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Inference & Discourse) Anaphora
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\: 1. Introd%ction- ' ..

[
. ’ 4+

' ‘ If 6ne considers the question. of ’what ""is accessible to.

simple answers - text strings, piecés of éynéactic +structure,
constituents of 1ogica1_-form - _1s adequate. The following
examples should provide sufficient grounds for this claim. . For

each underlined anaphoric expressﬁon, the intuitively correct

antecedent is just as intuitively _neithen a +.,substring nor a
' . . . )

s

constituent of a syntactic or "logical form" rep;eaentation of

2

\ the sentence
(l) Wendy is going to Spa1n and Bruce 1s going-’ to Crete, but
in neither case do I know why #@. v '

#,= that person is going where s/he is g01ng
(2) Irv and Martha wanted to dance together, but Martha's
. mother said that spe couldn t g. ‘
B = darice with Irv . -
- e

.

. . (3) Each 3rd- grade giril brought Wendy a brick. On a dare,
she stacked them into a l8-footf high' whll. = ° '
them = the set of bricks, each of which some 3rd-grade -
girl brought to~Wendy i LI ///4/

(]
L4

some milk, then knead it into a ball.

' (4) Blend a cup of flour with some butter, - hoiiten it with
- it = the'flour—butter mixtureu

-

(5) Whether Bruce buys a used car or a moped, his brother
will*want' to borrow it.
- it = the used car Bruce wild have brought if Brice buys a’
Ceoe o ‘used car or the moped Bruce w1}1‘have boug/; otherwise

) (6) I have a '71 Ch. Figeac, a '76 Fleurie, a '71 Ockfener
. Bockstein and a '75 Durkheimer Feuerberg in the celldr.
Shall we -have the German ones for dinner ton1ght?
ohes = W1nes

. , / ,
'anaphoric reference in English, ‘one soon finds that none of the,

.

¢
1] %‘
Ve
5
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(Notice that these exampLes‘ span a ;varfety, of 'anaphoricn

. processes: sluicing (exampie 1y, verb phrase eildpsis

(example 2)., .definite pronoun anaphora (eXamples 3;

"one"—anaphora :(eiample 6). Thus it should be clear that the

exiétence of non-explicit antecedents (is " not ah 1solated ’ S%E'
. { ' ) .
phendhenon.) s .
. . - ) / “ ‘
. . . " *

Now one way of accounting for the existence of non-éxplicit

antecedents in- discourse 1is:* to say that "inference" is

3
’

responsible However as it is obOious that the discourse does
%

not tell the 11stener eXp11c1tly what 1nferences to make,‘ then

\onF must still explaln the fact\that to a remarkable degree, both

-~

‘speaker anmd listener are reasoning in similar ways. This raises

the foXlowing two, huéstions' ' . ) -~
. ! \
1. what is it that guaﬁantees similar neasonlng on the part

of both dzscourse part1c1pahts°

- % ‘.

2.. Is there a limit to ‘thé kind of reasoning that K the
-dlscourse gart1c1pants might be willing to perform in”’ ¥

- order to derive antecedents?

P

My primary objective ‘in this p?per is to refpond to the7'first
question. +In doing. so,. 1 shaiﬁ characteriée some very brod&ctive
inferenCea' which can account for many of the  non-explicit
antgcedents of anaphorlc express1og/j Whlle I shall not respond

dlrectly ) the second guestion; my hope 1s that by 1deﬁ41fy1ng
\

2

such inferences, it may become answerable as well., Co S

»
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o; .- - /{ .4

4f this paper I shall be discussing two. -

\
In, the first o[;a_rt
typés of "éeep‘qpéphorat,(c Hankaﬁe} & Sag i19?6)) - definite
pronouns and "one"-anaphoral - and in %hé'second, a sinéle type of
“surfaé; énaphqra" - verB p rase"ellipsis. I have made this

divisidn ,sor as to provoke thinking about othér types of "deep"

b . .
anaphora -.2.g., "do it" ana h@ra, "sentential, it"" anaphora -

-

along the lines presented iin the firsf part of the papgr;’and

about ‘'other types of "surface" anaphora - e.g., sluicing,
. ! .

stripping, etc) - along the lines presented. in the second. '<¥1>
y : - - -

A / o N - o, \ -~
- 2. Infere9¢e and Deep Anaphora . . r )

. "
Ld

L ]

2.1 Dfscohrse Models

-

. One possible response to the questioh of what would guarantee

- 4

) similar reasénihéﬂon the part of both discourse participants is to,
invoke the potion of a diécodr;e model - . a concept frequently .
i . S . ' P
encountered in Artificial 1Intelligence literature' on natural

language understanding. This notion'permité a clean accéuht to be
. . A A ) . o,
\ given of ,both the role of i#nference 1in text-understanding_

(Collins., Brown & Larkin, 1977) andiﬁ? the itemsg”accessible to

w
«

Sy
i

,"deep"-anaphora. - ' : . \ ' o

M : ' LT, : = W
* e f ' . ? N \
€ »
. ' .

Informélly, a,discou?se model may be'described as the .set of

- ‘eptities ['naturally evoked" by a discourse and iinkedqtogeéher, by

v »
4 -~ e ! .

<N o R

: B ; ,

A]

. : Lgd -
»)// Z*¥1>, —-This 'paper -is#Tulled from = the ‘author's ® doctoral R

dissertation (Nash—WebbEg} 1978) to whichsinterested readers are
referred-for further discussion.. . . C e

/7
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the re

éntities. (I can see no basic difference between what I am

“ﬂelling

}
"discou

Inference & Discourse Anaphora

v
-

lations they participate in. These I will Call discourse

. .
'3 . v

I'd
A

rse ‘referents". My alternate terminology rests %n wantipg

to .keep ‘"refetent" a separate technical term.) The entities

"naturally evoked“ by the discourse may h‘ve the préperties of

individuals, sets, stuff, ewents, activities, etc.
] !

E ]

. ‘irg

Then co

label

"they")
1

{8)a.

which,

A

L4

order to become famlllar .with the notion of entities

lly evoked" by a discounse, cons1der the {ollow1ng sentence.
q t

i o

?

' ’ 5
AT Each 3rd-grade glrl brought a brick to Wendy s house.

.

ns1der e ¢h coftinuation in (8a-e). In each casgq I would
the referent of the definite pronoun (i.e., "she", "it" or

an'entity "naturally evoked" by/sentence (7).
She certa1n1y was surprlsed
she # Wendy
. LS
They knew she would be surprised. - .. . -

they = the set of 3rd-grade girls

L4

;. She piléd them on the front lawn.

them = the set of bricks, each of which some 3rd-grade
girl brought ‘to Wendy s house o N

She was surprlsed that they kngw where it'was.

it = Wendy's house R - :

Needless to say, it ‘surprised her. s .
it = the brick-presenting event ’
: R

It ig my assumption .that’ one objectiye of discourse ‘is _te

"discoursg entitles" and what Karttunen (1976) has called -

communicate a model the speaker has a model of some situation

3 i

for one reason or another, s/he wishes te communicate to a,

’ v




to direct the.listener in synthesizing a similar. model.

K . AY

- . R rnference'&'Discourse Anaphora

[ N .
listentr. Thus the ensuing discourse is an attempt by the. speaker

+

Formaliy, a discourde model 1is a collection of entities,

. to, . ) v -

L

their properties and the relations they participate in. At , any
ne ) St : ! s
point in the discourse moreover, the discourse model vilidates the
: )

sequence : of propositions embodied in the disepurse up to that
, . N :

¥

.point. Now a speaker is usually not able to commuhicate at once |

all the ' relevant properties'and;;e}atiohs associated with one of

these discourse entities. That“iask requires multipIe acts of

reference. When the speaker wapts to refer to an entlty in his or
- F 20

‘ her diséourse model, s/he may do so w1th a definite pronoun. In

‘so doing, the speaker assumes (1) that on- the basis of /the

discourse thus far, a similar entity will be in theg 11stener s

v ~

(partlally formed) model and (ZV that the 11stener will be able to

+

.a6cess and identify that entity via the minimal cues of pranominal

reference. A definite pronoun then has a referent, which is an

\\' ) . . . > -’ '
entity in  the speaker's discourse model which s/he presumes to

_have a counterpart in the 1istener‘s discourse model,

-
Lo

= . , ’ . .
Alternatively, the speaker may refer to a discourse entity by

' ’

copstfhcting a description of it in terms of some or all. of its

known properties and/or relations (e.g., "a red balloon", "Mary's

]

mother", etc.). This may result.in ‘an entity being' evoked into

.the 1listener's d1scourse model hav1ng at least the properties (or

; X S P

e

' partlc%pat1ng iﬁ the relat1ons) ) mentloned in the given

desc¢ription. So while a discourse entity may be the referent of a

.
’

-5 - ‘

< * .
o ‘ 8
. ‘
.
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, 1 Inferencé-& Discouyse. Anaphora
définite "ﬁronoun,' the pronounis antecedent/qw1l%/ be ‘that
L )‘ - 1

. description conveyed by tne 1mmed1ate}y precedlng text. .The

N
[

relat1onsh1p between the dlscourse or the: spatlo temporal context

.

.on the one hand, and ‘the referents of def1n1te pnenouns 'on the

"Mifﬁ'é'f:" ls\ /...t.,hus an lna 1ré.&.‘t-..-‘.-«“ﬁavﬁ-‘emc;---.".}-fl..e"a-i-é"t....e..a: .by - the d isCO.E}wéue..—u..-uw..--.-.-u.».-. arrevan

participants' models. The discourse, in egmmuniqattng property -

’ ]

~

and relation information, serves as one .possible source of

anfecedent ‘descriptions and thus, indirectly,‘ as one possible‘

i

- source of referents. . o . .

ko
. - . ]

L

As for the role of "one”-anaphora (example (6)) in thig

L4

¢

scheme of thing‘, I am assuiming that a "one"-anaphoer substitutes
. ) *

for a éescrfption. .This description is in turn its anﬁecggent.

’ | -t . .
There are at -least two 'possible reasons a speaker may have for

H)

usin a "one" ﬂanaphorvln d1scourse- brevity and contrast. When a
g »

speaker bu11ds a noun phrase around a " "one"-anaphor, any

~ ' a

add1t10na1 mod1f1ers 1n the noun phrase can serve to d1fferent1a@e

and contrast the current descrlptlon w1th some set of alternat1ves

.

‘which the speaker perceives or believes the 1ﬁstener to be aware

. } , , . - » .. ' ) .
of. Where the anaphor-containing nou;/ phrase is being used

referentially (i.e., %o evoke or pick out a particular entity in

the 1listener's discourse model), thése modifiers serve to -

distinguish the noun phrases's intended referent from other

f) N . 5

entities in° the model. (This * last idea derives from %Olson

(1970) .) - .
‘ N éﬁ o ’




‘discodrse entities is anothér way of lookin

L4 - - - A S
. . . < . . } ’
- . , . C N » . '
. g [ . 0T :
‘ . T . ( ~ . - ) ~ ] ‘ .
’ ' .

-
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2.2 Sources of Antecedenés and Referents

‘ - . ‘ : - l

considers how discourse entities can be evoked into The listener's

--gigeourse-modell There*aTE“tnrééfsucﬁ‘"WHYS"“Tﬁ““whfch1“di§¢UUYs§

entities . can be evoked: (1) linguistically, from the explicit

discoﬁrse; (2)‘percep;ually,,from‘the " immediate spati&ztemporal

v e

environment; and (3) inferentially, reasohing from the existence

e
at the "pragmatically

" of particular other'discourse entities. '(Pirceptual qyocatkon of
. . 4 .

controlled" definite pronouné discusged in Hankamer & Sag (1976).)

t
»

. )

Y

- - - . l. . H . .
Inference also has a role in the formation of desqriptions,

in that the same <three sourdesg,aé/ above gfovide ~ their [raw

.material.1 The first source .0f descriptions is the discourse
“ - . . . 4

itself, with the.language inducing particular waysfof viewing and

describing things. These things may or may not cprrespond then to
\ . - § |

]

entities in the listener's discourse model. *Notice, for example,

that after <gentence -(9) one would not presume kany tie-dyed

+

T-shirts .to be Jjn that model, since the original sentence is a

-

negative assertion.

s
(9) Wendy didn't give either boy a tie-dyed T-shirt.
. e . ;
~ . . 7
However, the existence of. any ‘;gierent is irrélevant , to the
: R » . . = * : l.‘ . . ‘
description , "tie-dyed T-shirt" _being a poessible antecedent for
. N N .
"one":in sentehce (18). . . Ly -
(lﬂ)-HowEver, she did g{ge Janet »a red one. " .
t 2 7 - "‘
/0 '

. Co "P' -~ R . -~ .t N ' ‘
Tnb role of inference 1in the scheme.becomes clear as one,

N e g
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. . . A . ~ < .o
The” second source of descriptions is the external
- ’ < vl . - . - \ A
environmeht. As .mentioned above, an’ entity may be evoked into the
- . L3 . | . . ‘ ‘ '\
" speaker or listenér's discourse model as a result of, what s/he
-~ ,‘ * " a ’ .
perceives. How it is described will’ depend upon how - s/he
: s Y L 3 -
classifies that perpeptioh'1inguistica11y. As 'well. as it can be
"r V) *
preseﬁted on paperb.the follow1ng 1s an example of a "one"—anaphor
substltutang. for ]the speaker s descr1pt10n of some..~sense
[t i ' . . ox
perception. . LN
[ . ¢ _L, 9 . Y
(11) [Bonnie goes up to a badlloon man at the circu$g” and says]
. "Do you have a plue one w1th green stripes.” 31
* one = balloog E . .

_~ 'Q \,

[ , ! . . . . . N
.Again as ‘with d1scour§e -ent1t1es, the th1rd wsource:

.

) 7

Jdescriptions is inference. The speaker assumes the - listener ‘can

and will follow the_speakér‘s unspokeh‘lead'to infer: ® s’

1. from descriptjon .d; of some entity 1in his &r . her
discourse model; - another description dy of that’ same

entity; , B , . “L .

Y 4 N
from entities €1reeei€y with - descript1ons~ d~,...,d
respect1ve1y, a new d1sc3urse ent1ty\§k with descrlptloa
d

k*

N

: Y

. &‘ . 5 . n\‘, g‘ '.)\ -p)‘ .
For’ instance,i intsentence 6 of the incroductory set .of e§amples,-

7

-

4 ¥ ’ . A 7'_
the speaker assumes that the }isﬁener both can ang wiﬁl infer ffo

the descr1pt1on “Ch Flgeac ‘71"'i another descript1op for that ‘same
- $y

entity - namely "wine" * 4 S1m11ar1y for the. descrlptlons "‘76\

Fledrie",; "Ockfener Bockste1n '75" and “Durkhelmer Féuerberg '75" -

The "one"—axaphor then substitutes for the .non= expl1c1t shared fd

5, . ﬁ o
A .

descrlptgon‘“wlne".

. pd
/ . ~
-

,




" “Inference & Discourse Anaphgra
- Y Nt 5 .
4 N !

) - i .
%p be a source of both rnon—expligit
y 4 . ‘ “. ’

dlscourse ent1t1es 3énd* ‘onzﬁxp1lclg,descrlptlons, prov1ded that*~
. .v& 't

the folLow1ng cont;act be eenespeaker and %1stener is ma1nta1ned-

<

. r-/ . la-
referent was s/he must have reason td

N . Fad)

befieve that 'the Ais ener .. both can, and will make the 'same“

. N D ’.."
. ° / N
inference (even 'if//only 5o . resolve the anaﬁhor1c term)l. ‘The

A .:" -

/ ) - . ,
problem now becomes/one of e1ther characterlzlng or enumeratlng
) , X7 TR N

such 1nﬁerences_: SN . .- N \
' ? N //‘n .* ' . . . "\

* The f1rst /thlng to observe is ) “aLr chaLns of

\

reason1ng w1lr produce as rs!Pe dTSCourse"‘

N
ent1€Tes or. new. descr1ptlons.‘ EOr eXample, cons1der the follow1ng

‘Q
-\ N 3
-as the fﬁrst sentence of a dlscourse. v S N ’

- -
do - ¢

(LZ) You won't beli&ve th1s, buit I saw Wendy s mothe{ at the
. *h

her. -

El 3

Led izZeppelin movie 1ast night, and he wasn t-wi
/

~

Who does /the speaker presume the 11stener w111 1dent1fy as the~

/ A

referent. of "he“ 1n thls examp Y It is- clear; that the ‘text

/
N

.itself is no help. <*2> "/ SR S

~

3

.
N <~

<*¥2>., 1 unsuccessfu11y 1ntended the'pronoun to refer- to Wendy's:
father. The 901nt is’ that mereiy an‘“lf mother, ‘then father!
axiom - . 4 . T e N

& ~ e

-

(¥x) [(Ey) . ¥ = mother-of (x)]} ¢ -

t == [YEZ) . 2= father—af(x)] ’ .

- a .
ive., "for any*x, if there exfsts an 1nd1v1dua1 who 1s x's
mother, ‘then thete exists an individual who is x'S fath&r", trae-
as it 'may .be in the current world, £s stil]l not suff1c1ent to
yield a referent for "he" in ‘dentence (12). That is, "he" cannot
refer to ,Wendy S father -olely 3 by virtue of ment1on1ng her
mother. , ° . - : ' - + .

’
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The second thing to Sﬁserve is that thesrange of . 1nferences .
- . ( '
capable of\prov1d1ng referents for each type of deep anaphora w111

¢ . N . - ‘ .

vary.* Fonuexample,-compare theefollowing two examples:;the,ﬁirst"

contains a definite pronoun, the secdnd, &n anaphoric -defithe<

~ .
M ' . PR . cw .

. ‘description. ) B Lo . SR .
&, » - » . . . . ‘

T (13) Wendy ran into the kitchen and opened it. (14) Wendy ran
‘¢ % . into the kitchen and opened the r:ffig rator.

) Here "the' refr}gerator".refershto the. dis ours scribable
as “"the refrigerator in tﬁeg%ustjmentdoned h%;c ‘Z'gat‘wendy}raé”u/
intot.'~bhis entity, inferable by a’-highly 'salient and rarely :
false “ifykitchen then refrigeraton":axiomq.is'not.accessibie via‘

. the minimal cues * of’ pronominal"refereﬁce. . (% Artificial
(’- Intelligence terms, the saliency of a collection of ;nferences is - |

ensured by their being packaged toget er into. a data—structure“b

~ ‘ N -

- ./
called a frame, schema or script. ) this paper 1 shall only be

s 0

concerned with in%erences capable of provxdrng anteeedents’ and/or
' referents .for pronomlnal or elliptic anaphora.*alﬂar 1nterest1ng _—

o ot N - 5\
#iscussions of "anaphoric defidijte descriptions, see " Bullwinkle-
(1977),, Charniak’ (197;)3} Grosz (1977), Hobbs (1976) a%d Rieger

3

(1974) .) K \ Lo : : . .

.
. M » N
a . [

Now unﬁﬁﬂtunately, there are no” hard nand fast ~+ule;- whiph»

s \ D . e v -
- ..d%lim}t .the cIass oﬁ ‘tnferences” which can GQWKQ‘ a@%egtabie¢ -
¢ . @ \&». -
» antecedents, or referents for definite pronoun or one"—aQaphora. A
. @ e
4 In «generga . the success of a particuiér 1nference in evoking a )
‘é‘a: N * .

dlscoerse entity or a descr1ption w111 depend on (1) ity - saliency .

= in the particular context; (2) 1ts contingency (1.e.f.how likely

-

. ’ . .
. < .
» 4 . - . ‘ ., . N
} ’ . - 106 - .
H . . » N -
‘ . )

.
.
. >
P .
A ->
- e . .1.\3 *
[ .
v - . N
N . » -
;




crel ' . . . Infefénce &:Diséourse;Anaphora, . .
it is-'to bé valid Ain' that éontext); and’ (3) the ptressure 'Qf

v
“ N -

) * - ,A . o -, .c . .
simuItaneous demands on the. listener's limited processing
. ‘. . -~ . , . v ;.- 4 yoo -
. ‘ s. y ,‘. N - . “ - - . .
- o lfesburee o . . . 3

- - -~

. P N . - o ’ .
“ .
‘. ' / L .
o ,

However, whlle I gannot characterlze 1n terms of its defining

& . o 5 N a .
éi? propertles the class Jof relevant 1nferences, I can list exp11c1t1y

some very productlve 1n£erence% which' would have to be 1nc1uded in, s
- " . !3 Q N
any accOunt of non-exp11c1t antecedents. IWhlle space 11m1ts me,to‘
« & ° . ’ .
presentlng only three such 1nferences here others can be found ind&
N L i (L'-cj ""7'!’

Nash-Webger (1978) . (In the following,\1 will present ! the ﬁai?gm‘ .

schemata used in "inferring-antecedents/and referents" in terms of
a ‘modified predicate calculus whose augmentations include the
. .- PR Y . 4

'sabstractioh (6ri"1ambda“) operator (), ‘the iota operator (2 )

for. forming definite deScriptidns,_, equality,: restriEted 'S
. * . ’ T «
,quantlflcatlon aﬁd the set operator ({..}). .To understand the
. - :
factors - mot1va61§g this choice of répresentation, see
"' Nash-Webber (1978).) -\ | * )
- . ‘ . . . ‘ . ,
L] . . . L R . - ,r -
. 2.3 Examples of Productive’ Inferences .
3 ’ s ’ R 4
. / L, 1 4 ¢ v
. ] Of the three inference schemata I shall dis;yss here, the .
}f;:'yﬁirst‘ two can provide non- éxp11c1t antecedents and referents for . e

oty
g”“ definite pronopns, while the th1rd "provides anggcedents for
) . ’

"one"-anaphora. The first inferegce schema (presented in a

14 N .

so%ewhat simplified form here) applies to ex{stentially quantified

- . v
. kW

propositions in-Fases‘where the'gxistential quantifier_has widest

£ ~ —._“ »
.

scope. . * oo
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'y

(Ex:A) . Y = 12: Az & Pz & evoke Sj,z

L—hs" . N . .

J - /. g , .
i.el, informally, if -a propositioﬁ Sj t states that theré is a

:member of class A for which P is true, then there exists, an
+ -‘) \ -
£9d1v1dua1 desCrlbable as "the A which P's, wh1ch was~ment10ned (or.

J

this 1nd1v1dua1, it "can bé referred. to anaphorically with
. . / * T s
,definite pronoun.'’ For ‘example,

-

evoked) by S ! Slnce a unique qucrlptlgp can be ascrlbed to

(15) a. Wendy,éte an apple..
. b.- It'had a worm-inside.

Sentence 15a. can be represented simply as

(Ex:Apple) . Ate Wendy, x -
. . ' - — n . .
o ) U . . !
Since * this Zatches the."left hand sidg of the above axiom schema,
. - - ' . - ‘ )
. it followss that- . \_l ‘ ‘ R4

(By) . y,= 1z Apple z & Ate Wendy,z & evoke SlSa'z

’

i.e., there ex1sts an 1nd1v1g/al describable’ as,"the apple which

: »
IWendy ate which was ‘meptioned in sentence ISgﬁJ The 1nd1v1dua1 is

{

the discourse ent1ty referred to by "it" in sentence I5b. and Ehe
‘above definite descrlptlon is ;ts ahtecedent ?
. ‘ . .‘
The second inference schema for definite proﬂpuns appliegk
whenev;r a nen*hegative sentence S?ntaine an existeﬂtially'

Vo
12

. quantified. noun phrase within the scope oﬁ”a'hnivegsal

) (¥x:A) (Ey:B) . P x,y '
. ) == -(Ez) .z = {w|Bw & (Ex:K) . P x,w}

»
i.e.,’ 1nforma11y, 1f éor every A there exists a B such that P is
_true bf the palr, then there exists an,1nd1v1dua1 describable as
"the set “of B's for w@iqh_ghere i§ isome A that stands in relation .

. (.

- 12 -

15
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*individual, 1t can .

‘'willing to do the

.
.

s

-

s T . . ';‘3
: . o N
-Inference & Disgourse Anaphora
‘< «

°

P to it". Since . a 'uan§E\"Qeséription is ‘aseribable tob  this

i

w

example,

(16} a. Eéph boy
‘b. None of

Sentence 16a. can be r

(¥ :Boy) (Ey:Shirt

Since, this matches the

it foliows:that
Ve

(Bz) . z = {w|Shi
ige.y "there' exiztad
shirts, each ‘of whfeq'

discoéurse_ entity refer

third® inf

" non-explicit antegeden

(6), repeated here:

(3) I have a,'71 Ch
Bockstein .and a°

s

In"" this, example,.

description (i.e., ' th
descriét{qn {i.es+, onJ
the latteét descripti

d01ng so, thé speaker

Yinference contracts', m
\

unanswered question

?

(RN

‘be referred to with a definite pronoun. For

e

.
¥ ow -
«

y gave Wepdy a sh1rt
them fit.

epresented simply as

) . Gave x,Wendy y

left- hanq side of the second axiom schema,

AL e

v, . "§}l®
9 ™ . £y

o

“ -

sohe boy™ gave to. Wendy". This 1is ° the

’ . . .
red to as "they" in" example 1l6b. .

*
.

grence schema I will discuss -produces
ts  for T"one"-anaphora.’ ' Consider example
g . B

Flgeac, a '76 Fleurie,:’ '71 Ockfener
'15, Durkhelmer Feuerberg in"the <cellar.

Shall we have the Eerman ones for dinner?

» i
' .

the, speaker has turned "an explicit set
e pﬁesented 11st) into an 1mp11C1t set
Rased on,a defining property) and then used’

. ~
on as an antecedent for “one —anaphoEg*’,In

presumes the} 1istener” is -both abfr\ and

-
.

entioned inﬁit -prev1ous seetlon.) The

PR
@ . - ’,
¥

is why such an inference from explicit to

rt w's hExdey) . Gave x,Wendi@yY :

$

:a%q individual' describable as "the set of
. > . a .

sanfe. .(That is, the speaker appeaISato the,



<*3> . )

3. Inference and Surface Anaphora

L

(

“Surface anaphors" are so called yecause they are seen to be

A . o

&

(Y

pqrely surface phenomena The 8r1mafy cond1tlon for a succéssful

'Surface anaphor antecedent pair ( i Hankamer & Sag (1976) and Sag .
(1976)) is that the antecedent f6742 a coherent, structural unit at

the ﬂevel of surface syntax or t e level of logical form* (subject

(

". to some type of Backward

2

naphor kConstralnt). 'However, that
. 4 . Pl

4 o/ , -

condition is not fulfilled/ in the following -examples which

illustrate different types of surface anaphora.

[ -

wo . ‘Sluicing

. (183 Wendy is going to/%paln and Bruce is going to Crete, but )
in neither case do /I khow why 0. . . :
.8 = that pefson,is going where s/he is going

'Do so"™ Anaphora -
/

(19) Wendy's car/was repaired today by the same guy who had .-
done so las¥ week. (after Kaplan (1976)) # .
do so = repair Wendy's car: ) .

-
by 4

: Verb Phrase-Ellipsis

i v
(29) I can walk and I can cliew gum Ford can @ too, but not
- + at'the same tJ e
' T B =mialk and $Rew gum ) '

~ [
. . - R
.o .- - ,
N - a . -~
/ N v . - . -
: ) , :
;

- ’ . M~ S
<*33. One might note 1n passing that - the f£irst two inference .
gchemata .depend solely on the form of an utterance, while ¢h1s ' D
.third one depends on 1ts content as well. Thus wor] ﬁ knowledge ~
can be seen to.play a part .(although, L would argue, y small one) -
in deriving poss1b1e antecedents as well as in choosing between o

- themn. .

1

. . .

a i * (5]
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. [ 4 '.‘vl i ¥ . v '(‘

(2I) China is a country that dixon wants to visit, and he will
. ' 8 too, if he gets an jinvitation soon. 4 .
g = v1s1t Ch1na g

I
s . i . . N .
The problem is that of accounting fer: such’ exceptions to the

. , above constraint on surface anaphor-antecedent pairs. One wdy to
, ' ) . N

do* so 1is to again invoke inferencé. 1Inathe remainder of this
N . ! ’ . ‘ ‘ 'I‘

section, I shall first 'sketch, albeit briefly, an approach to verb

phrase e111ps15 based on identity of predicatidp at the 1eve1 of -

‘2
1ogical form. Pt shall.then argue that inference can play a part

.
. . ’ . PR
. SN ¢ , . . H ’

in deriving additional logical' forms whose predicdates can serve agyy

antecedents for ellipsed verb phrases 1 -shall fllustrate this
H

4

. . -.claim ‘with-. two examp}@s iOtners can be. found in Nash-Webber
. (1978).. o ' : SR \
, ) . o . ,
Lt ’ ‘Now if examplesfsuch'as those above are ignbred, the approach
’ , , [ " 4
- to' werb phrase - ellipsis (or "verb phrase deletign" ~-- VPD)

, presented in Sag (1976as&b) provides an adequate account, Sag's
A : o Ay
thesis is that verb phrase ellipsis is conditioned by identical

;predﬁcates (rather than by identical VPs or identical substrings)

in a.logical fo}m representation of the +two clauses involved.

(Identity here is 'determdned modulo differences in the names of
n’-: ‘ * . .
bound var1ables“'i e. "alphabetic variance“‘) This logical form

- representation makes - essential use of ﬁhe 1ambda operator bot to'

‘z’ 2 L]
. aind variables and, to f0rm qomplex pred1cates Wthh may themseltes
b b ) / . .
conta1n quantifiers and 1oglcal cannectives, For example, Sag

(1976 y assidns the sentence ‘"John ;scratched his arm” the two
. - ' L} ' « )

. / .- ) i, ; R ) k
X logicadl. form representatiorms
o ! . ) ,
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Y
-

4 »

a..John ;A ) (x scratched h1s arm) ’ .
- b. John ¢+ AIx) (x scratched x's arm) . " L

- .
o -

Mhat there are /two -possible logical forms™ for this sentence
’ \ - - . . a0 * i . ) .-. [ . .
-, ?eagplains\ the/ ambiguity to be'itind in a subsequent ellipsed verb

. . phrase genténce like . f . LT N ’ L
\‘. . .t P T v :

«s

" . LY L4 ¥ L4

h Fred.did 8 too o YL . N .
t .. s L] 2 -, ',el '; .
_ e {Did what? Spratched hrs' own _arm, dr ratched John s°) Sag
.~ -claims that S I T . - "' .
‘1. ' . ot 4 .’~ v ¢,

&

. With 'respect to, ‘ar sehtence % YPD' can-delete any VP in's )
- whose representatiqn at - ghe level of 1og1caL form is .a <
v . lambda-expression . that is Aan alphabetlc variant Of another . g
' lampda @xpges§ion present in® tbe 10glcal fprm of~, S or. in -
ﬁhe 1oglca1 form of some other sentence S' whlch grECedes S
/in the- dlscourse.‘(Sag 19Z6a3 -

»
L . -
. Ll Y A ’ ¢ ) » .
;s f ~ ‘
B f . - . “. . @ ¥ . . . “ . —
. ¢, . - - v .- .

.\4

-
s I ’

In short Sag shows thatv‘by 1ook1ng at‘ sentence§ in terms of
¢ ’ :"’d "‘ . 4 ° * ; f -
the pred1cate argument Yelatlons they express, a ciean accoLnt éan

. B N s
be glven of Verb phrase e111pszs.{barr1ng fdr now the initial *set

-v.

"

A

of examples) Thls 1n turn glves credence to the psychologlcal ,
. . A‘ »“ P ‘v, .
,"‘reallty of . some typé of “ioglcal representatlpn" y1thin‘ E> duaﬂ

T ~ v ".\‘ AS

processes oﬁrtext generatlon\and comprehens1on. A R

\‘ - ‘ “ .
. v S e M . .
' ’ ' g T, -~ ‘ i ':' 7 14 ' ‘ M . -~
. . . .
. o’ . o . > e . .

But if the process vof formlng a loglcaI representatlon is

N e

\ . .
3

part of the normal process of understandqng 61scourse, ‘then'it is

.-

o j pos51b1e that aaternatlve,.ways. Oﬁ. unﬂerstandlng.a sentenoe or'
sequence of senéences 6fi even va11d,, salient 'implicdtions 'ot

‘ sente;ces may alsp _prov;de 1ambdavprédlcates éor _1er5—phrase

! ’ . eilipsisd And'thlsﬁjﬁgs the point .I' want to \stress: whereag”

‘' Hankamer & Sag's . condition 1mp11es "a very .static view of ve;b,
phrase’ elllpsis. and ‘iother .surface ‘ anaphora, . the above -
= R ; ' '

-
-~ * ‘

N . ] ' - <
. 1 -— -—
E . _ o 16 .-,
\

, .
.
. . . . .
. .
.
. ( . . r - -
.- . PO . .. oL
, . ‘_I_‘) ; . Lt @
. o, . -
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. verb' phrase elﬂipSis.

‘ e
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- S » . '

- <@ ”

’

proces§=oriented view suggests that -a more plastic app}oach is®
¥ .
just1f1ed the prov1so seems to bg that' the form of express1on of

tpe der1ved propos1t1on does not dﬁfﬁm”%adlcally from the form‘of

‘%

those explgC1t1y glyen. S .2 '

v
A . . »

. 4 B ¢ . i
» ‘ C ~ R ¥ .
N -

-Now - "alternative ‘ways of understand1ng” - and "valid

-~

/fmplications“~ are both not1on3 wh1ch 1nvolve 1nference But -not

" ’ -

every valid 1nference prdiqdes lambdafpredkcates accessible to
‘ . AR ‘ .
or example, the following, axiom relates,

. R . v ¢ -/ s
the ng\ions of "sellifig" and "being boyght". - -

(Vx) (VY) (VZ) . X, k(r)'[r S‘Old y- tO Z] :::>. f . .
- Y» As)[s was bought by z] « 5 o

-

‘i.e.,‘if any x sold any y to“any Z, then y waé bought by z". <*4>
«CToL R

Notice that this axiom is not sufficient tp prdduce a, predicate
*wéé bought by z", given an ekplid}t predicate "sold y to z' --
! ' ' s
*(22) Bruce sold~4 waffle 1rdn to Wendy, and an eleptric
' wok was 8 too. '

»

‘- ﬁ/t\hought by Wendy -~ S “: o .

3
¢

Unfortunately, aside from the caveat that the 1logical \forme
of both the overt sentence(s) and the, der1ved one be "similar" in’
some undeflned sense, there are no. hard and faSt rules del1m1t1ng'
the” class of- -productive inferences relatlwe ‘to " verb phrase,

. - ‘ " . IO A
ellipsis. What I shall do in, the space remaining then .is to set

-

+ . .
- 4 .

. " ~
’

down ';wo inference schemata which account for the two problematic .

<*4>. - For the remainder ‘of th s, paper, I will be follow1ng Sagg
1ntu1t1ve1y’c1ear conventions Sag 1976a&b) for writing log1ca1
-formse However,® for . computational purposes at least, a more
rigorous formalism is called fo (ct: " Nash- Webber (1978)) . .

¢
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' ‘ o o T " Inference & Discéurse Anaphora L
. I‘ i" . . . y o .
L examples_qf verb phrase ellipsis presented abovet (examplee 20) and
g ' - o
> 21). . * <
/A - ,

. s .
7, > IR . P4

The first inference schema is applicablé to” a sequence

”pcopositions with 1dent1cal subjects and auxiliariest its effec
o E 3

+ 1is to abstract a new predlcate off of the common argument:

X AUX ( )\(r (P r]_)' &
Y. AUX( }\(t [P t

' ¥, AUX( k(s (Qs]) ==> ’ *
&§ Q t]) ) '

AUX, . the ‘sentence aux111ary, is 1nterpreted as an operator on

.o A
> pred1catés, although up to now, i't has been om1tted ﬁor s1mp11c1ty
‘InformalLy, this "schema says that if y P's and y Qf s,_then y P's, \

, and Q's. The propogitions on either side of. the® imblication,

|
. - |
while strdqturally’ different, are semantically -equivalent (at

1 B : i ’
- least with respect to an extensional' semantics). E '

r

"~ To illustrate the application of .this 'inference schemarf -

~//', reoonsider -example (28), repeateé belo@.
- o "(20)a. I can walk and I can chew gum. *
; . , b, Jerry can G too, but not at the same time.

S§D£ane'(2ﬂa) can be repredented as <*5> - o
T 4 . 1

~ ) L
v - I, CAN )(r){r ualk] & I, CAN( \(s)[s chew gqum])

‘;i‘ S1nCe this matchés thakleft hand side of the above rule schema, it

4

~§ollows-that o P : .
. / I, Can(s\(t ‘L.t walk & t chew gum]) . _ . . ] ‘
Thas has as a const1tuent the 1ambda predlcate . ' ’ e
»”, ‘ T, . B ' . ﬂ-,’ ' )

. s
-

_<*5>, " This is actually 3 simplification” of the procedurg I
follow throughout Nash- Webber (1978) ; but the essential 1deas are' . :
the same. _ , sy oL

-~

)
Pl o
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3

TON(t) [t walk & t chew~gum].

[N

¢

" ”' ., ot R 4
i.e., - "walk and chew gum", which 'is 'intuitively the correct

e k] . s L
antecedent for the ellipsed_vérb phrase in sentencé (28b). <*6>

]

The second . rule schema I -will discuss here applies to

[N "

. statements of restricted class .membership. Its- effect is: to

derive a ngw prqposition expressing the restriction alone, whose

1am5da pﬁedicate‘ismacbéssible‘to verb pﬁ%ase ellipsis.. Since I

*do not have_ the-'epace hete to motivate the notation I need to

express this rule.schema formally, I.w1li express it 1nformally as
<x> is a <B> which <y> <C>s ==> <Ky> <C>s <x>

where <B> 4s a= class description (e.qg., elephant, snowmobile,

etc.) and <C> 1is a verb phrase whose subject is <y>. To

illustrate the applicatioh of this rule schema, reconsider”example

(21), repeated below. ‘

(21) China is a country that leon wants to v1s1t, and
"he will 8 too, if he gets an invitation soon. . -

=

Proceeding informally, the £first «clause of (21) matches the

left-hand side of the above rule schema. It.therefore follows
- . - ',-

2

that

7

<*6>. The reason for requiring the gonjuncts to have 1identical
uxiliaries is the strangeness of those examples 1n wh1ch tH%y do
t. For example, . )

1 . . Ay

. , R
Brucé attended Harvard, and now he 1’)1ng to MIT. -
Fred {did, does, will, 1is} 8 too.

]
.

"Fred did @ too" seems.to imply only that he attended Harvard

"Fred is' @ too".seems to imply only that he is now going to MIT.

The other auxiliaries just seem bizarre. The sense that .Fred
also attended Harvard and is now going to MIT does not seem to Be
‘conveyable us1ng an-ellipsed qerb phrase. .

-~

- 19 -




it} . ‘

-

Nixon wants to visit China-
] Ji.e., using Sag's notation for ‘lambda

:ﬁixon, Ar) [r wants {r,” A(s)[s vigdit China]}]w

[

This ‘has as.a constituent the lambda predicate N

7 A(s) [s visit Chinal o X ,

S

which intuitively !s the intended anpecedent‘ofL;he ellipsed. verb

phraq‘?jn the second clause of (21). . ..

4, Conclusion

¥ T
" | |

In this paper, I have discussed the cbnceptAOf inference as a

factor in the derivation” of non-explicit antecedents and referents

. [ 4 . :
for discourse anaphora of .both deep and surface varieties. I have

i

shown how . inference schemata can be applied to a formal
representation of the discourse ° to produce, additional formulae

.which suggest, through their structure, possible aﬁteceagnts and
% . “\
referents. I have tried to motivate this as part of the normal

.

‘ process of text-understanding. I have claimed the use oOf

non-explicit antecedents and referents for anaphoric terms depends '
.on _a__contract between ”speakér, and -listener. This contract
stipulatés that 1if the former uses an anaphoric expression whose

Y antecedent or referent was inferentially derived, thq\}atter both

can and will . make the same'inference. Insofar as many/;f these

infeqen;és rély on one of the few’things explicitly available to

-

both speaker and 1iétener - i.e., thg form bf%the utterance - the
.search qu productive inferences vis a vis ‘discourse anaphora is a
- matter of linguistic‘cbncern.

., ‘
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