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Abstract

This papersuneys work on applying the insightsof lexicalized grammarsto
low-level discourse,to shav the value of positing an autonomousgrammar
for low-level discoursein which words (or idiomatic phrases)are associated
with discourse-leel predicate-agumentstructuresor modification structures
thatcorvey their syntactic-semantimeaningandscope.lt startsby describing
alexicalized Tree Adjoining Grammairfor discoursgD-LTAG). It thenreviews
aninitial experimentin parsingtext automaticallyusingbothalexicalizedTAG
and D-LTAG, and then touchesupon issuesinvolved in how lexico-syntactic
elementscontribute to discoursesemantics. The paperconcludeswith a brief
descriptionof the PennDiscourselreeBankaresourcebeingdevelopedfor the
studyof discoursestructureandsemantics.
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1 Introduction

For mary linguists,syntax— the structuralregularitiesof alanguagedhatproject
themeaning®f wordsontothoseof utterances- stopsatthe sentencéoundary
Materialoutsidethatboundary-i.e., the previous discousse— is simply context
thatmay (or maynot) licensea particularconstructiorof linguistic interest.

Of coursediscourseoo hasstructuralregularities. Evenin justthe areasof
formal and computationalinguistics, therehave beenseveral attemptsto pro-
ducea rigorouscharacterizatiorof the regularitiesof discoursestructure. For
example,

e McKeawvn (1985)took the regularities she obsered in the structureof
definitionsand encodedtheminto schemata which could then be used
to automaticallygeneratedefinitions of conceptsunderlyinga database
model.

e Mann & Thompson(1988), observingregularitiesin the semanticand
pragmatiaelationshipsholdingbetweeradjacentlausesandtakingthem
to hold recursvely betweenlarger units of discourseaswell (i.e., clauses
linked togetherby suchrelations),codified their obsenationsaboutthe
resultingstructuresn a systemcalledRhetoricalStructue Theory(RST).
RST hasprovided an underpinningfor work in Natural LanguageGen-
eration(Hovy, 1988;Moore, 1990)andmorerecently in summarization
(Marcu,2000).

e Grosz& Sidner(1986)focusedon spealerintentionsasa structuringprin-
ciple for discoursewith a structuraldominanceelationholding between
onediscoursesggmentandthoseseggmentsthatsupportedts purposeand
a structuralprecedenceelation betweena discoursesegmentand those
whosepurposesequiredprior satishction.

e Sibun (1992) stressedhe aleatorystructureof expository discourse as
demonstratedh thedescriptionsof houseandapartmentayoutscollected
by Linde (1974), as well as similar descriptionsshe collected herself.
Sibun shoved how this structurecould be modelledas the output of a
semi-deterministiprocesseactingsequentiallyto propertieof theworld
(viewedaspotentiallycomplex graph)thatit wascalleduponto describe.
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e Asher& Lascarideg1998),in Segmentediscourse Repesentationl he-
ory focusedon reasoningas an underpinningto discoursestructure,ex-
plaining both discoursestructureandthe interpretationof discoursephe-
nomenale.g.,anaphormresolutionand presuppositiomgrounding)asa by-
productof reasoningeithermonotonicor defeasible pbouttheway thata
propositionconnectgo anaccessiblespeeb actdiscouserefeentin the
discoursecontect. Constraintoon whatis accessibleneanthattheresult-
ing discoursehasatreestructure.

While all thesenotionsof structureapplyto discoursea morebasicquestion
— tied to syntaxat the sentence-Mel — is whethersuchsyntaxdoesstopat the
sentencédoundaryor whetherthe kind of syntacticregularitiesone seesat the
phraseandsentence-hel, thatactwith wordsto corvey meaningextendbeyond
the sentencento discourse.

Herewe seework by Gardent(1997), Polaryi & vandenBerg (1996)and
Schilder(1997). They, like Asher& Lascarideg1998), were concernedwith
bothdiscoursegrocessin@nddiscoursesemantics- how eachnen segmentof a
discoursevouldbecorrectlyattachedo anevolving, interpreteddiscoursestruc-
ture,suchthattheinterpretatiorof thecurrentstructurevasalwaysavailable. Of
particularinteresthereis thattheseaesearcherssedtheadjoiningoperatiorfrom
TreeAdjoining Grammar(Joshi,1987)anda relatedsisteradjoining operation
in their work, asa way of constructingdiscoursestructuresncrementallyfrom
asequencef sentenceandclauses.

But theseresearcherslid not explicitly addresshe way in which syntax
might extendbeyondthe sentencewhich is essentiallythe concernof the work
that Aravind Joshiand | and someof our colleaguesand studentshave been
carryingout, in looking at lexicalisedgrammas for discourse.

In a lexicalized grammay structurehas a more intimate associationwith
wordsthanit doesin a phrasestructure grammar For example,Lexicalized
TreeAdjoining Grammar(Schabes]1990)differsfrom abasicTAG in associat-
ing eachentryin the lexicon with the setof treestructureghatspecifyits local
syntacticconfigurations. Someof thesetree structurescan combinewith one

Other lexicalizedgrammas include CombinatoryCategorial Grammar(Steedman]1996)
and Dependeng Grammar(Melcuk, 1988). Lexicalizedgrammarshave provedto be a signif-
icanttool in the theoreticalunderstanding@f clause-lgel phenomenandhave spurredcompu-
tationaldevelopmentof robust, wide-coverageparserdor NaturalLanguageext (BangaloreX
Joshi,1999;Hockenmaier& Steedman?2002;Clark & Hockenmaiey2002).
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anothewia substitution while othersmake useof TAG’s adjoining operationn
orderto producea completeanalysig(cf. Section2).

In 1997 ,workingwith DanCristea(Cristea& Webber1997),I noticedthatif
onewantedto “parse” discoursencrementallyin a TAG framework (following
Gardent(1997) and Schilder(1997)), one also neededo exploit substitution
aswell asthe adjoining operationthat they were alreadyusing. This was be-
causet wasnecessaryo associatea discourseconnectve suchas“on the one
hand” with a tree structureinto which a subsequentyot necessarilyadjacent,
sentencenarked by “on the other (hand)” or other contrastve marker, would
thensubstituteratherthanadjoin. This broughtthe framework closerto a lexi-
calizedTAG, andled Aravind Joshiandmyselfto begin to explore whetherthe
insightsof lexicalized grammarscould also be appliedto low-level discourse
— thatis, whetherone could have an autonomousggrammarfor low-level dis-
coursein which words (or in somecases,jdiomatic phrases)vere associated
with discourse-leel predicate-agumentstructuresor modification structures
that corveyed their syntactic-semantieneaningand scope(Webber& Joshi,
1998).

This explorationhascontinuedoverthelastsix years engagingheattention
and efforts of several studentsand colleagues- (Creswellet al., 2002; Forbes
etal., 2001; Forbes& Webber,2002; Forbes,2003; Forbes-Rilg et al., 2004;
Miltsakaki et al., 2003,2004;Prasacet al., 2004; Webberet al., 1999a,b 2000,
2001,2003).Someof whatwe believe hasbeengainedthroughthis exploration
is specificto a lexicalizedapproachto discoursewhile othergainshave been
truly newv and generalinsightsinto the way in which discoursestructureand
semanticprojectfrom lexico-syntacticelementsWe hopethereademill grasp
both sortsof benefitsfrom this brief survey paperandfrom the paperst dravs
on. In particular we hopeto shaw that:

e The approachprovides a uniform way for lexico-syntacticelementsto
contrikbute to the syntaxand semanticof both the clauseanddiscourse,
openingup the (still to berealised)possibility of sentencgrocessingnd
low-level discourseprocessingeingcarriedoutin anintegratedfashion.

e The approachshows that low-level discoursestructureand semanticgs
not simply a matterof attachingeachnew clauseor sentenceénto the pre-
viousdiscoursehroughits discourseconnectves: thereareotherwaysin
which discourseconnectvescancontrituteto discourseeoherenceThese
contributionscantheninteract,allowing certaincomplex featuresof dis-
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courseto becomputedhroughtheinteractionof simplermechanismsghat
areoperationaklsavhereaswell.

e Theapproacthallowsoneto reliably annotatealarge corpuswith low-level
discoursestructurejn whichthebasisfor annotatiordecisions-discourse
connectes(viewedaspredicatesandtheir aguments-is clear

The paperaimsto demonstrat¢hesebenefits surveying work carriedoutin this
lexicalized approachto discourseand floating somenew ideasaswell. Sec-
tion 2 illustrateswhatit meansto have a lexicalized TAG for discourse- a D-

LTAG — andhow it relatesto lexicalized TAG at the clause-lgel. It thereby
shows how D-LTAG provides a uniform way for lexico-syntacticelementsto

contribute to both the clauseandthe discourse.Section3 presentsa brief look
at our first experimenton analysingdiscourseautomaticallywith respecto D-

LTAG (Forbeset al., 2001). This work usesthe samechart-basedeft-corner
LTAG parser(Sarkar,2000)for both sentencenddiscourseprocessingtaking
thesequencef derivationtreesproducedrom sentence-hel analysisandout-
putting a derivation treefor the discourseasa whole. It is a first steptowards
integratingsentencerocessingndlow-level discourseprocessing.

Section4 briefly describesow looking at text from a D-LTAG perspectie
— which requiresone to associatea compositionalsemanticconstructionwith
eachelementbof lexicalizedsyntax— hasforcedusto look morecarefully at just
how lexico-syntacticelementontributeto discoursesemanticsTheresultsare
surprising:while somediscourseconnectvescontribute a relationshipbetween
adjacentiscourseelementsasexpectedptherscreateananaphoricrelationbe-
tweena discourseelementandthe discoursecontext. Still others,suchasfor
exampleandfor instance contribute by abstractingpverthe nearespredication,
beit clause-lgel or discourse-leel, andaddingthe resultto the discoursecon-
text (Webberet al., 2003). All of these- alongwith the waysthey caninteract
— are describedbriefly in Section4. Section5 describeghe Penn Discourse
TreeBankhttp://www.cis.upenn.edu/pdtb),aresourcéeingdevelopedfor the
studyof discoursestructureandsemanticsFinally, Section6 speculatesn the
futureof D-LTAG.

It shouldbe stressedhatthefocusof thiswork is propertieof the low-level
structureand semanticof monologicdiscourse.It doesnot addressssuesof
high-level rhetoricalstructure(e.g., standardorms of narratve, agumentation
or exposition),intermediate-lgel discoursestructurein termsof spealer inten-
tions, or dialogue structure (e.g., guestion-answepatterns patternsof clarifi-
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cationdialoguesor of expositionandacknavledgementetc.). Thusit doesnot
poseanalternatve to theoriesof intermediate-or high-level discoursestructure
or dialoguestructure put rathera necessargubstratdor suchtheories,similar
to thatof sentence-hel syntaxandsemantics.

2 D-LTAG: Lexicalized TAG for Discourse

In alexicalized Tree-AdjoiningGrammar(LTAG), a word is associateavith a
setof tree structureq(its tree sej, onefor eachminimal syntacticconstruction
in which the word canappear For example,within the tree setof like is one
tree(Fig. 1a) correspondindo simple SVO orderfor transitve verbs,asin The
boyslike apples anothertreecorrespondingdo topicalizedOSV order(Fig. 1b),
asin Applesthe boyslike, anda third tree correspondingo the simple passve
(Fig. 1c), asin Applesare liked by the boys All thesetreesrealizethe same
predicate-agumentstructurewith oneNP argumentfor the“lik er” andasecond
NP agumentfor the“lik ee”. Thetreesetalsoincludesa treecorrespondingo
like asthe prepositionaheadof an NP post-modifier(Fig. 1d), asin appleslike
thisoneandanothettreecorrespondingdo like asthe prepositionaheadof a VP
post-modifie(Fig. 1e),asin Singlike a bird.

The above syntactic/semantiencapsulations possiblebecauseof the ex-
tendeddomainof locality of alexicalizedgrammar:Whenlike is simply charac-
terizedasa verb (or a prepositionor a noun)in a non-lexicalizedgrammay the
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Figure2: An auxiliary PPtreeadjoiningto aninitial NP tree

informationaboutthe syntacticconfigurationst canappeain andhow its inter-
pretationcombineswith thatof otherelementsn thosesyntacticconfigurations
is spreadutacrosotherpartsof thegrammaratherthanbeinglocalisedin one
place.

In anLTAG, therearetwo kindsof elementaryreestructureshatcanappear
in atreeset: initial treesthatreflectbasicfunctorargumentdependencieand
auxiliary treesthat introducerecursionandallow elementarytreesto be mod-
ified and/orelaborated.Fig. 1(a—c)areall initial trees,while (d) and (e) are
auxiliary trees. The specialsymbolsusedin thesetrees(] andx) relateto the
two operationgy whichtreescancombineto form moreextendedderivedtrees.
| indicatesa substitutionsite wherean elementarytree cansubstitutento a de-
rivedtree,providedthelabelatits root matcheghatof the substitutiorsite. For
example,an NP treeanchoredoy the propernounJohn cansubstituteinto ary
of the substitutionsitesin Fig. 1. x indicatesan adjunctionsite (or foot node,
wherean auxiliary tree canadjoininto a root, leaf or non-terminalnodeof an
elementaryor derivedtree,againprovidedthatits label (the sameasthat of its
rootnode)is alsothe sameasthelabelof thenodeto whichit is beingadjoined.
Fig. 2 shavs the like PPtreefrom Fig. 1(d) anda tree correspondindo “John
ateanapple”,alongwith theresultof adjoiningthefirst treeinto the secondat
its second\P node.Additional examplesof adjoiningcanbe foundthroughout
the paperaswell asin otherpapersn this volume.

Now, one way of projectingthe insightsof lexicalized grammarinto dis-
coursewould be to have a single grammarthat mappedexical itemsinto dis-
coursestructuredlirectly.? Sucha radicalstepwould not be impossible.How-

2 thankoneof the Cognitive Sciencereviewersfor pointingthis out.
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ever, we have not thoughtthroughits mary consequences detail, given that
one would not want to lose the generalizationghat have beencapturedover
mary yearsof work in lexicalizedsentence-kel grammars.

Instead,we have simply positeda separatd. TAG for discourse(D-LTAG)
thatusesthe sameoperationf substitutiorandadjoining While thereis some
overlapbetweerthetwo (e.g.,both providing ananalysisof subordinatelause
—mainclauseconstructionsthereonestriking difference:While LTAG requires
awide varietyof differentelementaryreesto describeclause-lgel structurewe
have foundthat D-LTAG requiresvery few elementarytreestructurespossibly
becauselause-lgel syntaxexploits structuralvariationin waysthat discourse
doesnt. For example,like is associatedn the XTAG grammar(XTAG-Group,
2001)with 28elementaryreessuchasFig. 1(a—c)in whichit senesasaverban-
chor. In contrasta subordinateonjunctionsuchasbecausewhichin D-LTAG
is a discourse-leel predicatethat takestwo (clausal)aguments,is associated
with only two elementantrees— the sametwo asevery othersubordinatecon-
junction. Thus, all the elementarytreesso far identified as being neededfor
D-LTAG arepresentedhn this shortsection.

Theroot nodeof anelementarytreein D-LTAG is a discouseclause(D¢).
At eachsubstitutionsite, a basicclausecanbe substitutecbr a derivedtree. (A
basicclauseis treatedasan atomicunit with featuresjust asword or lemmais
in a sentence-kel grammar) Otherleavesareadjunctionsitesor the lexico-
syntacticelementghatanchorthe tree. Herewe will first look briefly at initial
treesin D-LTAG andthe rangeof lexical itemsthat anchorthem andthereby
sene as the predicateof discourse-leel predicate-agumentstructures(Sec-
tion 2.1). We thenlook at auxiliary treesin D-LTAG andthe lexical itemsthat
anchortreesthatelaboratehe ongoingdiscoursgSection2.2).

2.1 |Initial treesin D-LTAG

D-LTAG associatesitial treeswith a variety of lexico-syntacticelementghat
sene as predicateson clausalarguments: subordinateconjunctionsand other
subodinators; the lexico-syntacticanchorsof parallel constructionssomeco-
ordinateconjuctionsandevensomespecificverbforms.

3We areonly beginningto explorethis aspecbf LTAG now atthediscoursdevel. In LTAG,
eachnodein atreehasanassociatefkatuie structue thatcan,alongwith thenodelabel,beused
to constrainpossiblesubstitutionsand/oradjunctionsat thatnode.While suchfeaturestructures
arenotdiscussedh this paper see(Forbes-Rilg etal., 2004).
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a:subconj_mid a:subconj_pre
D. X
D /N D AD D
W subconj | ¢ subconj | © | ©

@ (b)

Figure3: Initial trees(a-b)for a subordinateonjunction.

In LTAG (XTAG-Group, 2001), subordinateconjunctionssuch as if, al-
though sinceand so that anchorauxiliary treesbecausehey are outsidethe
domainof locality of the verb, headingclausalor VP adjuncts In D-LTAG,
however, it is predicate®n clausalagumentghatdefinethe domainof locality.
Thus, at the discourse-leel, subordinateconjunctionsanchorinitial treesinto
which clausessubstituteas arguments. Fig. 3 shows the initial treesfor post-
posedsubordinatelausega) andpreposedubordinateclausegb). In thisand
otherfigures,D; standsfor “discourseclause”, | indicatesa substitutionsite,
and <subconp> standsfor the particularsubordinateconjunctionthat anchors
thetree.

Similar to subordinateeonjunctionsarewhat Quirk et al. (1972)call subor
dinators — lexical items suchasin order for, in order to, andto (which head
purposeclause$ andby (which headsa mannerclausg. Thesealsoanchorini-
tial treesin D-LTAG, while anchoringauxiliary treesin LTAG. They only differ
from subordinateconjunctionsin having a non-finite (untensedxlauseasone
argumentandafinite (tensedxlauseastheotherone.

a:contrast

On the On the |
one hand other hand

Figure4: Initial treefor a parallelcontrastve construction

D-LTAG alsoassociatemitial treeswith thelexical anchorsof parallelcon-
structionssuchas

(1) Ontheonehand Johnis generousOntheotherhand he’s hardto find.
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Theinitial treefor this parallelconstructions shovn in Fig. 4. It is associated
with both the lexical anchorson the onehandandon the other (hand) While
in LTAG, theseidiomatic prepositionaphrasesvould anchorseparatauxiliary
treesthatadjoinatthesentence-kel, in D-LTAG, they bothsene asanchordor
the sameinitial tree,keepingthe two discourseclauseqD¢) that substitutein,
within the samedomainof locality. Therearesimilar multiply-anchorednitial
treesfor disjunction(“either”... “or”...), addition (*not only”... “but also”...),
andconcessiorf“admittedly”... “but”...).

Therearealsoinitial treesanchoredyy coordinateconjunctionghatcorvey
a particularrelationbetweenthe connectedinits, suchasso, conveying result
Its initial treeis shavnin Fig. 5. In contrastwe take the coordinateconjunction
andto anchoranauxiliary tree,asdiscussedhn the next section.

a:so

Figure5: Initial treefor the coordinateconjunctionso.

Finally, thereis motivationfor takingtheimperatve form of supposeasan-
choringaninitial treein D-LTAG. This differs from LTAG, whereverbssuch
as supposethat take sententialcomplementsare taken to anchoran auxiliary
treerootedin an S-node,asshavn in Fig. 6a. This analysisprovidesa natural
way for LTAG to handlethe syntacticohenomenomf long-distanceextraction
(XTAG-Group,2001),illustratedin sentencesuchas“Who doesJohnsuppose
likesbeans?” (wherewho is the subjectof likeg and “Who did the elephant
think the pandaheardthe emusay smellsterrible?”, wherewho is the subject
of smells With respecto this clausalanalysis the auxiliary treefor supposen
Example2, would adjointo theroot of thetreefor the clause‘an investorwants
to sellastock...”.

(2) Supposeaninvestorwantsto sellastock,but notfor lessthan$55. A limit
orderto sell couldbe enteredatthatprice.

At the discoursdevel, the motivation for taking imperatve supposeo an-
chor aninitial treewith two substitutionsites(Fig. 6b), is thatit corresponds
more closelyto its discourse-leel predicate-agumentstructure: One substitu-
tion sitewill befilled by its sententiacomplementwhich specifiesa hypothet-
ical or counterfictualcondition,while the secondwill befilled by a subsequent
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S Dc
/\ /D\ D
NP VP suppose | ¢ | €
\ /\

v B
|

suppose

(a) (b)

Figure6: LTAG andD-LTAG treesfor imperative suppose

discourseclausewhich shouldbe evaluatedunderthatcondition— here,“A limit
ordercould be enteredat that price”. This is equivalentto the discourse-leel
predicate-agumentstructureof the subordinateconjunctionif. As with if, the
secondargumentof supposeneednot be anassertion.It caninsteadbe a com-
mand(Example3) or aquestionExample4), asin theseexampleseturnedrom
Google:

(3) Supposehatthe marketis semi-strongorm efficient, but not strongform
efficient. Describea tradingstratgy thatwould resultin abnormallyhigh
expectedreturns.

(4) Supposédhatyou wantto sendan MP3 file to a friend, but your friend’s
ISPlimits theamountof incomingmail to 1 MB andthe MP3file is 4 MB.
Is therea way to handlethis situationby usingRFC822andMIME?

Of course,imperatve supposeadoesnt always play this discourserole, which
leadsto ambiguityin D-LTAG analysessto whethera particulartoken of sup-
poseprojectsaninitial treeinto thediscourseor justanchorsasimplediscourse
clause] will mentionothersourcef ambiguityin the next section.

Onefinal pointhere.In all our D-LTAG paperdo date,we have talked asif
wordsanchorboth LTAG treesand D-LTAG trees.Becausat is oftenthe case
(aswith supposgthatonly whena lexical item occursin a particularstructural
configurationthatit shouldbe associateavith a particulartreein D-LTAG, it is
moreaccurateo talk in termsof anchored_TAG treesanchoringD-LTAG trees.
Thisis, in fact,how ourinitial parserfor D-LTAG operatesaswill bedescribed
in Section3.
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Figure7: Auxiliary treesin D-LTAG. <conr> standsfor any explicit coordi-
nating conjunctionor null connectve (¢). <dadv> standsfor ary discourse
adwerbial.

2.2 Auxiliary Treesin D-LTAG

Auxiliary treesin anLTAG introducerecursionandallow elementarytreesto be
modified and/orelaborated.Auxiliary treesin D-LTAG do the same(Webber
etal.,1999a,b2003).Herewe describegheauxiliary treesthatwe have takento
bepartof D-LTAG andthenreflecton thejustificationfor thesedecisions.

Thefirst useof auxiliary treesin D-LTAG is in connectiorwith descriptions
of objects,events,situationsandstateghatextendover severalclausesn a dis-
course. Suchextendeddescriptionsare formed with coordinateconjunctions
and/orunrealizednull) connectves. Thus,D-LTAG hastaken both coordinate
conjunctionsandnull connectvesto anchorauxiliary trees— cf. Fig. 7a. When
suchatreeis adjoinedto adiscourseclauseandits substitutiorsiteis filled with
anotherdiscourseclausethelatterextendsthe descriptionof the situationor en-
tity corveyed by the former* Suchauxiliary treesareusedin the derivation of
simplediscoursesuchas(5):

(5) a.Johnwentto thezoo.
b. He took his cell phonewith him.

This derivationis shavn in Fig. 8. To theleft of thearrow (—) aretheele-
mentarytreesto be combined:T1 standdor the LTAG treefor clauseba, T2 for
clausebb, and:unrealized for theauxiliary treethatconnectsadjacentlauses
without an overt connectve. In the derivation, the foot nodeof B:unrealizedis
adjoinedto the root of T1 andits substitutionsite is filled by T2. The result
is shavn to theright of —. (A standardwvay of indicating TAG derivationsis
shavn under—, in the form of a derivationtreein which solid lines indicate

“This simplerecursionis relatedto dominanttopic chainingin (Scha& Polaryi, 1988)and
entity chainsin (Knott etal., 2001). But null connectvesarealsocompatiblewith theinference
thata strongerrelation(suchasexplanatior) holdsbetweendiscourseclausesIf suchaninfer-
encedoeshold, thenit would no longerbe a caseof dominanttopic chainingor entity chains
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T1 B:unrealised

%
A m B m
N
T2 . B:unrealised A ¢ A
A ® 3 T1 T2
12

Figure8: D-LTAG derivationof Example5

adjunction,anddashedines, substitution.Eachline is labelledwith theaddress
of the algumentat which the operationoccurs. 1l is the derivationtreefor T1,
andt2, thederiationtreefor T2.)

We have positeda secondtype of auxiliary tree for D-LTAG, showvn in
Fig. 7b. Thisoneis anchoredy adiscoursedwerbialsuchasinstead otherwise
then in contrast therefore, for example neverthelessetc. Whatis strikingabout
thistreeis thatit is associateavith only asinglediscourseclausewhile boththe
initial treesin Fig. 3—6 andthe auxiliary treein Fig. 7aareassociatedavith two
distinctdiscourseclausesThatonly asinglediscourseclauses involvedin this
secondauxiliary tree(Fig. 7b) follows from our agument(Webberet al., 2003)
thatdiscourseadwerbials,by andlarge, establishananaphoriclink betweerthe
interpretatiorof the clauseto which they adjoinandthe previousdiscourse.

But note that adwerbialssuchasthesecould be interpretedwith respectto
the discoursewithout being distinct elementsof discoursegrammay asis the
casewith the demonstratie pronouns(“this” and“that”): While a demonstra
tive pronounis takento referto an abstract objectevoked by the previous dis-
coursgWebber1991;Asher,1993),in subjector objectposition,it is partof the
predicate-agumentstructureof the verl, sowould not automaticallybe part of
the discoursggrammar (In otherpositions,demonstratie pronounscontribute
to adjunctson the verb, but that doesnot make themautomaticallypart of the
discoursggrammareither)

Now in LTAG, the reasonthat adwerbialsanchorauxiliary treesis because
they areoutsidethe predicate—gyumentstructureof theverb,contributing mod-
ifiers like mannerof action(e.qg. “swiftly”), frequencyof actionsor events(e.g.,
“annually”), spealer attitudetowardseventsor situationge.g.,“unfortunately”),
etc® If onetook the comparableositionin D-LTAG, thendiscourseadwerbials

*Syntactically LTAG doesnt distinguishbetweendiscourseaderbialssuchasinsteadand
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would anchorauxiliary treesin the discoursegrammarif they wereoutsidethe
predicate—ggyumentstructureof any nearbydiscoursepredicate-i.e., ary struc-
tural connectve (includingthe null connectve) or otherdiscourseadwerbial.

Sotherearetwo questions{1) Shoulddiscourseadwerbials,which areinter-
pretedwith respecto discoursen away thatclausaladwerbialsarenot (Forbes,
2003),be treatedaspartof the discourseggrammar;and(2) if they should,is it
auxiliary treesthatthey anchor?

Discourseadwerbials like instead and otherwisebelongin the discourse
grammartbecausehey relatedtwo abstractobjectsin thesameway asdo clausal
adjunctsasin Example6:

(6) a. Insteadof stayinghome Johnwentto the zoo.
b. After cleaningthe snowoff his car, Johnwentto the zoo.
c. Becauséhefelt boredat home Johnwentto thezoo.

The only differencein Example7 below is that one of the abstract objectar
gumentsto insteadis provided anaphorically— in this case,from the clausal
subjectof the previous sentenceHence we take discourseadwerbialsto belong
to discoursggrammaraswell asto sentence-hel grammar

(7) Goingto thebeachsoundedoring.Instead Johnwentto thezoo.

As for the secondquestion,it is possiblethat thesediscourseadwerbials
shouldbe taken to anchoraninitial tree (asdo subordinateconjunctions) but
onewhosefirst agumentmustbe recored anaphorically Discourseadwerbials
like for exampleandfor instanceshav why the projectedstructuresshouldbe
takento be auxiliary trees.In (Webberet al., 2003),we shav thattheseadwer-
bialscanoperateon discoursepredicatesasin Example8:

(8) Johnbroke hisarm,sofor example,hecant cycle to work now.

Here,the structuralconnectve sois interpretedasrelatingthe interpretationof
“John broke his arm” and “he cant cycle to work now” — the latter being a
consequendf the former. The discourseadwerbial for examplemodifiesthe

clausaladwerbialssuchas swiftly, annually or unfortunately They areall associatedvith the
samesetof auxiliary treesbecauseahey canall appearat the samepositionswithin the clause.
Forbes(2003)givesan extensie analysisof the featuresof anadwerbialthatleadit to beinter
pretedasa discourseadverbialratherthana clausalmodifier.
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extentof theconsequencethelatterbeingbut oneexampleof theconsequences
of theformer. Sotheseadwerbialssere asadjunctsto discoursepredicatesand
henceasanchorsfor auxiliary trees. Notice, of course thatthe predicateneed
notbe explicit, asin Example9:

(9) Youshouldnt trustJohn.For example,he never returnsanything.

Here, one infers that Johns lying is meantto be an explanationfor why one
shouldnt trusthim, with for examplemodifying its extent— thatit’ s only oneof
possiblymary reasons.

Nothing elsein this paperdependn whetherdiscourseadwerbialsshould
be modelledasauxiliary treesin both sentence-Mel LTAG anddiscourse-leel
D-LTAG, but thereadershouldbe awarethatit is a questionwhoseanswetrtells
uponhow onethinksaboutdiscoursegrammar

| turn now to the topic of lexical ambiguityin D-LTAG, noting that there
are othersourcesf lexical ambiguity beyond thosementionedin Section2.1.
Oneis associatedvith the fact that adwerbialscan appearin one structurein
whichthey arediscourseadwerbials(dependingnthediscoursdor partof their
interpretation)asin 10a-b,andin otherstructuresn whichthey areindependent
of thediscourseasin 10c-d.

(10) a. Instead Johnateanapple.
b. Otherwiseyou canforgetdessert.
c. Johnateanappleinsteadof apear

d. Mary wasotherwiseoccupied.

In thesecasesthe clause-leel analysissenesto disambiguatevhetheror not
thelexical item functionsat the discoursdevel.

Anothersourceof ambiguityis invisible attheclausdevel. It stemsrom the
factthatmary of theadwerbialsfoundin secondositionin parallelconstructions
(e.g.,onthe other hand at the sametime, neverthelessbut) canalsosene as
simplediscourseadwerbialson their own. In thefirst case they will be oneof
the two anchorsof aninitial tree,suchasin Fig. 4, while in the second they
will anchorthe simpleauxiliary treeshown in Fig. 7(b). This lexical ambiguity
leadsto local ambiguityat the discoursdevel. Thatis, while thereis only one
consistenglobal analysisof the discourseanincrementaparseyworking left-
to-right, facesa choicethat canonly be decidedbasedon materialthatcomes
later. Thisis somethinghatclause-leel parserdaceonaregularbasis.
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For example,in thefollowing passageat the sametimesenesasthe second
anchorof aninitial tree expressingcontrast,whosefirst anchoris on the one
hand

(11) Brooklyn College studentshave an ambvalent attitude toward their
school. On the one hand thereis a senseof not having moved beyond
theambianceof their high school.Thisis particularlyacutefor thosewho
attendedMlidwood High Schooldirectly acrossthe streetfrom Brooklyn
College.. .. Atthesametime, thereis agooddealof self-congratulatiorat
attendinga goodcollege....

However, in the following minor variationof Examplell, at the sametime
anchorsan auxiliary tree that elaborateson the positive aspectsof attending
Brooklyn College, with on the other hand servingasthe secondanchorof the
initial treethatexpressesontrast.

(12) Brooklyn College studentshave an ambialent attitude toward their
school.Ontheonehand thereis agooddealof self-congratulatiorat at-
tendingagoodcollege. At the sametime, they know they’re saving money
by living athome.Ontheotherhand thereis a senseof nothaving moved
beyondtheambianceof their high school.

D-LTAG analyseslo notintroduceary kind of local or globaldiscourseam-
biguity thatis not presentin the original discourse.As with ambiguity at the
clause-lgel, discourseambiguityis a problemthatparsersnustpunton or deal
with, asl will discusdoriefly in thenext section.As with clause-lgel ambiguity
discourseambiguity is a problemthat will probablybe bestsolved by parsers
usinga combinationof statistics(favoring analyseswith the highestpriorsand
textual evidence)anddiscoursesemanticgfavoring analyseshatmake referen-
tial andrelationalsensen the currentcontet). All suchwork is in thefuture.

3 A parser for D-LTAG

Discourseparsinginvolvesanalyzingadiscourseaccordingo adiscoursegram-
mar— in our case,D-LTAG. To date,we have carriedout a single experiment
with discourseparsing(Forbesetal., 2001)thatshows thatthe sameparsercan
be usedfor both clause-lgel LTAG andD-LTAG. While it doesnot pretendto
have any psycholinguisticvalidity, it doesbring up someaspectf discourse
processingvorthcommentingon further.

In this work, a chart-basedeft-corner LTAG parsey LEM (Sarkar,2000)
makestwo passeshroughthetext, thefirst producingXTAG derivationtreesfor
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Figure9: Two-passsentence/discourgarsingusingLEM

eachsentencdrom the sequencef elementarytreesassociatedvith its words,
the secondproducinga D-LTAG deriation for the discourseasa whole from
the sequenc®f elementarjtreesassociatedvith its discourseconnectvesand
clausalderivations.Theflow of processings shovn in Fig. 9.

For eachsentencen the discourse,LEM usesits chartto recordpossible
derivation treesfor the sentenceaccordingto the XTAG grammar(XTAG-
Group, 2001). To producea single analysis,heuristicscan be usedto decide
which elementanytreeto assignto eachword (to dealwith lexical ambiguity),
andto choosewhereto attachmodifiers(currently the lowestattachmenpoint)
to dealwith structural ambiguity Eventually statisticswill replaceheuristican
this process.

Thesequencef derivationtreescorrespondingo the sequencef sentences
in the discourseis input to a Tree Extractor (TE), which extractstwo sortsof
thingsfrom eachone: (1) thederivationtreefor eachclausein the sentenceand
(2) eachelementantreeanchoredn adiscourseconnectve. Thisis donein two

A separateversionof the discourseparserusesLexTract (Xia et al., 2000)at the sentence-
level andLEM atthediscourse-leel. LexTractprovidesuniqueTAG derivationsfor sentences
thePennTreeBanksothatheuristicsarenot neededo selecttreesor chooseattachmenpoints.
This just avoids sever ambiguity problemsat the sentence-heel,in orderto focuson discourse-
level processing.The procesdollowing the useof LexTractto produceuniquesentence-heel
deriationsis thesameasin Fig. 9.



D-LTAG 17

passes-thefirst, to identify thediscourseconnectves,andthesecondto detach
clausalderivationsfrom their substitutionand/oradjunctionnodes.Thefirst— a
top-down traversalof the dervationtree— considerdoth lexical andstructural

propertiesof eachlexical item becauseasnotedearlier

e lexical itemsthat cansene asdiscourseconnectvescanalsobe usedin
otherways (e.g., insteadcan sene as an NP post-modifier— “an apple
insteadbf apear”;andcansereasanNP conjunction).Solexical features
aloneareinsufficient to determinewhethera particulartokenis actually
servingasadiscourseconnectve in a particularcontext.

e LTAG doesnotdistinguishbetweernclausaladwerbialslik e frequentlyand
discourseadwerbialslik e otherwise So structuralfeaturesalonearealso
insufficient.

Sofrom thesentence
(13) While shewaseatinglunch,shesav adog.

TE extractsthe two clausalderivationsandone elementarytree anchoredn a
discourseconnectve shovn belov. With clause-mediatliscourseconnectves,

saw (0] saw (ii) eating (iii) while
o ; she dog ' N
she dog while Extractor she was lunch
| | E——
a eating a

she was lunch .

asin
(14) Susanwill thentake dancinglessons.

TE makesa copyof the derivation andreplaceshe discourseconnectve with
anindex, to retainits clause-internaposition. This is becauseclause-medial
adwerbialsappeato berelevantto InformationStructure(Steedman2000),and
thustheir positionin the clauseis importantto presere.” Soin Examplel4,
TE extractsa single clausalderivation and one elementarytree anchoredn a
discourseconnectve,asshavnin Fig. 10.

"While onedoesindeedwantto identify, for Information Structure wherea clause-medial
adwerbial occursin clausestructure doingit via this copy-and-replacenechanisnis specificto
this particularimplementationA procesghatinterleavedclausalparsingwith discoursearsing
would, presumablyidentify a medialadwerbialwhereit occursandprocesst atthatpoint.
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take

. 10 take (ii) then
7 SO Extractor 0
Susan then lessons I

will  dancing wil  dancing

Susan {then} lessons

Figurel0: Applicationof TE to thederivationtreeof Examplel4.

Tree Mapping appliesto the outputof Tree Extraction,to map sentence-
levelstructuraldescriptor®f connectve elementaryreesto theirdiscouse-level
structuraldescriptors(Notethatthis embodieghe suggestiorattheendof Sec-
tion 2.1thatit is notlexical itemsthatanchorD-LTAG trees but ratheranchored
LTAG trees— e.g., only otherwiseas an S-adjoiningadwerbial, and not as an
adjectve-adjoiningadwerbial.)

Therole of the next stageof the processPiscoursdnput Generation(DI G)
is to producea sequencef lexicalized treeswhich can be submittedto LEM
for discourseparsing.The sequencef lexicalizedtreesconsistof the connec-
tive elementarntreesobtainedfrom Tree Mapping andthe clausalelementary
treescorrespondindo the clausalderivationsobjtainedfrom the Tree Extrac-
tor. Whenthereis no structuralconnectve betweenclausalunits, DIG inserts
anauxiliary treewith anemptylexical anchorinto theinputsequence.

Ambiguity is handledat the discoursdevel muchin the sameway asat the
clauselevel — a singletreeis choserfor eachconnectve andthe lowestattach-
mentpoint is selected.(In addition, adjunctionin initial treesis only allowed
attheir root node.) Lowestattachmenheuristicsareillustratedin Examplel5.
Thereasorfor selectingthis exampleis thatthe interpretationof they in thefi-
nal sentenceseemgo vary with the analysisselectedandso canbe usedasa
diagnostidor thatprocess.

(15) Johnis stubborn.(T1)
His sisteris stubborn(T2)
His parentsarestubborn(T3)
Sothey arecontinuallyarguing. (T4)
Fig. 11 shows the outputfrom DI G for this example. Thefive possiblederiva-
tionsfor this exampleareshavnin Fig. 12, correspondingo five derivedstruc-
turesshowvn in Fig. 13. Structure(i) canbe paraphraseds

Johnandhis sisterarestubborn.His parentsare stubborn.Sothey
[his parent$arealwaysamuing.
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TL Po T2 Po T3 a:so T4
CANEAN AT

Figurell: Treeghatseneasinputto LEM’sdiscoursearsingirom Examplel5:
“Johnis stubborn.His sisteris stubborn.His parentsarestubborn.Sothey are
continuallyarguing’”

1 a:so a;so N el

\B ) 0w oo P \p; 0
AN AN N\ . a:so
2 B /B:\(p Bo 2
: 2 N 2 4
a:so 2 B TE\ r\ Bo
| : B o =
3 4 3 B(P g.§o
3 13 :

r.?; \r4
@) (ii) (iii) (iv) v)

Figurel2: Potentialdiscourse-leel derivationtreesfor Examplel5.

T4
* TN\ © A
T T3A 5 AT4 Ty ;
T3
(i) (iif)
Thﬂw\m Thﬂw\
T4 Tz/l\
so A\ A o
A g AT APso A
(iv) (V)

Figure13: Derivedstructuredor discoursearsingof Examplel5.
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Structureg(iv) canbe paraphraseds

Johnis stubborn. His sisterandhis parentsare stubborn. So they
[his sisterandhis parent$ arealwaysamguing.

while structuregii), (iii) and(v) canall be paraphaseds

Johnandhis sisterandhis parentsarestubborn.Sothey [the whole
family] arealwaysamguing.

Most readerswill take eitherthis or the interpretationassociateavith structure
(i) asthe correctinterpretationof Example15, while having no feeling asto
which of the structureshasgivenriseto it. Our discourseparseyhowever, only
considergheuniquederivationin which (i) for aninitial tree,adjunctionis only
allowedattherootnode,while (ii) for all othertrees,only thelowestadjunction
is allowed. This meansthat the discourseparseronly producesderivation (v)
andderivedtree (v) for Examplel5, which happily accordswith the onethat
mostreadersanget. Neverthelessa morerobusttreatmenof bothlexical and
structuralambiguityshouldbe pursued.

Thereis onemoreproblemthata parserfor discoursanustaddress- thatof
discourseembeddedh indirectspeector a propositionakttitude,asin (16) and
@an.

(16) Thepilotscouldplay hardballby notingthatthey arecrucialto ary saleor
restructuringpecausehey canrefuseto fly theairplanes.

(17) Epigenesistbelievedthattheorganismwasnotyetformedin thefertilized
egg. Rather it aroseasa consequencef profoundchangesn shapeand
form duringthe courseof embryogenesis.

In bothexamplesthesententiatomplemenof theverb(notein (16) andbelieve
in (17)) mustitself be analysedasa discourseextendingin the caseof (17) to
thenext sentencaswell.

Ourinitial solutionto this problemresemblesn part,ourtreatmenbf imper
ative supposen Example2. | have alreadymentionedjn discussingmperatve
supposethatin LTAG, verbsthattake sententiacomplementslo soin theform
of anauxiliary treethat adjoinsto the objectclause(cf. Fig. 6a). In D-LTAG
however, we positaninitial treefor imperatve supposeahattakestwo discourse
clausesasarguments.For indirect speechand propositionalattitudeverbs,we
arefollowing a suggestiorfrom Aravind Joshiandpositingsomethingsimilar:
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v X_i
|
€

Figurel14: Proposed-LTAG initial treefor propositionalattitudeandindirect
speechverbs

aninitial treeanchoredy the propositionakttitudeor indirectspeechverbthat
hasa covert agumentthat is coindexed with the (overt) clausalcomplement
introducedby thecomplementize(Fig. 14). So,

(18) JohnbelievesthatMary is tired.
is analyzedas
(19) JohnbelievesX; that[Mary is tired);.

Thereis cross-linguisticevidencefor suchan analysiscomingfrom Hindié,
wherethe X; maybe overtly expressedasin

(20) raamye samajhtadnai ki sitathakii-huii hai
Ramthis believes is that Sitatired is
Rambelievesthis thatSitais tired

Thediscourseanalysisof Examplel6 would theninvolve thetreesshavnin
Fig. 15,whereT1 representtheanalysisof “The pilots couldplay hardball”, T2
representshe analysisof “they arecrucialto ary saleor restructuring”,andT3,
theanalysisof “they canrefuseto fly theairplanes”.

Similarly, the discourseanalysisof Example17 would involve the trees
showvnin Fig. 16, whereT1 representthe analysisof “the organismwasnotyet
formedin thefertilized egg” and T2, the analysisof “it aroseasaconsequence
of profoundchanges..”.

®RashmiPrasadpersonatommunication
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a:by o:prop-att ab
T]A DC DC - //]:’/I/\Y\\a\
A\ A T1  o:prop-att
TZA i by ¢ S ) J/DC_I 33
a:because
T3A b NP/\VP Lo
o:because *
D, JAN /\ T2 T3
\%
|

X_i
\

| becaus; noting ¢

Figurel5: D-LTAG derivationof Examplel6 —“The pilots could play hardball

by notingthatthey arecrucialto ary saleor restructuringpecause¢hey canrefuse
to fly theairplanes.

B:unrealised  a:prop-att
a:prop-att

! 3
A¢ D, _i T1

o

. NP VP :unrealised
B:rather p_ N /\ B e
/\ \‘/ N iy
D _ \
rather c believe ¢ o
B:rather

Figure16: D-LTAG derivation of Examplel7 — “Epigenesistdelievedthatthe
organismwas not yet formedin the fertilized egg. Rather it aroseasa conse-
guenceof profoundchangesn shapeandform during the courseof embryoge-
nesis.
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Neither this view of propositionalattitude and indirect speechverbs, nor
imperatve supposenor the (local) ambiguity causedoy discourseconnectves
thatcanappeaitin morethanoneD-LTAG tree,have yet beenincorporatednto
the parserdescribeckarlier | expectthatwhenthey are,we will discover other
aspectof low-level discourseanalysishatneedexploring.

4 Differences between discour se connectivesin D-LTAG

As showvnin Section2, D-LTAG distinguishedetweer(1) structuralconnectves
thatanchoiinitial treesandcorvey discourse-leel predicate-agumentrelations;
(2) structuralconnectves (including the null connectve) that anchorauxiliary
treesand that elaboratethe precedingdiscourse;and (3) discourseadwerbials
thatanchorauxiliary treesand contribute predicate-ajumentrelationsdistinct
from (but thatmayinteractwith) thosecorveyedby structuralconnectves.

Webberet al. (2003)argueextensiely thatwhile structuralconnectvesand
discourseadwerbialsmay both cornvey discourse-leel predicate-agjumentrela-
tions,they gettheiragumentdn differentways. Structuralconnectvesgetboth
their agumentsfrom the discourseclausego which they are structurallycon-
nectedn thediscourseasin thefollowing?®

(21) a. Because [HealthcareactuallyowesHealth\est$4.2million in rentand
mortgagepaymentseachmonth, [the amountdue above the amount
paidwill beaddedto thethree-yeanote]

b. Even though critical, [it was just the kind of attentionthey were
seeking] So [they fired backat the GoldmanSachsobjectionsin their
own economicdetter, “The BMC Report’]

On the otherhand,mary discourseadwerbialsget only oneargumentfrom the
clauseor sentenceo which they areadjoinedandthe otheranaphoricallyfrom
the precedingdiscourseasin

(22) a. [If thelightis red), stop.
Otherwise, [continuedown theroad]

b. One greatdifferencedistinguishedthe Soviet and Germansystems:
[therewasno Soviet equivalentof the deathcamps. Peoplesentenced

°Following the corventionsusedin the PennDiscourseTreeBank(Section5), agumentsare
bracletted while connectvesareunderlinedandin bold.
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to deathin the Soviet Union were generallyshot beforeenteringthe
campnetwork. Applebaumestimateghesevictims at just underone
million during the Stalin years. Instead, [Soviet prisonerswere ex-
pectedto earntheir keep by contributing to the creationof Soviet
Socialisn.

c. A personwho hates|to sit watching television] might instead [try
skydiving].

Empirical evidencefor this distinction betweenstructuralconnectvesanddis-

courseadwerbialscomedrom Creswelletal. (2002),whodescribeanannotation
experimentin which annotatorsvere asked to identify the minimal text unit in

theprecedingliscoursecontainingthe sourceof the“left-hand” agumentof the
following nineconnectves:

e Resultatves:asa result,so,therefore
e Additives:also,in addition,moreover

e Concessies:neverthelessyet,whereas

The datacamefrom Brown corpus,WSJcorpus,Switchboardcorpus,and 58
transcribedoral historiesof online Social Security Administration(SSA) Oral
History Archives®. Theresultsshaveda variety of distribution patterns:

e Soalwaystook the immediatelyprecedingsentenceor sequencef sen-
tencesasits left argument.

e Neverthelesoftentook XP (i.e., phrasalaguments.
e Theefore oftentookits left-handargumentfrom a subordinatelause.

Connectvesthatpatternedvith soweretakento bestructuralconnectves,while
theothersweretakento gettheir “left-hand” agumentanaphoricallyfrom inter
alia anon-adjacentlause a relative clause etc. — thatis, from a clausethatis
not structurallyconnectedo the discourseadverbial.

The problemsof dealingwith thesetwo typesof discourseconnectve dif-
fer. With structuralconnectves, one hasto rely on the parserto associatea
connectve with its intendedarguments:An incorrectattachmentecisionwill

Phitp:/iwww.ssa.ge/history/orallist.ntml
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meanan incorrectargumentassignment.With anaphoricconnectves, aswith
ary anaphoronemustdevelopa procedurdor resolvingthem.

Now it is well-known that differentanaphorslisplay differentpatternsvis-
a-vis the distribution and type of their antecedents:plural pronounsallow
split antecedentsvhile singularpronounsdo not; definite noun phrasegNPs)
commonly allow antecedentselatedthrough bridging while pronounsdo so
only rarely; the antecedentsf demonstratie pronounscommonlyderive from
clauseswhile thoseof personapronounsmostcommonlyderive from NPs;etc.
In the caseof a discourseadwerbial, if its “left-hand” agumentis anaphoric,
thenoneneedgo articulatea procedurdor finding its antecedenandfrom that,
deriving its agument.

We do not think all discourseadwerbialswill patternexactly the samevis-
a-vistheir antecedentsso we are proceedingon a case-by-casbasisto gather
dataon how they patternand on what featuresare relevantto that patterning.
The preliminary study we have carriedout on the discourseadwerbial instead
(Miltsakaki et al., 2003)illustrateswhatis needed.Herel will summarizeand
elaborateon thatstudyandcommenton how we arenow proceeding.

Insteadcomesin two forms: (i) abareadwerbial,asin

(23) InsteadJohnateanapple.
and(ii) modifiedby an“of” PR asin
(24) Johnateanappleinsteadof a pear

(25) Johnspentthe afternoomatthe zooinsteadof atthemuseum.

With an*“of” PP both args of insteadderive structurally: the first from the
modified phrase(e.g., “an apple”) and the secondfrom the “of” PP (e.g.,“a
pear”). Semanticallythatsecondargumentis a salientbut unchoseralternative
to thefirst, with respecto the givenpredication.This is basicto theinterpreta-
tion of insteadin bothits modifiedandbareforms.

As a baread\werbial, insteadcontinuesto getits first amumentstructurally
but its secondargument- the salientbut unchoseralternatve — mustbe derived
anaphorically from thediscoursecontect. But not every context providesalter
natwves:

(26) a. Johnfoundit hardto eatanapple.Insteadhe atea pear

b. Johnfoundit easyto eatanapple.#Insteadheateapear
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c. | {told, expected Johnto eatanapple.Insteadhe atea pear
d. John{told, expected meto eatanapple.#Insteadhe ateapear

As far as | am aware, there is no theoretical accountof what types of
phrases/clausesiggestlternatvesthatlicense‘instead”. 11

To beginto discoverthisempirically, pairsof annotatorseparatelygxamined
100successie instance®f bareinsteadin the PennTreeBankandrecordedhe
minimal text spancontainingthe antecedenof its anaphoricargument. There
wasagreemenin 97/100casesandtheother3 casesvereexcludedfrom further
analysis.

We thenchosefeatureso annotatehat we hadobsenedin serendipitously
encounteredhstance®f instead

e clausalnegation

(27) Johncouldnt sleep.Instead hewrote code.(Verbal neg)
(28) Noonecouldsleep.Instead gveryonewrote code.(Subj neg)
(29) Johnatenoneof his spinad. Insteadhefedit to hisfrog. (Obj neg)

e presencef amonotone-decreasirguantifier(M DQ)

(30) Few studentdik e to do homevork. Insteadthey would ratherparty.
(31) Studentseldomsleepin class.Insteadthey take notesassiduously

e presencef amodalauxiliary (M odal)

(32) Youshouldexercisemore.Insteadyou sit like a couchpotato.

¢ whethertheantecedents embeddedn a higherclause(Embed)

(33) Johnwantedto eata pear Instead heateanapple.

(34) Chrysler officials resistedcutting output. Instead they slapped
$1000cashrebateson vehicles.

“Forbes(2003) shows that theseare not the samealternatvesthat underpinthe semantics
of focusparticlessuchas“only” and“even”. Onthe otherhand,thereareclearly relationships
betweerthem,as“Only Johnateanapple.Insteadthe otherboys atepears.
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Features | YES (of 97) | NO (of 97)
Verbalnegg | 37 (38%) 60 (62%)

Subjneg | 5 (5%) 92 (95%)
Objney | 10(10%) | 82(85%)
MDQ 1 (1%) 96 (99%)
Modal 12(12%) | 85(88%)
Condit | 1 (1%) 96 (99%)

Embed | 57(59%) | 40(41%)

Figurel7: Distribution of Feature®f the Antecedenbf instead

Antecedents PCAs
Features | YES (of 97) | NO (of 97) | YES (of 169) | No (of 169)
Verbalneg | 37 (38%) 60 (62%) | 21(12%) 148(88%)
Subjneg | 5(5%) 92 (95%) | 8(5%) 161(95%)
Obj ney 10 (10%) 82(85%) | 6(4%) 139(82%)
MDQ 1(1%) 96 (99%) | 0(0%) 169(100%)
Modal 12 (12%) 85(88%) | 17(10%) 152(90%)
Condit 1(1%) 96 (99%) | 0(0%) 169(100%)
Embed 57 (59%) 40(41%) | 14(8%) 155(91%)

Figurel18: Distribution of Feature®f the PCAsof instead

(35) Paine Webberconsideed recommendingpecificstocks. Instead it
justurgedits clientsto stayin themarket.

Theresultsareshavn in Fig. 1712

We theninvestigatedvhetherother clauseghat don't sene asantecedents
for instead which we call “potentially competingantecedentsdr “PCAs”, have
a similar distribution with respecto thesefeatures.As in Soonet al. (2001),
we limited potentially competingantecedent$o onesoccurring betweenthe
anaphorandits true antecedent.Here, PCAswerefinite or non-finite clauses
interveningbetweernnsteadandits trueantecedent-or the 97 tokensof instead
on which annotatorsagreed this producedl169 PCAs. The distribution of the
sameserenfeaturedor thesePCAsis shavnin Fig. 18.

2Antecedentscould display one or more compatiblefeatures— e.g., both Subj neg and
Modal.
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Thereare someobvious differencedetweenthe antecedentand PCAs of
instead First,asshown in thefollowing summaryof clausalnegationfeatures

Antecedents PCAs
Features | YES (of 97) | NO (of 97) | YES (of 169) | No (of 169)
Verbalneg | 37 (38%) 21(12%)
Subjneg | 5(5%) 8 (5%)
Obj neg 10(10%) 6 (4%)

clausalnegationwasfoundto be over 2.5timesmorecommonin theantecedent
of insteadthanin PCAs—52/97times(~ 53%)versus35/169times(x 20%).
Secondfocussingontheembed feature

Antecedents PCAs
Featureg YES (of 97) | NO (of 97) | YES (of 169) | No (of 169)
Embed | 57 (59%) 14 (8%)

theantecedenof the anaphoriargumentof insteadwasfoundto beover seven
timesmorefrequentlyembeddeadn a higherverbthanaPCAwas—57/97times
(=~ 59%)vs 14/169times(~ 8%).

Ontheotherhand,for the featureselatedto the antecedenbeingin a con-
ditional (condit) or containinga monotonicallydecreasingjuantifier(M DQ),
thereisn’'t enoughdatato drawv any conclusions.The featurerelatedto the an-
tecedentcontaininga modal auxiliary (Modal) doesnot, as such,seemat all
predictive.

Subsequento this study we reviewed the dataand decidedthat this initial
featuresetshouldbe refinedin at leastthe following ways,to widenthe differ-
encebetweerantecedentandPCAs.

1. Althoughthe embeddingeatureis strongly predictve, we realisedthat
not all embeddingcontects suggestlternatvesto their embeddedtlauses.In
particular someembedded®CAs(but noembedde@ntecedentsf instead were
embeddedunderfactive verbslike know It is well-known that factive verbs
presupposéhetruth of theirembeddedlause(Kiparsky & Kiparsky, 1970),as
in

(36) JohnknowsthatFredeatsmeat.

They thereforedo not provide alternatvesthat cansere asantecedentfor in-
stead cf.
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(37) Johnbelieves/*knavsthatFredeatsmeat.InsteadFredeatstofu.

Therefore,we should annotatea featureon the embeddingverb, identifying
whetheror notit is factive, to excludeclauseseembeddedinderthe latteraspo-
tentialantecedentsSincethereis only asmallnumberof factive verbs(although
they arerelatively common),sucha featurecould be annotatecautomatically
with highreliability.

2. Certainverbsappeartto suggestlternatves,independenof whetherthe
clausealsocontainsexplicit negation,a monotonically-decreasinguantifier a
modalauxiliary or clausalembeddingConsiderthefollowing examples.

(38) JohndoubtedMary’s resole. Instead he thoughtshewould give up as
soonasheleft.

(39) NBC is contemplatinggetting out of the cartoonbusinessinstead it may
“counterprogram”with shows for anaudiencehatis virtually ignoredin
thattime period: adults.

(40) Investorshave losttheir enthusiasnfior thestockmarket. Instead they are
buying governmentonds.

(41) But respectabilitystill eludesltaly’s politics. Instead it hasthe phe-
nomenorof Mr. Berlusconi.

Many additional suchverbshave cometo our attention. They appearto fall
roughly into two classesalthoughneithercorresponds$o any known thesaurus
or WordNetclass.Thefirst class- includingdoubt refusedeny preclude etc. —
appearso containanelemenif implicit negation,andmightbe callednegative
propositionalattitudeverbs The secondclass— including stop lose get out of,
changg, drop, giveup, elude etc.— might be callednegativestatechange verbs
They indicatethatin the situationafter the eventcorveyed by the clause some
earlierfeatureof the situationno longerholds. This featurethenseemso be
availableasanalternatve to theindicatedchange.

While verbsin both classesappearto suggestlternatves,the composition
of theseclassegemainsto be specified.So we mustacquiretheir membership
concurrentlywith carryingout annotation.

3. Evenmoreof achallengeo automatiadentification,is thefactthatother
lexico-syntacticelementsthat do not fall into a priori classesappearableto
suggestlternatvesaswell. In thefollowing examplefrom the PennTreeBank
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(42) Thetensionwasevidenton Wednesdayveningduring Mr. Nixon'’s final
banquetoast,normally an opportunityfor reciting platitudesabouteter
nal friendship. Instead Mr. Nixon remindedhis host,ChinesePresident
Yang Shangkunthat Americanshaven' forgiven China’s leadersfor the
military assauliof June3-4 thatkilled hundredsandperhapghousands,
of demonstrators.

eithertheadwerb“normally” or thenoun“opportunity” appearso bea sufficient
triggerfor alternatvesandhencetheuseof instead

(43) Normally, we eatpastaon TuesdayInstead tonightwe’re having fish.

(44) Johnhadthe opportunityto buy a cheapusedcar. Instead he boughta
scooter

Sowhileit is clearthatwe shouldbroadertherangeof featuredeingconsidered,
it is not clearhow to go aboutidentifying them,exceptby noticingthemin the
contet of instead

Finally, I shouldcommenton relationalfeaturesthatderive from the pair of
structuraland anaphoricagumentsto instead— for example,whetherthe two
have the samesurfacesubject(asin most,but notall, of the examplesabove), or
relatedsubjectsasin Example45.

(45) In anabruptreversal,the United Statesand Britain have indefinitely put
off their planto allow Iraqgi oppositionforcesto form a nationalassembly
andaninterimgovernmenby theendof themonth.Instead top American
andBritish diplomatsleadingreconstructiorefforts heretold exile leaders
in ameetingtonightthatallied officials would remainin chage of Iraq for
anindefiniteperiod,saidlragiswho attendedhe meeting.

While relational featules appearrelevant to resolvinginstead they were not
includedin our original featureset. But it is clearthatrelationalfeaturesshould
be includedaswell. The contet in which we will examinetheseand other
featuregs thePennDiscourseTreeBank.

5 Penn Discour se TreeBank

ThePennDiscourselreeBank http://www.cis.upenn.edd/pdtb)aimsto do for
discoursavhatthe PennTreeBankhasdonefor sentence-hel processing- that
is, to provide a sharableesourcdor the developmentof automatedechniques
of discourseanalysisandgeneration.The valueof a TreeBankcomesfrom the
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“knowledge” addedto it, over and beyond its sequenceof sentences.When
completeandreleasedaroundNovember2005),it is expectedio have approxi-
mately20,000annotation®f the 250 typesof explicit connectvesidentifiedin
the corpus,and10,000annotation®f implicit conenctivegseebelow).

Creatingthe PennDiscourseTreeBank(PDTB) involves manuallyidenti-
fying, annotatingand assessingnter-annotatoragreemenbn (a) all discourse
connectvesin the PennTreeBank,and(b) the text segmentsfrom which each
connectve draws its aguments(Miltsakaki et al., 2004). While the PDTB re-
flectsthe theoreticalbias of D-LTAG in termsof a lexical basisfor discourse
analysisanddifferenttypesof discourseconnectves,the instructionsto anno-
tators? only requirethemto identify the minimal spansof text whosemeaning
is involvedin the useof a particularconnectve. Thesespansmay cover inter
alia anembeddectlause asin thefirst (anaphoricargumentto insteadin Ex-
ample46, a previous (non-adjacentlause asin thefirst (anaphoriclargument
to otherwisein Example47, or theimmediatelyprecedingsentencer clauseas
in Example48.

(46) AnneCompocciavanted|to beanun.
|nstead, [shefoundherselfin prisonfor embezzlingeity fundg.

(47) [If thelight is red), stop.
Otherwise, [justcontinuedown theroad]

(48) [Thereareno separateaftersin aflat roof];
instead, [the ceiling joists of thetop story supporttheroofing|

(Other possibilitiesinclude the immediatelyprecedingdiscourse a string that
doesnt correspondo an existing syntacticconstituentpr evena discontinuous
string.)

PDTB annotationis producedusingWordFreak?, anannotatiorntool devel-
opedby Tom Morton andthenmodifiedby JeremylLacivita to satisfythe needs
of PDTB annotation.To supportmulti-level analysis,annotations renderedn
XML as*“stand-of” annotationalignedwith similar stand-of versionsof the
PennTreebanksyntacticannotationand the predicate-agumentannotationof
PropBank(Kingshury & Palmer,2002). In the first tranchof connectvesto be
annotatedvere the discourseadwerbialsinstead otherwise neverthelessas a

Bhttp://www.cis.upenn.eduépdtb/manial/pdb-tutorial. pof
Yhttp:/iwww.sourcefoge.net/prgects/mordfresk
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resultandtherefore, andthe subordinateconjunctionsbecausgboth aloneand
whenprecededy partly, in part, only, just or largely), although eventhough
when(bothaloneandwhenprecededy just, only, evenor largely) andsothat

In addition,the PDTB is annotatingimplicit connectivedetweenadjacent
sectionswith no explicit connectve betwenthem. Here,the two sentencesre
takento be the two agumentsandthe annotatorsareasked to provide, where
possible anexplicit connectve thatcapturegheinferredrelationbetweerthem.
For example,

(49) [The $6 billion that some40 companiesare looking to raisein the year
endingMarch 31 compareswith only $2.7 billion raisedon the capital
marketin the previousfiscalyeaf. IMPLICIT-(In contrast)In fiscal 1984
beforeMr. Gandhicameto power, only $810million wasraised.

Thefinal versionof thePDTB will alsocontaincharacterizationsf thesemantic
rolesassociatedvith the agumentsof eachtype of connectve, similar to both
PropBankannotatiorof thesemantiaolesof verbs(Kingskury & Palmer,2002)
andNomBankannotationof the semantiaolesof nouns(Meyersetal., 2004).
Suchrole annotationswill allow softwarerunningoverthe PDTB to distinguish
betweerdifferentsense®f aconnectve (e.g.,temporalversusconcessie while)
or, for example to backoff to all connectvesthatsharehe samesetof semantic
roles.

Furtherdiscussiorof the PDTB, its annotatiorguidelinesandlevelsof inter-
annotatolagreementanbefoundin (Miltsakakietal.,2004)and(Prasacetal.,
2004).

The PennDiscourseTreeBankis not thefirst or only effort to annotatedis-
coursestructure.Efforts to do so startedovertenyearsago,asa way of provid-
ing empiricaljustificationfor high-level theoriesof discoursestructure(Grosz
& Sidner 1986;Moser& Moore, 1996). Although muchtime andenegy was
devotedto the work (Di Eugenioet al., 1998),the resultshave not beenwidely
usedin the computationalarena,unlike the PennTreeBank. It is hopedthat
currentefforts will not suffer this fate.

The work closestto the PennDiscourseTreeBankin Englishis the corpus
developedby Carlsonand Marcu and their colleaguegMarcu, 1999; Carlson
etal.,2002)basecn RhetoricalStructureTheory(Mann& Thompson1988)1°
RSTis atheoryof discourseanalysisthat holdsthat (1) thereis a specifiedset

®For German thereis now a similar effort to annotatediscourseconnectvesas part of the
PotsdanCommentaryCorpus(Stede 2004).
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of rhetoricalrelationsthatcanhold betweeradjacenunits of discourse(2) ad-
jacentunits of discoursearerelatedby a singlerhetoricalrelationthataccounts
for thesemantior pragmatiqintentional)sensessociateavith theiradjaceny;
(3) units sorelatedform larger units that participatein rhetoricalrelationswith
units that they themseles are adjacentto; and (4) in mary, but not all, such
juxtapositionspneof the units (the satellite)providessupportfor the other(the
nucleus)whichthenappearso bethebasisfor rhetoricalrelationsthatthelarger
unit participatesn. Giventheseprinciples,the mainaspectof RST annotation
are(1) demarcatinghe elementandiscourseaunitsthatunderpintherepresenta-
tion; (2) identifying how they fit togetherinto larger spans;and(3) annotating
the particularrhetoricalrelationthat holdsbetweenelementghatform a larger
span.

The RSTannotateccorpus® differs from the PennDiscourseTreeBankin
several ways— the mostsignificantbeingthe differencein theoreticalperspec-
tive. The RSTcorpusis basedon an a priori setof rhetoricalrelations,and
annotatorsare given specificinstructionsasto wheneachshouldbe chosenas
theannotatiorfor atext. In contrastthe PDTB is groundedn the corpusitself:
While annotatorsnay be instructedasto whento considera particulartokena
discourseconnectve (asopposedo e.g.awh-complementizeor arelative pro-
noun),onceatokenis judgedto beaconnectve,theannotatorsjob is to identify
its two argumentsn the corpus.Operationallythis meanghat RST annotation
startswith identifying discourseunits and then selectingwhat rhetoricalrela-
tions holdsbetweenthem,while PDTB startswith identifying connectvesand
thenwhatit is thatthey connect.

We are not downplaying the importanceof having an annotateccorpusof
coherenceelationsassociatedvith adjacentdiscourseunits. But we believe
thatthe taskof producingsucha corpuscanbe madeeasierby having already
identifiedthe higherorderpredicate-agumentrelationsassociateavith explicit
discourseonnectves. They canthenbefactorednto thecalculationor removed
from the calculation,asappropriatg\Webberetal., 2003).

6 Conclusion

This paperhasreviewed our work on a lexicalized grammarfor low-level dis-
course gxplainingwhathasmotivatedthe work andwhatit achieses,including

Yedistributednow by the Linguistic DataConsortiumhttp://www.ldc.upenn.edu



34 BONNIE WEBBER

¢ allowing usto make specificgeneralizationabouthow lexico-syntactic
elementscontribute to the syntaxand semanticsof both the clauseand
discourseandhow thosecontritutionsmayinteract.

e openingup the (still to be realised)possibility of allowing sentenceoro-
cessingandlow-level discoursegrocessingo beintegrated.

¢ allowing usto developalarge,reliably annotateadorpusin whichthebasis
for annotationdecisions— discourseconnectes (viewed as predicates)
andtheirarguments- is cleat

For the next few years,the PennDiscourselTreeBankis the future of D-LTAG.

It will provide a Gold Standardor furtherparserdevelopmentfor D-LTAG, and
throughits integrationwith the PennTreeBankandPropBank enablethe devel-

opmentof data-intensie, probabilisticmethoddor resolvinganaphoricconnec-
tives.It will undoubtediybea sourceof interestingdataandinterestingdeasfor

mary yearsto come.
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