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1 . t o p r o v i d e a c o m p u t a t i o n a l a p p r o a c h 
t o c e r t a i n p r o b l e m s i n anaphora i n 
n a t u r a l l a n g u a g e ; 

2 . t o a r g u e i n f a v o r o f f o r m a l meaning 
r e p r e s e n t a t i o n l a n g u a g e s (MRLs) f o r 
n a t u r a l l a n g u a g e . 

These two o b j e c t i v e s a r e n o t i n d e p e n d e n t . 
I t a p p e a r s t h a t t h e s o l u t i o n s t o c e r t a i n 
p r o b l e m s i n a n a p h o r a a r e b e s t f o r m u l a t e d 
w i t h r e s p e c t t o a n a p p r o p r i a t e l y 
s t r u c t u r e d l o g i c a l MRL, s o t h a t t h e 
s t r u c t u r a l e n t i t i e s o u t o f w h i c h such a n 
MRL i s composed s u g g e s t p o s s i b l e 
a n t e c e d e n t s f o r anaphor r e s o l u t i o n . 

More s p e c i f i c a l l y , we have s e t 
o u r s e l v e s t h e f o l l o w i n g p r o b l e m : what 
f o r m s h o u l d a mean ing r e p r e s e n t a t i o n 
assume i n o r d e r t o f a c i l i t a t e t h e 
i d e n t i f i c a t i o n o f p o s s i b l e a n t e c e d e n t s o f 
a n a p h o r l c e x p r e s s i o n s , and ~what 
c o m p u t a t i o n a l mechan isms does t h i s t a s k 
r e q u i r e ? M o r e o v e r , we have chosen to 
i n v e s t i g a t e t h i s p r o b l e m o f i d e n t i f y i n g a 
s e t o f p o s s i b l e a n t e c e d e n t s w i t h o u t 

i n v o k i n g g e n e r a l w o r l d k n o w l e d g e . The 
s e p a r a t e i s s u e o f c h o o s i n g t h e most 
a p p r o p r i a t e a n t e c e d e n t f r o m t h i s s e t w i l l , 
i n g e n e r a l , r e q u i r e p l a u s i b l e r e a s o n i n g 
based on such g e n e r a l w o r l d k n o w l e d g e . We 
a r e a l s o aware o f i n s t a n c e s where such 
knowledge i s r e q u i r e d even t o p r o p o s e 
p o s s i b l e a n t e c e d e n t s . N e v e r t h e l e s s , " I n 
t h i s p a p e r , our c o n c e r n i s t o e x p l o r e t h e 
i m p l i c a t i o n s o f a p u r e l y s y n t a c t i c 
app foach a s w e l l a s t o a s c e r t a i n i t s 
l i m i t a t i o n s . I t t u r n s o u t t h a t a 
s u r p r i s i n g l y r i c h c l a s s o f a n a p h o r a , b o t h 
p r o n o u n s and e l l i p s e s , i s amenable t o such 
an a p p r o a c h , p r o v i d e d t h a t an 
a p p r o p r i a t e l y s t r u c t u r e d l o g i c a l MRL i s 
u s e d . We s h a l l f i n d t h a t t h e use o f such 
a n MRL l e a d s t o p a r t i c u l a r l y s i m p l e r u l e s 
f o r i d e n t i f y i n g p o s s i b l e a n t e c e d e n t s , and 
t h a t t h e s t r u c t u r e o f t h e MRL can be 
e x p l o i t e d c o m p u t a t i o n a l l y t o p r e c l u d e 
c e r t a i n i n a p p r o p r i a t e o n e s . W e s h a l l a l s o 
f i n d t h a t t h i s t a s k o f i d e n t i f y i n g 
p o s s i b l e r e f e r e n t s i s i n t i m a t e l y bound u p 
w i t h a n a b i l i t y t o f o rm • P P L o p r i a t e 
d e s c r i p t i o n s o f t h e m , a n 3 " t f i a t t h e s e 
c f e s c r l p t l o n s a r e , i n t u r n , i n t i m a t e l y 
r e l a t e d t o l o g i c a l f o r m . 

I I . Why L o g i c a l Meaning R e p r e s e n t a t i o n s ? 

A l t h o u g h t h e r e i s u n i v e r s a l ag reement 
w i t h i n t h e A I commun i t y t h a t n a t u r a l 
l a n g u a g e u n d e r s t a n d i n g sys tems must 
p r o v i d e some u n d e r l y i n g mean ing 
r e p r e s e n t a t i o n o n t o w h i c h s u r f a c e s t r i n g s 
a re mapped, t h e n a t u r e o f t h i s 
r e p r e s e n t a t i o n r e m a i n s a c o n t e n t i o u s 
i s s u e . One a s p e c t o f t h i s d e b a t e has t o 
d o w i t h t h e fo rm t h a t t h i s r e p r e s e n t a t i o n 
s h o u l d t a k e . ' The re appear t o b e two 
p o i n t s o f v i e w : l o g i c a l f o rms [ e . g . , 
S a n d e w a l l , 1 9 7 1 ; Woods, e t a l , 1972] and 
s t r u c t u r e d n e t w o r k s [ e . g . , W i l k s , 1 9 7 5 ; 
Schank , 1975 ; S immons, 1 9 7 3 ] , 

f o r m a l 
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D e s p i t e t h i s l a c k o f any 
d i s t i n c t i o n be tween n e t w o r k s and l o g i c a l 
f o r m s , t h e r e i s a w i d e s p r e a d b i a s w i t h i n 
t h e A I commun i t y a g a i n s t l o g i c a l MRLs f o r 
n a t u r a l l a n g u a g e . [See f o r e x a m p l e , 
C h a r n i a k and W i l k s , 1 9 7 6 ] . We s u s p e c t 
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t h a t the re are two i m p l i c i t assumptions 
u n d e r l y i n g t h i s a n t i - f o r m a l p o i n t o f v iew: 

1 . t h a t the cho ice o f a l o g i c a l form 
n e c e s s a r i l y i m p l i e s a commitment to a 
cor respond ing proof theory as one 's 
so le computat ion mechanism; 

2. t h a t l o g i c a l forms must have t h e i r 
" n a t u r a l " r e p r e s e n t a t i o n a t the 
implementa t ion l e v e l , e . g . , t h a t 
(x ) (Ey) . Px,y & Qx,y must be 
represented by the S-express ion 
( (X) (E Y)(AND (P X Y)(Q X Y ) ) ) . 

Ne i ther o f these assumptions i s j u s t i f i e d . 
We have a l ready observed t h a t networks can 
be best viewed as implementat ion l e v e l 
r e p r e s e n t a t i o n s fo r l o g i c a l forms, and as 
we s h a l l show in Sect ion I V . , the 
computat ions t h a t we propose fo r anaphor 
r e s o l u t i o n w i t h i n a l o g i c a l MRL are in no 
way based on any k ind of proof t heo ry . 

I f i t i s the case then t h a t l o g i c a l 
forms and networks are one and the same, 
why p re fe r one over the o ther? We favor 
l o g i c a l form on the f o l l o w i n g grounds: 

A. Semantics 

network p r i m i t i v e s are c o n s i d e r a b l y 
augmented in order to c o r r e c t l y rep resen t 
l o g i c a l connec t i ves and q u a n t i f i e r s and 
t h e i r scopes [Schuber t , 1975; Hendr i x , 
1975] . 

By v i r t u e of i t s being a formal 
language, a l o g i c a l form i n h e r i t s a w e l l 
cfefmea semant ics , namely, i t s Tarsk ian 
semant ics . Th is is not the case fo r 
network r e p r e s e n t a t i o n s presented _in vacuo 
( i . e . , w i t h o u t a t r a n s l a t i o n mechanism 
mapping the network to a l o g i c ) . As Woods 
[1975] p o i n t s o u t , networks o f t e n f a l l 
sho r t o f t h i s requ i rement . 

B. Computation 
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I I I . On App rop r i a te Log i ca l MRLs 

There are two issues he re : 
r e p r e s e n t a t i o n a l p e r s p i c u i t y and 
r e p r e s e n t a t i o n a l adequacy. The f i r s t i s 
l a r g e l y a s u b j e c t i v e m a t t e r . We b e l i e v e 
l o g i c a l forms to be more readable and 
comprehensible than t h e i r cor responding 
network forms, e s p e c i a l l y when the usual 

Natura l Lanpua** 
12 

In the p rev i o 
f a i r l y genera l 
meaning repres 
n a t u r a l language 
l o g i c a l MRL wi 
any such formal 
q u a n t i f i c a t i o n 
c o n n e c t i v e s , b 
requi rements t 
spectrum of 
r e p r e s e n t a t i o n s , 
dimensions to th 
to represen 
r e p r e s e n t a t i o n a l 
t o l e v e l , r e 
systems range 
[Simmons, 197 
p r i m i t i v e - b a s e d 

- 7 : Mash-WeKher 
2 

us s e c t i o n , 
grounds in 
e n t a t i o n 

Of cours 
11 do . At 
language mu 

and the 
ut even 
here rema 

poss ib 
There a 

i s spectrum 
t a t i o n a l 

s t. r uc t ur e . 
pFesen ta t l o 

from ve 
0] to 

ones [ 

we ar 
favor o 
languag 
e , not 
the ver 
s t prov 

usual 
under 

ins a 
l e 
re a t 1 

co r re 
l e v e l 
wiTn' 

ns i n 
r y 

very 
W i l k s , 

gued on 
f fo rmal 
es fo r 
j u s t any 
y l e a s t , 
ide fo r 

l o g i c a l 
these 
broad 

l o g i c a l 
east two 
sponding 

and 
respect 
c u r r e n t 

s u r f a c y " 
"deep" , 

1975; 



Schank, 1975 ] . W i l k s , in Computat ional 
Semantics [Charniak and W i l k s , l 976 ; 1761 
p rov ides a good d i scuss ion of these 
i s s u e s . In t h i s paper , we use as 
i l l u s t r a t i o n an MRL t h a t keeps very c lose 
to the sur face syntax and l e x i c o n . We do 
so because the computa t iona l task t ha t we 
have taken as a " f o r c i n g f u n c t i o n " fo r an 
adequate r e p r e s e n t a t i o n , namely, 
i d e n t i f y i n g poss i b l e antecedents fo r 
anaphor r e s o l u t i o n , s e e m s not to r equ i r e a 
deep l e v e l and is moreover f a c i l i t a t e d by 
a " s u r f a c y " one, at l e a s t fo r a broad and 
i n t e r e s t i n g c l ass of phenomena. 

Our focus in d i scuss ing l o g i c a l MRLs is 
on t h e i r r e p r e s e n t a t i o n a l s t r u c t u r e . We 
have found t h a t the need to prov ide 
a p p r o p r i a t e antecedents fo r anaphor 
r e s o l u t i o n suggests c e r t a i n s t r u c t u r a l 
c o n s t r a i n t s on p o s s i b l e MRLs which g r e a t l y 
f a c i l i t a t e t h i s p rocess . I n t h i s 
c o n n e c t i o n , we emphasize t ha t we are not 
here propos ing a f u l l y developed l o g i c a l 
MRL. To do so would r e q u i r e , at the very 
l e a s t , adequate r e p r e s e n t a t i o n s fo r tense , 
m o d a l i t y , mass te rms, even ts , e t c . 
issues which we have so fa r complete ly 
i g n o r e d . The MRL used in t h i s paper is 
merely a v e h i c l e fo r d i s p l a y i n g c e r t a i n 
formal s t r u c t u r a l p r o p e r t i e s which we have 
found necessary fo r the i d e n t i f i c a t i o n of 
an tecedents . Our b e l i e f is t h a t any f u l l y 
a r t i c u l a t e d l o g i c a l MRL w i l l have to 
p rov ide these s t r u c t u r a l u n i t s i f i t i s t o 
deal e f f e c t i v e l y w i t h anaphora. 
A c c o r d i n g l y , one way of v iewing our 
proposa l is as a set of design c o n s t r a i n t s 
on the s t r u c t u r e of poss ib le l o g i c a l MRLs 
for n a t u r a l language. The remainder of 
t h i s s e c t i o n dea ls w i t h these s t r u c t u r a l 
p r o p e r t i e s . 
A* Lambda-expressions 

For a formal MRL to be adequate for the 
r e s o l u t i o n o f verb phrase e l l i p s i s , i t 
must p rov ide fo r c o n s t r u c t i o n s equ i va len t 
to lambda-express ions. (This has a lso been 
observed by severa l l i n g u i s t s r e c e n t l y , 
i n c l u d i n g Sag [1976] and Wi l l i ams [1977] . ) 
For example, the sentence pa i r 

La. John loves Mary. 
2. So does B i l l . 

r e q u i r e s , as the antecedent of the 
e l l i p s e d verb phrase, the formal c o n s t r u c t 
Mx ) [Love x, Mary] corresponding to 
" l o v i n g Mary" , whence the reso lved 
sentence l b . becomes 

B i l l , >s(x) [Love x , Mary] 

which s i m p l i f i e s to 

Love B i l l , Mary 

(Note tha t our p r e f e r r e d n o t a t i o n fo r 
app ly ing a lambda-expression to an 
argument is to f o l l o w the argument by the 
lambda exp ress ion , corresponding to normal 
s u b j e c t - p r e d i c a t e word order in E n g l i s h . ) 

B. Separat ion of Descr ig t i^onal and 
Asser t ion 'a l I n f o rma t i on :'~Types 

Since the antecedents of many anaphoric 
expressions are d e s c r i p t i o n s , an adequate 
formal ism must be so organized t ha t these 
d e s c r i p t i o n s stand out c l e a r l y . For 
example, consider the pa i r of sentences 

2a. Some c o t t o n T - s h i r t s are expens ive , 
b. but not the one Mary gave John. 

In a " f l a t " p red i ca te c a l c u l u s MRL 
( i gno r i ng the d i s t i n c t i o n between "some" 
p l u r a l and "some" s i n g u l a r ) , sentence 2a. 
might be represented by 

(Ex) . Cotton x & T - s h i r t x 
& Expensive x 

Now i n t u i t i v e l y , the antecedent of "one" 
in sentence 2b. i s something l i k e " c o t t o n 
T - s h i r t " , but from the f l a t p red i ca te 
ca l cu l us r e p r e s e n t a t i o n , there is no more 
reason to suppose t h a t Cotton and T - s h i r t 
form a poss ib le antecedent than Cotton and 
Expensive, or T - s h i r t and Expensive, or 
any one or a l l t h r e e . That i s , there is 
no s t r u c t u r a l i n d i c a t i o n t ha t Cotton 
T - s h i r t is a re fe renceab le u n i t . We 
be l i eve such an i n d i c a t i o n is necessary in 
any formal ism adequate fo r anaphor 
r e s o l u t i o n . 

Using the s t r u c t u r e of a t.yped l o g i c , 
p red ica tes t ha t c o n s t r a i n the range of a 
q u a n t i f i e d v a r i a b l e - i . e . , types - ( l i k e 
T - s h i r t here) can be s t r u c t u r a l l y 
d i s t i n g u i s h e d from p red i ca tes t ha t asser t 
t h ings (as "Expensive" does h e r e ) . 
Moreover, using the lambda o p e r a t o r , the 
no t i on of type can be extended from simple 
one-place p r e d i c a t e s to more complex ones 
to y i e l d a l l and on ly the a l l owab le 
re fe renceab le e n t i t i e s . For example, we 
can represent 

" T - s h i r t " 
as T - s h i r t 

" c o t t o n T - s h i r t " 
as X ( u : T - s h i r t ) [ C o t t o n u] 

" T - s h i r t t h a t Mary gave Fred" 
as > , (u :T -sh i r t ) [Gave Mary, F red , u] 

(The f i r s t is merely a shorthand fo r 
> , (u :T-sh i r t ) [True] .) Not ice t h a t we are 
p o s t u l a t i n g a r e p r e s e n t a t i o n fo r " c o t t o n 
T - s h i r t " t h a t i s more h i g h l y s t r u c t u r e d 
than a s imple c o n j u n c t i o n of Cot ton and 
T - s h i r t , i . e . ( T - s h i r t x & Cot ton x) . 
S p e c i f i c a l l y , we are separa t ing t h a t pa r t 
of the noun phrase denot ing the p r imary 
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c l a s s t o w h i c h a n e n t i t y b e l o n g s ( u s u a l l y 
t h e head noun) f r o m t h o s e p a r t s d e n o t i n g 
r e s t r i c t i o n s o n t h a t c l a s s ( conveyed b y 
a d j e c t i v e s and r e l a t i v e c l a u s e s ) . 

T h i s p r o v i d e s y e t a n o t h e r s t r u c t u r a l 
p r o p e r t y t h a t a l o g i c a l MRL s h o u l d p o s s e s s 
i n o r d e r t o f a c i l i t a t e t h e i d e n t i f i c a t i o n 
o f a n t e c e d e n t s f o r anaphor r e s o l u t i o n . 
C o n s i d e r 

3 . Mary b o u g h t a t i e - d y e d c o t t o n T - s h i r t 
and F red b o u g h t an e m b r o i d e r e d o n e . 

Whether i n t u i t i v e l y " o n e " r e f e r s t o 
" c o t t o n T - s h i r t " o r " t i e - d y e d c o t t o n 
T - s h i r t " o r m e r e l y " T - s h i r t " , i t must 
r e f e r a t l e a s t t o " T - s h i r t " , t h e p r i m a r y 
c l a s s d e n o t e d b y t h e noun p h r a s e . The re 
i s n o way ( p r o n o m i n a l l y ) i n E n g l i s h t o 
r e f e r t o a r e s t r i c t i o n w i t h o u t a l s o 
r e f e r r i n g t o t h e p r i m a r y c l a s s . T h i s i s 
our ma in r e a s o n f o r k e e p i n g them d i s t i n c t 
i n our l o g i c a l MRL. 

A n o t h e r consequence o f t h i s s e p a r a t i o n 
o f d e s c r i p t i o n a l f r om a s s e r t i o n a l 
i n f o r m a t i o n i s t h a t i t a v o i d s p r o b l e m s 
t h a t Woods [1975 ] d i s c u s s e s w i t h r e s p e c t 
t o a d e q u a t e r e p r e s e n t a t i o n s f o r r e l a t i v e 
c l a u s e s . F i r s t , s e n t e n c e s l i k e " A dog 
t h a t had r a b i e s b i t a man" and "A dog t h a t 
b i t a man had r a b i e s " can be a s s i g n e d 
d i s t i n c t r e p r e s e n t a t i o n s , f o r example 

(Ex : X(u :Dog) [Have u , R a b i e s l ) (Ey:Man) 
. B i t x , y 

(Ex : M u r D o g ) [ (Ey:Man) . B i t u, y ] ) 
. Have x, R a b i e s 

More i m p o r t a n t l y , p r o c e s s i n g r u l e s such a s 
t h o s e p r o p o s e d i n S e c t i o n I V , can t r e a t 
t h e s e two r e p r e s e n t a t i o n s d i f f e r e n t l y . A s 
Woods p o i n t o u t , c o n v e n t i o n a l s e m a n t i c 
n e t w o r k s f a i l t o r e p r e s e n t t h e d i s t i n c t i o n 
be tween t h e s e two s e n t e n c e s . From t h e 
p e r s p e c t i v e o f t h e above d i s c u s s i o n , one 
r e a s o n f o r t h i s i s c l e a r : a c o n v e n t i o n a l 
n e t w o r k i s a r e p r e s e n t a t i o n , a t t h e 
i m p l e m e n t a t i o n l e v e l , o f a " f l a t " 
p r e d i c a t e l o g i c . 

I V * Examples 

I n t h i s s e c t i o n , w e p r e s e n t s e v e r a l 
f r a g m e n t s o f d i s c o u r s e , each c o n t a i n i n g 
a n a p h o r i c e x p r e s s i o n s - p r o n o u n s a n d / o r 
e l l i p s e s . R e c a l l t h a t w e a r e n o t 
c o n c e r n e d h e r e w i t h t h e k i n d s o f e x t e r n a l 
know ledge needed to choose among p o s s i b l e 
a n t e c e d e n t s f o r a n a n a p h o r i c e x p r e s s i o n . 
What w e a r e c o n c e r n e d w i t h i s i n s u r i n g 
t h a t 

1 . i n c a s e s where t h e a n t e c e d e n t o f a n 
a n a p h o r i c e x p r e s s i o n i s n o t 
e x p l i c i t l y p r e s e n t , i t can o f t e n b e 
d e r i v e d t h r o u g h p u r e l y s y n t a c t i c 

N a t u r a l Lan* i ia 

m a n i p u l a t i o n s o f a n 
s t r u c t u r e d MRL; 

a p p r o p r i a t e l y 

2 . t h e p r o p e r t i e s we have p r o p o s e d f o r a 
l o g i c a l MRL make such m a n i p u l a t i o n s 
s i m p l e t o e x p r e s s and a p p l y . 

S i n c e d e v e l o p i 
a n a p h o r a and 1 
d i s c o v e r e d t h a t i t 
ma jo r l i n e o f t h o 
l i n g u i s t i c s t o d a y 
c u r r e n t i d e a s o n 
and p s y c h o l o g y , se 
T h a t l i n e o f t h o 
by Chomsky ' s r e c 
" g e n e r a l p r i n c i p l 
l o g i c a l f o r m s r a 
s t r u c t u r e s d i r e c t 
f t . 3 1 ] , a s w e l l a 
l o g i c a l t h e o r i e s 
and g a p p i n g [ S a g , 

ng ou r a p p r o a c h to 
o g i c a l f o r m , we have 

i s c o m p a t i b l e w i t h one 
u g h t i n t r a n s f o r m a t i o n a l 

(For a s u r v e y of 
a n a p h o r a i n l i n g u i s t i c s 

e [Nash -Webbe r , 1 9 7 7 ] . ) 
u g h t i s i l l u s t r a t e d b o t h 
e n t remark t h a t t h e 
e s o f anapho ra a p p l y t o 
t h e r t h a n t o s u r f a c e 
l y " [Chomsky, 1 9 7 5 : 241 
s by r e c e n t r e s e a r c h on 

o f v e r b p h r a s e d e l e t i o n 
1 9 7 6 ; W i l l i a m s , 1977] . 

W i t h 
o f man 
needed 
t h e com 
o b v i o u s 
be done 
V I ) . 
examp le 
a p p r o a c 
a pr 
r e s e a r c 

our ex 
i p u l a t i 
a n t e c e d 
p l e t e n e 
l y rem 

a l o n g 
We do 
s i n d i e 
h , and 
o m i s i n g 
h . 

ample 
on r 
e n t s . 
ss o 
a i n s 

t h e s 
b e l i 

a t e t 
t h a t 

d i 

s , we g i v e 
u l e s w h i c 

We make 
f t h e s e 
a g r e a t de 
e l i n e s 
e v e , howe 
h e u t i l i t y 
t h i s a p p r o 
r e c t i o n 

a s m a l l s e t 
h y i e l d t h e 
n o c l a i m s f o r 
r u l e s ; t h e r e 
a l o f work t o 
(see . S e c t i o n 
v e r , t h a t t h e 

o f our b a s i c 
ach p r o v i d e s 
f o r f u r t h e r 

A . I m p l i c i t S e t s 

Our f i r s t examp le i l l u s t r a t e s one way 
o f d e r i v i n g a s e t as a c a n d i d a t e 
a n t e c e d e n t f o r " t h e y " . C o n s i d e r t h e 
s e n t e n c e s 

4 a . Mary gave each boy a T - s h i r t , 
b . She b o u g h t t j iem a t F i l e n e ' s . 

The f i r s t may be r e p r e s e n t e d as 

4 c . ( V x : B o y ) ( E y : T - s h i r t ) 
. Gave M a r y , x , y 

(For s i m p l i c i t y , w e w i l l i g n o r e t h e f a c t 
t h a t " e a c h b o y " i s p r o b a b l y a n a p h o r i c , 
r e f e r r i n g t o each boy i n some p r e v i o u s l y 
m e n t i o n e d s e t o r one i m p l i c i t l y d e f i n e d b y 
c o n t e x t , and t r e a t i t r a t h e r a s a 
u n i v e r s a l l y q u a n t i f i e d noun p h r a s e . ) 

N o t i c e t h a t we 
s e n t e n c e i n d i v i d u a l l y 
a s s i g n i t a r e p 
c o r r e c t , b u t w h i c h d o 
may f o l l o w . The r e s u 
r e a d i n g t h a t i s 
n o n c o m m i t t a l : i t w i l l 
I f s u b s e q u e n t l y w e 
s i t u a t i o n , we w 
r e p r e s e n t a t i o n t o 
know ledge s t a t e . 
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a r e c o n s i d e r i n g each 
s i n c e we wan t to 

r e s e n t a t i o n t h a t i s 
es n o t depend on what 
I t w i T l o f t e n b e a 

in some sense 
b e vague b u t t r u e . 
l e a r n more a b o u t t h e 

i l l r e f i n e t h i s 
r e f l e c t our new 



The second sentence we represent 
i n i t i a l l y w i t h i t s anaphoric elements 
o v e r t l y marked, t h a t i s , 

4d. Bought SHE^ THEY , F i l e n e ' s 

(We s u b s c r i p t the pronoun symbols merely 
to keep severa l ins tances of the same one 
d i s t i n c t , as would be the case in "They 
thanked her fo r them".) Next, we i d e n t i f y 
poss i b l e r e f e r e n t s fo r the anaphoric 
te rms. Since Mary is the on ly female 
around, we t r i v i a l l y assign her as the 
r e f e r e n t o f S H E . 

Regarding cand idate antecedents for 
THEY, , we p o s t u l a t e two ways of d e r i v i n g 
poss i b l e sets from sentences l i k e 4a. 

1. Form the set d e s c r i p t i o n of any type 
r e s t r i c t i n g a u n i v e r s a l l y q u a n t i f i e d 
v a r i a b l e . (toe represent the set 
d e s c r i p t i o n of type C by { x | C x } . ) 

2. Let to be a ( p r i o r ) formula not 
c o n t a i n i n g the anaphoric element 
THEY, nor any negat ion in the main 
c l a u s e . ( In the c u r r e n t example, 4c. 
p lays the r o l e of W.) Suppose to has 
an e x i s t e n t i a l l y q u a n t i f i e d v a r i a b l e 
y t ha t l i e s w i t h i n the scope of a 
u n i v e r s a l l y q u a n t i f i e d v a r i a b l e . 
Form the set d e s c r i p t i o n of the set 
of y ' s s a t i s f y i n g W. This is a 
s t r a i g h t f o r w a r d procedure, i n v o l v i n g 
the type of y r e s t r i c t e d by an 
express ion d e r i v i n g from W. D e t a i l s 
are g iven in [Nash-Webber, 
f o r t h c o m i n g ] , but the example should 
suggest i t s basic o u t l i n e . 

Thus, sentence 4a. y i e l d s {x|Boy x ) , the 
set of boys, v i a the f i r s t p rocedure, and 
{ v | T - s h i r t v & (Ew:Boy) . Gave Mary,w,v} 
v i a the second one, i . e . the set of 
T - s h i r t s , fo r each of which there is some 
boy to whom Mary gave i t . S u b s t i t u t i n g 
each of these sets in t u rn for THEY^, 
y i e l d s 

4e. Bought Mary, {x|Boy x } , F i l e n e ' s 
f. Bought Mary, ( v | T - s h i r t v & (Ew:Boy) 

. Gave Mary ,w ,v } , F i l e n e ' s 

That i s , e i t h e r Mary bought a l l the boys 
at F i l e n e ' s or she bought there a l l the 
T - s h i r t s she gave o u t . Real wor ld 
knowledge would now be needed to choose 
the more p l a u s i b l e r e a d i n g . 

Not ice t h a t in Eng l i sh the pronoun 
" t h e y " , as w e l l as many p l u r a l noun 
phrases, are ambiguous between a 
c o l l e c t i v e read ing ( " a l l t oge the r " ) and a 
d i s t r i b u t i v e one ( " taken one at a t i m e " ) . 
Sometimes, a l e x i c a l i tem w i l l i n d i c a t e 
t h a t a p l u r a l should be understood 
d i s t r i b u t i v e l y , as "each" does in "Mary 's 
su i t cases were each weighed at the 

a i r p o r t " . Sometimes, semantic se lect iona l 
r e s t r i c t i o n s can be used to choose between 
the two. For example, "p i le" requires a 
c o l l e c t i v e i n t e r p r e t a t i o n o f i t s ob ject : 
"She p i l e d them i n t o a heap" doesn't mean 
" f o r each one, she p i l e d i t i n t o a heap" . 
But o f t e n , on ly unknown aspects of the 
s i t u a t i o n can f u r n i s h the app rop r i a te 
i n f o r m a t i o n . For example, if we learn 
t ha t "Mary 's su i t cases were weighed at the 
a i r p o r t " , we cannot say fo r cer ta in 
whether each one was weighed the re 
separa te ly o r j u s t the whole l o t t o g e t h e r . 

In l i n e then w i t h the p o l i c y descr ibed 
above of always op t i ng fo r a vague but 
t r ue i n t e r p r e t a t i o n , ra the r than making 
unsubs tan t ia ted cho i ces , we w i l l i n t e r p r e t 
p l u r a l s n o n - d i s t r i b u t i v e l y , unless o r 
u n t i l a d d i t i o n a l i n f o r m a t i o n would lead us 
to an a l t e r n a t e d e c i s i o n . 

B. Type Antecedents 

Our next example i l l u s t r a t e s the 
i d e n t i f i c a t i o n o f d e s c r i p t i o n s as 
candidate antecedents fo r anaphoric " o n e " . 

5a. Mary gave each boy a green T - s h i r t , 
b. She gave Sue a red one. 

toe i n t e r p r e t sentence 5a. l i k e 4a. above, 
except fo r the a d d i t i o n a l mod i f i e r "g reen" 
on T - s h i r t . 

(tfx:Boy) (Ey: X ( u : T - s h i r t ) [Green u]) 
. Gave Mary, x, y 

Sentence 5b. can be represented i n i t i a l l y 
as 

(Ez: A(u:P?) [Red u] ) . Gave SHE1Sue,z 

That i s , there is something of unknown 
type P? t h a t should be d e r i v a b l e from 
c o n t e x t , which we know e x p l i c i t l y is r e d , 
which some known female SHE, gave Sue. 
Our task is now to i d e n t i f y poss i b l e 
antecedents fo r SHE, and P?. 

There are s imple s y n t a c t i c c r i t e r i a fo r 
r e j e c t i n g Sue as an antecedent for SHE,. 
So again by d e f a u l t , there being no other 
females around, we assign Mary as the 
r e f e r e n t fo r SHE,. 

As fo r P?, i t s poss ib l e antecedents 
inc lude a l l " r e c e n t l y " mentioned t y p e s , 
independent o f the p a r t i c u l a r q u a n t i f i e r s . 
("Recent" seems to mean here the c u r r e n t 
sentence, the p rev ious one, and perhaps 
the one before t h a t . It does not seem to 
be a f f e c t e d by task structure [Deutsch, 
1975] or s t o r y s t ruc ture , or any of the 
other factors t h a t seem to change the set 
of ava i lab le antecedents for d e f i n i t e 
pronouns, "he", " i t " , e t c . ) 
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The types e x p l i c i t l y g i ven in example 5 
a r e : M u : T - s h i r t ) [Green u] , T - s h i r t and 
Boy. No t i ce t h a t when one type is 
c o n s t r u c t e d ou t o f o ther types v i a the 
lambda o p e r a t o r , we i nc lude them a l l as 
p o s s i b l e cand ida te an tecedents . 
P r e s c r i b i n g e x a c t l y what c r i t e r i a one 
would use to i d e n t i f y the most p l a u s i b l e 
antecedent f o r P?, or in what way one 
would app ly them, is not w i t h i n the scope 
of t h i s paper . But they would i nc lude the 
semantic c r i t e r i o n t h a t one be able to 
p r e d i c a t e Red of an e n t i t y of type P? 
Th is would e l i m i n a t e ) v ( u : T - s h i r t ) (Green u] 
through a p p l i c a t i o n o f a " c l a s h i n g c o l o r " 
ax iom: i f something i s g reen , i t i s not 
r e d . (Not ice t h a t i f sentence 5b. had 
been " F r e d , she gave a l a rge one . " the re 
would be no reason to e l i m i n a t e t h i s 
d e s c r i p t i o n as a p l a u s i b l e an tecedent . ) 
Under r h e t o r i c a l c r i t e r i a , we would expect 
p a r a l l e l i s m t o argue fo r p l a u s i b i l i t y . 
That i s , i f two successive sentences are 
s t r u c t u r a l l y s i m i l a r ( " p a r a l l e l " ) and i n 
the l a t t e r , anaphor ic "one" helps t o f i l l 
r o l e R (here , the o b j e c t ) , then i t has a 
very p l a u s i b l e antecedent in the noun 
phrase f i l l i n g r o l e R in the p rev ious 
sentence (here , the p rev ious o b j e c t "a 
green T - s h i r t " ) . But our p o i n t here is 
not to s p e c i f y procedures fo r choosing 
among candidate an tecedents ; i t i s r a the r 
to show how a s u i t a b l e l o g i c a l framework 
p rov ides in a s t r a i g h t f o r w a r d way a l l and 
on ly the app rop r i a te p o s s i b i l i t i e s . 

c * Pred ica te Antecedents 

1 • Simple Ve£b Phrase D e l e t i o n 

The next few examples i l l u s t r a t e some 
problems i n v o l v i n g verb phrase e l l i p s i s , 
which are handled ra the r n e a t l y w i t h i n our 
framework. 

6a. Mary gave Sue a T - s h i r t , 
b . Jane d i d t o o . 

The r e p r e s e n t a t i o n t h a t we ass ign to 
sentence 6a. is 

( E x : T - s h i r t ) . Gave Mary, Sue, x 

Sentence 6 b . , we i n t e r p r e t as p r e d i c a t i n g 
something (P?) of Jane t h a t had p r e v i o u s l y 
been p red i ca ted of someone e l s e : 

P? Jane 

To i d e n t i f y p o s s i b l e antecedents fo r 
P?, we f i n d the one-p lace p r e d i c a t e s t h a t 
e i t h e r are g i ven e x p l i c i t l y or can be 
de r i ved v i a lambda a b s t r a c t i o n on the 
sub jec t p o s i t i o n . (Aga in , one p robab ly 
need on ly search fo r such p r e d i c a t e s in 
the c u r r e n t sentence i f i t has seve ra l 
c lauses or in the one or two sentences 

immediate ly p reced ing i t , a s the h a l f - l i f e 
o f p r e d i c a t e an tecedents , l i k e t h a t o f 
type an tecedents , seems to be very s h o r t . 
Note t h a t we are v iew ing the f i r s t 
argument p lace of a p r e d i c a t e as 
cor respond ing t o sur face sub jec t p o s i t i o n . 
Though t h i s r e q u i r e s a d i f f e r e n t 
r e p r e s e n t a t i o n fo r a c t i v e and pass ive 
sentences, we see the need fo r t h i s on 
other grounds, fo r example, t h e i r 
d i f f e r e n c e w i t h respec t t o s imple verb 
phrase d e l e t i o n : 

John h i t a l i n g u i s t 
Fred d i d t o o . 

as opposed to 

John was h i t by a l i n g u i s t . 
Fred was t o o . 
*Fred"~~dTd t o o . 

Th is example i s s imple in t ha t the re i s 
on ly one such one-p lace p r e d i c a t e 

a b s t r a c t a b l e o f f a s u b j e c t : 

X ( r ) [ ( E x : T - s h i r t ) . Gave r, Sue, x] 

t h a t i s , g i v i n g Sue a T - s h i r t . 
S u b s t i t u t i n g f o r P? y i e l d s 

Jane, X ( r ) I ( E x : T - s h i r t ) . Gave r ,Sue,xJ 

which i s e q u i v a l e n t to 

( E x : T - s h i r t ) . Gave Jane, Sue x 
Note t h a t t h i s r e p r e s e n t a t i o n does not 
commit us to both g i r l s having g iven Sue 
the same T - s h i r t , nor need they be 
d i f f e r e n t . The d e s c r i p t i o n o f the f i r s t 
one i s 

flz: T - s h i r t z & Gave Mary, Sue, z 

"a T - s h i r t t h a t Mary gave Sue", where ^ 
i n d i c a t e s the i n d e f i n i t e o p e r a t o r . (z 
might be c a l l e d in Eng l i sh " the T - s h i r t 
which Mary gave Sue" i f no o ther T - s h i r t 
i n the d i scourse meets t h i s d e s c r i p t i o n . ) 
The second T - s h i r t is desc r i bab le as 

V\w: T - s h i r t w & Gave Jane, Sue w 

"a T - s h i r t t h a t Jane gave Sue". 

I t i s impor tan t to be able to d e r i v e 
such d e s c r i p t i o n s , s ince the e n t i t i e s they 
desc r ibe may serve as antecedents f o r 
l a t e r anaphor ic exp ress ions , f o r example, 

6c. Ne i the r o f them f i t he r . 

where " them" r e f e r s to the i m p l i c i t set o f 
T - s h i r t s g i ven to Sue, who is a lso the 
most p l a u s i b l e antecedent o f " h e r " . 
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2* sloppy identity 
Our ne 

phenomenon 
"s loppy ide 
I t i n v o l v e s 
of an addi 
c o n t a i n i n g d 
wh i l e sente 
sentence 7b 
beats G a r t h ' 
own. How do 

x t ex 
t h a t h 
n t i t y 
account 
t i o n a l 
e l e t e d 
nee 7a 

migh 
s w i f e 
we ace 

ample 
as been 
problem" 
ing fo r 

reading 
verb phr 

seems 
t mean e 
or t h a t 
ount fo r 

i l l u s t r a t e s a 
c a l l e d the 

[Ross, 1967] . 
the appearance 

for sentences 
ases. That i s , 

unambiguous, 
i t h e r t ha t Fred 
he beats h i s 
t h i s ? 

7a. Garth beats h i s w i f e , 
b. Fred does t o o . 

We ass ign 7a. an i n i t i a l r e p r e s e n t a t i o n 
i n which i t s anaphoric term i s o v e r t l y 
marked. 

7c. Beat Ga r th , 'S(Wife)HE1 

(where 'S is de f i ned to be a f u n c t i o n t h a t 
takes a unary p red i ca te l i k e Wi fe , School , 
e t c . , and r e t u r n s a f u n c t i o n l i k e 
" w i f e - o f " , " s c h o o l - o f " , e t c . ' S ( W i f e ) , 
fo r example, is a f u n c t i o n t ha t takes a 
man as i t s argument and r e t u r n s h i s w i f e : 
'S(Wi fe)John is John 's w i f e . Having a 
f u n c t i o n l i k e 'S e l i m i n a t e s the need to 
p o s t u l a t e a separate "Y -o f " f u n c t i o n fo r 
every unary p r e d i c a t e Y.) 

With no other male around, we can 
assign HE, to Garth by d e f a u l t , t ha t i s , 

7d . Beat Ga r th , 'S (Wi fe )Gar th 

We ass ign sentence 7b. the r ep resen ta t i on 

7e. P? Fred 

Now, w h i l e the re are no e x p l i c i t one-place 
p red i ca tes around to serve as an 
antecedent fo r P?, there are two ways in 
which to a b s t r a c t one from 7d. 

( i ) > ( r ) [ B e a t r , 'S (Wi fe )Gar th ] 
( i i ) y ( r ) [Beat r , ' S ( W i f e ) r ] 

The f i r s t represents beat ing Gar th ' s w i f e 
and the second, beat ing one 's own. 
S u b s t i t u t i n g fo r P?, we get the two 
p l a u s i b l e read ings 

F red , > ( r ) [ B e a t r , 'S (Wi fe )Gar th ] 
F red , y ( r ) [ B e a t r , ' S ( W i f e ) r ] 

That i s , e i t h e r Fred beats Gar th ' s w i f e or 
he beats h i s own. 

(While we have not done so here , it is 
a c t u a l l y impor tan t to d i s t i n g u i s h whether 
an argument p lace was o r i g i n a l l y f i l l e d by 
an anaphor ic express ion or by a f u l l noun 
phrase. Observe t h a t i f sentence 7a. had 
read "Gar th beats Ga r th ' s w i f e " , which 
would be represented s imply as 7 d . , the 
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f o l l o w i n g sentence, "Fred does t o o " , cou ld 
on ly mean t ha t Fred beats Ga r th ' s w i f e . 
Thus in an a c t u a l imp lementa t ion , we would 
have to i n d i c a t e "he = G a r t h " , ra ther than 
s imply r e p l a c i n g "he" w i t h " G a r t h " , i n 
order to de r i ve a l l and on ly the c o r r e c t 
lambda a b s t r a c t i o n s . ) 

3 ' A b s t r a c t i n g 
Non-Subject P o s i t i o n 

Pred ica tes from 

The p o i n t of the next ex 
i l l u s t r a t e a b s t r a c t i n g 
p red i ca tes from p o s i t i o n s o th 
sur face s u b j e c t . In Eng l i sh 
" t o o " , " s i m i l a r l y " , e t c . 
o p t i o n a l l y by a p r e p o s i t i o n 
noun phrase i n d i c a t e t h a t the 
by the new noun phrase in 
mentioned p red i ca te is a non-
(As i l l u s t r a t e d e a r l i e r , a 
fo l l owed by an a u x i l i a r y requ 
noun phrase f i l l s the sub jec t 
p rev ious p r e d i c a t e . ) 

ample is to 
one-p lace 

er than the 
, " 1 i k e w i s e " , 
, f o l l owed 
and then by a 

r o l e f i l l e d 
a p r e v i o u s l y 

sub jec t one. 
noun phrase 

i r e s t ha t the 
r o l e of a 

3a. John h i t a cop. 
b. L i kew ise , a CIA agent . 

The f i r s t sentence may be represented as 

8c. (Ex.-Cop) . H i t John, x 

and the second one as 

8d . (Ey:CIA-agent) . Q? y 

where G? stands fo r an anaphoric p r e d i c a t e 
l i k e P?, but one whose argument f i l l s a 
non-sub jec t r o l e . 

To reso lve 6>?, we must i d e n t i f y the 
one-place p red i ca tes t h a t can be 
abs t rac ted from non-sub jec t p o s i t i o n s . 
From 8 c . , we get 

> ( r ) [ H i t John, r ] 

wh ich , s u b s t i t u t e d fo r $ ? i n 8 d . , y i e l d s 

(Ey:CIA-agent) . y , > , ( r ) [H i t John, r ] 

or more s imp l y , 

(Ey:CIA-agent) . H i t John, y 

t ha t i s , " L i k e w i s e , John h i t a CIA agen t . " 

I t might appear t h a t one could reso lve 
" l i k e w i s e " - e l l i p s e s a t the l e v e l o f the 
sur face s t r i n g a lone , but t h i s i s not the 
case. Consider the f o l l o w i n g example: 

9a. John gave S a l l y her p resen t , 
b . L i kew ise , F red . 

Obv ious ly , wh i l e s u b s t i t u t i n g "F red" fo r 
" S a l l y " i n the sur face s t r i n g would y i e l d 
an i n t e r p r e t a b l e sentence, "John gave Fred 
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her p r e s e n t " , t h i s i s not the o n l y , nor 
the most p l a u s i b l e read ing o f the e l l i p s i s 
i n 9b. 

We rep resen t 9a. as 

9c . Gave John, S a l l y , 'S (Present) SHE. 

which we i n t e r p r e t as 

9d . Gave John, S a l l y , ' S ( P r e s e n t ) S a l l y 

she being the on l y female around. 
Sentence 9 b . , we represent as 

9e. Fred 

To reso l ve ( , we i d e n t i f y the one-p lace 
p r e d i c a t e s t h a t may be abs t rac ted from 
non-sub jec t p o s i t i o n s . From 9 d . , we get 

s u b s t i t u t i n g fo r and f l a t t e n i n g fo r 
c l a r i t y , we get 

-Gave John, F red , ' S ( P r e s e n t ) S a l l y 
" L i k e w i s e , John gave Fred S a l l y ' s 

p r e s e n t . " 

-Gave John, F red , 'S (Present )Fred 
" L i k e w i s e , John gave Fred F red 's 

p r e s e n t . " 

-Gave John, S a l l y , Fred 
" L i k e w i s e , John gave S a l l y F r e d . " 

Aga in , the p r e f e r r e d i n t e r p r e t a t i o n would 
be chosen by us ing wor ld knowledge. 

C. "Donkeys" 

As our f i n a l example of how an 
app rop r i a te l o g i c a l r e p r e s e n t a t i o n o f a 
sentence can y i e l d antecedents necessary 
fo r anaphor r e s o l u t i o n , we w i l l cons ider a 
p a r t i c u l a r l y bothersome c lass o f 
sentences, i l l u s t r a t e d by example 10. 

10. Every man who owns a donkey 
beats i t . 

The problem l i 
antecedent o f " i 
The sentence do 
who owns a donk 
ra the r t h a t he 
owns. Moreover 
cons t r u i ng the 
assoc ia ted w i t h 
f a l l s w i t h i n i 
c o r r e c t antecede 
our framework? 

es in i d e n t i f y i n g the 
t " . I t i s not " a donkey" , 
es not mean t h a t every man 
ey beats a donkey, but 

beats any donkey t h a t he 
, t he re is •no way of 

e x i s t e n t i a l q u a n t i f i e r 
"a donkey" such t h a t " i t " 
ts scope. How does the 
n t f o r " i t " emerge from 

We f i r s t ass ign sentence 10 the 
i n t e r p r e t a t i o n 
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That i s , fo r every man fo r whom there is 
some donkey t h a t he owns, he beats i t . 
Now w h i l e the re is no th ing e x p l i c i t to 
serve a s the antecedent f o r " i t " , i t t u r n s 
out t h a t " i t " can a lso re fe rence a c e r t a i n 
k ind o f f u n c t i o n a l e n t i t y which a r i s e s 
from e x i s t e n t i a l s . 

We p o s t u l a t e the f o l l o w i n g r u l e fo r 
i d e n t i f y i n g a p o s s i b l e antecedent fo r I T . 

1 . Find a type r e s t r i c t i o n which con ta i ns 
an e x i s t e n t i a l l y q u a n t i f i e d v a r i a b l e y 
not w i t h i n the scope of e i t h e r a 
u n i v e r s a l q u a n t i f i e r o r n e g a t i o n . 

2. Determine the d e s c r i p t i o n of y w i t h 
respec t to t h i s type r e s t r i c t i o n : any 
e n t i t y which s a t i s f i e s t h i s d e s c r i p t i o n 
is a p o s s i b l e antecedent fo r I T . 
(Aga in , we omi t the s p e c i f i c a t i o n of 
the r u l e fo r de te rm in ing y ' s 
d e s c r i p t i o n , a l though one should be 
c l e a r from the example.) 

For i . , t he re i s one such type r e s t r i c t i o n 
- [ (Ey:Donkey) . Own u , y ] . The d e s c r i p t i o n 
o f the e x i s t e n t i a l l y q u a n t i f i e d y i s 

i i . 

That i s , i t i s a f u n c t i o n wh ich , g iven a 
u, r e t u r n s a donkey t h a t u owns if u owns 
a donkey. For a g iven x t h e n , 

Donkey Own 

is a donkey t h a t x owns, 
i n t o i . y i e l d s 

S u b s t i t u t i n g 
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i i i . 

No t i ce t h a t t h i s r u l e i s independent o f 
how the type c o n t a i n i n g the e x i s t e n t i a l 
has been q u a n t i f i e d . Thus, in 

1 1 . Some man who owns a donkey beats i t . 
12. Which man who owns a donkey beats T t? 

the antecedent o f " i t " i s the donkey 
ob ta ined by app l y ing f u n c t i o n ( i i ) to the 
q u a n t i f i e d v a r i a b l e assoc ia ted w i t h "man". 

v • D iscuss ion 

The examples of Sec t ion IV were 
designed t o i l l u s t r a t e the f e a s i b i l i t y o f 
d e r i v i n g p o s s i b l e antecedents fo r 
anaphor ic express ions d i r e c t l y from an 
a p p r o p r i a t e l y s t r u c t u r e d l o g i c a l 
r e p r e s e n t a t i o n . No t i ce t h a t bas ic t o t h i s 
r e p r e s e n t a t i o n is an adequate i n d i c a t i o n 
of the scope of l o g i c a l ope ra to rs -
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q u a n t i f i e r s , c o n j u n c t i o n and negat ion -
fo r o t h e r w i s e , we could not deal c o r r e c t l y 
w i t h antecedents a r i s i n g from e x i s t e n t i a l s 
( e . g . , the examples in Sect ions IV.A and 
I V . D ) . Also bas ic is the r e c o g n i t i o n and 
c o r r e c t at tachment o f m o d i f i e r s - r e l a t i v e 
c l a u s e s , p r e p o s i t i o n a l phrases, prenominal 
m o d i f i e r s , e t c . - necessary fo r c o r r e c t l y 
hand l ing "one" anaphora ( e . g . , Sect ion 
I V . B ) . Taken t o g e t h e r , these impose the 
requ i rement of a pre-processor fo r mapping 
su r face s t r i n g s onto l o g i c a l forms a t 
l e a s t as power fu l as t ha t of the LUNAR 
system [Woods e t a l , 1972 ] . I t f o l l o w s 
t h a t much of the burden of antecedent 
i d e n t i f i c a t i o n i s a c t u a l l y being placed 
upon t h i s p re -p rocesso r , g iven the need 
fo r an a p p r o p r i a t e l o g i c a l form before our 
approach can be a p p l i e d . 

It should a lso be c lea r t ha t what we 
are d e s c r i b i n g in t h i s paper i s 
e s s e n t i a l l y a competence model for anaphor 
r e s o l u t i o n . In ~ I t s c rudest 
imp lemen ta t i on , one would f i r s t generate a 
set of poss ib l e antecedents , and then t e s t 
each of these by p l a u s i b l e reasoning using 
genera l wor ld knowledge. Of course , we 
are not s e r i o u s l y proposing such a 
generate and t e s t imp lementa t ion . There 
are a v a r i e t y of h e u r i s t i c s t ha t can be 
invoked to a id the choice of a most 
probable antecedent and any performance 
model must make use of such knowledge. 
( H e u r i s t i c s fo r ass ign ing antecedents have 
been proposed throughout the l i n g u i s t i c s , 
psychology and AI l i t e r a t u r e s . See 
[Nash-Webber, 1977] fo r a d i scuss ion of 
many of them.) Never the less , even a 
performance model must have the a b i l i t y to 
determine the space of poss ib le 
a l t e r n a t i v e s from which such h e u r i s t i c s 
are to make t h e i r c h o i c e . Since some of 
these a l t e r n a t i v e s may not be present 
e x p l i c i t l y , i t i s here t h a t the approach 
of t h i s paper becomes r e l e v a n t . 

V I , Fur ther Problems 

As 
do not 
such i 
n e g a t i 
k i rid s 
d iscus 
We wi 
— the 
i n neg 

t h i s paper is n e c e s s a r i l y b r i e f , we 
have the space to d iscuss at l eng th 

n t e r e s t i n g issues as the e f f e c t s of 
on or va r i ous opaque con tex ts on the 

of antecedents evoked. These are 
sed in [Nash-Webber, f o r t h c o m i n g ] . 
1 1 , however, mention one such issue 

problem of e x i s t e n t i a l noun phrases 
a t i v e c o n t e x t s . 

The scope of negat ion is i n h e r e n t l y 
ambiguous, and as w i t h q u a n t i f i e r s , 
d i f f e r e n t scope i n t e r p r e t a t i o n s y i e l d 
d i f f e r e n t an tecedents . Moreover, some 
i n t e r p r e t a t i o n s may y i e l d no antecedent at 
a l l . For example, we know t h a t in a 
p o s i t i v e c o n t e x t , an e x i s t e n t i a l noun 
phrase w i l l always r e s u l t i n an e n t i t y 
which can be descr ibed in terms of t h a t 

c o n t e x t . So, i f John marr ied a Swedish 
g i r l , "she" can r e f e r t o the Swedish g i r l 
t ha t John m a r r i e d . However, in a negat ive 
c o n t e x t , "she" may r e f e r to o ther e n t i t i e s 
depending on how the scope of negat ion is 
i n t e r p r e t e d . 

Negated Vejrb 

13a. John d i d n ' t marry a Swedish g i r l , 
b. He l i v e d w i t h he_£ for th ree yea rs . 

"she" = the Swedish g i r l John was 
invo lved w i t h 

Negated Modi f ie£ 

14a. John d i d n ' t marry a Swedish g i r l , 
b. She was from Denmark. 

"she" = the g i r l John marr ied 

Negated Main Desc£ijDtor 

15a. John d i d n ' t marry a Swedish g i r l , 
b. She was at l e a s t 15 years 

HTs s e n i o r . 

"she" = the Swedish female John 
marr ied 

Negated P r o p o s i t i o n 

16a. John d i d n ' t ca tch a t r o u t , 
b . *He ate i t fo r d i n n e r . 

Aga in , we would 
n e u t r a l i n i t i a l 
n e g a t i o n , one t ha t 
would never the less 
were requ i red to 
reso lve an anaphoric 
then at tempt to ma 
scope of n e g a t i o n , 
con tex t poses much 
nega t i on , i . e . t h a t 
scope of b e l i e f . Fo 

want to post 
r e p r e s e n t a t i 

might be vag 
be t r u e . Only 

e . g . , i n o 
express ion -

ke a commitmen 
(Note t ha t a 

the same pr 
of determin 

r example, in 

u l a t e a 
on for 
ue, but 

when we 
rder to 
would we 
t to the 

b e l i e f 
oblem as 
ing the 

17a. John thought he marr ied a Swedish 
g i r l , 

b. but she was r e a l l y from Denmark. 

as in Example 14 above, "she" is the g i r l 
t ha t John m a r r i e d . Here aga in , i t i s on ly 
the m o d i f i e r "Swedish" t ha t should be 
taken as f a l l i n g w i t h i n the scope of 
b e l i e f . ) 

As we mentioned e a r l i e r , before one can 
f i x on a p a r t i c u l a r MRL, one must p rov ide 
for mass concepts ; fo r tense ; f o r 
q u a n t i f i e r s other than u n i v e r s a l s and 
e x i s t e n t i a l s ; fo r f a c t s , even ts , s t a t e s o r 
a c t s ; and fo r g e n e r i c s , among other 
t h i n g s , as the f o l l o w i n g examples 
i l l u s t r a t e . 

Natura l Lan*ua*e-7: Nash-Webber 
129 



18a. When John sp i l l s beer, 
b. his dog l icks i j : up. 

" i t " = the b i t of beer that John sp i l ls 

19. John drinks beer because i.t tastes 
good . 

" i t " = beer 

20a. Many l inguists smoke, although 
b * t n e v know r t causes c a n c e r . 

" t h e y " = t h e l i n g u i s t s who smoke 
" i t " = smok ing 

2 1 a . Few l i n g u i s t s smoke, s i n c e 
b . t h e y know i t causes c a n c e r . 

" t h e y " = l i n g u i s t s 

2 2 a . A b e a g l e s m i l e d at me y e s t e r d a y , 
b . They a r e v e r y f r i e n d l y d o g s . 

" t h e y " = t h e g e n e r i c c l a s s o f b e a g l e s 

2 3 a . John dunked M a r y ' s b r a i d s i n t h e 
i n k w e l l . 

b . r t made her c r y . 

" i t " = t h e e v e n t o f J o h n ' s d u n k i n g 
M a r y ' s b r a i d s i n t h e i n k w e l l 

2 4 a . John dunked M a r y ' s b r a i d s i n t h e 
i n k w e l l . 

b . H e d i d n ' t r e g r e t d o i n g i t . 

N o t i c e t h a t our t r e a t m e n t o f a l l o f t h e 
examp les o f S e c t i o n IV has a d e c i d e d l y 
s y n t a c t i c c h a r a c t e r : d e s c r i p t i o n s o f t h o s e 
e n t i t i e s p r o p o s e d a s p o s s i b l e a n t e c e d e n t s 
a r e e i t h e r e x p l i c i t l y p r e s e n t i n some 
f o r m u l a o f t h e MRL, o r can be d e r i v e d f r o m 
such a f o r m u l a b y a p p r o p r i a t e l o c a l 
o p e r a t i o n s o n i t s s t r u c t u r e , i n d e p e n d e n t 
o f t h e a v a i l a b i l i t y o f g e n e r a l w o r l d 
k n o w l e d g e . W h i l e t h e r e a r e c a s e s where 
w o r l d know ledge i s r e q u i r e d even t o d e r i v e 
p o s s i b l e a n t e c e d e n t s f o r p r o n o u n s , w e 
b e l i e v e we have shown t h a t t h e v a s t 
m a j o r i t y can b e d e r i v e d b y p u r e l y 
s y n t a c t i c c o n s i d e r a t i o n s and t h a t w o r l d 
know ledge i s used ( p e r h a p s h e u r i s t i c a l l y ) 
t o s e l e c t f r o m among t h e s e . The 
d e t e r m i n a t i o n o f p o s s i b l e a n t e c e d e n t s 
based o n such p u r e l y s y n t a c t i c 
c o n s i d e r a t i o n s and t h e f o r m u l a t i o n o f 
d e s i g n c o n s t r a i n t s o n MRLs t o f a c i l i t a t e 
t h i s p r o c e s s b e s t d e s c r i b e t h e o b j e c t i v e s 
o f t h i s p a p e r . 
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e a r l i e r d r a f t s o f t h i s p a p e r . 

" i t " = t h e a c t o f d u n k i n g M a r y ' s 
b r a i d s i n t h e i n k w e l l 

R e f e r e n c e s 

F i n a l l y , a l t h o u g h w e have i n d i c a t e d t h e 
need f o r p l a u s i b l e i n f e r e n c e f o r c h o o s i n g 
an a p p r o p r i a t e c a n d i d a t e f r om a s e t o f 
p o s s i b l e a n t e c e d e n t s ( e . g . , S e c t i o n 
I V . B . ) , i t i s a l s o t h e case t h a t such 
i n f e r e n c i n g may be needed to d e r i v e 
P o s s i b l e antecdents. T h a t i s , n o t a l l 
p o s s i b l e a n t e c e d e n t s a r e s t r u c t u r a l l y 
d e r i v a b l e . 

2 5 a . Y e s t e r d a y I saw a c o u p l e in t h e 
p a r k . 

b. He was w e a r i n g s h o r t s and she had 
on a d a s h i k i . 

C l e a r l y , what i s r e q u i r e d i s some s o r t o f 
g e n e r a l know ledge o f t h e f o r m : " A c o u p l e 
u s u a l l y c o n s i s t s o f two i n d i v i d u a l s , one 
male and one f e m a l e . " 

A l t h o u g h we 
why a f o r m 
accommodate t h e 
i n t h e d e r i v a t i 
we have chosen 
i n t h i s p a p e r , 
t h i s work i s 
f a r a n e s s e n t i a 
be p u s h e d . 

can see no a priori r e a s o n s 
a l a p p r o a c h c o u l d n o t 

use o f p l a u s i b l e r e a s o n i n g 
o n o f p o s s i b l e a n t e c e d e n t s , 
n o t t o e x p l o r e t h e s e i s s u e s 

R a t h e r , ou r i n t e n t i o n i n 
t o f i r s t d e t e r m i n e j u s t how 
l l y s y n t a c t i c a p p r o a c h can 
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