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S
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U
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W
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A
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S
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A
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K
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O
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m
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U

P
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R
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rasad).

1

A
ssum

ption

T
hereare

severalm
echanism

susedin
conveying

(speaker’s
perspective)and

in

com
puting(hearer’sperspective)m

eaningin
discourse:

1.
C

om
positionalsem

antics,involving
clausalm

eaningand
the

presenseof

explicit
discourseconnectives(in

E
nglish

–
“so”,“because”,“b

ut”,etc.)

2.
Inferencetriggeredby

adjacency,and
the

needto
relatethe

adjacentunits
–

e.g.I
can’tw

aitfor
lunch

to
start.I

d
id

n
’th

a
vetim

e
to

e
a

tb
re

a
kfa

st.

I
w

aspracticingm
y

talk.I
d

id
n

’th
a

vetim
e

to
e

a
tb

re
a

kfa
st.

3.
A

naphora,involving
units

w
hosesenseand/orreferencehave

to
be

understood(resolved)in
the

discoursecontext.

2

T
he

aim
sofresearchreportedhereinclude:

U
nderstandingthe

extentto
w

hich
anaphorais

a
m

echanismfor
conveying

m
eaningin

discourse.

U
nderstandinghow

m
eaningconveyed

anaphoricallyinteractsw
ith

m
eaning

conveyed
throughcom

positionalsem
anticsand

inference.

D
eveloping

a
w

ay
ofrepresentingand

processingdiscoursethat

acknow
ledgesthe

contributionsofallthreem
echanism

s.

3

O
utline

1.
B

ackground:A
bstractO

bjectsand
discourserelations

2.
D

istinguishingdiscourseadverbialsfrom
structuralconnectives

3.
Interactionsbetw

eendiscourserelations

4.
E

m
piricalstudies

5.
C

om
parisonw

ith
otheraccountsofdiscoursestructureand

sem
antics

6.
D

LTA
G

7.
D

iscourseparsingw
ith

D
LTA

G

8.
O

penproblem
s

4



I.
B

ackground:
A

bstract
O

bjects

A
b

stra
cto

b
je

ct(A
O

)is
the

term
that� A

sher,1993� usesfor
the

possible

interpretationsofnon-N
P

constituents,including
(a

sequenceof)
clauses(tensed

oruntensed)and
verb

phrases.

D
iscourse-salientAO

s
often

serve
asthe

referentsofdem
onstrative

pronouns

W
ebber,1991� –

e.g.

(1)
Johntook

B
iology

101
lastyear.

T
h

a
tm

eanshe
can

take
B

iology
102

this

year.

(2)
I

w
oke

up
and

brushedm
y

teeth.I
w

entdow
nstairsand

ate
breakfast,and

then

I
w

entto
w

ork.T
h

a
t’s

allI
did

today.

(3)
T

he
instructionssayto

avoid
cutting

into
the

pattern.T
h

a
t’s

w
hatI

am
having

trouble
w

ith.

5

C
lassesofA

O
s� A

sher,1993�
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A
ssum

ption:
D

iscourserelationsare
relationsbetw

eenA
O

s
ofappropriatesorts.

T
hatis

theirim
portanceto

this
enterprise.6

I.
B

ackground:
D

iscourseR
elations

S
om

ediscourserelationsbetw
eenA

O
s

from
adjacentdiscourseunits

(D
U

s)

are
explicitly

m
arked

by
discourseconnectives.

(4)
A

lth
o

u
g

hJohnis
generous,he’s

hard
to

find.

(5)
Johnbroke

his
arm

.S
o

he
can’tcycle

to
w

ork.

S
om

ediscourserelationsbetw
eenA

O
s

are
sim

ply
inferred,basedofthe

adjacency
oftheirD

U
s.

(6)
Johnfellasleepin

class.H
is

babyson
kepthim

aw
ake

allnight.

C
laim

:
A

dditionaldiscourserelationsare
conveyed

by
discourseadverbials.

H
ere,the

relation
is

betw
eenthe

A
O

from
the

adverbially-m
arked

D
U

and
an

A
O

recoveredanaphoricallyfrom
the

previous
discourse.

7

II.
D

iscourseA
dverbials

and
S

tructural
C

onnectives

S
tru

ctu
ra

lco
n

n
e

ctive
s:coordinatingand

subordinatingconjunctions,paired

conjunctions(“O
n

the
one

hand...O
nthe

other...”).

A
.S

tructuralconnectivesallow
stretching

ofpred-arg
dependencies.

(7)
a.

A
lth

o
u

g
hJohnis

generous,he’s
hard

to
find.

b.
A

lth
o

u
g

hJohnis
generous–

if
you

needsom
em

oney,you
only

have
to

askhim
for

it
–

he’s
very

hard
to

find.

(8)
a.

O
n

th
e

o
n

e
h

a
n

d,S
am

lik
esbeans.O

n
th

e
o

th
e

rh
a

n
d,they

m
ake

him
ill.

b.
O

n
th

e
o

n
e

h
a

n
d,S

am
lik

esbeans.N
otonly

doeshe
eatthem

for
dinner.

B
uthe

also
eatsthem

for
snacks.O

n
th

e
o

th
e

rh
a

n
d,they

m
ake

him
ill.

8



(i)
(ii)

a

b

d

contrast[one/other]

elaboration

com
parison[not only/but also]

a

b

d
elaboration

concession[although]

c
c

condition[if]

P
ossiblediscoursestructuresfor

E
x.2b

and
E

x.3b.

9

B
.S

tructuralC
onnsdo

notallow
crossingofP

red-A
rg

dependencies.

(9)
a.A

lthough
Johnis

very
generous–

b.
if

you
needsom

em
oney

–

c.he’s
very

hard
to

find
–

d.you
only

have
to

askhim
for

it.

(10)
a.O

n
the

one
hand,F

red
lik

esbeans.

b.
N

otonly
doeshe

eatthem
for

dinner.

c.O
n

the
otherhand,he’s

allergic
to

them
.

d.B
uthe

also
eatsthem

for
breakfastand

snacks.

10

a
c

b

concession[although] condition[if]

elaboration

a
b

elaboration

contrast[one/other]
com

parison[not only...]

(i)
(ii)

d
c

d

(Im
possible)discoursestructuresfor

crossedE
x.4

and
E

x
5.

11

D
iscourseadverbials

adm
it

crossingdependencies

(11)
a.JohnlovesB

arolo.

b.S
o

he
orderedthreecasesofthe

’97.

c.B
uthe

had
to

cancelthe
order

d.becauseth
e

n
he

discoveredhe
w

asbroke.

a
b

conseq[so]

contrast[but]

seq[then]

d
c

explanation[because]

12



(12)
a.H

igh
healsare

fine
for

going
to

the
theater.

b.B
utw

earcom
fortableshoes

c.if
in

ste
a

dyou
plan

to
go

to
the

zoo.b
c

conditional[if]

a

contrast[but]

alt[instead]

13

C
rossingdependenciesare

characteristic
ofanaphors

(13)
E

very
m

ani tells
every

w
om

anj hei m
eetsthatshej rem

indshim
i ofhisi

m
other.

(14)
S

uei drivesan
A

lfa
R

om
eo.S

hei drivestoo
fast.M

ary
j racesheri on

w
eekends.S

hej often
beatsheri .� S

trube,1998�

A
naphoricdependenciesare

generallynotconsideredto
be

structural.

14

D
iscourseA

dverbials
behave

lik
e

A
naphors:

1

Lik
e

anaphoricN
P

s,discourseadverbialsare
able

to
take

im
plicit

m
aterialas

argum
ents:

(15)
S

tackfive
blockson

top
ofone

another.N
ow

closeyoureyesand
try

knocking! th
e

to
w

e
r,th

is
to

w
e

r"

overw
ith

yournose.

(16)
D

o
you

w
antan

apple?O
th

e
rw

iseyou
can

have
a

pear.

15

D
iscourseA

dverbials
behave

lik
e

A
naphors:

2

W
hile

the
left-handargum

entofa
structuralconnective

is
constrainedto

be
a

discourseuniton
the

rig
h

tfro
n

tie
rofthe

evolving
discoursestructure,discourse

adverbialshave
a

w
iderrangeofoptions,constrainedby

salience.

(17)
If

the
lightis

red,stop.O
th

e
rw

iseyou’ll
geta

ticket.

(If
yo

u
d

o
so

m
e

th
in

go
th

e
rth

a
n

sto
p

,yo
u

’llge
ta

ticke
t.)

Paraphrasedusing
the

conjunction“or”:
If

the
lightis

red,stop,oryou’ll

geta
ticket.

(18)
If

the
lightis

red,stop.O
th

e
rw

isego
straighton.

(If
th

e
lig

h
tis

n
o

tre
d

,g
o

stra
ig

h
to

n
.)

N
otparaphrasableusing

“or”:
*If

the
lightis

red,stop,orgo
straighton.

16



D
iscourseA

dverbials
behave

lik
e

A
naphors:

3

D
iscourseadverbials,lik

e
otheranaphors,m

ay
requiresem

anticrepsin
w

hich

theirargs
are

b
o

u
n

dva
ria

b
le

srangingoverdiscourseentities.

a
lth

o
u

g
h

(p
,q

)
p#

n
eve

rth
e

le
ss(e,q

)

T
he

structureof“donkey
sentences”blocksa

directsyntacticrelation
betw

eena

pronounand
its

antecedent:disco
u

rse
se

m
a

n
ticshasto

provide
variablesto

translatepronounsand
d

isco
u

rse
m

e
ch

a
n

ism
shave

to
treatthem

asbound.

(19)
E

very
farm

erw
ho

ow
ns

a
donkey

feedsit
rutabagas.

17

D
iscourseadverbialsoccurin

theirow
n

versionof“donkey
sentences”:

(20)
A

nyone
w

ho
hasdevelopedinnovative

new
softw

are,hasth
e

n
had

to
hire

a

law
yerto

protecthis/herinterests.(i.e.,a
fte

rd
eve

lo
p

in
gin

n
ova

tive
n

ew

so
ftw

a
re)

(21)
M

any
peoplew

ho
have

developedinnovative
new

softw
are,have

n
eve

rth
e

le
ssnevergottenvery

rich.(i.e.,d
e

sp
iteh

a
vin

g
d

eve
lo

p
e

din
n

ova
tive

n
ew

so
ftw

a
re)

(22)
E

very
personselling

“T
he

B
ig

Issue”m
ighto

th
e

rw
isebe

askingfor
spare

change.(i.e.,if
s/h

ew
e

re
n

’tse
llin

g
“T

h
e

B
ig

Issu
e

”)

T
his

suggeststhatdiscourseadverbialsare
accessingdiscourseentities(in

particular,onesoftype
a

b
stra

cto
b

je
ct)

ratherthan
signalling

structuralconnection

betw
eenadjacentclauses.

18

W
hat

kind
ofA

naphor
is

a
D

iscourseA
dverbial?

T
he

sim
plestdiscourseanaphorsare

co
re

fe
re

n
tia

l–
definite

pronounsand
N

P
sthat

denoteone
orm

ore
discourseentitiesin

the
currentdiscoursecontext.

S
om

ew
hatm

ore
com

plex
is

in
d

ire
cta

n
a

p
h

o
ra

–
aka

b
rid

g
in

g
a

n
a

p
h

o
ra

–
w

here

the
anaphor(usuallya

definite
N

P
)denotesa

discourseentity
a

sso
cia

te
dw

ith
at

leastone
discourseentity

in
the

currentdiscoursecontext–
e.g.,

(23)
M

yra
dartedto

a
p

h
o

n
eand

picked
up

th
e

re
ce

ive
r.

C
o

re
fe

re
n

ceand
in

d
ire

cta
n

a
p

h
o

ra
can

be
uniform

ly
m

odelledby
sayingthatthe

discourseentity
eα

denotedby
an

anaphoricexpressionα
is

eitherequalto
or

associatedw
ith

an
existing

discourseentity
e

r

eα =
e

r

eα $

assoc(er ).

19

T
his

doesn’texhaustthe
spaceofconstructs

that
derive

allor
part

oftheir
sensefrom

the
discoursecontextand

are
thus

anaphoric.

C
onsider“otherN

P
s”(B

ierner2001;M
odjeska2001,2002):

(24)
S

uegrabbedone
phoneasTom

dartedto
th

e
o

th
e

rp
h

o
n

e.

T
his

is
nota

sso
cia

tivea
n

a
p

h
o

ra,w
hereeα $

assoc(er ).

A
lso

consider:

(25)
S

uelifted
the

receiverasTom
dartedto

th
e

o
th

e
rp

h
o

n
e.

T
his

suggeststhatan
anaphorcan

convey
an

idiosyncraticfunction
fα

thatm
ay

be

appliedto
e

r
orassoc(er )

to
yield

anotherdiscourseentity
eα .

W
e

have
called

theselexica
lly-sp

e
cifie

danaphors.

20



S
um

m
ary

W
e

now
have

threetypesofanaphora,nottw
o:

co
re

fe
re

n
ce:

eα =
e

r

in
d

ire
cta

n
a

p
h

o
ra:

eα $

assoc(er )

lexica
lly-sp

e
cifie

da
n

a
p

h
o

ra:
eα =

fα% e
i&

w
heree

i =
e

r
ore

i $
assoc(er ).

21

W
here

do
D

iscourseA
dverbials

fit
in?

N
othing

requiresthatthe
sourceofe

r
be

an
N

P,orthatthe
anaphorbe

a
pronoun

orN
P

–
e.g.T

he
antecedentof“this”

or“that”
is

often
a

clauseorlargerunitin
the

recentdiscourse.

W
e

take
discourseadverbialsto

be
a

type
oflexica

lly-sp
e

cifie
danaphor.

E
achdiscourseadverbialhasatleastone

function
fα

thatm
apsa

discourseentity

(ofsem
antictype

a
b

stra
cto

b
je

ct–
A

O
)in

the
currentdiscoursecontext,to

a

fu
n

ctio
n

thatappliesto
an

A
O

interpretationofthe
adverbial’s

m
atrix

clause.

T
he

resultis
a

b
in

a
ry

re
la

tio
n

thatis
addedto

the
discoursecontextand

thatholds

betw
eenthe

tw
o

A
O

entities.

22

To
seethis,consider:

(26)
Johndidn’thave

enoughm
oney

to
buy

a
m

ango.In
ste

a
d,he

boughta
guava.

Form
ally,w

e
representthe

function
contributed

by
a

discourseadverbialα
,asa

λ-expression

λx' R
α% x( E

V&

S
o

forα
=

in
ste

a
dw

e
have

som
ethinglik

e:

λ
x

.
a

lte
rn

a
tive(x,E

V
)

A
rgum

entx
is

boundon
applicationto

α
’s

m
atrix

clauseS
interpretedasan

A
O

entityσ
:

λx' R
α% x( E

V&� σ )

R
α% σ( E

V&

23

S
o

herew
e

w
ould

have
som

ethinglik
e:

� λ
x

.
a

lte
rn

a
tive(x,E

V
)]

e
3 )

a
lte

rn
a

tive(e
3 ,E

V
)

w
heree

3 )* Johnbuy
a

guava*

E
V

is
resolved

anaphoricallyto
an

A
O

entity
e

i derived
from

the
discoursecontext

eitherdirectly
orby

association,yielding
the

proposition

R
α% σ( e

i&

S
o

herew
e

w
ould

have
som

ethinglik
e:

a
lte

rn
a

tive(e
3 ,e

2 ),w
heree

2 )* Johnbuy
a

m
ango*

N
.B

.T
his

form
alm

odelis
m

eantto
have

no
im

plicationsfor
how

processingtakes

place.

24



E
xam

ple:“T
hen”

(27)
a.JohnlovesB

arolo.
b.

S
o

he
orderedthreecasesofthe

’97.
c.B

uthe
had

to
cancelthe

order
d.becausehe

th
e

n
found

he
w

asbroke.

α
=

the
anaphoricexpression–

th
e

n
R

α
=

the
relation

nam
elinked

w
ith

α
–

a
fte

r
S

=
the

m
atrix

clause/sentencecontainingα
–

“he� John� found
he

w
asbroke”

σ
=

the
interp

ofS
asan

abstractobject–
e

4 :find(j,e
5 ),w

heree
5 :broke(j)

U
nresolved

interpretation
of(27d):

λx
.

R
α (x,E

V
)� σ

)
� λx

.
a

fte
r(x,E

V
)� e

4 )

a
fte

r(e
4( E

V
)

R
esolved

Interpretation:
E

V

)

e
2 :order(j,c

1 )
from

(27b)

a
fte

r(e
4 ,E

V
) +

a
fte

r(e
4 ,e

2 )

25

E
xam

ple:“O
therw

ise”

“O
therw

ise”conveys
thatthe

co
m

p
le

m
e

n
tofits

anaphorically-derived
argum

ent

servesasthe
co

n
d

itio
n

underw
hich

the
interpretationofits

structuralargum
ent

holds.

λ
x

.
if(V

E
,x)

w
hereco

m
p

le
m

e
n

t(V
E( E

V
)

� λx
.

if(V
E

,x)� σ )

if(V
E

,σ
)

26

(28)
If

the
lightis

red,stop.O
th

e
rw

iseyou’ll
geta

ticket.

α
=

otherw
ise

R
α

=
if

S
28

=
you

geta
ticket

σ
28

=
e

3 ,w
heree

3 :getticket(you)

U
nresolved

interpretation:

λx
.

if(V
E

28 ,x)� e
3 )

if(V
E

28 ,e
3 ),w

hereco
m

p
le

m
e

n
t(V

E
28 ,E

V
28 )

R
esolved

interpretation:
E

V

)

e
2 :stop(you)

if(e
4 ,e

3 ),w
hereco

m
p

le
m

e
n

t(e
2 ,e

4 )
and

e
2 :stop(you)

(If
yo

u
d

o
so

m
e

th
in

go
th

e
rth

a
n

sto
p

,yo
u

’llge
ta

ticke
t.)

27

(29)
If

the
lightis

red,stop.O
th

e
rw

isego
straighton.

α
=

otherw
ise

R
α

=
if

S
29

=
go

straighton

σ
29

=
e

3 ,
,w

heree
3 ,

:go
straight(you)

U
nresolved

interpretation:

� λx
.

if(V
E

29 ,x)� e
3 ,

)
if(V

E
29 ,e

3 ,

),w
hereco

m
p

le
m

e
n

t(V
E

29 ,E
V

29 )

R
esolved

interpretation:
E

V
)

e
1 :red(light1)

if(e
4 ,

,e
3 ,

),w
hereco

m
p

le
m

e
n

t(e
1 ,e

4 ,
)

and
e

1 :red(light)

(If
th

e
lig

h
tis

n
o

tre
d

,g
o

stra
ig

h
to

n
.)28



W
hat

doesthis
treatm

entachieve?

S
tandard

account:
B

oth
structuralconnectivesand

discourseadverbialsindicate
the

relation
holding

betw
eenthe

A
O

s
from

adjacentD
U

s
–

e.g.

“because”–
exp

la
n

a
tio

nrelation

“b
ut”

–
co

n
tra

strelation

“in
general”–

ge
n

e
ra

liza
tio

n
relation

“in
otherw

ords”–
e

la
b

o
ra

tio
n

relation

“otherw
ise”–

o
th

e
rw

iserelation

“therefore”–
re

su
ltrelation

R
evised

account:
(1)T

he
standardaccountholdsfor

structuralconnectives.(2)A
discourseadverbialconveys

a
separaterelation

betw
eenthe

A
O

associatedw
ith

its
m

atrix
clauseand

an
A

O
derived

from
the

previous
discourse.(3)T

heserelations
can

in
te

ra
ctin

interestingw
ays.
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III.
Interactions

betw
eenD

iscourseR
elations

-

α
=

discourseadverbial;

-

R
α

=
the

nam
eofthe

relation
associatedw

ith
α

;

-

S
=

the
m

atrix
clause/sentenceofα

;

-

σ
=

the
logicalform

(LF
)

interpretationofS

-

D
=

discourseunitthatis
left-adjacentto

S,to
w

hich
a

relationshipholds

eitherby
inferenceora

structuralconnective;

-

δ
=

the
LF

interpretationofD
;

-

R
=

the
nam

eofthe
relation

betw
eenσ

andδ
triggeredby

adjacency
orgiven

by
an

explicit
structuralconnective

betw
eenthem

.
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C
ase1:σ

separatelyservesas
an

argum
entto

both
R

α
and

R
.

(30)
JohnlovesB

arolo.S
o

he
orderedthreecasesofthe

’97.
B

uthe
had

to
cancel

the
orderb

e
ca

u
sehe

th
e

n
discoveredhe

w
asbroke.

R
α

=
a

fte
r

σ
=

e
4 :find(j,e

5 ),w
heree

5 :broke(j)
λx

.
a

fte
r(x,E

V
)� e

4 )

a
fte

r(e
4( E

V
)

R
esolved

interpretation:
E

V

)

e
2 :order(j,c

1 )

a
fte

r(e
4( e

2 )

R
elationR

conveyed
by

“because”is:exp
la

n
a

tio
n(e

4 ,e
3 ),w

heree
3 :cancel(j,o

1 )

S
um

m
ary:

Tw
o

separatepropositionsaddedto
the

discourse:

exp
la

n
a

tio
n(e

4 ,e
3 )

a
fte

r(e
4( e

2 )

31

C
ase2:

R
α. σ/ e

i0

is
itselfan

argum
entofR

.

Look
again

atE
xam

ples28–29,butherew
ith

an
exp

licitstructuralconnective.

(31)
If

the
lightis

red,stop,becauseo
th

e
rw

iseyou’ll
geta

ticket.

R
esolving“otherw

ise”contributesthe
relation

e
6 :

if(e
4 ,e

3 ),w
hereco

m
p

le
m

e
n

t(e
4 ,e

2 ),e
2 :stop(you)and

e
3 :get ticket(you)

(If
yo

u
d

o
so

m
e

th
in

go
th

e
rth

a
n

sto
p

,yo
u

’llge
ta

ticke
t.)

T
his

abstractobjecte
6

servesasone
argum

entto
the

exp
la

n
a

tio
nrelation

contributed
by

“because”,w
ith

e
2

being
the

other.

Together“because”and
“otherw

ise”end
up

contributing
exp

la
n

a
tio

n(e
2 ,e

6 ).

(Yo
u

rn
e

e
d

in
gto

sto
p

is
exp

la
in

e
db

y
th

e
fa

ctth
a

tif
yo

u
d

o
so

m
e

th
in

go
th

e
rth

a
n

sto
p

,yo
u

’llge
ta

ticke
t).
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(32)
If

the
lightis

red,stop,and/buto
th

e
rw

isego
straighton.

R
esolving“otherw

ise”contributesthe
relation

e
6 ,

:if(e
4 ,

,e
3 ,

),w
hereco

m
p

le
m

e
n

t(e
4 ,

,e
1 ),e

1 :red(light)and
e

3 ,

:go
straighton(you)

(If
th

e
lig

h
tis

so
m

e
th

in
go

th
e

rth
a

n
re

d
,g

o
stra

ig
h

to
n

.)

If
this

is
an

exam
pleofC

ase2,w
hatrelation

R
is

e
6 ,

an
argum

entto?

B
oth

conjunctsdescribe(elaborate)alternative
continuationsofsom

esituatione
0

introducedearlierin
the

discourse–
e.g.,

(33)
G

o
a

m
ile

to
the

bridge.If
the

lightis
red,stop.O

therw
isego

straighton.

If
this

is
the

case,then

e
la

b
o

ra
tio

n(e
6 ,

,e
0 )

e
la

b
o

ra
tio

n(e
5 ,e

0 )

w
heree

5
is

the
abstractobjectinterpretationof“If

the
lightis

red,stop”.
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C
ase3:

R
π

is
parasitic

on
R

.

T
he

adverbial“for
exam

ple”is
neitheranaphoricnora

structuralconnective.Its

relationalinterpretation(R
π )

derivesp
a

ra
sitica

lly
from

anotherrelation
R

through

a
b

stra
ctio

n.

Intra-clausal“for
exam

ple”:
A

bstractionon
verb-arg

relation.

(34)
T

he
box

contains,fo
r

exa
m

p
le,a

pieceofhem
atite.

(a)contain(box1,hem
atite1)

(b)exe
m

p
lify(hem

atite1,! X

1 contain(box1,X
)" )

(c)exe
m

p
lify(hem

atite1,λX
.contain(box1,X

))

(b)and
(c)are

alternative
w

aysofrepresentingthe
abstractionintroducedby

the

adverbial.H
ere

w
e

adopt(c).

34

Inter-clausal“for
exam

ple”:
A

bstractionon
discourserelation.

(35)
Johnjustbroke

his
arm

.S
o

,fo
r

exa
m

p
le,he

can’tcycle
to

w
ork

now
.

e
1 =* Johnjustbroke

his
arm*

e
2 =*

he� John� cannotcycle
to

w
ork

now*

R
elationR

so :
re

su
lt(e

2 ,e
1 )

R
elationR

π :
exe

m
p

lify(e
2 ,λX

.re
su

lt(X
,
e

1 ))

(36)
Y

ou
shouldn’ttrustJohnb

e
ca

u
se,fo

r
exa

m
p

le,he
neverreturnsw

hathe

borrow
s.

e
3 =* Y

ou
shouldnottrustJohn*

e
4 =* he� John� neverreturnsw

hathe
borrow

s*

R
elationR

b
e

ca
u

se :
exp

la
n

a
tio

n(e
4 ,e

3 )

R
elationR

π :
exe

m
p

lify(e
4 ,λX

.exp
la

n
a

tio
n(X

,
e

3 ))

35

(37)
Let’s

go
to

the
Lincoln

M
em

orial.T
h

e
n

,fo
r

exa
m

p
le,w

e
can

go
to

the
W

hite

H
ouse.

e
5 =* w

e
go

to
the

Lincoln
M

em
orial*

e
6 =* w

e
can

go
to

the
W

hite
H

ouse*

R
elationR

th
e

n :
a

fte
r(e

6 ,e
5 )

R
elationR

π :
exe

m
p

lify(e
6 ,λX

.a
fte

r(X
,
e

5 ))

36



(38)
Y

ou
shouldn’ttrustJohn.Fo

r
exa

m
p

le,he
neverreturnsw

hathe
borrow

s.

e
7 =* Y

ou
shouldnottrustJohn*

e
8 =* he� John� neverreturnsw

hathe
borrow

s*

R
elationR

b
e

ca
u

se :
exp

la
n

a
tio

n(e
8 ,e

7 )

R
elationR

π :
exe

m
p

lify(e
8 ,λX

.exp
la

n
a

tio
n(X

,
e

7 ))

B
utw

hataboutcasesw
hereonly

exe
m

p
lifyseem

sto
hold?

(39)
T

he
H

erald’s
accom

plishm
entsw

ere
notable.Fo

r
exa

m
p

le,it
consistently

beatotherpaperson
disclosuresaboutthe

M
ayor’s

financialdealings.

e
9 =* T

he
H

erald’s
accom

plishm
entsw

ere
notable*

e
10 =* it

consistentlybeat...*

exe
m

p
lify(e

10 ,e
9 )

versus
e

la
b

o
ra

tio
n(e

10 ,e
9 )

exe
m

p
lify(e

10 ,λX
.e

la
b

o
ra

tio
n(X

,
e

9 ))

A
ssum

ethatexe
m

p
lify(e

10 ,λX
.e

la
b

o
ra

tio
n(X

,
e

9 ))2

exe
m

p
lify(e

10 ,e
9 )
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C
ase4:

R
α

is
a

D
efeasibleR

ule
that

incorporates
R

.

O
ccursw

ith
discourseadverbialssuchas“nevertheless”and

“though”thatcarry

the
sam

epresuppositionas“although”and
concessive

“w
hile”

(Lagerw
erf,1998).

(40)
A

lthough
G

arbow
ascalled

the
yardstickofbeauty,sheneverm

arried.

W
hatis

presupposed(orconventionallyim
plicated)is

a
defeasiblerule

(P
D

R
)that

fails
to

hold
in

the
currentsituation–

e.g.

If
a

w
om

anis
called

the
m

easureofbeauty,shew
ill

m
arry.

H
ere

antecedentand
consequentofthe

P
D

R
derive

stru
ctu

ra
lly

from
(40).

W
ith

“nevertheless”and
“though”,the

co
n

se
q

u
e

n
tofthe

P
D

R
derivesfrom

the

adverbial’s
m

atrix
clause,w

hile
the

a
n

te
ce

d
e

n
tderivesanaphoricallyfrom

the

previous
discourse.

38

(41)
W

h
ile

Johnis
discussingpolitics,he

is
n

eve
rth

e
le

ssthinking
aboutfish.

σ
=* john

thinks
aboutfish*

δ=* john
discussespolitics*

R
w

h
ile :

d
u

rin
g(σ

,δ)
R

α :
d

u
rin

g(X
,
E

)#

E
:discuss(Y,politics)3 4

X
:think

about(Y
,fish)

N
o

rm
a

lly,w
h

a
teve

ro
n

e
d

o
e

sd
u

rin
g

th
e

tim
e

o
n

e
is

d
iscu

ssin
gp

o
litics,it

is

n
o

tth
in

kin
g

a
b

o
u

tfish
.

is
the

defeasibleim
plication

operatorfrom
(A

sherand
M

orreau,1991).
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(42)
E

ven
a

fte
rJohnhashad

threeglassesofw
ine,he

is
n

eve
rth

e
le

ssable
to

solve

difficultalgebraproblem
s.

σ
=* john

is
able

to
solve

difficultalgebraproblem
s*

δ=* Johndrinks
threeglassesofw

ine*

R
:

a
fte

r% σ( δ&

R
α :

a
fte

r(X
,
E

)#
E

:drink(Y
,w

ine)3 4

X
:solve(Y

,hard
problem

s)

N
o

rm
a

lly,w
h

a
teve

ro
n

e
is

a
b

le
to

d
o

a
fte

ro
n

e
h

a
sh

a
d

th
re

e
g

la
sse

so
fw

in
e,

it
is

n
o

tso
lvin

g
d

ifficu
lta

lge
b

ra
p

ro
b

le
m

s.

40



S
um

m
ary:

Interactions
betw

eenD
iscourseR

elations

1.
σ

separatelyservesasan
argum

entto
both

R
α

and
R

;

2.
R

α% σ( e
i&

is
an

argum
entofR

;

3.
R

α
is

parasiticon
R

;

4.
R

α
is

a
defeasiblerule

thatincorporatesR
.

41

IV
.E

m
pirical

S
tudies

If
w

e
w

antto
claim

thatanaphoraplaysa
largerpartin

discoursesem
anticsthan

originally
though,it

is
incum

benton
us

to:

-

Identify
the

rangeofexpressionsthatare
anaphoric;

-

C
haracterisethe

distribution
ofthe

antecedentsofeachtype
ofanaphor(i.e.,

w
hatit

is
in

the
textthatgivesthem

m
eaning);

-

C
haracterisethe

relationshipbetw
eenthe

m
eaningoftheirantecedentand

theirow
n

m
eaning;

-

D
evelop

algorithm
sfor

resolvingthem
in

N
aturalLanguagetext,and

decision

proceduresfor
em

ploying
them

in
N

aturalLanguagegeneration.

42

O
urE

m
piricalstudieshave

beenaim
edat:

S
tudy

1:
V

erifying
the

distinction
betw

eenstructuraland
anaphoric

connectives� C
resw

elletal.,2002�

S
tudy

2
(ongoing):D

eveloping
feature-basedanaphorresolutionalgorithm

s

for
anaphoricconnectives� M

iltsakakietal.,2003�

43

S
tudy

1:
D

ifferencesbetw
eenC

onnectives� C
resw

elletal.,2002�

O
urapproachpredictsthatthe

argum
entsto

structuraland
anaphoricconnectives

have
differentpropertiesw

ith
respectto

theirlocation.Is
this

in
factthe

case?

E
xperim

ent:
Foreachofthe

follo
w

ing
connectives,identify

the
m

inim
altextunit

in
the

precedingdiscoursecontainingthe
sourceofits

“left-hand”argum
ent:

-

R
esultatives:a

s
a

re
su

lt,so
,th

e
re

fo
re

-

A
dditives:a

lso
,in

a
d

d
itio

n
,m

o
re

ove
r

-

C
oncessives:n

eve
rth

e
le

ss,ye
t,w

h
e

re
a

s

D
ata

from
B

row
n

corpus,W
S

Jcorpus,S
w

itchboardcorpus,and
58

transcribed
oralhistoriesofonline

S
ocialS

ecurityA
dm

inistration(S
S

A
)O

ralH
istory

A
rchives(http://w

w
w.ssa.gov/history/orallist.htm

l).

Initially,75
tokensofeachconnective.
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A
nnotation

S
chem

e

D
em

arcatebeginning
and

end
ofleftand

rightargum
ents

F
eaturesofleftargum

ent

–
S

yntactictype:m
ain,subordinate,phrasalconstituent(X

P
),a

sequenceof

m
ain

clauses

F
eaturesofrightargum

ent

–
C

om
binesw

ith:
punctuationalone,conjunctions,otheradverbial

connectives
–

P
ositionofconnective:initial,m

edialorclause-final

A
ll

featurescan
be

derived
from

a
parsedversionofthe

corpus.

45

S
am

ple
annotation:

therefore

5 6
78
79
: ;
<=
>?
@9 ;
A6
BC3

P
hilip

Lee
w

asthe
C

hancellorofthe
cam

pusat

S
anF

rancisco5D 6
78

35 E
FCC
79
: ;
<=E
FAG ;6
CH

@FI
B>BFC ;
A9H

3

and
he

w
asthereforethe

personw
ho

hired
m

e
for

the
postas

D
irectorofthe

M
edicalC

enter.5D E
FCC346

R
esultsofInitial

A
nnotation:

S
um

m
ary

A
rgum

entsalm
ostalw

aysfound
locally,in

the
im

m
ediatelypreceding

sequenceofsentences.

W
ide

variety
in

distribution
patternsacrossconnectives

–
S

o
alw

aystakesa
sentenceorsequenceofsentencesasits

leftargum
ent.

A
pearsonly

in
initialposition2

structuralconnective.
–

N
eve

rth
e

le
ssoften

takesX
P

argum
ents.

–
T

h
e

re
fo

re
often

takesits
left-handargum

entfrom
a

subordinateclause.

For3
connectives(a

s
a

re
su

lt,in
a

d
d

itio
n

,n
eve

rth
e

le
ss),25

m
ore

tokensof

eachw
ere

lateradded.2

R
elative

percentagesoftagsrem
ainedstable,

indicating
thatthe

patternsm
ay

be
system

aticenoughto
allow

autom
atic

detection.

47

Inter-annotator
consistency

A
secondstudyw

asdonew
ith

4
annotatorsand

the
added25

tokensofeach3

connectives(a
s

a
re

su
lt,in

a
d

d
itio

n
,n

eve
rth

e
le

ss).

A
lso

annotatedm
ore

specificallythe
location

ofthe
left-argum

ent:

-

S
S

=
sam

esentence

-

P
S

=
im

m
ediatelyprecedingsentence

-

P
P

=
m

ultiple
sentencesim

m
ediatelyprecedingthe

rightarg

-

N
C

=
sentence(s)non-contiguousw

ith
rightargum

ent

48



S
om

eresults

M
ajority

agreem
ent(3-w

ay
orbetter)is

88%
for

n
eve

rth
e

le
ss,92%

for
in

a
d

d
itio

n,and
96%

for
a

s
a

re
su

lt.

4-w
ay

agreem
ent3

50%
in

allcases

S
ystem

aticsourcesofdisagreem
ent–e.g.,size

ofleftarg
dependson

structureassignedto
previous

context

(43)
Lee

w
on

the
lottery.

S
o

he
w

aslessstressedaboutm
oney.

A
s

a
re

su
lt,

his
blood

pressurew
entdow

n.

49

S
tudy

2:
Tow

ards
F

eature-basedA
naphor

R
esolution

W
ith

respectto
proceduresfor

resolvinganaphoricdiscourseconnectives,w
e

are

ata
m

uch
earlierstagethan

w
ith

respectto
proceduresfor

resolvingpronounsor

even
definite

N
P

s.

T
he

problem
is

to
identify

both

-

the
antecedentoftheiranaphoricargum

ent;

-

the
argum

entto
derive

from
thatantecedent–

i.e.,the
abstractobject(A

O
)

thatm
akessenseasan

alternative
in

the
currentcontext.

(44)
N

B
C

is
contem

platinggetting
outofthe

cartoonbusiness.In
ste

a
d,it

m
ay

“counter-program
”w

ith
show

s
for

an
audiencethatis

virtually
ignoredin

that

tim
e

period:adults.

a
n

te
ce

d
e

n
t:getting

outofthe
cartoonbusiness

a
rg

u
m

e
n

t:being/rem
ainingin

the
cartoonbusiness

50

O
urapproachhereis

em
pirical,involving

(for
eachofa

setofexam
ples):

1.
annotatingthe

m
inim

altextspancontainingthe
antecedentofthe

anaphoric

argum
entand

verifying
it

throughinter-annotatoragreem
ent;

2.
developing

a
setoffeaturesthatare

potentiallyrelevantto
identifying

the

antecedentofthe
anaphoricargum

ent;

3.
annotatingthosefeaturesw

ith
respectto

the
agreed-uponantecedents;

4.
annotatingthosefeaturesw

ith
respectto

potentialcom
petitors(i.e.,textspans

w
hoseproxim

ity
alonesuggeststheirpotentialasantecedents);

5.
(o

p
tio

n
a

l:
com

paringpatternsofdistribution);

6.
inducing

a
decisionprocedurebasedon

the
features(e.g.,a

decisiontree,

N
aive

B
ayes,M

axim
um

E
ntropy,etc.)and

com
putingits

accuracy;

7.
refining

the
featureset,and

repeatingfrom
step3.
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“Instead”

T
he

firstfourstepshave
beencarriedoutfor

the
discourseadverbial“instead”.

B
ackground:

“Instead”com
esin

tw
o

form
s:

-

asa
bareadverbial;

-

w
ith

an
“of”

P
P

m
odifier

(45)
Johnate

an
applein

ste
a

do
fa

pear.
(46)

Johnspentthe
afternoonatthe

zoo
in

ste
a

do
fatthe

m
useum

.

W
ith

an
“of”

P
P,both

args
of“instead”derive

stru
ctu

ra
lly:

the
first,from

the
m

odified
phrase(e.g.,“an

apple”),the
second,from

the
objectofthe

“of”
P

P
(e.g.,

“a
pear”).

T
hatsecondargum

entis
a

salientbutunchosena
lte

rn
a

tiveto
the

first,w
ith

respect
to

the
given

predication.

T
his

is
basicto

the
interpretationof“instead”in

both
its

m
odified

and
bareform

s.
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A
s

a
bareadverbial,“instead”getsits

secondargum
enta

n
a

p
h

o
rica

lly,from
the

discoursecontext.

H
ow

ever,notevery
textspanin

the
previous

discourseappearsable
to

provide

alternatives:

(47)
a.Johnate

an
apple.#In

ste
a

dhe
decidedto

eata
pear.

b.
Johndecidedto

eata
pear.

In
ste

a
dhe

ate
an

apple.

c.Johnw
on’teatfruit.

In
ste

a
d,he

eatsonly
candybarsand

potatochips.

B
utno

one
hasestablishedw

hatkind
ofphrases/clausessuggestalternativesand

w
hich

don’t.

A
nd

presum
ably,the

ability
to

suggestalternativesis
only

o
n

e
ofseveralfactors

relevantto
identifying

the
intendedantecedentofthe

anaphoricargum
entof

“instead”.
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S
tep

1:
A

nnotate
A

ntecedents

Pairs
ofannotatorsseparatelyexam

ined100
successive

instancesofbare“instead”

in
the

P
ennT

reeB
ank(W

a
llS

tre
e

tJo
u

rn
a

l),and
recordedthe

m
inim

altextspan

containingthe
antecedentofits

anaphoricargum
ent.

T
herew

asagreem
entin

97/100cases.T
he

other3
casesw

ere
excludedfrom

furtheranalysis.
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S
tep

2:
C

hooseA
nnotation

F
eatures

F
eaturesw

ere
chosenthatw

ere
observed

in
exam

plesof“instead”thatw
e

had

collectedearlier:

clausalnegation

(48)
Johnco

u
ld

n
’tsleep.Instead,he

w
rote

code.(V
erbalneg)

(49)
N

o
one

could
slept.Instead,everyonew

rote
code.(S

ubjneg)
(50)

Johnate
noneofhis

spinach.Instead,he
fed

it
to

his
frog.(O

bj
neg)

presenceofa
m

onotone-decreasingquantifier(M
D

Q
)

(51)
Few

studentslik
e

to
do

hom
ew

ork.Instead,they
w

ould
ratherparty.

(52)
S

tudentsse
ld

o
m

sleepin
class.Instead,they

take
notesassiduously.

presenceofa
m

odalauxiliary
(M

odal)
(53)

Y
ou

sh
o

u
ldexercisem

ore.Insteadyou
sitlik

e
a

couchpotato.

55

-
w

hetherthe
antecedentis

em
beddedin

a
higherclause(E

m
bed)

(54)
Jo

h
n

w
a

n
te

dto
eata

pear.
In

ste
a

d,he
ate

an
apple.

(55)
C

h
rysle

ro
fficia

ls
re

siste
dcutting

output.In
ste

a
d,they

slapped$1000

cashrebateson
vehicles.

(56)
Pa

in
e

W
e

b
b

e
rco

n
sid

e
red

recom
m

endingspecificstocks.In
ste

a
d,it

just

urged
its

clientsto
stayin

the
m

arket.

56



S
tep

3:
A

nnotate
F

eaturesofA
greed

U
pon

A
ntecedents

F
eatures

Y
E

S
(of97)

N
O

(of97)

V
erbalneg.

37
(38%

)
60

(62%
)

S
ubj.neg.

5
(5%

)
92

(95%
)

O
bj.neg.

10
(10%

)
82

(85%
)

M
D

Q
1

(1%
)

96
(99%

)

M
odal

12
(12%

)
85

(88%
)

C
ondit.

1
(1%

)
96

(99%
)

E
m

bed.
57

(59%
)

40
(41%

)

N
.B

.A
ntecedentscould

displayJ

0
features–

e.g.,both
S

ubjneg
and

M
odal.

D
o

featuresofpotentiallycom
petingantecedentsdisplaythe

sam
epattern?

57

S
tep

4:
A

nnotate
potentially

com
peting

antecedents(P
C

A
s)

P
C

A
sare

any
finite

ornon-finite
clausecontainedin

the
sentencethatcontainsthe

antecedentof“instead”orthatintervenesbetw
eenthe

antecedentand
the

sentence

containing“instead”.

(S
entence=

the
clausecontainingthe

m
ain

verb
and

allits
associatedfinite

or

non-finite
clauses,including

relative
and

adverbialclauses.A
lso

here,a

coordinatedV
P

w
hosesubjectis

om
itted

is
considereda

sentence.)

Forthe
97

tokensof“instead”on
w

hich
annotatorsagreed,therew

ere
169

potentiallycom
petingantecedents(P

C
A

s).

58

D
istrib

ution
ofF

eaturesofP
C

A
s

F
eatures

Y
E

S
(of169)

N
o

(of169)

V
erbalneg.

21
(12%

)
148

(88%
)

S
ubj.neg.

8
(5%

)
161

(95%
)

O
bj.neg.

6
(4%

)
139

(82%
)

M
D

Q
0

(0%
)

169
(100%

)

M
odal

17
(10%

)
152

(90%
)

C
ondit.

0
(0%

)
169

(100%
)

E
m

b.
14

(8%
)

155
(91%

)

59

O
bvious

differencesbetw
eenA

ntecedentsand
P

C
A

s

1.
N

egation
ofthe

verb
orone

ofits
argum

entsis
over2.5

tim
esm

ore
com

m
on

in
the

antecedentof“instead”than
in

potentiallycom
petingantecedents–

52/97
tim

es( K
53%

)versus35/169tim
es( K

20%
).

2.
T

he
antecedentofthe

anaphoricargum
entof“instead”is

over7
tim

esm
ore

frequentlyem
beddedin

a
higherverb

than
is

a
potentiallycom

peting

antecedent–
57/97

tim
es( K

59%
)vs

14/169tim
es( K

8%
).
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O
ther

differencesbetw
eenantecedentsand

P
C

A
s

1.In
the

caseofantecedents,the
m

ain
verb

ofthe
em

beddingclauseincluded

in
sist,a

b
a

n
d

o
n,d

o
u

b
t,exp

e
ct,te

ll,sa
y,co

n
ce

d
e,w

a
n

t,b
e

a
p

p
ro

p
ria

te,etc.

S
om

eem
beddedP

C
A

sw
ere

also
dom

inatedby
thesem

ain
verbs–

e.g.,sa
y,b

e

u
n

ce
rta

in,d
o

u
b

t,etc.B
utthey

w
ere

also
dom

inatedby
factive

verbslik
e

kn
o

w.

Factive
verbspresupposethe

truth
oftheirem

beddedclause:

(57)
Johnknow

s
thatF

red
eatsm

eat.

S
uchem

beddedclausesdo
notappearto

give
rise

to
alternatives:

(58)
Johnknow

s
thatF

red
eatsm

eat.*InsteadF
red

lik
estofu.

M
ay

be
usefulto

annotateidentity
ofem

beddingverb,in
orderto

exclude

possibilities.

61

2.C
ertainverbsthem

selvesappearto
suggestalternatives,independentofexplicit

negation,ora
M

D
Q

,ora
m

odalorclausalem
bedding:

(59)
Johnd

o
u

b
te

dM
ary’s

resolve.In
ste

a
d,he

thoughtshew
ould

give
up

assoon

asthey
left.

(60)
N

B
C

is
contem

platingge
ttin

g
o

u
to

fthe
cartoonbusiness.In

ste
a

d,it
m

ay

“counter-program
”w

ith
show

s
for

an
audiencethatis

virtually
ignoredin

that

tim
e

period:adults.

(61)
Investorshave

lo
sttheirenthusiasmfor

the
stockm

arket.In
ste

a
d,they

are

buying
governm

entbonds.

(62)
B

utrespectabilitystille
lu

d
e

sItaly’s
politics.In

ste
a

d,it
hasthe

phenom
enon

ofM
r.

B
elusconi.

L

M
ay

be
usefulto

annotatem
ain

verbs,in
orderto

adm
itadditionalpossibilities.
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3.O
therlexico-syntacticelem

entsm
ay

triggeralternatives:

(63)
T

he
tensionw

asevidenton
W

ednesdayevening
during

M
r.

N
ixon’s

final

banquettoast,norm
ally

an
opportunityfor

reciting
platitudesabouteternal

friendship.In
ste

a
d,M

r.
N

ixon
rem

indedhis
host,C

hineseP
residentY

ang

S
hangkun,thatA

m
ericanshaven’tforgiven

C
hina’s

leadersfor
the

m
ilitary

assaultofJune3-4
thatkilled

hundreds,and
perhapsthousands,of

dem
onstrators.

T
riggers“norm

ally”
and

“opportunity”(eitheris
sufficient):

(64)
N

orm
ally,w

e
eatpastaon

T
uesday.In

ste
a

d,tonightw
e’re

having
fish.

(65)
Johnhad

the
opportunityto

buy
a

cheapusedcar.
In

ste
a

d,he
boughta

scooter.

N
eedto

broadenthe
rangeoffeaturesbeing

considered:It
doesnotcorrespond

to
any

previously
definedset!

63

O
therfeaturesw

e
shouldannotate:

-
Location

ofthe
antecedentofthe

anaphoricargum
entof“instead”(cf.S

S
,P

S
,

P
P,N

C
),oralternatively,a

m
easureofits

d
ista

n
cefrom

“instead”,m
easured

in
e.g.clausalconstituents.

-

S
yntactictype

ofthe
antecedent(cf.

M
ain,S

ubordinate,X
P,...)

A
fter

additionalannotaitons,w
e

shouldtry
to

-

Inducea
decisionprocedurebasedon

the
setoffeatures,and

assessits

accuracy
and

its
dependency

on
thosefeatures

-

R
eassessthe

situation.

64



V
.C

om
parison

w
ith

other
approaches

A
ll

approachesto
discoursestructureand

sem
anticsaddressthe

obvious
factthat

discourseconveys
m

ore
than

the
m

eaningofits
com

ponentclauses/sentences.
In

severalapproaches,suchas

R
hetoricalS

tructureT
heory� M

ann
&

T
hom

pson,1988�

Linguistic
D

iscourseM
odel� P

olanyi,1988;P
olanyi&

van
den

B
erg,1996�

S
tructuredD

R
T� Lascaridesand

A
sher,1991,1993�

A
tleastpartofthe

additionalm
eaningis

associatedw
ith

som
etype

ofd
isco

u
rse

or

rh
e

to
rica

lrelation
holding

betw
eenthe

adjacentunits.

In
otherapproaches,additionalm

eaningis
associatedw

ith
sp

e
a

ke
rin

te
n

tio
n

s,but

how
intentionsare

groundedin
syntaxand

sem
anticshasnotbeenofprim

ary

concern.
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C
om

putationalapproachesto
discourseunderpinnedby

the
idea

ofm
eaningadded

by
discourse/rhetoricalrelationsinclude:

-

InterpretationasA
bduction� H

obbs,S
tickel,etal,1993�

-

Im
plem

entationsofR
S

T

–
Textanalysis:� M

arcu,1999;M
arcu

&
E

chihabi,2002;C
arlsonetal,2003�

–
Textgeneration:� H

ovy,1988� ,� M
oore,1995� ,� S

cott&
deS

ouza,1990�

In
trying

to
im

plem
enttheseapproachesto

discourse,practitionershave
found

it

difficultto
separatediscourseand

clause-levelsyntax.T
his

hasled
to

a
tension

betw
eentheoryand

practice.
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Forexam
ple,R

S
T

m
akesthe

follo
w

ing
assum

ptions:

1.
T

he
term

inalnodesofdiscoursestructureare
textspansthatrepresentthe

m
inim

alunits
ofdiscourse.

2.
S

chem
as(abstractpatterns)definehow

a
d

ja
ce

n
t,n

o
n

-ove
rla

p
p

in
gtextsp

a
n

s

relateto
one

another.N
on-term

inalnodescom
efrom

schem
aapplications.

3.
M

ostschem
asspecifyinvolve

a
rh

e
to

rica
lre

la
tio

n
holding

betw
eenJ

2

n
o

n
-ove

rla
p

p
in

g,a
d

ja
ce

n
ttextsp

a
n

s.

4.
O

ne
schem

aapplicationspansthe
entire

text.
N

o
partofthe

textis
uncovered.

It
is

difficultto
separatediscourseand

clause-levelsyntaxbecausethe
sam

e

underlyingsetofrh
e

to
rica

lre
la

tio
n

scan
be

expressedin
a

discourse,orin
a

single
sentenceoreven

a
single

clause.
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X
erox C

orp’s third−
quarter

net incom
e grew

 6.2%
 on

7.3%
 higher revenue.

T
his earned m

ixed
review

s from
 W

all
S

treet analysts.

C
onsequence

[C
arlson et al., 2003]

(66)
X

erox
C

orporation’sthird-quarternetincom
egrew

6.2%
on

7.3%
higher

revenue.T
his

earnedm
ixed

review
s

from
W

allS
treetanalysts.

(67)
X

erox
C

orporation’sthird-quarternetincom
egrew

6.2%
on

7.3%
higher

revenue,w
hich

earnedm
ixed

review
s

from
W

allS
treetanalysts.

(68)
X

erox
C

orporation’sthird-quarternetincom
egrew

6.2%
on

7.3%
higher

revenue,earningm
ixed

review
s

from
W

allS
treetanalysts.

(69)
T

he
6.2%

grow
th

ofX
erox

C
orporation’sthird-quarternetincom

eon
7.3%

higherrevenueearnedm
ixed

review
s

from
W

allS
treetanalysts.
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A
nnotationguidelines� M

arcu,1999;C
arlsonetal,2003� :

N
om

inalisedclausesare
nottreatedasm

inim
aldiscourseunits.S

o
(69)is

annotatedasa
single

discourseunit,w
hile

(66)–(68),astw
o

units.

E
m

b
e

d
d

e
dd

isco
u

rse
u

n
its

are
introducedto

allow
relative

clauses,nom
inal

post-m
odifiers,and

verb
com

plem
entsto

be
treatedasm

inim
aldiscourse

units.
(70)� T

he
resultsunderscoreS

ears’difficulties�� in
im

plem
entingthe

“everydaylow
pricing”

strategy� .
(71)� Instead,the

T
reasuryannounced�� it

w
ould

sell$2
billion

of51-day

cashm
anagem

entbills
today�� and

said�� thatthe
w

eekly
saleof$15.6

billion
ofthree-m

onthand
six-m

onthbills
w

ill
take

placetoday,asusual� .
(72)� T

hereis
justso

m
uch

going
on�� thatit’s

difficultto
pick

justone

factor�� that’s
driving

the
m

arket� .
T

he
resultsviolate

R
S

T
assum

ptions2
and

3.

69

G
eorge received

a letter from
 P

eter
G

eorge had told
P

eter never to
contact him

G
eorge and P

eter
are brothers

T
he letter

w
as long

G
eorge and P

eter
are estranged

G
eorge is

m
y friend

n
s

E
laboration

C
oncession

n
s

List

n
n

n
n

[S
cott &

 deS
ouza, 1990]

� S
cott&

deS
ouza,1990� note

thatallthe
follo

w
ing

paraphrasescapturethis
rhetoricalstructure–

som
e,m

ore
fluently

than
others.

(73)
M

y
friend

G
eorge

received
a

long
letterfrom

his
estrangedbrotherP

eter,
even

thoughhe
had

told
P

eterneverto
contacthim

.

(74)
M

y
friend

G
eorge

received
a

long
letterfrom

his
brotherP

eter,even
though

he
had

told
P

eter,from
w

hom
he

is
estranged,neverto

contacthim
.

(75)
M

y
friend

G
eorge

received
a

letterfrom
his

estrangedbrotherP
eter,even

thoughhe
had

told
P

eterneverto
contacthim

.T
he

letterw
aslong.
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(76)
M

y
friend

G
eorge

received
a

long
letterfrom

P
eter,w

ho
is

his
brotherand

from
w

hom
he

is
estranged,even

thoughhe
had

told
P

eterneverto
contact

him
.

T
heseparaphrasesalso

violate
assum

ption2
and

3
ofR

S
T,including

cro
ssin

g,and

(for
S

cott&
deS

ouza)treatthem
asarising

from
a

post-processofagg
reg

a
tio

n.

A
s

theory,R
S

T
is

attem
ptingto

setouta
com

positionaldiscoursesem
antics,based

on
particularassum

ptionsaboutdiscoursesyntax.T
hey

are
assum

ptionsthat

practitionersfind
difficultto

adhereto,both
in

analysisand
in

generation.

71

W
e

believe
thatit

is
sim

plerto
recognisethat

-
S

om
e,possiblyall,the

sam
erangeofm

eaningcan
be

carriedw
ithin

asacross

sentences.
-

C
lause-levelsyntaxand

sem
anticsand

discourse-levelsyntaxand
sem

antics

usethe
sam

em
echanism

sfor
carrying

m
eaning:com

positionalsem
antics,

anaphora,and
inference.

-

C
lause-levelsyntaxM N

discourse-levelsyntax.In
m

any
languages,including

E
nglish,clause-levelsyntaxallow

s
m

uch
m

ore
com

plex
variation

than

discourse-levelsyntax.

T
he

objectshouldbe
to

understandhow
com

plex
m

eaningis
conveyed

w
ithin

the

clause/sentence,and
then,how

thosem
eaningscan

be
com

binedtogether.O
ne

can

only
go

so
farw

ith
a

theoryofdiscoursestructureand
relationsw

ith
a

hollow
core

ofm
eaningatthe

sentence/clauselevel.
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V
I.

D
LT

A
G

:
A

Lexicalised
G

ram
m

ar
for

D
iscourse

H
ow

to
incorporatethis

treatm
entofdiscourserelationsinto

a
com

putational

approachto
discoursesem

anticsand
discoursestructure?

Incorporateinto
a

sentence-levelgram
m

arsince,syntactically,both
discourse

adverbialsand
structuralconnectivesfallw

ithin
the

sentence.

D
ow

nside:
S

entence-levelgram
m

arsdon’tprovide
for

form
ing

the
m

eaning

ofm
ulti-clausalunits

thatcrosssentence-levelpunctuation.

Take
a

differentapproachto
discourse-levelsyntaxand

sem
anticsthan

to

sentence-levelsyntaxand
sem

antics,com
bining(for

exam
ple)a

D
efinite

C
lauseG

ram
m

arw
ith

R
hetoricalS

tructureT
heory.

D
ow

nside:
T

his
requiresdiscoursesem

anticsreachingdeeperand
deeperinto

sentence-levelsyntaxand
sem

anticsto
handlerelationsbetw

eenm
ain

and

em
beddedclauses,and

betw
eenem

beddedclausesthem
selves.

73

-

E
xtenda

sentence-levelgram
m

arand
its

associatedsem
anticm

echanism
sto

discourse,using
either

–
a

P
hrase-structureG

ram
m

ar,cf.� P
olanyiand

van
derB

erg,1996�

–
a

Lexicalized
G

ram
m

arthatpairseachlexicalitem
w

ith
the

syntactic

structuresthatit
heads(and

also,possibly,relevantsem
antic,discourse,

stylistic
and

pragm
aticinform

ation),cf.
C

om
binatoryC

ateogrial

G
ram

m
ar(C

C
G

),D
ependency

G
ram

m
ar,Lexicalized

T
ree

A
djoining

G
ram

m
ar(LTA

G
)

D
ow

nside:
????

74

Lexicalized
T

A
G

E
very

lexicalanchorhasJ

1
associatedtree

structures(e
le

m
e

n
ta

rytre
e

s,one
for

eachm
inim

alsyntacticconstructin
w

hich
it

can
appear.

T
hereare

tw
o

kinds
ofelem

entarytrees:

in
itia

l
tre

e
sthatreflectbasicfunction-argum

entdependencies;

a
u

xilia
ry

tre
e

sthatintroducerecursionand
also

serve
to

extend
orm

odify
a

descriptionbegun
in

the
previous

discourse.

75

O
PQ
RQ

PQ
RSTUVW

PQXYZ [\

RQ

β1

O
]^V_ `V \
aSb

Oc

β2 defg
hgijk ljmmn

RQc
V \

a[`W ToW aTpo SSb

Poqq SVW PQ
α3 PQ α1

α2

rsgtg
ihljmmn

u

=
site

available
for

substitution

v

=
the

uniquefootnodein
an

auxiliary
tree,usedfor

adjoining.
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C
asting

D
iscourseS

yntax
in

LT
A

G
:

Initial
T

rees

N
.B

.U
nlike

the
w

ide
variety

oftreesneededatthe
clauselevel,extendingLTA

G

to
discoursehasrequiredonly

a
few

elem
entarytree

structures,possiblybecause

discoursedoesn’texploitstructuralvariation
in

w
aysthatclause-levelsyntaxdoes.

D
c

D
c

D
c

subconj

(a)

D
c

D
c

D
c

subconj

(b)

α:su
b

co
n

j_
m

id
α:su

b
co

n
j_

p
re

Tre
e

fa
m

ily
ofinitialtreesfor

m
ain/subordinateconstructions,allofw

hich
share

the
sam

epredicate-argum
entdependencies.“subconj”standsfor

the
particular

subordinateconjunctionthatanchorsthe
tree.
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D
c

O
n the

one hand
O

n the
other

D
c

D
c

α:co
n

tra
st

A
n

initialtree
for

a
parallelcontrastive

constructionanchoredby
“on

the
one

hand”and
“on

the
otherhand”.N

ote
the

p
a

ir
ofanchors.

O
therinitialtreesexistfor

paralleldisjunctive
constructions(“either...or...”)

and
paralleladditive

constructions(“notonly
...butalso

...”).

78

C
asting

D
iscourseS

yntax
in

LT
A

G
:

A
uxiliary

T
rees

A
uxiliary

tree
(i)

is
anchoredby

an
explicitly

realisedconnective
(77)oran

unrealisedconnective
(78)–

i.e.,sim
ple

adjacency:

(77)
If

Johnis
generousa

n
d

he
donatesm

oney
to

every
charity,w

hy
don’tyou

askhim
for

help.

(78)
a.Johnw

entto
the

zoo.b.
H

e
took

his
cellphonew

ith
him

.

A
uxiliary

tree
(ii)

is
anchoredby

a
discourseadverbialw

hosefirstargum
entis

resolved
anaphorically.

(i)
(ii)

<
dadv>

*
*

<
conn>

79

D
erivation

ofE
xam

ple
78

using
A

uxT
ree

(i)

β:u
n

re
a

lise
d

β:u
n

re
a

lise
d

*

T
1T
2

T
1

T
2

τ1
0

3τ2

φ
φ

-

T
1

–
the

LTA
G

tree
for

clause78a

-

T
2

–
the

LTA
G

tree
for

clause78b

-

β:u
n

re
a

lise
d–

the
instanceofauxiliary

tree
(i)

connectingadjacentclauses

w
ithoutan

overtconnective.

T
he

derivation
recordsthatthe

footnodeofβ:u
n

re
a

lise
dis

adjoinedto
the

rootof

T
1

(solid
line)and

its
substitutionsite

filled
by

T
2

(dashedline).

80



D
erivation

ofE
xam

ple
17

using
A

uxT
rees(i)-(ii)

(17)If
the

lightis
red,stop.O

th
e

rw
iseyou’ll

geta
ticket.

T
3

T
1

α:if_
in

it

if
T

1
if

T
2

otherw
ise

T
3

φ

α:if_
in

it

β:

β:u
n

re
a

lise
d

T
2

o
th

e
rw

ise

τ2
3

2τ1
0

3τ3
0

β:o
th

e
rw

ise

otherw
ise

∗

*
.φ

β:u
n

re
a

lise
d

T
1

–
LTA

G
tree

for
“the

lightis
red”

T
2

–
LTA

G
tree

for
“stop”

T
3

–
LTA

G
tree

for
“you’ll

geta
ticket”

81

E
xam

ple
D

erivations

O
uraim

is
to

explain
discoursesem

anticsin
term

sofa
productofthe

sam
ethree

interpretive
m

echanism
sthatoperatew

ithin
clause-levelsem

antics:

-

com
positionalruleson

syntacticstructure(here,discoursestructure)

-

anaphorresolution

-

inferencetriggeredby
adjacency

and
structuralconnection.

T
he

exam
plederivationshereare

m
eantto

supportthe
firstm

echanism
.W

e
gloss

overthe
issueofinferencefor

now
.

T
he

w
ork

presentednextin
PartV

II
aim

sto

addressresolvinganaphoricdiscourseadverbialsand
the

interpretationthatthis

contributes.
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(79)
a.

Y
ou

shouldn’ttrustJohnbecausehe
neverreturnsw

hathe
borrow

s.

b.
Y

ou
shouldn’ttrustJohn.H

e
neverreturnsw

hathe
borrow

s.

c.
Y

ou
shouldn’ttrustJohnbecause,for

exam
ple,he

neverreturnsw
hathe

borrow
s.

d.
Y

ou
shouldn’ttrustJohn.Forexam

ple,he
neverreturnsw

hathe
borrow

s.

To
w

atch:
H

ow
(79a-b)and

(79c-d)receive
sim

ilarinterpretations,despitetheir

differentderivations.

83

D
erivation

ofE
xam

ple
79a

α:b
e

ca
u

se
_

m
id

α:b
e

ca
u

se
_

m
id

3
1

T
2

T
1

τ1
τ2

because
because

T
1

T
2

T
1

standsfor
the

LTA
G

parsetree
for

“you
shouldn’ttrustJohn”,τ1,its

derivation

tree,and
interp(T

1),the
entity

associatedw
ith

its
A

O
interpretation.

T
2

standsfor
the

LTA
G

parsetree
for

“he
neverreturnsw

hathe
borrow

s”,τ2,its
derivation

tree,and
interp(T

2),the
entity

associatedw
ith

its
A

O
interpretation.

C
om

positionalInterp:
exp

la
n

a
tio

n(interp(T
2),interp(T

1))

84



D
erivation

ofE
xam

ple
79b

β:u
n

re
a

lise
d

β:u
n

re
a

lise
d

*
T

2

T
1

T
1

T
2

τ2

τ1
0

φ
φ

3

C
om

positionalinterpretation:
e

la
b

o
ra

tio
n(interp(T

2),interp(T
1))

D
efeasibleinference2

exp
la

n
a

tio
n(interp(T

2),interp(T
1))

W
hy

defeasible?B
ecausethe

inferencecan
be

contradicted.

(80)
Y

ou
shouldn’ttrustJohn.H

e
neverreturnsw

hathe
borrow

s.B
utthat’s

not

w
hy

you
shouldn’ttrusthim

.

85

D
erivation

ofE
xam

ple
79c

D
c

c
{

D
  *

}
D

c

because

b
e

ca
u

se
_

m
id

β:fo
r-e

x1

α:

T
2

for exam
ple

T
1

β:fo
r-e

x1

α:b
e

ca
u

se
_

m
id

T
1T
2

because
β:

β:fo
r-e

x2

fo
r-e

x2

for exam
ple

∗

τ2
3

1τ1
00

C
om

positionalInterp:
exe

m
p

lify(interp(T
2),λX

.exp
la

n
a

tio
n(X

,interp(T
1)))
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D
erivation

ofE
xam

ple
79d

D

*

D
*

φ
φ

D

{
}

β:u
n

re
a

lise
dβ:fo

r-e
x1 β:fo

r-e
x2

u
n

re
a

lise
d

β:

for exam
ple

T
1T
2

β:fo
r-e

x2

∗

for exam
ple

T
2

T
1

τ1

τ2
3

fo
r-e

x1
β:

0

0

0

C
om

positionalinterp:
exe

m
p

lify(interp(T
2),λX

.e
la

b
o

ra
tio

n(X
,interp(T

1)))

D
efeasibleinference2

exe
m

p
lify(interp(T

2),λX
.exp

la
n

a
tio

n(X
,interp(T

1)))
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V
II.

D
iscourseP

arsing
w

ith
D

LT
A

G

� F
orbes,2001�

Initialtw
o-passim

plem
entation,eachpassusing

the
sam

echart-basedleft-corner

LTA
G

parser,L
E

M

� S
arkar,2000�

T
ree

E
xtractor

T
ree

M
apper

D
iscourse Input 

G
eneration

and

T
ree S

election

C
lausal 

D
erivations

T
ree D

atabase

C
lausal T

ree

LE
M

D
erivation S

tructure

for 

D
iscourse

R
epresentations

LE
M

Input D
iscourse

(S
entence P

arsing)
(D

iscourse P
arsing)

88



L
E

M
P

arser� S
arkar,2000�

L
E

M
is

usedto
parsefirstthe

sequenceofw
ordsand

punctuationm
aking

up
a

sentence,and
laterthe

sequenceofclauseunits
and

connectives(realisedand

unrealised)m
aking

up
a

discourse.

A
t

the
sentence-level,

L
E

M
is

designedto
producea

single
parseaccordingto

the

X
T

A
G

E
nglish

gram
m

ar� X
T

A
G

-group,2001� ,using
heuristicsto

decidew
hich

elem
entarytree

to
assignto

eachw
ord;

pick
the

low
estattachm

entpointbetw
eenthesetrees.

F
uturew

ork
w

ill
involve

using
a

statisticalversionof
L

E
M

,basedon
training

on

the
P

ennT
reeB

ank.

89

T
ree

E
xtractor

T
E

extractsfrom
eachsentencederivation

(notderived
tree)individualclausal

derivationsand
any

elem
entarytreesanchoredin

discourseconnectives.

P
ass1

involvesa
top-dow

n
traversalofthe

derivation
tree

to
identify

the
discourse

connectives.

T
his

requiresboth
lexica

land
stru

ctu
ra

linform
ation.

-

Lexicalinform
ation

aloneis
insufficient:D

iscourseconnectivesusuallyhave

m
ultiple

functions(e.g.,“instead”asan
N

P
post-m

odifier–
“an

appleinstead

ofa
pear”;“and”

asan
N

P
conjunction).

-

S
tructuralinform

ation
aloneis

insufficient:S
tructurally,thereis

no
difference

betw
eenclausaladverbialslik

e
“frequently”and

discourseadverbialslik
e

“otherw
ise”.

90

P
ass2

detachesclausalderivationsattheirsubstitutionand/oradjunctionnodes.

(81)
W

hile
shew

aseatinglunch,shesaw
a

dog.

saw

she
dog

w
hile

she
w

as
lunch

a
eating

,

E
xtractor

saw

she
dog

a

(i)
eating

she
w

as
lunch

(ii)

,

(iii)
w

hile

H
ere,the

T
ree

E
xtractor

extractstw
o

clausalderivationsand
one

elem
entarytree

anchoredin
a

discourseconnective.

91

W
ith

clause-m
edialdiscourseconnectives,asin

(82)
S

usanw
ill

th
e

n
take

dancinglessons.

the
T

ree
E

xtractor
m

akesa
co

p
yofthe

derivation
and

replacesthe
discourse

connective
w

ith
an

in
d

ex,to
retain

its
clause-internalposition.T

his
appearsto

be

relevantto
Inform

ation
S

tructure� S
teedm

an,2001� .

dancing
w

ill

then take

lessons
S

usan

(ii)
then

take

lessons
S

usan

dancing
w

ill

{then}

E
xtractor

(i)

H
ere

T
E

extractsa
single

clausalderivation
and

one
elem

entarytree
anchoredin

a

discourseconnective.

92



E
xam

ple
ofT

ree
E

xtraction

(83)
W

h
ile

M
ary

w
aseatinglunch,a

dog
approachedher.

It
barked

a
n

d
shegave

it
a

sandw
ich.T

h
e

nit
barked

again.

1.
elem

entarytree:w
h

ile

2.
clausalderivation:M

ary
w

aseatinglunch

3.
clausalderivation:a

dog
approachedher

4.
clausalderivation:it

barked

5.
elem

entarytree:a
n

d

6.
clausalderivation:shegave

it
a

sandw
ich

7.
elem

entarytree:th
e

n

8.
clausalderivation:! then"

it
barked

again.

93

T
ree

M
apper

T
he

T
ree

M
apper

m
apsse

n
te

n
ce

-leve
lstructuraldescriptorsofconnective

elem
entarytreesto

theird
isco

u
rse

-leve
lstructuraldescriptors.

(c)

(b
)

(a)

(d
)

f*
S

c

P
S

1

w
hile

r
SS

S
f*

C
onj

S
1

r
SS

S
f*

S
1

C
onn

r
SS

C
onn

S
1

S
2

r
SS

S
f*

C
onj

S
1

but

then

V
P

r

V
P

f*

S

S
*

C
onn

r
SS

r
SS

S
f*

S
1

but

C
onn

and
and

w
hile

A
dv

then

SS

f

r

W
herew

e
are

notcertainw
hethera

connective
is

structuraloranaphoric,w
e

assum
ethe

form
ersinceit

is
a

lesspow
erful(i.e.,m

ore
constrained)m

echanism
.

94

D
iscourseInput

G
eneration

Inputto
L

E
M

is
a

sequenceoflexicalisedtrees.T
he

role
ofD

IG
is,essentially,to

producesucha
sequenceatthe

discourselevel.

To
do

this,D
IG

firstconvertsclausalderivationsinto
elem

entarytree

representations(cla
u

sa
lu

n
its)

T
heseclausalunits,along

w
ith

the
discourseconnectives,m

ake
up

the
sequenceof

lexicalisedtrees.

N
.B

.W
herethereis

no
structuralconnective

betw
eenclausalunits,D

IG
insertsan

auxiliary
tree

w
ith

an
em

ptylexicalanchorinto
the

inputsequence.

95

A
m

biguity
in

D
iscourse-levelP

arsing

W
hile

w
e

assum
eno

lexica
la

m
b

ig
u

ityassociatedw
ith

tree
selection(butcf.

O
p

e
n

P
ro

b
le

m
s),thereare

a
tta

ch
m

e
n

ta
m

b
ig

u
itie

sassociatedw
ith

the
auxiliary

treesfor

structuralconnectives(including
the

em
ptyconnective,φ):

(84)
Johnis

stubborn.(T
1)

H
is

sisteris
stubborn.(T

2)

H
is

parentsare
stubborn.(T

3)

S
o

they
are

alw
aysarguing.(T

4)

T
2

T
1

T
3

T
4

β:so

*
so

*
φ

*
φ β:φ

β:φ

96



E
xam

ple84
hasfive

possiblederivations:

(ii)
(v)

(i)
(iv)

(iii)

so

τ4

τ4

β:
τ3

β:

τ2

τ3

β:so

β:

τ4

τ1

β: φ

β: φτ2

so

τ1β: φ

τ2
β: φ

τ3

so

τ3

β: φ

β:so

τ1

τ4

β: φ

β: φ

τ3

β: φ

τ1β: φ

τ2

β: φ

τ2

τ1

τ4

correspondingto
the

follo
w

ing
derived

structuresand
(paraphrased)

interpretations:

97

(ii)
(iii)

(i)

T
4

φ
T

1

φ
T

2

so
T

4

φ
T

2

T
3

T
3

T
1

T
3

so
T

2

so
T

4

φ

φ
φ

T
1

i.
Johnand

his
sisterare

stubborn.H
is

parentsare
stubborn.S

o
they� his

parents�

are
alw

aysarguing.

ii.
Johnand

his
sisterand

his
parentsare

stubborn.S
o

allofthem
are

alw
ays

arguing.

iii.
Johnand

his
sisterand

his
parentsare

stubborn.S
o

allofthem
are

alw
ays

arguing.

98

(iv)
(v)

T
2

φ

T
4

φ
T

1

T
3

T
1

φ
T

2

so
T

4
T

3

φ

so

iv.
Johnis

stubborn.H
is

sisterand
his

parentsare
stubborn.S

o
they� his

sisterand

his
parents� are

alw
aysarguing.

v.
Johnand

his
sisterand

his
parentsare

stubborn.S
o

allofthem
are

alw
ays

arguing.

99

C
urrently,

L
E

M
only

considersthe
uniquederivation

thatsatisfiesthe
follo

w
ing

criteria:

1.
A

djunction
in

initialtreesis
only

allow
ed

atthe
rootnode.

2.
Forallothertrees,only

the
low

estadjunctionis
allow

ed.

T
hatm

eansL
E

M
only

associatesderivation
(v)

and
derived

tree
(v)

w
ith

E
xam

ple84,ratherthan
any

ofthe
others.

T
his

derivation
tree

is
m

eantto
serve

asthe
inputto

discoursesem
antic

interpretation� Forbes,2003� ,sim
ilarto

LTA
G

-basedcom
positionalsem

anticsat

the
sentence-level� Joshi&

V
ijay-S

hankar,2001;K
allm

eyer,Joshi&
R

om
ero,

2003� .
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D
erived

and
D

erivation
T

reesproduced
for

E
xam

ple
83

M
ary w

as
eating
lunch

A
 dog

approached
her

she gave
it a
sandw

ich

{T
hen} it

barked
again

itbarked

w
hile

E

and

E

then

C
onn

M
ary w

as
eating
lunch

A
 dog

approached
her

itbarked
she gave
it a
sandw

ich

C
onn

E

C
onn

E

{T
hen} it

barked
again

w
hile

C
onn

and

C
onn

then

101

V
III.

O
pen

P
roblem

s

-

Lexicalam
biguity

-

T
reatm

entoftrue
sem

anticem
bedding

-

Integratedincrem
entalprocessing

102

O
pen

P
roblem

:LexicalA
m

biguity

Justasdiscourseadverbialslik
e

“otherw
ise”m

ay
have

non-discourserolesasw
ell

(e.g.,asadjectivalm
odifiers),they

m
ay

also
have

m
ore

than
one

discourserole.

C
onsider:

O
fthe

B
row

n
C

orpus’s
eleven

instancesofthe
contrastive

construction

w
hoseinitialanchoris

“on
the

one
hand”,fourhave

som
ethingotherthan

“on
the

other(hand)”astheirm
edialanchor:

(85)
O

n
th

e
o

n
e

h
a

n
d,the

P
ublic

H
ealth

S
ervicedeclaredasrecentlyasO

ctober

26
thatpresentradiationlevels

resultingfrom
the

S
ovietshots“do

notw
arrant

unduepublic
concern”...B

u
tthe

P
H

S
conceded...(cb

2
1)
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(86)
B

rooklyn
C

ollege
studentshave

an
am

bivalentattitudetow
ard

theirschool.

O
n

th
e

o
n

e
h

a
n

d,thereis
a

senseofnothaving
m

oved
beyond

the
am

biance

oftheirhigh
school.T

his
is

particularlyacutefor
thosew

ho
attended

M
idw

ood
H

igh
S

chooldirectly
acrossthe

streetfrom
B

rooklyn
C

ollege....A
t

th
e

sa
m

etim
e,thereis

a
good

dealofself-congratulationatattendinga
good

college
...(cf2

5)

T
his

suggeststhatboth
“b

ut”
and

“atthe
sam

etim
e”

can
serve

asone
anchorfor

the
initialtree

for
parallelcontrastive

constructions(cf.
S

ectionV
I).

B
ut“b

ut”
is

also
a

structuralconnective,anchoringauxiliary
tree

(a),w
hile

“atthe
sam

etim
e”

is
also

an
anaphoricconnective,anchoringauxiliary

tree
(b).

(a)
(b)

on the
one hand

at the sam
e

tim
e

*
on the
one hand

*
but

but
*

*
*

*
but

104



T
hus,w

hen
one

ofthesediscourseconnectivesappears,therem
ay

be
am

biguityas

to
w

hich
connective

tree
they

serve
to

anchorin
the

currentdiscourse–
a

parallel

initialtree
oran

auxiliary
tree

–
cf.

(87)
B

rooklyn
C

ollege
studentshave

an
am

bivalentattitudetow
ard

theirschool.

O
n

th
e

o
n

e
h

a
n

d,thereis
a

good
dealofself-congratulationatattendinga

good
college.A

tth
e

sa
m

etim
e,they

know
they’re

saving
m

oney
by

living
at

hom
e.O

n
th

e
o

th
e

rh
a

n
d,thereis

a
senseofnothaving

m
oved

beyond
the

am
bianceoftheirhigh

school.

N
.B

.
W

ebber,K
nott&

Joshi,1999� follo
w

s� K
nottand

M
ellish,1996� in

treating

connectivesand
anchorsasfeaturesstructures:A

ny
connective

w
hosefeaturescan

unify
w

ith
an

anchorcan
realisethatanchor.
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O
pen

P
roblem

:E
m

bedded
D

iscourse

A
discoursecan

occurw
ithin

directorindirectspeechora
thoughtorbeliefor

otherattitude–
for

exam
ple,

(88)
T

he
pilots

could
play

hardballby
noting� thatthey

are
crucialto

any
saleor

restructuringbecausethey
can

refuseto
fly

the
airplanes� .

T
he

pilots’ability
to

refuseis
w

hatm
akesthem

crucialto
airline

saleor

restructuring.

O
urcurrentD

LTA
G

parserm
isanalyzesthis:It

doesnotcurrentlytreat“by”
asa

(structural)discourseconnective
(easilyfixed),and

it
doesnottreatthe

clausal

objectof“note”
atsom

ethingto
be

parsedatthe
discourselevel.
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T
he

resultis
that“because”is

taken
to

relatethe
clauses

T
he

pilots
could

play
hardballby

noting
thatthey

are
crucialto

any
saleor

restructuring

they
can

refuseto
fly

the
airplanes

T
hatis,the

pilots’ability
to

refuseis
w

hatallow
s

them
to

play
hardball.

S
im

ple
extraction

givesthe
w

rong
results.

To
handle(88)correctly,w

e
needto

treat“by”
asa

discourseconnective,and
to

establisha
recursive

procedurethatcould
apply

to
discoursefound

atany
level

w
ithin

syntacticstructure,including
relative

clauses.
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E
m

bedded
D

iscourse:P
ossibleS

olution

W
e

can
introducein

ita
ltre

e
satthe

discourse-levelfor
propositionalattitude

constructions.(T
heseare

a
u

xilia
ry

tre
e

satthe
clause-level.)

W
e

can
then

restrictextraction
ofem

beddedconnectivesto
below

the
levelofthe

propositionalattitude.

construction
prop-att
construction

prop-att

*
*

108



sale or
restructuring

they are crucial
to sale or
restructuring

play-hardballby
pilots

be-crucial

note
they

could

because

refuse

can
they

fly

airplanes T
he pilots could

play handball

by

note

because

refuse

fly airplanes

X
T

A
G

 derivation
D

LT
A

G
 derivation
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O
pen

P
roblem

:Integrated
Increm

entalP
arsing

T
he

holy
grailofdiscourseparsingis

a
realisticm

odelthatis
com

puted
left-to-right,in

parallelw
ith

increm
entalsentence-levelparsing.

W
hatw

ould
an

integratedincrem
entalm

ethodofsentence-discourseprocessing
require?P

ossiblyatm
inim

um
:

-

A
LR

parserthatw
ould

sim
ultaneouslycom

puteincrem
entsto

both
sentence-levelsyntax/sem

antics,and
discourse-levelsyntax/sem

antics.

-

A
n

increm
entalanaphorresolutionm

echanism
,sim

ilarto
thatin� S

trube,
1998� ,butextendedboth

to
deictic

pronouns,asin� E
ckert&

S
trube,2001;

B
yron,2002� ,and

to
the

anaphoricargum
entofdiscourseadverbials.

-

D
efeasibleand

non-defeasibleinference“on
dem

and”,to
com

putethe
relationsunderlyingadjacency,both

in
tra

-cla
u

sa
lly(for

noun-noun
com

pounds)and
in

te
r-cla

u
sa

lly,for
unm

arked
adjacentsentences.
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C
onclusion

D
iscourseadverbialsm

ake
an

anaphoric,ratherthan
a

structuralconnectionto
the

previous
discourse.

V
iew

ing
discourseadverbialsasanaphoricallow

s
one

to
investigate

the
w

ays
in

w
hich

the
sem

anticcontribution
ofthe

adverbialinteractsw
ith

thatofa
structuralconnective

orofan
adjacency

inference.

E
m

piricalstudieshave
provided

evidencefor
differencesbetw

eendiscourse
adverbialsand

structuralconnectives.

E
m

piricalstudiescan
also

be
usedto

provide
a

basisfor
resolutionprocedures

for
discourseadverbials.http://w

w
w.cis.upenn.edu/dltag/

F
rom

the
perspective

ofsem
antics,thereis

little
differencebetw

eenthe
m

echanism
sby

w
hich

clausesgettheirinterpretationand
thoseby

w
hich

discoursedoesso:com
putationalsem

antics,inference,anaphora.
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-

W
e

can
have

a
com

m
ongram

m
aticalfram

ew
ork

for
the

tw
o,thoughthe

range

ofstructuralvariation
in

discourseis
probablyless.

-

W
hile

thereare
stillopenproblem

s,hopeto
have

show
n

thatthe
approach

herehasboth
eleganceand

m
erit.
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