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t. We present an implementation of a dis
ourse parsing system for alexi
alized Tree-Ajoining Grammar for dis
ourse, spe
ifying the integration of sen-ten
e and dis
ourse level pro
essing. Our system is based on the assumption thatthe 
ompositional aspe
ts of semanti
s at the dis
ourse-level parallel those at thesenten
e-level. This 
oupling is a
hieved by fa
toring away inferential semanti
sand anaphori
 features of dis
ourse 
onne
tives. Computationally, this parallelismis a
hieved be
ause both the senten
e and dis
ourse grammar are LTAG-based andthe same parser works at both levels. The approa
h to an LTAG for dis
ourse hasbeen developed by Webber et al. in some re
ent papers ([33℄, [35℄, among others).Our system takes a dis
ourse as input, parses the senten
es individually, extra
tsthe basi
 dis
ourse 
onsituent units from the senten
e derivations, and reparses thedis
ourse with referen
e to the dis
ourse grammar while using the same parser usedat the senten
e-level. 1. Introdu
tionAll work on dis
ourse starts from the premise that dis
ourse meaning ismore than the sum of its parts (i.e., its 
onstituent senten
es or 
lauses).The question is how to get there. Work in the tradition of Rhetori
alStru
ture Theory [17℄ - both in interpretation [18℄ and generation [8℄ -views the additional meaning solely in terms of dis
ourse relations thathold between adja
ent text spans, treating dis
ourse 
onne
tives assignalling types of dis
ourse relations. How the basi
 text spans are as-� The �rst four authors are named in alphabeti
al order.
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2 Forbes, Miltsakaki, Prasad, Sarkar, Joshi, Webbersigned an interpretation, and how that interpretation might 
ontributeto dis
ourse meaning apart from dis
ourse relations, is largely ignored.Not so in more formal work on dis
ourse semanti
s ([4℄, [21℄, [25℄,[26℄, among others), whi
h takes seriously a 
ompositional pro
ess ofderiving dis
ourse meaning from the meaning of its parts. However,this work (a) only makes use of two me
hanisms for deriving dis
oursemeaning from the meaning of its parts - 
ompositional semanti
s andinferen
e - and (b) treats the pro
ess by whi
h dis
ourse derives 
ompo-sitional aspe
ts of meaning as being entirely separate from how 
lausesdo so. Both of these are the fo
us of the approa
h developed in [33℄and [35℄. In this approa
h, it is argued that 
ertain aspe
ts of dis
oursemeaning are better seen as deriving from anaphori
 and presupposi-tional properties of lexi
al items, and that this is fa
ilitated througha uniform lexi
alised treatment of both 
lausal syntax and semanti
sas well as dis
ourse syntax and semanti
s. This paper presents an im-plementation of a dis
ourse parsing system that draws on the insightsof this latter approa
h. We explore the hypothesis that the boundarybetween senten
e level stru
ture and dis
ourse level stru
ture is not asharp one. Senten
e level stru
ture supports 
ompositional semanti
seven though there are other semanti
 aspe
ts, su
h as anaphori
 rela-tions (e.g., intrasentential links for pronoun referen
e) and inferentialinterpretation (e.g., interpretation of 
ompound nouns) that need tobe a

ounted for. In the same way, dis
ourse level stru
ture is alsoviewed as supporting 
ompositional aspe
ts of semanti
s, while allow-ing for other interpretive 
omponents to be added on for a 
ompletesemanti
s for dis
ourse - e.g., for determining anaphori
 and inferentialinterpretation. Thus, we pursue the idea that the formal devi
e usedfor deriving the stru
tural des
riptions at both levels is the same, whilenoting that at the dis
ourse level, the devi
e may have less generativepower. In addition, we also illustrate that our ar
hite
ture for dis
ourseparsing allows for a smooth transition from senten
e level to dis
ourselevel pro
essing and for the use of a single parser at both levels.In Se
tion 2, we dis
uss the framework for an LTAG for dis
ourse.Se
tion 3 presents a dis
ussion of our methodology for determining thestru
ture of dis
ourse 
onne
tives, a

ompanied with a 
ase study ofthe 
onne
tive however. In Se
tion 4, we des
ribe the ar
hite
ture ofour system. Se
tion 5 dis
usses some of the advantages of our sys-tem, in parti
ular, with respe
t to the 
lose link between senten
elevel and dis
ourse level semanti
s, and with respe
t to the proje
tionof senten
e-level information stru
ture distin
tions to the dis
ourselevel. Finally, in Se
tion 6, we 
ompare our system with some otherapproa
hes, espe
ially with those that use some variant of TAG for de-
jolli.tex; 30/11/2002; 16:27; p.2



Dis
ourse Parsing with LTAG 3s
ribing dis
ourse stru
ture (e.g., [4℄ and [26℄), and those that attemptto automate the derivation of dis
ourse stru
ture (e.g., [18℄).2. A Lexi
alized Tree Adjoining Grammar for Dis
ourseThe D-LTAG system is based on the approa
h to a lexi
alized TAG fordis
ourse, as des
ribed in [33℄. An LTAG for dis
ourse posits two kindsof elementary trees: initial trees, whi
h en
ode predi
ate-argument de-penden
ies, and auxiliary trees, whi
h are re
ursive and modify and/orelaborate elementary trees. All stru
tural 
omposition is a
hieved withtwo operations, substitution and adjun
tion. In the D-LTAG grammr,
lauses 
onne
ted by a subordinating 
onjun
tion form an initial treewhose 
ompositional semanti
s is determined by the semanti
 require-ments of the subordinate 
onjun
tion (the predi
ate) on its arguments(the 
lauses). Auxiliary trees are used for providing further informa-tion through adjun
tion. They 
an be an
hored by adverbials, by 
on-jun
tions like and, or may have no lexi
al realization. Furthermore, adis
ourse predi
ate may take all its arguments stru
turally, as in the
ase of subordinating 
onjun
tions, or anaphori
ally, by making useof events or situations available from the previous dis
ourse, as in the
ase of then.1 This division between the 
ompositional part of dis
oursemeaning (proje
ted by the tree stru
tures) and the non-
ompositional
ontributions due to general inferen
ing and anaphora is a key insightof the approa
h to an LTAG for dis
ourse. It simpli�es the stru
tureof dis
ourse and extends 
ompositional semanti
 representations fromthe senten
e level to the dis
ourse.Figure (1a) shows one initial tree in the grammar.2 We treat 
on-ne
tives an
horing this tree as dis
ourse predi
ates whi
h require two
lausal arguments. In general, su
h trees are an
hored by subordinating
onjun
tions su
h as be
ause, when et
. A se
ond initial tree is shownin Figure (1b) whi
h, as suggested in previous work [33℄, re
e
ts depen-den
ies in parallel 
onstru
tions and is proje
ted by pairs of 
onne
tivessu
h as on the one hand ... on the other hand....3
Sr

S1↓ Conn◊ S2↓

Sr

Conn1◊ S1↓ Conn2◊ S2↓(a) (b)Figure 1. Initial Trees in D-LTAGAs in the senten
e-level grammar, trees in the D-LTAG grammar aregrouped into tree families, whi
h are taken to re
e
t surfa
e 
lause order
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4 Forbes, Miltsakaki, Prasad, Sarkar, Joshi, Webbervariation realized with preposed and postposed subordinate 
lauses.Trees belonging to the same family share the same predi
ate-argumentdependen
ies. One su
h tree family is shown in Figure 2, an
hored by
onne
tives like be
ause.
Sr

S1↓ Conn◊ S2↓

Sr

Conn◊ S1↓ S2↓(a) (b)Figure 2. Tree Family in D-LTAGThe se
ond type of elementary tree 
onsists of auxiliary trees, whi
hintrodu
e re
ursion and serve to extend or modify a des
ription of theprevious dis
ourse. There are two kinds of auxiliary trees, shown inFigure 3.
Sr

Sf* Conn◊ S1↓

Sr

Conn◊ Sf*(a) (b)Figure 3. Auxiliary Trees in D-LTAGThe tree in Figure 3(a) is an
hored by 
onne
tives that simply
ontinue the des
ription 
onveyed by the stru
ture to whi
h the treeadjoins. Other aspe
ts of meaning that relate the two arguments arederived anaphori
ally or inferentially (e.g., based on the relationshipbetween the tense/aspe
t of the two arguments ([7℄, [12℄, [16℄, [32℄). Thean
hor of this tree 
an also remain lexi
ally unrealized, when it is usedto 
onne
t adja
ent 
lauses without overt 
onne
tives, su
h as \Marywalked towards the 
ar. The door was open". The tree in Figure 3(b) issele
ted by 
onne
tives whose �rst argument is resolved anaphori
allyand the se
ond argument is the interpretation of the 
lause they adjointo. We say more about this in the next se
tion.3. Determining Tree Stru
tures for Dis
ourse Conne
tivesIn the previous se
tion, we de�ned the elementary trees in
luded inthe D-LTAG grammar. The next 
ru
ial step in lexi
alizing a Tree-Adjoining Grammar is determining whi
h trees or family of trees aresele
ted by a dis
ourse 
onne
tive. In previous work ([35℄, [34℄), it
jolli.tex; 30/11/2002; 16:27; p.4



Dis
ourse Parsing with LTAG 5was shown that the 
onne
tives then, for example and otherwise arebest treated as anaphori
, an
horing trees of type 3(b). But for someother 
onne
tives, su
h as however, it was less 
lear whether they werestru
tural or anaphori
.In what follows, we take the view that the lexi
alization of treesis an empiri
al question, and we des
ribe the methodology we adoptto determine the stru
tures lexi
alized by 
onne
tives. When in doubtabout the stru
ture of a 
ertain 
onne
tive, we start with the hypothesisthat the arguments of the 
onne
tive are realized stru
turally. This isbe
ause, from a 
omputational point of view, it would be less interestingto start with the assumption that arguments are resolved anaphori
ally.Assuming that all 
onne
tives �nd their arguments anaphori
ally wouldprobably be adequate to 
hara
terize all predi
ate-argument relation-ships on the dis
ourse level. However, it would not shed mu
h light onthose aspe
ts of stru
tural organization that are relevant to languagestru
ture and presumably 
ontribute to the eÆ
ien
y of the inferen
ingpro
esses required for dis
ourse interpretation [10℄. Predi
ates whi
h�nd their arguments stru
turally de�ne a domain of lo
ality for stru
-tural dependen
ies and 
onstrain the interpretation of dis
ourse in a
omputationally eÆ
ient way, as is the 
ase for verb predi
ates at thesenten
e level syntax.On empiri
al grounds, the diagnosti
 we use to test if a 
onne
tiveis stru
tural is 
rossed stru
tural dependen
ies. The 
urrent XTAGgrammar for English does not lead to 
rossed dependen
ies as theyseem to be unne
essary at the senten
e level for English. We make asimilar assumption for the dis
ourse level and 
on
lude that a 
onne
-tive de�nes a domain of stru
tural lo
ality only when su
h domains donot 
ross tree nodes.4A Case Study - \However": For the 
onne
tive however, our �rstassumption is that however an
hors the stru
tural auxiliary tree, shownin Figure 3(a). Regarding its semanti
 
ontribution, we follow [13℄ and[15℄ in assuming that however presupposes a defeasible rule holdingbetween a generalization of its �rst argument and a generalization ofthe negation of its se
ond argument, and asserts that the rule fails tohold in this 
ase (see [36℄ for a formalization of the rule). To investigateif both arguments are realized stru
turally, we 
ondu
ted a 
orpus studyof the 
onne
tive. We identi�ed 71 tokens of however from the Brown
orpus and lo
ated the two arguments of the 
onne
tive for ea
h token.In 69 out of the 71 instan
es, the position of both arguments in thedis
ourse was 
onsistent with the stru
tural hypothesis: one argumentwas realized in the senten
e 
ontaining the 
onne
tive, and the se
ondargument was realized either in the immediately pre
eding senten
e
jolli.tex; 30/11/2002; 16:27; p.5



6 Forbes, Miltsakaki, Prasad, Sarkar, Joshi, Webber(58 instan
es) or in an immediately pre
eding 
hunk of text (11 in-stan
es). In both 
ases, atta
hment to the previous dis
ourse did notyield 
rossing of tree nodes.The remaining 2 
ases were of two kinds. One, exempli�ed in (1),involved an argument that was not dire
tly realized in the previousdis
ourse. Rather, the presupposed defeasible rule 
ould only be seen asholding between rather 
ompli
ated generalizations whi
h would haveto be inferred from the two arguments. Here we take the defeasible ruleto be something like \If the speaker/writer makes an apparently nega-tive 
omment about a book, then his/her attitude is negative towardsit."(1) a. If this new Bible does not in
rease in signi�
an
e by repeated readingsthroughout the years, it will not survive the ages as has the King JamesVersion.b. However, an initial perusal and 
omparison of some of the famouspassages with the same parts of other versions seems to speak wellof the e�orts of the British Bibli
al s
holars.In the other 
ase, however appeared to make no semanti
 
ontribu-tion to the dis
ourse, other than simple 
ontinuation. This is shown in(2).(2) a. It is in this spirit whi
h explains some of the anomalies of Ameri-
an Catholi
 higher edu
ation, in parti
ular the wasteful dupli
ationapparent in some areas.b. I think for example of three women's 
olleges with pitiful enrollments,
lustered within a few miles of a major Catholi
 university, whi
h isalso 
o-edu
ational.
. This is not an isolated example;d. this aspe
t of the total pi
ture has been 
ommented upon often enough.e. It would seem to represent esprit de 
orps run riot.f. Apart, however, from the question of wasteful dupli
ation, there is an-other aspe
t of the \family business" spirit of Catholi
 higher edu
ationthat deserves 
loser s
rutiny.While it is 
lear that (2f) atta
hes higher up to the stru
ture 
ontain-ing (2b)-(2e), it is less 
lear what the semanti
 
ontribution of howeveris to the interpretation of the dis
ourse. However here seems to bea
ting similar to the dis
ourse marker now (e.g., \Now, apart fromthe question of wasteful dupli
ation...") [6℄, reinfor
ing the IRU (In-formationally Redundant Utteran
es) 
ue (i.e., \apart from the ques-tion of wasteful dupli
ation") as a signal of returning to (2a) after a
on
eptually embedded segment was 
losed o� at (2e) ([5℄, [31℄, [3℄).To summarize, the 
orpus-based study for the 
onne
tive howeverprovides 
onsiderable support for the hypothesis that it �nds its ar-
jolli.tex; 30/11/2002; 16:27; p.6



Dis
ourse Parsing with LTAG 7guments stru
turally. However, as indi
ated by the more 
omplex ex-amples (1) and (2), further empiri
al studies will be required before ade�nitive 
on
lusion is rea
hed.54. System Des
ription and ImplementationIn this se
tion, we des
ribe our initial implementation of a dis
ourseparsing system based on a lexi
alized Tree-Adjoining Grammar fordis
ourse. Dis
ourse stru
ture is derived in two passes of parsing. In the�rst pass, the senten
es in the dis
ourse are parsed, whereas dis
ourseparsing is done in the se
ond pass. Without losing sight of the key ideasof the theory of an LTAG for dis
ourse, this two pass implementationa
hieves a 
onsiderable simpli�
ation over a single pass of parsing,espe
ially in terms of the parsing time and spa
e requirements thatwould result from using both the senten
e-level and the dis
ourse-levelgrammar at on
e.
Tree

Extractor

Tree
Mapper

Discourse Input 

Generation

and

Tree Selection

Clausal 

Derivations

Tree Database

Clausal Tree

LEM

Derivation Structure

for 

Discourse

Representations

LEM

Input Discourse

(Sentence Parsing) (Discourse Parsing)

Figure 4. D-LTAG: System Des
riptionFigure 4 shows the overall ar
hite
ture of the system. The inputdis
ourse is submitted to lem, the Parser, whi
h parses ea
h senten
ein the dis
ourse with referen
e to the senten
e grammar. The outputderivations (one derivation ea
h for ea
h of the senten
es) are thensubmitted to the Tree Extra
tor, whi
h extra
ts the basi
 dis
ourse
onstituent units from ea
h senten
e derivation. The basi
 dis
ourseunits 
onstitute the elementary trees lexi
alized by dis
ourse 
onne
-tives in the senten
e-level grammar, and the derivation (and derived)stru
tures asso
iated with the 
lausal units.6 In the next step, thesenten
e-level elementary trees an
hored by the 
onne
tives are mappedby the Tree Mapper to their 
orresponding elementary trees in the
jolli.tex; 30/11/2002; 16:27; p.7



8 Forbes, Miltsakaki, Prasad, Sarkar, Joshi, Webberdis
ourse grammar. The dis
ourse grammar, as spe
i�ed in Se
tion 2,is 
ontained in the Tree Database. The output of the Tree Mapper,together with the 
lausal units and the input dis
ourse string, is thenused to 
onstru
t a dis
ourse input representation that 
onsistsof a sequen
e of lexi
alized trees (tree sele
tion), with the extra
ted
onne
tives and 
lausal units as the lexi
alizing elements.7 Finally, thedis
ourse input, the Tree Database, and the 
lausal tree representationsare submitted to the same Parser, whi
h provides derivations for thegiven dis
ourse.In the rest of this se
tion, we des
ribe the di�erent 
omponents ofthe system in greater detail, and dis
uss various issues that arose duringthe implementation.PARSER (lem).The parser is a 
hart-based head-
orner parser [23℄.The senten
e-level grammar used by the parser is the XTAG Englishgrammar [39℄. For ea
h senten
e, ea
h subsequent phase of the systemassumes that there is exa
tly one derivation per senten
e. Sin
e, in gen-eral, there 
an be many ambiguities for ea
h senten
e in the dis
ourse,the parser pi
ks one derivation per senten
e to pass on to subsequentpro
essing. In the system des
ribed in this paper, the parser produ
esa single parse for ea
h senten
e by using heuristi
s that (a) de
idewhi
h elementary tree to assign to ea
h word, and (b) pi
k the lowestatta
hment between these trees. In future work, we plan to experimentwith two other methods to deal with ambiguity: (1) using the parser asa statisti
al parser [24℄ where it reports the most probable parse basedon training the parser on the Penn Treebank, and (2) representing themany parses asso
iated with ea
h 
lausal unit in the senten
e in a
ompa
t form (a parse forest) and representing these as the elementaryunits in the dis
ourse.TREE EXTRACTOR. The task of this 
omponent is to extra
t,from ea
h senten
e derivation, the 
lausal derivations and any elemen-tary tree(s) an
hored by dis
ourse 
onne
tives. The Extra
tor �rst doesa top-down traversal of the senten
e derivation, and identi�es the partof the derivation asso
iated with any 
onne
tives. Identi�
ation of the
onne
tives is done against a database 
ontaining a list of possibledis
ourse 
onne
tives as well as the elementary tree(s) an
hored byea
h of them in the senten
e grammar.The use of both lexi
al and stru
tural information is ne
essary to
orre
tly identify the dis
ourse usages of 
onne
tives in the sententialderivations. That is, neither kind of information by itself is suÆ
ientfor identi�
ation. On the one hand, many elements that fun
tion asdis
ourse 
onne
tives 
an also have other fun
tions: and fun
tions as adis
ourse 
onne
tive when it 
onjoins 
lauses, as in \The dog barkedand Mary smiled", but it 
an also 
onjoin noun phrases (among other
jolli.tex; 30/11/2002; 16:27; p.8



Dis
ourse Parsing with LTAG 9phrasal 
ategories), as in \Lana ate 
heese and 
ra
kers". As a result, ifwe used only the lexi
al appearan
e of the elements as the identi�
ation
riterion, then the and whi
h 
onjoins non-sentential 
ategories wouldbe in
orre
tly treated as a dis
ourse 
onne
tive. Knowledge about theelementary trees asso
iated with the dis
ourse usage of and is thereforene
essary to rule this out. On the other hand, it is not suÆ
ient toonly use stru
tural information to identify dis
ourse 
onne
tives. Forexample, the senten
e-level grammar does not make a stru
tural dis-tin
tion between sentential adverbs that are dis
ourse 
onne
tives andthose that are not: the elementary tree in Figure 5 
an be lexi
alizedboth by however, whi
h is a 
onne
tive, as well as by always, whi
his not a 
onne
tive. Identi�
ation of the former - and not the latter- stru
ture 
an therefore be done only if the lexi
alizing elements arealso used.
Sr

Adv◊ Sf*Figure 5. Elementary Tree An
hored by an Adverb in the Senten
e-level GrammarAfter the identi�
ation of the 
onne
tives, the 
lausal derivationsare deta
hed in the senten
e derivation at the substitution and/oradjun
tion nodes of the 
onne
tive elementary tree. The result of thispro
edure is shown in Figure 6 for the derivation of the senten
e whileshe was eating lun
h, she saw a dog.8
saw

she dog while

she was lunch

a eating

,

Extractor

saw

she dog

a

(i)

(iii) while

eating

she was lunch

(ii)

,Figure 6. Result of Tree Extra
tor Applied to Derivation of while she was eatinglun
h, she saw a dog.The above pro
edure 
an be shown to work on all derivations inwhi
h 
onne
tives take 
lauses as their arguments in the senten
e-level grammar. In the surfa
e string, this 
orresponds to 
onne
tivesappearing at 
lause boundaries. However, 
onne
tives 
an also appear
jolli.tex; 30/11/2002; 16:27; p.9



10 Forbes, Miltsakaki, Prasad, Sarkar, Joshi, Webberin 
lause-medial positions, as in Example 3. The 
onne
tive then adjoinsto the verb phrase (VP node) in the 
lause.(3) Susan will then take dan
ing lessons.Though su
h 
lause-medial 
onne
tives are posited as taking 
lausesas their arguments in the dis
ourse-level grammar, we believe that their
lause-internal syntax should be visible at the dis
ourse-level des
rip-tion, as it is probably an indi
ator of Information Stru
ture (IS).9 TheExtra
tor a
hieves this by only making a 
opy of the derivations forthese 
onne
tives, and by repla
ing - in the derivation of the 
lause- the lexi
al o

urren
e of the 
onne
tive by an index, to indi
ate its
lause-internal position. The result of this pro
edure for example (3) isgiven in Figure 7. ftheng in 7(i) represents the 
lause-medial 
onne
tiveindex left by the Extra
tor.
dancingwill

then

take

lessonsSusan
Extractor

(i)
take

lessonsSusan

dancingwill

{then}

(ii) thenFigure 7. Result of Tree Extra
tor Applied to Derivation of Susan will then takedan
ing lessonsThus, the output of the Extra
tor is, for ea
h senten
e, a set ofelementary trees an
hored by 
onne
tives in the senten
e grammar,and a set of 
lausal derivations. For the example dis
ourse given in(4), (5) shows the parts of the dis
ourse input 
orresponding to the ex-tra
ted dis
ourse 
onstituent units. (b), (f), (i) and (k) are the extra
ted
onne
tives, and the rest are the 
lausal derivations.(4) a. Mary was amazed.b. While she was eating lun
h, she saw a dog.
. She'd seen a lot of dogs, but this dog was amazing.d. The dog barked and Mary smiled.e. Then she gave it a sandwi
h.(5) a. mary was amazedb. while
. she was eating lun
hd. she saw a doge. she'd seen a lot of dogsf. but
jolli.tex; 30/11/2002; 16:27; p.10



Dis
ourse Parsing with LTAG 11g. this dog was amazingh. the dog barkedi. andj. mary smiledk. thenl. fTheng she gave it a sandwi
hTREE MAPPER. The 
onne
tive-lexi
alized elementary trees thatare extra
ted from the senten
e derivations are submitted to the Treemapper, whi
h maps their senten
e-level stru
tural des
riptions to theirdis
ourse-level stru
tural des
riptions (taken from the Tree Database).This is a 
ru
ial step in the dis
ourse derivation be
ause it is in-volved with determining what kinds of 
ontribution(s) a given 
onne
-tive makes to dis
ourse meaning, that is, what it 
ontributes through
ompositional semanti
s, through anaphora and through inferen
e. Fur-thermore, as has been pointed out in Se
tion 3, determining the dis-
ourse stru
tures an
hored by 
onne
tives is an empiri
al matter. Amajor part of the future work in this proje
t is to fully determine thismapping with 
orpus based work on the behavior of 
onne
tives. We
ontinue here by assuming the mappings shown in Figure 8 for theexample dis
ourse (4).
rSS

Conn S 1 S 2

while

rSS

S f *S c

P S 1

while

(a)

rSS

S f * Conj S 1

but

rSS

S f * S 1

but

Conn(b)

rSS

S f * S 1Conn

and

rSS

S f * Conj S 1

and

(c)

then

VPr

VPf *Adv
S f *Conn

rSS

then

(d)Figure 8. Elementary Tree Mappings for Conne
tives in Dis
ourse (4)DISCOURSE INPUT GENERATION. In the next phase of thesystem, the 
lausal derivations are �rst 
onverted into elementary treerepresentations, whi
h are treated as singular atomi
 units that 
anserve as the arguments of the dis
ourse 
onne
tives. These 
lausal units,the input dis
ourse, and the 
onne
tive elementary trees generated bythe Tree Mapper are then used to generate a dis
ourse input repre-sentation that is essentially a sequen
e of lexi
alized trees, where thelexi
alizing elements are the 
onne
tives and the 
lausal units. Be
auseof the extra
tion of the dis
ourse units from the senten
e derivations,and the tree mapping of the stru
tures of 
onne
tives, tree sele
tion
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12 Forbes, Miltsakaki, Prasad, Sarkar, Joshi, Webberambiguities at the dis
ourse level are minimized, and dis
ourse parsingthus simpli�ed.This phase also in
ludes an insertion algorithm to insert trees withan empty lexi
al an
hor (whi
h may still 
arry some feature infor-mation) into the input representation. Re
all from Se
tion 2 that thegrammar 
ontains an auxiliary tree that is used to 
ontinue the des
rip-tion by adjoining to the previous dis
ourse (hen
eforth, 
ontinuationauxiliary trees) (Figure 3a). This auxiliary tree may be an
hored by
onne
tives like and and or, or remain lexi
ally unrealized. In the ex-tra
ted units shown in (5), there are only 2 overt 
onne
tives that 
anan
hor this auxiliary tree: and and but. This means that the lexi
allyempty trees need to be inserted at the appropriate positions in the inputrepresentation.We use the label \E" to indi
ate a null an
hor. Alterna-tively, these trees 
an be taken to be lexi
alized by the senten
e-�nalpun
tuation markers.The sequen
e of lexi
alized trees after insertion of the lexi
ally emptytrees is then parsed with the same parser (lem) that we used to parseea
h senten
e in the dis
ourse. Sin
e the trees are uniquely sele
tedby the 
onne
tives and the 
lausal units, the resulting dis
ourse parse
ontains no ambiguities 
aused by tree sele
tion.10 However, the systemdoes 
ontain atta
hment ambiguities due to the 
ontinuation auxiliarytrees. In the 
urrent approa
h, these may be resolved with an inferential
omponent, or by statisti
al methods. For present purposes, we pi
k aunique derivation out of all the parses whi
h satis�es the following two
riteria: (a) adjun
tion in initial trees is only allowed at the root node;and (b) for all other permissible adjun
tions, only lowest adjun
tion isallowed. Given the simple grammar posited in the system, these two
riteria are suÆ
ient to yield a unique derivation.The derived tree and derivation stru
ture for the example dis
oursein (4) after dis
ourse parsing are shown in Figure 9. The 
urrent workdoes not dis
uss how the semati
s for the dis
ourse stru
ture is derivedafter dis
ourse parsing, but we hope to model the derivation of dis
oursesemanti
s in a fashion similar to 
ompostional semanti
s at the senten
elevel. See also Se
tion 5.1.We have also tested our system on 
onne
tive ri
h se
tions of theWall Street Journal (WSJ) from the Penn Treebank [19℄. In order toavoid the problem of getting too many sentential derivations for thelong and 
omplex senten
es typi
ally found in this 
orpus, we used thesingle derivations produ
ed by LexTra
t [38℄, whi
h takes the Tree-bank and Treebank-spe
i�
 information and produ
es derivation treesfor the senten
es annotated in the Treebank. For the WSJ dis
oursesegment (taken from Se
tion 21 of the WSJ 
orpus) given in Example 6,
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she was
  eating
   lunch

  a dog
she saw

she’d seen
a lot of dogs

this dog
  was

amazing

the dog
  barked

Mary 
smiled

  amazed
mary was

she gave
   it a

sandwich

E

while

but

E

E

and

E

then

S f

S r

  amazed
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a lot of dogs

Conn

E

while

Conn

E Conn

but Conn

E Conn

and

Conn

E then

  

(a) Derived Tree

(b) Derivation Structure

Figure 9. Derived Tree and Derivation Stru
ture for Example Dis
ourse in (4)the derived tree and derivation stru
ture are shown in Figure 10. Thedis
ourse 
onne
tives in the text are shown in bold.(6) a. The pilots 
ould play hardball by noting they are 
ru
ial to any sale orrestru
turing be
ause they 
an refuse to 
y the airplanes.11b. If they were to insist on a low bid of, say $200 a share, the boardmighn't be able to obtain a higher o�er from other bidders be
ausebanks might hesitate to �nan
e a transa
tion the pilots oppose.
. Also, be
ause UAL 
hairman Stephen Wolf and other UAL exe
utiveshave joined the pilots' bid, the board might be able to ex
lude him fromits deliberations in order to be fair to other bidders.5. Dis
ussion5.1. Deriving Dis
ourse Semanti
sIn [9℄ and [11℄, an approa
h to 
ompositional semanti
s was providedfor the LTAG grammar. The 
ompositional semanti
s was de�ned withrespe
t to the derivation tree stru
ture and not the derived tree. Thederivation tree is a re
ord of the history of 
omposition of the elemen-tary trees. Semanti
 representations are asso
iated with the elementary
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S r
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hardball by noting 
they were crucial 
to any sale or restruc-
turing because they
can refuse to fly the
airplanes.
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on a low bid of, say
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if
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able to exclude him 
from its deliberations 
in order to be fair to
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E

because

Also

E

(b) Derivation Structure

(a) Derived Tree

Figure 10. Derived Tree and Derivation Stru
ture for WSJ Dis
ourse in (6)trees and these are 
omposed via uni�
ation. In D-LTAG, the intuitionis that a similar pro
ess will be 
arried out at the dis
ourse stru
turelevel using the derivation tree of the D-LTAG grammar. The detailsof this 
ompositional semanti
s for D-LTAG have not been worked outyet. However, in general, the �nal representation will be essentially a
at stru
ture, as is the 
ase for the semanti
s of LTAG.While ea
h elementary LTAG tree is asso
iated with a semanti
representation, this representation does not have to reprodu
e the hi-erar
hi
al stru
ture of the elementary tree. The elementary tree is thus
onsidered as a \semanti
 unit". This view of representing semanti
sdire
tly 
orresponds to the so-
alled 
at representation, whi
h is a 
on-jun
tion of formulas, where hierar
hi
al stru
ture appears only whenneeded, for example, for operators on predi
ates. Su
h a \
at" represen-tation is also motivated in the 
ontext of generation, where one wantsto start with a representation of the input whi
h makes the minimal
ommitment to stru
ture. Details on asso
iating a 
at semanti
s witha derived TAG tree 
an also be found in [30℄. In (7) below, we roughlyillustrate the semanti
 formula asso
iated with the example dis
oursein (4). We refer to the semanti
s of the 
onne
tive trees by the namesof the 
onne
tives, and use \&" to represent the semanti
s asso
iated
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ourse Parsing with LTAG 15with the auxiliary tree asso
iated with 
ontinuation/elaboration. Thenumbered arguments of these trees are labeled either \S" for states or\E" for events, depending on their semanti
 
ontent.(7) S1 & while(S2,E3) & but(S4,S5) & (E6 & E7) & after(E7, E8)5.2. Dis
ourse Conne
tives, Information Stru
ture, andDis
ourse Semanti
sWhile the 
urrent study does not dire
tly address intera
tions betweeninformation stru
ture (IS) and dis
ourse stru
ture/semanti
s, we notethat a lexi
alised grammar for both senten
es and dis
ourse allowssemanti
 material from both the lexi
on and 
onstru
ted phrases toproje
t into both senten
e-level meaning and dis
ourse meaning. Inparti
ular, this allows senten
e-level IS distin
tions to be proje
ted intodis
ourse-level des
riptions. We illustrate this by 
onsidering 
lause-medial adverbial dis
ourse 
onne
tives.Many adverbial 
onne
tives display a wide variability with respe
tto the position they are found in the senten
e. This variability, whileusually not altering the 
ompositional semanti
s of the senten
e, ap-pears to 
orrelate with IS. In parti
ular, we are pursuing the hypothesisthat a 
lause-medial 
onne
tive indi
ates that material to its left servesas a 
ontrastive theme. The simplest 
ase is given in Examples 8 and9. (8) Mary smiled. However, John frowned.(9) Mary smiled. John, however, frowned.In (8), the 
lause-initial position of however is, by itself, neutralabout the partition of the senten
e into theme or rheme and aboutwhether or not the theme is 
ontrastive. In (9), on the other hand, the
lause-medial position of however 
orrelates with stress on \John" andappears to 
onvey that John and Mary are elements of an alternativeset (in the sense of [22℄) - that is, that John serves as a 
ontrastivetheme.This 
omes out more strongly in Examples (10) and (11). (10) is infe-li
itous be
ause medial however 
ags the subje
t as 
ontrastive theme,but this subje
t is a 
oreferential (unstressed) pronoun and 
annot serveas a 
ontrastive theme. Example (11), on the other hand, is �ne, as theposition of however 
ags the adverbial then as the 
ontrastive theme(presumably in an alternative set with the time of Mary smiling).(10) � Mary smiled. Then she, however, frowned.(11) Mary smiled. Then, however, she frowned.
jolli.tex; 30/11/2002; 16:27; p.15



16 Forbes, Miltsakaki, Prasad, Sarkar, Joshi, WebberOur 
laim here is just that, by having elements lexi
alised both withrespe
t to senten
e and dis
ourse, we 
an represent in the same waytheir 
ontributions to both, as well as inter-relations between them.For example, in (11), not only does the 
lause-medial position of how-ever, 
ag then as a 
ontrastive theme (in 
ontrast with alternativesprovided in the dis
ourse or the spee
h situation), but the defeasiblerule presupposed (or 
onventionally impli
ated) by however ([13℄, [15℄)involves that spe
i�
 \inertial" property - i.e., if someone smiles, theywill 
ontinue to do so. However asserts that it fails to hold, and whathappened then is the sour
e of the failure. While we have not yetexplored this with respe
t to LTAG and D-LTAG, [1℄ and [2℄ illustratehow another lexi
alised grammar, Combinatory Categorial Grammar(CCG) [27℄, 
an be used to express both assertional and presupposi-tional 
omponents of meaning asso
iated with the senten
e and withdis
ourse, and [28℄ shows how one 
an 
ompute both IS-partitioning,its prosody and its semanti
s in lo
kstep with other aspe
ts of meaning.6. Comparison with Related Approa
hesRe
ently, [18℄ developed a system for identifying rhetori
al relationson unrestri
ted text. His system trains on a 
orpus annotated withrhetori
al relations and utilizes 
orrelations of surfa
e-based featureswith rhetori
al stru
ture relations to assign rhetori
al stru
ture to un-seen text. Our system is a 
lear departure from this approa
h in twosigni�
ant ways: a) we develop a system that a
tually parses dis
ourseallowing the semanti
s to be built 
ompositionally from the senten
eto the dis
ourse level, and b) dis
ourse 
onne
tives are not viewed asnames of relations, instead the semanti
s of the 
onne
tives form onlya part of the 
ompositional derivation of dis
ourse relations. 12[4℄ uses a variant of Feature-based Tree Adjoining Grammars to
onstu
t the stru
ture of dis
ourse and the semanti
s derived fromit. [26℄ extends Gardent's formalism to handle world and 
ontextualknowledge, proposing a non-monotoni
 reasoning system to a
hievethat. Despite this similarity of the above works with our approa
h, bothsystems di�er signi�
antly from ours in the following way. Gardent'ssystem (also S
hilder's) builds the semanti
s of dis
ourse 
omposition-ally but only after the semanti
s of the input segments and the rhetor-i
al relation 
onne
ting every two segments is identi�ed. However, it isnot 
lear how the semanti
s of the input segments are 
omputed sin
e,apparently, the size of the input segment ranges from tensed 
lauses('We were going to take John as a lawyer'), to 
omplex senten
es ('Aswe found out, either he is on si
k leave') or even fragments ('Too honest
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ourse Parsing with LTAG 17for his own good, in fa
t').13 In our approa
h, we do not assume pre-pro
essing or segmentation of the textual input. The output from thesenten
e level parser is the input to the dis
ourse parser, building upthe semanti
s 
ompositionally from the senten
e level to the dis
ourselevel. Likewise, rhetori
al relations are not assumed nor pi
ked out froma previously de�ned set of relations. We are interested in those aspe
tsof dis
ourse interpretation that are derived 
ompositionally, fa
toringaway non-
ompositional semanti
 
ontributions, i.e. inferen
ing basedon world-knowledge and anaphori
 presuppositions.7. Con
lusionsBuilding on earlier work, we have developed and implemented a systemfor dis
ourse parsing based on a lexi
alized Tree-adjoining Grammar fordis
ourse, in whi
h the dis
ourse 
onne
tives are the predi
ates, andthe 
lauses are the arguments of these 
onne
tives. The system takesa dis
ourse as its input, parses the senten
es independently, extra
ts\dis
ourse" 
onne
tives and 
lausal units from the output derivationsof the senten
es, and reparses the dis
ourse input by submitting fullylexi
alized trees to the same parser.We have motivated a 
orpus study of dis
ourse 
onne
tives in orderto fully determine the semanti
 
ontribution they make to dis
ourse,and thus, to also determine the elementary tree type(s) they lexi
alizein the dis
ourse grammar. The grammar thus developed will serve asa 
ru
ial 
omponent of the implemented system whi
h uses this infor-mation after extra
ting the 
onne
tives from the senten
e derivations,in order to 
reate lexi
alized elementary trees at the dis
ourse-level.The submission of the lexi
alized trees as the input for dis
ourse levelparsing simpli�es the parsing pro
ess 
onsiderably, and this simpli�
a-tion is a
hieved be
ause the system integrates senten
e-level pro
essingwith dis
ourse-level pro
essing.A
knowledgementsWe thank Miriam E
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18 Forbes, Miltsakaki, Prasad, Sarkar, Joshi, WebberNotes1 Our use of the term anaphora does not in
lude anaphori
 relations su
h as thoseestablished by pronouns and de�nite des
riptions. Obviously, a full a

ount of thephenomenon of anaphora in dis
ourse will have to take these into a

ount. But theyare not our present 
on
ern.2 In all the elementary trees shown in the paper, \�" marks the an
hor of the tree,\#" marks the substitution nodes, and \�" marks the adjun
tion nodes. Subs
riptsare used to distinguish non-terminal nodes with the same label.3 As noted in [33℄, both members of the pair need not be realized in the surfa
estring.4 However, until we have a

umulated ample empiri
al eviden
e, su
h 
on
lusionsare tentative and subje
t to revision. Also, it would be very interesting to investigatelanguages whi
h allow 
rossed dependen
ies at the senten
e level (e.g. Dut
h) andexamine whether in those languages 
rossed dependen
ies are also permissible onthe dis
ourse level. Our 
onje
ture is that this will not be the 
ase. The distin
tionbetween anaphori
 and stru
tural relations is dis
ussed in greater length in [37℄.5 As an anonymous reviewer pointed out, it might be possible to a

ount for su
h
omplex examples if we take into 
onsideration the distin
tion between semanti
 andpragmati
 relations holding between text spans. The literature on this distin
tionis summarized well in [14℄. Semanti
 relations hold between the 
ontent of thetext spans linked by the relation, whereas pragmati
 relations hold between theutteran
es 
omprising the text spans, or the spee
h a
ts (or beliefs) underlyingthem. Of parti
ular interest to our 
ase is the observation that the same 
onne
tive
an be used for signalling either a semanti
 or a pragmati
 relation.6 In this paper, we assume that 
lausal units 
orrespond to the minimal tensed
lause. The tensed 
lause is further taken to in
lude all sentential 
omplements,relative 
lauses and parti
ipial 
lauses. In some other dis
ourse works, su
h as[20℄, a greater range of propositional elements are regarded as the minimal unitsof dis
ourse.7 Ea
h extra
ted 
lause derivation is taken to be an atomi
 unit in the dis
oursegrammar, mu
h like a single lexi
al item.8 In derivation stru
tures, dotted lines indi
ate substitution and solid lines indi-
ate adjun
tion. Also, note that ea
h node is labeled by the lexi
al items, but theseonly serve as labels for the elementary tree with whi
h they are asso
iated.9 The hypothesis we are pursuing is that a 
lause-medial 
onne
tive 
ags materialto its left as being a 
ontrastive theme [28℄ - 
f. Se
tion 5.10 This result obtains be
ause the dis
ourse grammar assumed here is quite simple,with dis
ourse 
onne
tives proje
ting a single elementary tree. We note that uponfurther empiri
al investigation of the behavior of individual 
onne
tives, this maynot turn out to be the 
ase.11 Note that \be
ause" in this senten
e has not been treated as a 
onne
tivebe
ause, initially, we have ignored sententially embedded 
onne
tives. How they
ontribute to dis
ourse stru
ture and meaning remains an important topi
 for futurework. See also fn 7.12 In other words, in our view, the 'name' of a rhetori
al relation is ultimately de-rived from the 
ompositional semanti
s of our system, and other non-
ompositionalaspe
ts of dis
ourse meaning, i.e. the inferential 
omponent. The use of 'rhetori
alrelations' in dis
ourse intepretation seems to 
on
ate those two distin
t aspe
ts of
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ompositional and inferential. In our system, we tease the twoapart and derive the 
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