
13th EUROPEAN SUM M ER SCHOOL I N L OGI C, L ANGUAGE AND I NFORM ATI ON

(ESSLLI2001)

INFORMATION STRUCTURE,
DISCOURSE STRUCTURE AND

DISCOURSE SEMANTICS

WORKSHOP PROCEEDINGS

EDITED BY

IVANA KRUIJFF-KORBAYOVÁ AND MARK STEEDMAN
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ABSTRACT.

Theoriesthatrelateintonationalstructureanddiscoursestructureconcentrateon intonationaland
informationalunits thateithercorrespondto a clause(proposition)or to a singlereferent.How-
ever, intermediatephrasesof the intonationalphrasingoftensegmentunits thataresmallerthan
a clause,but thatdo not introducea referent.Eventhoughthey areacknowledged(cf. Selkirk’s
”senseunits”), therearenoapproachesthataccountfor their role in building thediscoursestruc-
ture. The paperpresentsa new approachthatdescribesthe representationof suchintermediate
phrasesand accountsfor their functions in the constructionof a more fine-graineddiscourse
structure.

1 Intr oduction

Intonationcontoursarerepresentedby phonologistsasasequenceof abstracttones
consistingof pitch accentsand boundarytones. Pierrehumbertand Hirschberg
(1990,308)assigndiscoursefunctionsto theparticulartones:“Pitch accentscon-
vey information about the statusof discoursereferents(...). Phraseaccents[=
boundarytonesof intermediatephrases]convey informationabouttherelatedness
of intermediatephrases(...). Boundarytonesconvey informationaboutthedirec-
tionality of interpretationfor the currentintonationalphrase(...).” The statusof
discoursereferentscanbe accountedfor in termsof given vs. new; the bound-
ary tonesof intonationalphrasesindicatehow the propositionexpressedby the
wholephraseis integratedinto thediscourse.Similarly, boundarytonesof inter-
mediate(or phonological)phrasesthat correspondto a full propositionindicate
theway thesepropositionsareinterpretedwith respectto thelinguistic context, as
illustratedin (1) and(2). However, in thisview thereis noaccountof treatinginter-
mediatephrasesthatcorrespondto unitsbelow theclauselevel andabove thelevel
of simplediscoursereferents,suchasthemodification”im achtzehntenJahrhun-
dert” (”in theeighteenthcentury”)or theunsaturatedphrase”lebte in Frankreich”
(”li vedin France”)in example(3):
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(1) (Georgeatechickensoup) (andgot sick)
L LL%

(2) (Georgeatechickensoup) (andgot sick)
H LL%

(3) � (Im achtzehntenJahrhundert)� (lebtein Frankreich)] � [(ein Mann,)
( � derzu dengenialstenundabscheulichstenGestaltendieserangenialen
undabscheulichenGestaltennichtarmenEpochegeḧorte.)]

“In theeighteencenturyFrancetherelivedamanwhowasoneof themost
giftedandabominablepersonagesin anerathatknew no lackof giftedand
abominablepersonages”

In orderto accountfor theseintermediateunitsandtheir functionsin building a
discoursestructure,I modify thegeneralassumptionsof discoursetheories,namely
that the discoursestructureis exclusively realizedbetweenpropositions(Hobbs
1990,Roberts1996,Büring2000amongothers),andtheview of DRT (Kampand
Reyle 1993)thatdiscoursestructureonly relatesdiscoursereferentsto eachother.
I extendAsher’s (1993,1999)segmentedDRT (SDRT) by assumingthatwe can
alsocreatediscourserelationsbetweensub-clausalelementssuchasmodifications
or unsaturatedclauses.The remainderof the paperis organizedas follows: In
section2, I discussdifferentapproachesto thefunctionof intonationalcontours.I
show thatnoattentionis givento intermediatephrasesandtheirdiscoursefunction.
In section3, I presentonefamily of approachesto discoursestructure:DRT, a the-
ory that focuseson anaphoricrelationin termsof accessibilityrelationsbetween
discoursereferents. In section4, I introduceAsher’s segmentedDRT, a modifi-
cationof classicalDRT thatallows to expressrelationsbetweenpropositionsin a
discourse.In section5, I modify Asher’s discoursemodelin orderto implement
even smallerunits thoseunits that correspondto the intermediatephrasesof the
intonationalstructure.

2 The meaningof intonational structur e

Pierrehumbert(1980) representsan intonationalcontourby a tuneconsistingof
abstracttones(4), whicharegeneratedby afinite stategrammar(Figure18.1)that
combinesthetoneslistedinto legal tunes:

(4) Phonological tones(Pierrehumbert1980)

a. Eachphraserequiresat leastonepitch accent(for English:H*, L*, or
bitonalasH*+L, H+L*, L*+H, L+H*, andH*+H)

b. Eachphrasereceivesa phraseaccent(H � , L � ) at theendof theword
thatis associatedwith thelastpitch accent

c. Eachphraseendswith aboundarytone(H%, L%)
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Figure18.1:Thefinite stategrammarof Pierrehumbert(1980)

This grammaraccountsfor the legal tuneandthereforedescribesthepossible
compositionof tonesto tunes. However, Pierrehumbert(1980)doesnot account
for therelationsbetweentheelementsin thetune. Therehave beendifferentsug-
gestionshow to interpretthe relationbetweenthe elementsof the tuneandtheir
functions: (i) Themostclassicaldescriptionis in termsof phonologicalwords,a
traditiongoingbackto Liberman’s view of thecontouras’ideophonicword’. (ii)
Steedman(1991,2000)describesthepitchaccentasfunctionsthatrequireanargu-
mentin orderto yield a tune.His approachreflectsthereconstructionof linguistic
configurationsin categorial grammar. (iii) PierrehumbertandHirschberg (1990)
proposethat thedifferenttoneshave independentfunctionsrangingover different
domains.

2.1 The tune describing an ideophonicword

HayesandLahiri (1991)executetheprogramof theintonationallexicon proposed
by Liberman(1975)in themostcomprehensiveway. They accountfor thedifferent
tunesin Bengali and decomposethe tunesinto intonational stems, suffixesand
prefixes(they useI for intonationalphraseandP for phonologicalor intermediate
phrase(ip)):

(5) Theintonationallexicon of BengaliHayesandLahiri (1991)
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(a)Accents L* questionaccent
(“stems”) H* declarative accent

L*H P focusaccent
(b) BoundaryTones LI neutral

(“suffixes”) LI HI continuationrise
HI offering
HI LI yes/no

(c) Prefix L+ finality marker
(form L+H* whenattachedto H*)

Thesetonescombineto thefollowing tunes,assumingthattherearethreepitch
accents,andoptionalTP andoneobligatoryTP (HayesandLahiri 1991,72). Note
thatafocusedphraseismarkedbyaL*-pitch accentandanobligatoryHp boundary
tone(of anintermediatephrase)

(6) Possibletunesin Bengali
L*H I Offering
L*H ILI Yes/noquestion
L*H PHI Focus
L*H PLILH I Focuswith continuationrise
H*L I Declarative
H*L IHI Declarative with continuationrise
L+H*L I Downstep
L+H*L IHI Downstepwith continuationrise

Thisview is influencedby thephonologicaltraditionof analyzingunitslike the
syllableor thephonologicalword, which consistof oneprominentpartandother
moreor lessimportantparts.Here,thepitchaccentconstitutesthecentralpartand
theboundarytonesadditionalaffixes.

2.2 Tune representingthe functional contribution to the utterance

Steedman(1991,2000)executesHalliday’sthematicstructurein termsof combina-
tory categorialgrammar(CCG).Thiscanbeillustratedwith thefollowing example
which receivesthethematicstructurein theme-rheme. Both thematicunitsarefur-
therdividedinto givenmaterialandnew material;the latter is associatedwith the
pitchaccent.
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(7) Q: I know thatMary’sFIRSTdegreeis in PHYSICS.
But whatis thesubjectof herDOCTORATE?

A: (Mary’s DOCTORATE) (is in CHEMISTRY)
L+H*LH% H* LL%

Given New Given New
theme rheme

Thebasicunitsarethethemeandtheutterance.All otherpartsaredefinedwith
respectto thesebasicelements.For example,therhemeis a functionthattakesthe
themeas argumentyielding the utterance(this is of course,the instantiationof
thesubject-predicatestructurein termsof functionalapplication).Steedmannow
definesthefunctionof thepitchaccentL+H* asthemethatmissesaboundarytone,
i.e. asa function that needsa boundarytoneto yield a theme. Analogously, the
pitch accentH* indicatesa function that needsa boundarytonein orderto yield
a rheme.Thusin thedescriptionof tones,Steedmanassumestheboundarytones
andthewholetuneastheprimaryunits.

(8) Categorial functionsof tones(Steedman1991)
LH% boundarytone simpleargument
LL% boundarytone simpleargument
L+H* pitch accent functionfrom boundarytoneinto theme
H* pitch accent functionfrom boundarytonesinto rheme
L+H*LH% contour simpleargument:theme
H* LL% contour functionfrom themesinto utterance

Steedmanusesthetermsthemeandrhemeaswell asgivenandnew. Thefirst
paircanbedefinedwith respectto thesentenceunderanalysis.Yet thesecondpair
canonly bedefinedby thediscoursein which thesentenceis embedded.

2.3 Tonesrepresentingdifferent discoursefunctions

PierrehumbertandHirschberg (1990)give a list of functionsof pitch accentsand
boundarytones.Thelatterindicatewhetherthephraseto which theboundarytone
is associatedshouldbeinterpretedwith respectto theprecedingdiscourseor to the
following discourse.PierrehumbertandHirschberg (1990,304)illustratethispoint
on thefollowing contrastbetween(9) and(10). Thelow boundarytoneL% in (9)
indicatesthat this sentenceis relatedto the discourseby its own, while the high
boundarytoneH% in (10a)indicatesthat it is to beinterpretedwith respectto the
following sentence.This differenceinfluencesthechoiceof theantecedentof the
pronounit: In (9) it refersto thefollowing propositionI spenttwo hours figuring
outhowto usethejack, while in (10) it refersbackto thenew car manual(seealso
examples(1) and(1) above):

(9) a. My new carmanualis almostunreadable
LL%
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b. It’s quiteannoying
LH%

c. I spenttwo hoursfiguring outhow to usethejack
LL%

(10) a. My new carmanualis almostunreadable
LH%

b. It’s quiteannoying
LL%

c. I spenttwo hoursfiguring outhow to usethejack
LL%

PierrehumbertandHirschberg (1990,308)assignthefollowing discoursefunc-
tionsto theparticulartones:

Pitch accentsconvey informationaboutthe statusof discourserefer-
ents,modifiers,predicates,andrelationshipsspecifiedby accentedlex-
ical items. Phraseaccentsconvey information aboutthe relatedness
of intermediatephrasesinparticular, whether(thepropositionalcontent
of) oneintermediatephraseis to form partof a largerinterpretative unit
with another. Boundarytonesconvey informationaboutthedirection-
ality of interpretationfor the currentintonationalphrasewhetherit is
”forward-looking”or not.

In explaining the functionof intermediateboundariestones(their “phraseac-
cents”),they referto the“propositionalcontent”of thecorrespondingphrase.How-
ever, notall intermediatephrasesexpressapropositionalcontent,somemightonly
refer to modificationssuchas “im achtzehntenJahrhundert”(“in the eighteenth
century”) or the unsaturatedphrase“lebte in Frankreich”(“li ved in France”)of
example(3), repeatedas(11).

(11) � (Im achtzehntenJahrhundert)� (lebtein Frankreich)] � [(ein Mann,)
( � derzu dengenialstenundabscheulichstenGestaltendieserangenialen
undabscheulichenGestaltennichtarmenEpochegeḧorte.)]

“In theeighteencenturyFrancetherelivedamanwhowasoneof themost
giftedandabominablepersonagesin anerathatknew no lackof giftedand
abominablepersonages”

(11) is thefirst sentencein PatrickSüskind’snovel “DasParfum”. (“Perfume”)
(thedataarefrom BraunschweilerandFitzpatrickandLahiri 1998ff). Intermediate
phrasesin intonationalstructurenotalwayscorrespondto propositionsor to simple
discoursereferents. Therefore,we needa morefine-graineddiscoursestructure
thatallows to constructcorrespondingdiscoursesegments.
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3 Discoursestructur e

Thereare two main familiesof approachesto discoursestructure. According to
onefamily, discoursestructureis understoodasrealizingrelationsbetweenpropo-
sitions.Herethestructureis representedasatreeof propositions(e.g.Hobbs1990,
Roberts1996,Büring2000)asillustratedin Figure18.2.In theotherview thedis-
courseis incrementally(re)constructed,asillustratedin Figure18.3.Thisprogram
is executedin DRT (KampandReyle 1993),whichwill bepresentedbelow.

Figure18.2:Discoursestructureasa tree

Figure18.3: Incrementaldiscoursestructure

The initial problemthatmotivateddiscourserepresentationtheoriesis the in-
terpretationof nominalandtemporalanaphorain discourse.Thephenomenonof
cross-sententialanaphoraforcesa semanticsto extendits limits from thesentence
to thediscourse.Thekey ideain theapproachto semanticsof discourse,exempli-
fiedin (Heim1982)and(Kamp1981),is eachnew sentenceor phraseis interpreted
asanadditionor ’update’of thecontext in which it is used.This updateoftenin-
volvesconnectionsbetweenelementsfrom the sentenceor phrasewith elements
from the context. Informally described,a sequenceof sentencesS1, S2, S3, S4

is interpretedby incrementallyconstructinga discourserepresentationasin Fig-
ure18.3above. Anaphoricrelationsanddefiniteexpressionsarecapturedby links
betweenobjectsin this representation.In orderto derive thetruth conditionof the
sentence,therepresentationis embeddedinto a model. TheDRSin (12b)graphi-
cally describesa discourserepresentationstructure(in shortDRS)with two parts.
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Onepartis calledtheuniverseof theDRS,theotherits conditionset.A DRSis an
orderedpair consistingof its universeandconditionset, written as � UK, ConK � .
TheDRSin (12b)hasasits universeonediscoursereferentx andasits conditiona
setof propertiesthatareascribedto thediscoursereferentsin theuniverse.In (12b)
thepropertyof beingamanandof walking is ascribedto thediscoursereferentx.

(12) a. A manwalks

b. � x � man(x)andwalk(x)�
The sequenceor conjunctionof two sentencesas in (13a), receives a DRS

incrementally. We start with the alreadyestablishedDRS for the first conjunct
in (13b), thena new discoursereferentfor thepronounheanda conditionfor the
predicatewhistleisaddedin (13c).Theanaphoriclink of thepronounisgraphically
representedasy=?, indicatingthat thepronounis still unresolved. Thediscourse
referentwhich standsfor ananaphoricexpressionmustbeidentifiedwith another
accessiblediscoursereferentin theuniverse,herethey is identifiedwith thex, as
in (13d).

(13) a. A manwalks.He whistles

b. � x � man(x)& walk(x)�
c. � x,y � man(x)& walk(x) & y=? whistle(y)�
d. � x,y � man(x)& walk(x) & y=x whistle(y)�

Thenew discoursereferentintroducedby thepronounmustbelinkedor iden-
tified with an alreadyestablishedandaccessiblediscoursereferent.DRT defines
accessibilityin termsof structuralrelations,i.e., thediscoursereferentmustbein
the same(or a higher) universe. With this conceptof accessibility, the contrast
between(14) and(15) canbe describedby the differencein the setof discourse
referentsthatareaccessiblefor thediscoursereferentu of thepronounit. Thecon-
structionrule for thenegationin 15 createsanembeddeddiscourseuniversewith
thediscoursereferenty andtheconditionsdonkey(y) andx ownsy. Theanaphoric
pronounit in thesecondsentencecannotfind a suitablediscoursereferentsinceit
hasno accessto the embeddeddiscourseuniversewith the only fitting discourse
referenty.

(14) a. Pedroownsadonkey. He beatsit.

b. � x,y,z,u � Pedro(x)& donkey(y) & x ownsy z=x & u=y & z beatsu �
(15) a. Johndoesnotown adonkey. *He beatsit.

b. � x,z,u � John(x)& � y � & x ownsy � z=x & u=?& z beatsu�
4 SegmentedDRT

Asher(1993;1999)developstheextension“segmentedDRT” (=SDRT) thatis not
confinedto the incrementalcompositionof DRSs,but alsocapturesdiscoursere-
lationsbetweenthe sentencesin the discourse.He revisesthe classicalDRT of
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Kamp(1981)andKampandReyle (1993).Sincethemeaningof eachsentenceis
construedasa function from truth conditionsto truth conditions,the truth condi-
tionalcontentof thewholediscourseis reconstructedby thesequentialapplication
of thesefunctions.Asher(1993,256)notesthat “the notionof semanticupdating
in theoriginal DRT fragmentof Kamp(1981)(...) is extremelysimple,exceptfor
theproceduresfor resolvingpronounsandtemporalelements,which theoriginal
theorydid not spell out. To build a DRS for the discourseasa whole and thus
to determineits truth conditions,onesimply addsthe DRS constructedfor each
constituentsentenceto what onealreadyhad. (...) This procedureis hopelessly
inadequate,if onewantsto build a theoryof discoursestructureanddiscourseseg-
mentation.” In SDRT, eachsentenceSi is first representedasa particularSDRS
for that sentence.The SDRScanthaninteractwith the alreadyestablishedDRS
reconstructinga discourserelationsR, suchascausation,explanation,coherence,
elaboration,continuation,asinformally sketchedin Figure18.4.Only in a second
steptherepresentationis integratedinto thealreadyestablishedrepresentation.

Figure18.4:Constructionof a segmentedDRSin SDRT

To summarizethis very shortpresentationof DRT: Thediscoursestructureof
DRT providesnot only a new structurebut alsointroducesnew semanticobjects,
thediscoursereferents,theconditionsandthediscoursedomains(”boxes”). DRT
explainssemanticcategoriessuchasdefinitenessandanaphorain termsof inter-
actionbetweentheserepresentations.Furthermore,theextensionto SDRT allows
expressionsof discourserelationsbetweenwholepropositionsaswell.

5 Phrasingand Segmentation

Thebasicassumptionof this paperis that intonationalstructurereflectsdiscourse
structure.Thuseachelementof theintonationalstructuremustbeassigneda func-
tion in constructingthediscourse.Pitchaccentsintroduceor referto discourseref-
erents,boundarytonesof intonationalphrasesrelatethecontentof thesephrases,a
proposition,to otherpropositions.However, therehasbeennofunctionfor phrases
that do not expressa propositions.The investigationof HayesandLahiri (1991)
have shown that suchboundarydo function in discoursestructure,e.g. as right
edgeof a focusedphrase(cf. (5) and( 6)). However, thereis no generalapproach
to theseboundarytonesin termsof discoursesemantics.HereI sketchanew analy-
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sisof intermediateintonationalphrasesandthecorrespondingdiscoursesegments:
I introducea mappingrelationfrom intermediateintonationalphrasingto the

string(surfacestructure)of thesentenceunderdiscussion.For example,theshort
pausesindicatedby “ � ”, and the long ones(“ � ”) in (3), repeatedas (16), yield
thesegmentationin Figure18.5. Second,eachsegmentreceivesa discourserep-
resentation.Third, wecanestablishrelationsbetweenthediscourserepresentation
of the sub-clausalunits andthe of the establisheddiscoursestructure,as in Fig-
ure18.6. I assumethe following two relationfor modifications:(i) modifying an
alreadyexisting discoursereferent;(ii) settingthestagefor a discoursereferentto
beintroduced.Modificationalrelationallowsthattheinformationis integratedinto
thealreadyestablisheddiscourse.Fourth,afterhaving establishedtheserelations,
therestof thesentencecanbeanalyzed,andfinally therepresentationof thewhole
sentenceis integratedinto thediscoursestructure,asin Figure18.7:

(16) � (Im achtzehntenJahrhundert)� (lebtein Frankreich)] � [(ein Mann,)
( � derzu dengenialstenundabscheulichstenGestaltendieserangenialen
undabscheulichenGestaltennichtarmenEpochegeḧorte.)]

“In theeighteencenturyFrancetherelivedamanwhowasoneof themost
giftedandabominablepersonagesin anerathatknew no lackof giftedand
abominablepersonages”

Figure18.5:DiscourseSegmentation

Figure18.6:DiscourseRelation“settingthestage”

I have proposedan extensionof Asher’s SDRT with smallerdiscourserepre-
sentationsandnew relationsbetweensub-clausaldiscourserepresentations.This
allows to assigndiscoursefunctionsto intonationalphrasing,includingboundary
tonesfor intermediatephrases.
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Figure18.7:Adding therepresentationfor thewholesentence
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