a. The door opened.

b. Kim openedthe door.

One way to represen the di erence in meaningbetweenthesetwo usesof openel is to have
openal in (3b) cortribute a “causatiwe’ relation in addition to the “open’ relation. If we wish
to model this alternation via a lexical rule, the constrairt of semariic monotonicity requires
that the input be the inchoative open (3a) and the output the causative variant in (3b). In
this way, the rule is adding the "causati\e' relation, rather than taking it away.

A secondexample comesfrom languageswhich overtly mark de niteness but give un-
marked NPs an inde nite interpretation. The situation is particularly interestingin Hebrew,
where demonstrative adjectives can combine with either de nite or bare nouns. An NP is
interpreted asinde nite (i.e., adiscoursestatus of ‘typeidenti able' in Gundelet al.'s (1993)
system)if it cortains neither the de nitenessin ection nor any demonstrative adjectives?!?

4) a. klb ien b. klb zh ien
kelev yashan kelev ze yashan
dog slept dog this slept
"A dogslept.’ "This dog slept.’

c. h-klb ien d. h-klb h-zh ien
ha-kelev yashan ha-kelev ha-ze yashan
def -dog slept def -dog def -this slept
"The dog slept.' “This dog slept.'

The interpretation of (4a) is not underspeci ed, but rather standsin cortrast to the other
three. One way to handle this would be to create a (phonologically inert) lexical rule for
inde nites parallel to the lexical rule which addsthe de nite pre x. Howeer, givenexamples
like (4b), this approad runs afoul of semariic monotonicity: We cannot remove the infor-
mation that a phrasegetsan inde nite interpretation onceit hasbeenadded. Thus instead

12This constraint is motivated by the goal of making our grammars bidirectional (useful in generation as
well as parsing), asit signi cantly simpli es the seard problem faced by the generator.

3Thanks for Margalit Zabludowski for drawing my attention to this phenomenonand providing the
examples.The rst line in eadh example givesa transliteration from standard orthography. The secondis a
transcription line represerting the pronunciation. There is a subtle di erence in meaning between (4b) and
(4d) not indicated in the English glosses.
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we delay the introduction of this information until the level of NP, where we introduce it
just in caseno demonstrative adjectives have beenattached.

| have beenalternately referring to these propositions as assumptionsand hypotheses.
This is because,given the currernt state of the art and the modes of inquiry available, we
can only test linguistic hypothesesrelative to the rest of the model. Thus at any given
point, a constrairt (or grammar rule, or other aspect of the model) may be the hypothesis
being directly consideredor a badkground assumptionin the testing of another hypothesis.
When one conceies of generative grammar in model-theoretic terms, there are two possi-
ble candidatesfor the modeling domain: the rst is the set of acceptableseniencesof the
languagein question, and the secondis the actual knowledge of languageencaled in the
brains of spealers. The analysis(i.e., mapping of surfaceform to semarics and veri cation
of well-formedness)of any particular string dependson multiple parts of a grammar. Thus
under the rst alternative, it is not generally possibleto conclusively support or refute any
particular part of a grammarindependernly of the grammarthat embedsit. Evenif we take
the object of study to be the actual linguistic knowledgeencaled in the brains of spealers,
we are still typically cheding the validity of our model by comparingits predictions with
judgmerts provided by spealers4

It should be noted that this relativity of theoretical results is common acrosssyrnactic
frameworks, and is furthermore not limited to implemerted models. Proposalsin theoreti-
cal syntax always cortain ancillary assumptions(explicit or implicit), and argumerts for or
againstparticular properties of grammatical modelsare typically only valid relative to those
assumptions(Bender, 2002). This might seemto be more of a problem for grammar engi-
neeringthan pen-and-paper syntax: Oncean implemerted grammar is built around certain
assumptions,those assumptionstake on a kind of inertia, asgreat e ort can be requiredto
reviseaway from them. When the model only existsin its descriptionsin theoretical work, it
would appear easierto reviseany pieceof it. | would argue,howeer, that this is actually an
advantage, rather than a disadwantage, of grammar engineering. Without building a single
model which integrates all of the analysesso far, and without testing that model against
test suitesrepreseting all of the phenomenaanalyzed,it can be hard to tell when current
assumptionsare subtly incompatible with those required by previous analyses.If the goal
is ultimately a model of linguistic competence, rather than separatemodels for separate
aspects of linguistic competence,then the extra work required to maintain earlier analyses
over time is bene cial. It is not a matter of sloving down theoretical progressso much as
making theoretical results more durable.

4 psydholinguistics and neurolinguistics can provide more direct information about what people know
about languageand how they usethat knowledge,and suc information should inform the designof models
of grammar (Sag et al., 2003,Ch. 9). Sud investigations are expensiwe (in time and money), however, and
cannot be usedto test every single constraint of a model of syntax. It is far more e cien t to narrow down the
possibilities rst on the basisof acceptability judgments. Furthermore, psydolinguistic and neurolinguistic
studies are completely infeasiblein the caseof moribund or extinct languages.
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4.2 Cross-linguistic  hyp othesis testing

The Grammar Matrix core cortains constrairnts which are expectedto be usefulin all lan-
guages. Theseinclude the implemertation of semanic compositionality, a large meru of
valencepatterns de ned in sematic terms (i.e., abstracting away from the part-of-speed of
the argumerts, but specifying their sematic type asindividuals, propositions/questions,or
expletives), and a supersetof part of speed types, arrangedinto a powerset of disjunctive
types.

Limiting the Matrix to cross-linguisticallyvalid constrairts, however, would signi cantly
limit its usefulness.There are recurring structures acrosslanguageswhich are not universal.
To the extert that there are known analysesfor thesestructures, the Matrix should be able
to provide them. We have begunto do soby dewlopingthe phenomendibraries mertioned
above. Work is preserly underway on the expansionof existing libraries (for basic word
order, coordination, seriential negationand yes-noquestions)aswell ason new libraries for
case,agreemet) tense,and aspect.

The core grammar and the libraries together allow us to take the hypothesis-testing
bene ts of grammar engineeringto the level of crosslinguistic hypotheses,forming a kind
of computational linguistic typology. In deweloping the libraries, we attempt to handle all
known variants of eatch phenomenon(and documert those which we are not yet able to
accourt for) while harmonizing semartic represetations acrossdi erent languagetypes.
We furthermore aim for cross-compatibiliy of the libraries, sud that ead option in the
word order library could in principle be paired with ead option in the coordination library.
Where cross-compatibiliyy fails, we explore why: is there a logical incompatibility between
the choicesor a speci ¢ incompatibility in our analyses?Do the analysesof eat particular
option (e.g., VSO word order, or negation through verbal a xation) apply equally to all
languagesevincing that phenomenon?

Another approad to using grammar engineeringfor crosslinguistichypothesistesting is
represeted by the ParGram project (seee.g., King et al., 2005). The ParGram project
involves marny grammar engineersat mary sites creating broad coverage grammars for a
variety of languages,while working to keepthe analysesand represemations usedby the
grammars parallel. In this way, data from many languagescan inform the analysesthey
dewelop. The MetaGramamr (Kinyon et al., 2006)and KPML (Batemanet al., 2005)projects
take yet another tack creating grammar resourcesn which ead pieceis tagged for which
languagest appliesto. Kinyon et al. have usedthis approad to explorethe similarities and
di erencesin V2 phenomenaacrossa handful of V2 languages.

4.3 Evaluation

Monolingual grammars(and the hypothesesthey represet) are evaluated by usingthem to
processtest suites. Ideally sud test suite consist of both hand-constructed(positive and
negative) data as well as naturally occurring corpusdata. Evaluating the grammar against
the test suite ertails not only cheding its predictions of grammaticality but also verifying
that all of the analysesreturned for ead string are legitimate and lead to well-formed and
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appropriate semartic represemations.'® Software assistancefor this task is available, in
the form of the treebanking software deweloped by the Redwoods project (Oepen et al.,
2004). This system assistsannotators to choosethe preferred analysesfor ead serience
to be included in the treebank from among those returned by the grammar. Rather than
examiningall of the analysedlirectly, annotatorsselectamongbinary “discriminarts’ for ead
forest of trees, indicating, e.g.,the attachmen site of a particular prepositional phraseor
the appropriate lexical ertry in cortext for someword. The original purposefor this system
was to create dynamic treebankswhich could be updated as the grammar ewlved (by re-
running the annotator's choicesamong discriminarts). It is also very useful for grammar
engineerstrying to understand how various analysesof a given string are licensed,and to
verify that the analysesare legitimate. Furthermore, oncea treebank hasbeenannotatedin
this fashion, it cansere asa gold standard for regressionesting asthe grammar cortinues
to ewlve.

Evaluating a cross-linguistic resourcesud as the Matrix requires doing sud testing
repeatedly against a variety of languages. In order to get interesting coverage over the
test suites, however, the grammar starts provided by the Matrix customizationsystemneed
to be extended. Thus any sud ewaluation is simultaneously ewvaluating the Matrix and
the language-spci ¢ extensionswhich have beenaddedto it. Nonethelessthe processof
creating grammarson the basisof the Matrix has been extremely informative in terms of
highlighting errorsin the matrix (overly strong assumptionsin the cross-linguisticcore) as
well aslacunaein the phenomenonlibraries. For example, early work applying the Matrix
to Norwegian (Ellingsen, 2004)pointed up the fact that constrainingcomplemers to attach
before subjects disalloved VSO word order. More recerly, work on Sanskrit and Inupiaq
has highlighted additional coordination marking strategiesnot covered by Drellishak and
Bender (2005). This Matrix has beentested most intensively in the multilingual grammar
engineeringcourseat the University of Washington, covering 42 languagesin four years.
The Grammar Matrix is alsobeing usedasthe basisfor se\eral larger grammarsundergoing
sustained dewelopmen, including grammars of Norwegian (Hellan and Haugereid, 2003),
Modern Greek (Kordoni and Neu, 2005) and Spanisi®. In addition, though the JACY
grammar of Japaneseg(Siegeland Bender, 2002) predatesthe Grammar Matrix, JACY has
sincebeenadaptedto comply with the Matrix.

A logically prior evaluation step, howewer, is the veri cation that the libraries are in fact
functioning as intended. Becausethe libraries are not independen of eah other (tout se
tient), they needto be cheded for appropriate interactions. The spaceof possiblegram-
mars is enormous(currently in the hundreds of thousands,and we're just getting started).
Therefore,we have taken a strategy ( rst laid out in Poulson2006)of creating a test suite of
abstract strings over a sharedvocabulary (e.g.,detnl detn2 tv). Thesestrings are assaiated
with gold standard semaittic represetations. The strings are then permuted to create new
string-semarics pairs. We create a set of regular expressionlters (relative to the semairtic

Syverifying that all of the legitimate analysesare found is more subtle. Typical practice is to rely on the
assumptionthat a grammar that fails to return a valid parsefor oneitem is likely to fail to return any parse
for another item.

Bhttp://www.upf.edu/p di/iula/mon tserrat.marimon/spanish resourcegrammar.html
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identit y of the string in questionaswell asindividual properties of the languagetype being
tested or small conmbinations thereof) which allow us to generateappropriate test suitesfor
randomly-generatedgrammar starts.

5 The Mon tage Vision

Since 2003, work on the Grammar Matrix has been situated within the larger cortext of
exploiting computational tools for languagedocumertation (dubbed the "Montage Project’).
On the one hand, we hope to bring the hypothesis-testingpower of grammar engineering
to linguists engagedin primary linguistic documenation. On the other hand, applying the
Grammar Matrix to asyet undescriked languageswill help expandits typological coverage
and provide an interesting test of its claimed linguistic universals.

The Matrix as it currertly existsis not yet ready to be put to use directly by eld
linguists. To getthere, it will needlibraries covering a wider range of phenomenaaswell as
interfacesto tools for lexicon and morphologicalanalyzerdewelopmen.!’ In the meartime,
howe\er, the bene ts of grammar engineeringcan be brought to eld linguists by supporting
collaborations between eld linguists and grammar engineers.

The potential bene ts include hypothesis testing and data exploration, allowing eld
linguists to ask sud questionas\Do esthe grammar accour for the data in the texts?" and
\What's herethat we haven't accouned for?" (cf. Baldwin et al., 2005). In the longerterm,
we ervision semi-automatedannotation, wherea small grammartogetherwith underspeci ed
lexical ertries can create parsesfor asyet unanalyzedsenences. Furthermore, the Grammar
Matrix can be a vehicle for bringing natural languagetechnology to low-density languages.
By creating grammarsin a consistem format with consistem, though not idertical, semaric
represemations, the Matrix facilitates the adaptation of software for grammar cheders,
computer-assistedanguagelearning applications and madine translation to new languages.

6 Conclusion

The tasksinvolved in formal linguistic analysisinclude:

1. inverting possibleanalyses,
2. calculating/verifying the predictions of the analysisfor known data, and

3. determining what further predictions those analysesmake, leadingto further relevant
data to test.

While being able to estimate (2) is an important skill, and actually typically integrated
in (1), doing it with su cient thoroughnesss tedious and time consumingfor people,while

YFor  example, SIL's Fieldworks  (http:// eldw orks.sil.org/) or EMELD's FIELD
(http://femeld.org/to ols/ eldinput.cfm).
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well-suited to computers. (3) likewiseis essehal, and must be done at leastin part by a
human linguist. At the sametime, the computer can nicely complemem the work a person
can do: relevant data may be lurking already in the existing test suite, and furthermore,
processingnaturally occurring corpora can turn up exampletypes that the linguist may
newer arrive at otherwise.

| have arguedthat grammar engineeringcan be useful, though it is expensiwe and time-
consuming. The Grammar Matrix reducesthe costof creatingnewgrammars,and reducesit
more with ead library that is added. At the sametime, it increaseghe bene ts of creating
implemerted grammars by increasing both interoperability for cross-linguistic hypothesis
testing and interoperability for practical applications.
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