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StefanMüller,Mark-JanNederhof,
GünterNeumann,TakashiNinomiya,

KenjiNishida,IvanSag,MelanieSiegel,
KentaroTorisawa,Jun-ichiTsujii,
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Outline:WhatWeAreAbouttoDo

Present

�large,multi-nationalcollaborationonefficientHPSGengineering;

�open-sourcerepositoryofmulti-purposegrammarsandsystems;

�broadprogressachievedoveradevelopmentperiodofsixyears.

Motivate

�collaborativeapproachtogrammarandsystemdevelopment;

�frequent,systematic,preciseprogressevaluationandcomparison;

�emergingutilityof‘deep’processingforpracticalapplications.
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WhyBuildNaturalLanguageGrammarsbyHand?

WhyComputationalGrammars

�researchformalizelinguistictheorieswithcomplexinteractionsof
languagephenomena;identifycross-languagegeneralizations;
e.g.DependencyGrammar,CategorialGrammar,LFG,HPSGetal.

�theoryvalidationenabledirectfeedbackonpredictionsmadeby
animplementedmodel;immediateempiricalhypothesestesting.

�educationteachframeworksoranalysesinformalmorphology,
syntax,andsemantics;autonomousstudentexperimentation.

�applicationsembedgrammar-basednaturallanguageanalysisin
researchprototypesand(increasingly)commercialapplications;
e.g.machinetranslation,autoresponse,deepinformationextraction.
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StudentExperimentation—ImmediateGratification
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‘Deep’GrammarsCanProvideSemanticPrecision

CompositionofMeaningfromWordsandPhrases

�Computationalgrammarsencodelinguisticallymotivatedanalyses;

�syntax–semanticsinterfaceisexplicitandclearlydefined;

�genericschemata,lexicalclasses,and(idiosyncratic)lexicalentries.

SpuriousResultsCanBeAvoided

�Grammarsdistinguishwell-formedfromungrammaticalutterances;

�fine-graineddistinctionsinteractwellwithgeneralprinciples;

�declarativegrammarcanservebothforparsingandforgeneration.
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ThirdGenerationofBroad-CoverageGrammars

Characteristics

�multi-dimensional,hierarchicalrepresentationofknowledge;

�declarativityandreversibility:supportparsingandgeneration;

�focusonengineeringmethodologiesandefficientprocessing;

�multi-lingualdevelopment,oftendistributedaccrossseveralsites.

Examples

�ParGram(PARC,XeroxGrenoble,IMSStuttgart,Bergen);

�LinGO(Stanford,Saarbrücken,Tokyo,Cambridge,Groningen);

�F�XTAG(UniversityofPennsylvania,UniversitéParis7,Korea).
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CollaborationisEssentialinthisMillennium

Unification-BasedGrammarsBenefitfromExchange

�Multitudeofphenomenatobeanalyzedinnaturallanguages;

�designing,implementing,andvalidatinggoodanalysesrequires
bothlinguisticexpertiseandcompetencewithchosenformalism;

�collaboratorshavealreadydemonstratedbenefitsfromexchanging
analysesandtechniques(e.g.ParGram,HPSGcommunity).

AdvancesinProcessingTechnologyCanBeCombined

�Groupsworldwidecontinueworkonbetterdevelopmenttoolsand
processingalgorithmsforunification-basedgrammars;

�sustainedanddetailedinteractionamongsuchdevelopershasbeen
demonstratedtobehighlybeneficialtoall(e.g.JNLE,March2000).
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Setup:International,Multi-SiteCollaboration

University of Tokyo      Tsujii Laboratory

comparison
exchange

• LKB, MRS
• LinGO (English)
• S&W (English)

• LiLFeS
• SLUNG (Japanese)
• XHPSG (English)

• PAGE (DISCO)
• CHiC
• VM (German)

• [incr tsdb()]
• PET, cheap
• VM (Japanese)
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CommonBackgroundAssumptionsandGoals

LinguisticFrameworkandDescriptiveFormalism

�Establishedframeworks:HPSGandMinimalRecursionSemantics;

�mutualfeedbackbetweentheorydevelopmentandimplementation;

�convergenceontypedfeaturestructureformalism(detailsbelow);

JointGoals

�establishjointrepositoryofgrammars,processors,referencedata;

�advancetheorybuildingandimplementationthroughsynergy;

�reusability:makeasmuchaspossibleavailableopen-source;

�deviseefficientandflexibletechnologyforpracticalapplications.
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ConvergenceandCross-Fertilization:SomeExamples

Theoretical

�Methodologyexperimental,
empirically-drivenengineering;

�Benchmarkingregularprecise
andsystematiccomparison;

�Unificationgraphunification
vs.abstractmachines;

�Parsingspecializedbottom-up
control;novelambiguitypacking.

Practical

�Profilinguniformdataformat
andanalysisenvironment;

�Comparabilitycommonrefer-
encegrammarsandtestdata;

�Communicationregularwork-
shops,mutualexchangeofstaff;

�Exchangetransferofspecific
algorithmsandcomponents.
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CollaborativeResearchonHPSGProcessing

ConvergenceinDescriptiveFormalism

�Conservativeselectionfromexistingmultitudeofformaldevices;

�blendof[Carpenter,1992],[Copestake,1992],and[Krieger,1995].

CommonReferenceGrammarsonMultiplePlatforms

�LinGOgrammar(CSLI):8082types(5552leafs);6897(17917)lexi-
calentries;29lexicaland45phrasestructurerules(22-may-00);

�Japanesegrammar(DFKI):3710types(2485leafs);3654(3654)
lexicalentries;0lexicaland28phrasestructurerules(10-apr-00);

�PAGE(DFKI),LKB(CSLI),LiLFeS(Tokyo),ABCLight(DFKI),
PET(CoLi),Cali(TUDelft),ALE(GeraldPenn),TFS(MartinEmele).
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CollaborativeResearchonHPSGProcessing(2)

CommonSetsofTestandReferenceData

�‘csli’1348manuallyconstructedtestitem(HPtestsuite);simple;

�‘aged’96randomlyselectedVerbMobilsentences;medium;

�‘fuse’2161VerbMobilitems;balancedupto20words;hard.

totalwordlexicaltotalparserpassivefs
SetAggregateitemsstringentriesresultsanalysesedgessize
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ChoiceofDescriptiveFormalism

Desiderata

�Declarativityclearseparationofdeclarativeandproceduralknow-
ledge:verysamegrammarisusedforparsingandgeneration;

�Adequacynon-redundantaccountoflinguisticgeneralizations;

�Efficiencybuildonknowntechniques:aimfornearreal-time.

DesignDecisions

�Unificationoftypedfeaturestructuresisthecentraloperation;

�multipleinheritance,strictappropriateness,complexconstraints;

�closedworld;nodisjunctive,implicational,orrelationalconstraints
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Reminder:FeatureStructuresandUnification
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TypeHierarchies:AvoidingDisjunctiveSpecification
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AllLinguisticObjectsareTypedFeatureStructures

BasicInventory

�Lexiconrichcollection,indexedbystemandsemanticrelation;

�Principlesconstraintsontypes,(limited)applicationatrun-time;

�Schematafixed-arityphrasestructureruleswithTFScategories;

�StartSymbol(s)TFSspecification(s)thatmustunifywithresults.
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AnExample:LinGOEnglishResourceGrammar

Developmenthistory(1993–present)

�FirstprototypeinALE,theninPAGEwithdisjunctiveconstraints;

�revisioninPAGE,usingtypesinsteadofdiscutions;

�morerecently,adoptionofstricttypingusingLKBsystem.

Design

�HPSG[Pollard&Sag1994]:specifiers,complements,modifiers;

�hierarchiesoftypesdefiningfeaturestructuresforlexiconandrules;

�featurestructuresprovidebothsyntacticandsemanticconstraints;

�nomacros,nonegation,nodisjunctivefeaturespecifications;

�avoidanceofungrammaticality:generatorusingsamegrammar.
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LinGOEnglishGrammar:CoverageandSize

LinguisticCoverage

�85%of12,000transcribeddialogueturnsfromVerbmobildomains;

�average9-wordutterances,rangingfrom1–40wordsinlength;

�80%ofphenomena-basedexamplesinHP-derivedtestsuite.

SizeofGrammar(asofMay2000)

�8082types(5552leaftypes)forlexicon,rules,andsematics;

�6897lexicalentrystems(correspondsto17917inflectedforms);

�29lexical(6inflectional)and45phrasestructurerules;

�24,000sourcelinesfortypedefinitions(excludinglexicalentries);

�30,000linesforhand-builtlexicon(morerecentlyasDB).
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SampleVerbmobilDialogue(fromCD13)
AnalyzedbyLinGOEnglishGrammar

�AreyoufreeontheafternoonofThursdaythefirst,orthemorningof
Fridaythesecond?Thoseareprettyopendaysforme.

�Well,onthefirstIcanonlymeetyouafterfourpm,sothatmightbe
tight.OnFridayIhaveaseminarfromtentotwothirty.

�Areyougoingtobearoundanytimeonthefifth?Iamfreealldayon
thefifth.

�Well,onthefifthIhaveaseminarfromtentotwoandalecturefrom
threetofive,soIcould,fromnineo’clocktoteninthemorning,ifthat
isnottooearlyforyou?

�Thatisperfectlyfinewithme,ifitisokaywithyou.
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GrammarDevelopmentTools

Requirements

�Well-formednessandconsistencycheckingofsourcedefinitions;

�flexibleviewsintodatastructures,bothstaticanddynamic;

�adequateprocessingengines(seebelow);

�profilingtoolsforcompetenceandperformance(seebelow);

AnIllustration:TheLKBSystem

�Developers:Copestake,withCarroll,Malouf,andOepen;

�implementation:AllegroCL,MacintoshCL,(LispWorks,CMUCL);

�availableinopen-sourceandbinaryformforcommonplatforms.
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TheLinguisticKnowledgeBuilding(LKB)System

ErrorCheckingofTypeDefinitions

�Grammardefinitionerrorsidentifiedatloadtimebypositioninfile;

�inheritedattributesandvaluescheckedbytypeexpansion;

�inheritanceandappropriatenesstrackedbytypeandattributes;

�batchcheckandexpansionoffulllexiconondemand.

ProcessingEngines

�Bottom-uppassiveor(hyper-)activechartparser,all-pathsorn-best;

�chart-basedShake-N-Bakestylegenerator[Carrolletal.1999];

�bothmapbetweenstringsandflatsemanticrepresentations.
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RecentBreakthroughinProcessingEfficiency

CurrentState-of-the-Art

�Exhaustiveparsingof25-wordsentencesinlessthanonesecond;

�moderatespaceconsumption:run-timemodulearound25mbytes.

MostImportantEngineeringAchievements(JNLEMarch2000)

�Builtonrichliterature:threedecadesofresearchinCLandCS;

�exchangeofimplementationexperience,ecclecticengineering;

�improvedfeaturestructureencodings,unification,andcopying;

�specializedparsingandgenerationalgorithms(seebelow);

�betterindexingandfiltering;optimalfactoringoflocalambiguity;

�detaileddocumentationofresultingencodingsandalgorithms.
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APrototypicalExample:ThePETSystem
�Synthesizebestcurrentknowledgefromcollaborativeexperience;

�provideextensiblebuildingblocks:variousfeaturestructureencod-
ings,unifyandcopyalgorithms,taskfilters,andparsingregimes;

�experimentwithdifferentparametersettingsandconfigurations;

�integrate,scale,adapt,andimproveencodingsandalgorithms;

�buildsmall,well-engineered,andoptimizedimplementationinC����;

�document[Callmeier2000](DiplomaThesisatCoLiSaarbrücken).
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PETatWork:AParserInstantiation

The(Current)BestParser:cheap—MainIngredients

�[Aı̈t-Kaci,1991](WAM-style)stack-basedmemoryallocation;

�[Tomabechi,1991]quasi-destructivegraphunification;

�[Gerdemann,1995]partialexpansionandconstraintunfilling;

�[Maloufetal.,2000]subgraphsharing,(pre-unification)quickcheck;

�[Kieferetal.,1999]staticrulefilter,cacheglbcomputation;

�[Oepen&Carroll,2000](bidirectional,key-driven)hyper-activeparser;

�[Callmeier,2000]dagsize,typeencoding,quickcheckimprovements.
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QuantifyingProgress:October1996vs.August1999

testOctober1996August1999
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SemanticsEngineeringandPracticalApplications

DesignofMinimalRecursionSemantics(MRS)

�flat,non-recursiveunorderedbagsofrelationswithhandles;

�explicit‘handleconstraints’torepresentscopalrelations;

�provisionforunderspecificationofrelationtypesandscope;

�semanticcompositioningrammardeliversinitialsemantics;

�well-formednesscheckingandresolutioninpost-processing.

UseofMRSinLinGOEnglishResourceGrammar

�uniquepredicate(relation)foralmosteverylexicalentry;

�limitedinventoryofattributes(thematicroles)tosimplifylinking.
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MRSFeatureStructureandLogicalForm
Everydogprobablysleeps
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MRSComposition:probablysleeps
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Conclusions
�‘Deep’grammar-basedprocessingisstillaveryrelevantparadigm;

�preciselinguisticgrammarsarerequiredforcertainapplications;

�buildinglarge-scalegrammarsandlexiconsrequiressustainedefforts;

�collaborativeengineeringhasboostedprocessingefficiencyforHPSG;

�specializedtoolsareindispensableforgrammarengineersanddevelopers;

�HPSGparsinghasmaturedtoapplicabilityincommercialcontexts.

Invitation:Additionalcollaboratorswillbeverywelcome
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Outlook—LiteratureandFurtherPointers

SelectionofOngoingActivities

�[Torisawaetal.,2000]:CFGapproximationforLinGO(JNLE);

�[Kiefer&Krieger,2000]:CFGapproximationforLinGO(IWPT);

�[Oepen&Carrol,2000]:OptimalHPSGambiguitypacking(NAACL);

�[vanLohuizen,2001]:DistributedParsingwithLinGO(TUDelft);

�activedeploymentofHPSGgrammarsin(atleast)threeDotComs.

BackgroundReading;On-lineResources

�DanFlickinger,StephanOepen,Jun-ichiTsujii,HansUszkoreit(ed-
itors).JournalofNaturalLanguageEngineering6(1).SpecialIssue
onEfficientProcessingwithHPSG:Methods,Systems,Evaluation.

�Furtherpointers,on-lineat:‘�����������
	���
�� 	������� 
� ����’.
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