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Abstract

We discussa numberof practicalissueghathavearisenin thedevelopmenbf a wide-coveage
lexicalizedgrammarfor English. In particular, we considerthewayin which the designof the
grammarand of its encodingwasinfluencedy issuegelatingto the sizeof thegrammar

1. Intr oduction

Hand-craftinga wide-coveragegrammaris a difficult task, requiringconsideratiorof a seem-
ingly endlessnumberof constructionsn an attemptto producea treatmenthatis asuniform
andcomprehense aspossible.In this paperwe discussa numberof practicalissueghathave
arisenin the developmentof a wide-coveragelexicalizedgrammarfor English: the LEXSYsS
grammar In particular we considerthe way in which the designof the grammarand of its
encoding—frontheviewpointbothof thegrammamvriter andof the parsingmechanism—was
influencedby issuegelatingto the sizeof thegrammar

Onecriterionthatis oftenusedasa judgeof grammarquality is the extentto which ‘linguistic
generalizationshave beencaptured. Generallyspeaking,concernover this issueleadsto a
preferencefor smallerratherthan larger grammars. A secondreasonfor preferringsmaller
grammarsizesis onthebasisof parsingefficiengy, sincetherunningtime of parsingalgorithms
generallydepend®nthesizeof thegrammar

However, a ratherdifferentcriterion determininggrammarquality hasto do with the analyses
that the grammarassigngo sentencesin particular the extentto which they provide a good
basisfor further, perhapsieepermprocessinglt is not necessarilthe casethatthis criterionis
compatiblewith the desireto minimizegrammarsize.

In developingthe LEXSY s grammaiwe have exploredthe consequences giving thegrammar
writer the freedomto write a grammarthat maximizesanalysisquality without ary regardfor
grammarsize. In the next threesectionswe presentetailedstatisticsfor the currentLEXSY S
grammarthatgive anindicationof whatthe grammarcontains,ts currentsize,andwhy it has
grown to thissize.

In orderto easethe processof engineeringsucha large grammay we have madeuseof the
lexical knowledgerepresentatiofanguageATR (Evans& Gazday1996)to compactlyencode
theelementarytrees(Evansetal., 1995;Smets& Evans,1998).In Section5 we presensome
figuresthatshav how thesizeof theencodingf thegrammathasincreasediuringthegrammar
developmentrocessasthe numberandcompleity of elementargreeshasgrown.

We have addressegroblemghatresultfrom trying to parsewith suchalargegrammaiby using
atechniqueproposedy (Evans& Weir, 1997)and(Evans& Weir, 1998)in which all thetrees
thateachword cananchorarecompactlyrepresentedsinga collectionof finite stateautomata.
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In Section6 we give somedatathat shavs the extentto which this techniques successfuin
compactinghegrammar

2. Coverageof the LEXSYS Grammar

TheLEXSYs grammarhasroughlythe samecoverageasthe Alvey NL Toolsgrammar(Grover
etal., 1993),andadoptehesamesetof subcatgorizationframesasin the Alvey lexicon. There
areatpresent 43 familiesin thegrammar Eachfamily containghe basereeof thefamily, and
definitionsof lexical ruleswhich derive treesfrom the basetree. Therearecurrently88 lexical
rules.Possiblerule combinationsaredeterminecautomatically(see(Smets& Evans,1998)).
Thereare7 noun andpronoun families. The nounfamiliesincludetreesfor barenouns,for
small clausesheadedy a noun,for noun-nounmodifiersandfor coordination.Coordination
canbeattheN, N or NP levels. Thereare19 adjective families, distinguishedaccordingto the
positionof theadjectve andits subcatgorizationframes.Treesderivedby lexical rulesinclude
smallclausedheadedy anadjectve, comparatre constructionstreeswith unboundediepen-
denciesfor adjectveswhich subcatgorizefor a complemen{wh-questionsyelative clauses,
topicalization) atreefor toughhmovementandtreesfor coordination.

Numerals also anchoradjectve trees. Rulesderive from the basetree usesof numeralsas
pronounsand nouns,and coordinationof cardinalnumbers(for example,hunded and ten).
However, the grammardoesnot asyet have a completeaccountof complex numerals. For
ordinals,therearerulesto derie fractionswith complementfractionswithout complement,
andtheuseof ordinalsasdegreespecifiers.

Adverbs aredistinguishedaccordingto whetherthey arecomplement®r modifiers. Modifier
treesdiffer accordingto the modified category andthe relatve positionof the adwerb andits
argument.Rulesderive coordinatedstructureheadedy adwerbs,andalsoadwerbdistribution.
Long distancedependenciepossiblyinvolving adwerbs(for example,How did he behavé are
handledn the PP modifierfamily.

Thegrammarcontainsanaccounf constituenandsententiahegation(but in the latterdisre-
gardingscopessuesarisingwhenanadwerbcomesn betweerthe auxiliary andthe negation).
Specifier families include families for determinersquantifying pre-determinergsnd genitve
determinersThereis alsoafamily for adjectve andadwerbspecifiers.
Prepositionsfollowedby anNp aredividedinto two families: afamily for case-markingrepo-
sitionsandafamily for predicatve prepositionsThesetwo typesof prepositiongliffer in their
semanticcontent,andsyntacticallyalso: case-markingprepositiongo not headprp-modifiers.
Thecase-markingrepositiorfamily includestreesfor long-distancelependenciewith prepo-
sition stranding(wh-questionsrelative clause foughconstructionsandtreesfor coordination.
The family of predicatve prepositionsnheritsthesetrees,andalsocontainstreesfor adjunct
prepositionphrasesndlong-distancelependencieisivolving adjunctrps. Therearealsofam-
ilies for prepositionsntroducingss, VPs, PPs andAP. Therearetwo familiesfor complemen-
tizers (introducingans or avp).

The 94 verb families constitutethe bulk of the grammar Verb families include treeg for
gerunds(nominalandverbal),long-distancelependencie@opicalization,relative clauseand
wh-questions)y P complementsy P complement$or toughconstructionssmallclausegheaded
by apresenparticipleor a passie verb),for-to clausesgxtrapositionjmperatve, passve with
or withoutby, inversion(for auxiliariesandmodals),v P-ellipsis (afterauxiliariesandmodals),
dative alternationmovementof particlesandcoordinationatv, vp ands).

Finally, we have recentlyextendedhegrammato includesemantideaturesapturingpredicate

LIt would be redundanalsoto have sucharule in the adwerbfamily.
20f coursetheseconstructionsrenot relevantfor every singlefamily.
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argumentstructures.We have not implementedjuantificationyet. The grammaradoptsa se-
manticrepresentatiomspiredby the Minimal RecursiorSemantic§MRS) frameawvork (Copes-
take et al., unpublished).MRs representationare flat lists of elementarypredicationswith
relationsbetweerpredicationdeingexpressedhroughcoindeation.

3. Localization of Syntactic Dependencies

The LEXsYs grammarhas beendesignedto localize syntacticdependenciespot only un-
boundeddependenciebetweertfiller andgap, but agreementelations,caseand modeof the
clausegtc.(Carrolletal., 1999). Oneimmediateadwantages thatthereis no needfor feature
percolationduring parsing: all syntacticfeaturesare groundedduring anchoring. Thereare,
however, a few caseswhereall syntacticfeaturescannotbe localizedin the sametree. This
happensvhenthevaluesof syntacticfeaturesaredeterminedy morethanoneconstituent.
This is the case,for example,in raising constructions:the subjectraising verb agreeswith
its syntacticsubjectbut the complemenbf the raisingverb (adjectve or verb) determineshe
catgory of thesubject.In suchcasesfeaturepercolations neededunlessonedefinetreesfor
all the possiblefeaturecombinations.This is whatwe have donein the grammayand9 more
treesareneededo thateffect.

In there-constructionsthe NP following the verb (be) determineghe agreemenbf the verh
This doesnotrepresena problemif thedependengis local. However, if asubjectraisingverb
comesin betweerthere andthe restof the sentenceagreementannotbe determinedocally
arymore.We needonemoretreeto cover bothpossibleinstantiation®f agreementeatures.
Finally, Pp phraseganinvolveawh-NpP or arel-NP, thusmustbespecifiedassuch.Becauséehe
headof pps doesnot setthatfeature featurepercolatiorwould be neededetweerthe NP and
therootof the pp. In thegrammaywe definethreepp trees,onefor eachpossibleinstantiation
of thatfeature.Thus,two moretreesareneededhanif we hadfeaturepercolation.

In all theabove casesthespecificatiorof all possiblefeaturecombinationgloesnotinvolve the
creationof mary moretrees.However, from a linguistic point of view, we do missgeneraliza-
tions.

With coordination,however, the problemis not the lossof linguistic generalizationsbut the
substantiaincreasein the numberof trees. Indeed,coordinatiord treesare anchoredoy the
headof one of the coordinatedconstituents.The adwantageof this is that constraintson the
coordinationphraseare definedat anchoring. But the disadwantageis that this doublesthe
numberof treesin thegrammar:every structurecanoccurin coordination.

4. AnchoredTrees

Theprevioustwo sectiongliscussethe coverageof thegrammayandhow somedecisionhave
increasedhe numberof unandored trees. Anotherimportantpropertyof the grammaris the
numberof treesthatresultfrom andoring with lexical items.

We find thatsomeverbsinducea very large numberof anchoredrees:for example,getresults
in 2847 trees,put 3465, come2656, andturn 1425. To illustrate why, considerget First,
gethas17 differentsubcatgorizationframes(it can be transitve, ditransitve, it can have a
prepositionacomplementpe followed by oneor moreparticles,etc.). It thereforebelongsto

17 differentfamilies,andeachfamily containsa numberof trees(for example,thev _pp family,

selectedy get has33 trees,andthe v _Np_ppto family containsl 46 trees).

Moreover, whena lexical item anchorsa tree,featuresget grounded anddifferentfeaturein-

stantiationcharacterizéifferenttrees.For example ,getcanbefollowedby oneof 12 different
prepositionsvhich meanghatthereareatleast12 x 33 treesfor the singlesubcatgorization

30nly sameconstituentoordinatiorhasbeenimplementedofar.
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#trees || #sets| #memged | #minimized | ratiomelged/
in set state{mean)| stategmean) minimized
1-10 112 17.9 6.9 2.6
11-20 83 53.9 13.1 4.1
21-50 69 133 18.1 7.4
51-100 47 364 28.1 13.0
102-200 68 687 33.0 20.8
201500 56 1815 42.8 42.4
5011000 23 3654 48.9 74.7
10015000 16 10912 60.1 181.5
Totals 474 927.7 23.5 39.4

Table1l: Grammarcompactiorstatistics

framev_pp. Similarly, thereare16 differentparticleswhich canfollow get andthis alsomul-
tiplies thenumberof trees.

Finally, there are other featuresthat get instantiatedand are responsibleor the creationof
new trees,suchasagreementeaturesof the anchor verb form featureof the anchorand of
its verbalcomplement.Thusthe differentinstantiationof featurestogetherwith the various
subcatgorizationframesthata word selectsxplain the very high numberof treesanchoredy
someindividual words.

5. Encodingfor Grammar Development

Following (Evanset al., 1995)and (Smets& Evans,1998)the LExsSYs grammaris encoded
USINgDATR, anon-monotoniknowledgerepresentatiolanguage.

In 1998,the grammarcontained20 treesorganizedinto 44 treefamiliesandproducedusing
35 rules. Thisgrammamwasencodedn 2200 DATR statementggiving anaverageof 3.55 DATR
statementpertree. Thegrammaircurrentlycontainsaroundt000 treesin 143 familiesproduced
with 88 rules. This grammaiis encodedvith around>300* DATR statementggiving anaverage
of 1.325 statementpertree. Thus,asthegrammarhasgrown the numberof DATR statements
neededo encoddt hasgrown, but notasrapidly.

6. Encodingfor Parsing

Following (Evans& Weir, 1997)and (Evans& Weir, 1998) eachelementarytreeis encoded
asa finite stateautomatorthat specifiesan acceptingraversalof the treefrom anchorto root.
For eachinput word, the setof all the alternatve treesthat cananchoran input word canbe
capturedn just one suchautomatonwhich canbe minimizedin the standardvay, andthen
usedfor parsing.

In orderto assesshe extentto which this techniquealleviatesthe problemof grammarsize,
we producecautomatdor thewordsappearingn the 1426 sentencemeanlength’.70 words)
forming the Alvey NL Tools grammardevelopmenttestsuite. Eachsentencevas processed
by a morphologicalanalyserandthe resultwasthenusedin conjunctionwith the lexicon to
determinefor eachword in the sentencehe completesetof anchoredtrees,featurevalues
beingdeterminedy the morphologicaknalyseior lexicon asappropriate 474 distinctsetsof
anchoredrees(‘tree sets’) were producedn this way, rangingin sizefrom 1 to 3465 trees.
The total numberof anchoredreeswas24198, with a meanof 175.5 treesin eachtree set.

“We have excludedfrom this figure around700 DATR statementshat specify the semanticsassociateavith
elementaryrees.
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# #sets| #treesin | # minimizedstates
occurrences sets(mean)| in sets(mean)
1 98 256 25.8
2-5 178 205 26.6
6-10 68 182 23.0
11-20 56 83 19.6
21-50 48 64 16.7
51-100 12 84 21.2
101-200 9 54 11.2
201-500 3 21 13.0
501-1000 2 5 6.0

Table2: Occurrencesf treesetsin testsentences

Before parsing,the treesin eachtree setare strippedof their anchor meigedinto a single

automatorandminimized;at parsetime therelevantautomatons retrievedandthe appropriate
anchoringlexical item inserted.Table 1 shavs whathappensvhenthe treesetsarecorverted
into automataandminimized,giving figuresfor the distribution of treesets,meannumbersof

mergedandminimizedstatesn eachtreeset,andratiosof numbersof megedandminimized

states.

Whatis not clearfrom Table 1 is how ofteneachof the 474 distincttree setsoccurredin the

testsentencesThis is shavn in Table2 which givesthe numbersand meansizesof treesets
(numberof treesandminimizedstatesyelative to the numberof timesthey occurredn thetest

suitesentencesrlhisshavs thatthelargertreesetstendto occurlessoftenthansmallonesand

that very few of thosetree setscontainingmorethan100 treesanchoredmorethan10 of the

morethan8100 word tokensin thetestsentences.

Theresultswve have presentedh thissectionappeato shav thatby encodingheanchoringpos-

sibilities for wordswith minimizedautomatave areableto alleviatethegrammarsizeproblem

to a considerablextent.
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