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Abs t rac t  

R igorous i n te rp re ta t i on  of p ronouns  is possib le 
when syn tax ,  semant ics,  and pragmat ics  of a d is-  
course can be reasonably con t ro l l ed .  In te rac t ion  
w i t h  a database prov ides  such an env i ronmen t .  In 
the  f ramework  of the User Spec ia l ty  Languages 
system and Discourse Representat ion T h e o r y ,  we 
fo rmu la te  s t r i c t  and p re fe ren t ia l  rules fo r  p ronomi -  
na l izat ion and out l ine  a p rocedure  to f ind  p rope r  
ass ignments of re fe ren ts  to p ronouns .  

1 Ove rv i ew :  Relat ion to p rev ious  wo rk  

One of the main obstacles of the automated process-  
ing of natura l  language sentences (and a f o r t e r i o r i  
t e x t s )  is the p rope r  t rea tment  of anaphor ic  re- 
la t ions .  Even though there  is a p le thora  of re- 
search a t tempt ing  to spec i fy  (bo th  on the 
theore t i ca l  level as well as in connect ion w i th  im- 
p lementa t ions)  "s t ra teg ies"  fo r  "p ronoun  
reso lu t i on " ,  i t  is f a i r  to say 

a) t ha t  no un i fo rm and comprehens ive t rea tmen t  of 
anaphora has ye t  been at ta ined 

b)  tha t  s u r p r i s i n g l y  l i t t le  e f f o r t  has been spent  in 
app l y i ng  the resul ts  of research in l i ngu is t i cs  
and formal semantics in actual implemented sys- 
tems. 

A qu ick  glance at H i rs t  (1981) wi l l  conf i rm tha t  
t h e r e  is a large gap between the k inds of theore -  
t ica l  issues and puzz l ing  cases tha t  have been con- 
s ide red  on the one hand in the se t t ing  of 
computat ional  l ingu is t i cs  and on the o the r  in recent  
semant ica l ly  o r ien ted  approaches to the  formal 
analys is  of na tura l  languages. 

One of the main aims of th is  paper  is to b r i dge  
th is  gap by combin ing recent e f fo r t s  fo r thcoming  in 
formal  semantics (based on Montague grammar  and 
Discourse Representat ion Theo ry )  w i th  ex i s t i ng  
and re la t i ve ly  comprehensive grammars of German 
and Engl ish cons t ruc ted  in connect ion w i th  the Us- 
er  Specia l ty  Languages (USL) system, a natura l  
language database que ry  system b r i e f l y  descr ibed  
be low.  

We have d rawn ex tens ive ly  - -  as fa r  as 
i ns igh ts ,  examples,  puzzles and adequacy condi -  
t ions are concerned - -  on the var ious " va r i ab le  
b i n d i n g "  approaches to pronouns (e. 9, wo rk  in the 
Montague t r a d i t i o n ,  the i l l umina t ing  d iscussion by 
Evans (1980) and Webber (1978), as well as recent  
t rans fo rmat iona l  accounts) .  Our  approach has 

however  been most deeply  in f luenced by those who 
have ( l i ke  Smaby (1979), (1981) and Kamp (1981)) 
advocated d ispens ing  w i th  p ronoun index ing  on the 
one hand and by  those ( l i ke  Chastain (1973), 
Evans (1980), and Kamp (1981)) who have empha- 
sized the " r e f e r e n t i a l "  func t ion  of cer ta in  uses of 
i nde f in i te  noun phrases.  

2 Backg round  

Con t ra r y  to what  is assumed in most theor ies of 
p ronomina l iza t ion  (namely tha t  the most p rop i t i ous  
way of deal ing w i th  pronouns is to cons ider  them as 
a k ind  of indexed va r i ab le ) ,  we agree w i th  Kamp 
(1981) and Smaby (1979) in treating pronouns as 
bona fide lexical elements at the level of syntactic 
representation. 

Treatments  of anaphora have taken place w i th in  
two qu i te  d i s t i nc t  se t t ings ,  so i t  seems. On the 
one hand, l ingu is ts  have p r i m a r i l y  been concerned 
wi th  the speci f icat ion of main ly  syn tac t i c  c r i t e r i a  in 
de te rmin ing  the  p rope r  " b i n d i n g "  and 
"d is jo in tness"  c r i t e r i a  (c f .  be low) ,  whereas compu- 
ta t ional  l ingu is ts  have in genera l  paid more 
a t tent ion to anaphor ic  re lat ions in t ex t s ,  where  se- 
mant ic and p ragmat ic  features p lay a much g r e a t e r  
role. In t r y i n g  to relate the two approaches one 
should be aware tha t  in the absence of any ser ious 
t heo ry  of t e x t  u n d e r s t a n d i n g ,  any a t tempt  to deal 
w i th  anaphora in un res t r i c t ed  domains (even if 
they  are simple enough as fo r  instance ch i l d ren ' s  
s to r i es ) ,  wi l l  encounte r  so many d i ve rse  problems 
which ,  even when they  in f luence anaphor ic  re- 
lat ions,  are complete ly  beyond the scope of a 
systemat ic  t rea tmen t  at the p resen t  moment. We 
have t h o u g h t  i t  to be impor tan t  t he re fo re  to impose 
some cons t ra in ts  r i g h t  f rom the s ta r t  on the type  of 
d iscourse w i th  respect  to which ou r  t rea tmen t  of 
anaphora is to be va l ida ted  (or  f a l s i f i ed ) .  Of 
course,  what  we are going to say should in p r i n c i -  
ple be ex tend ib le  to more complex types of 
d iscourse in the f u t u r e .  

The con tex t  of the p resent  i n q u i r y  is the q u e r y -  
in9 of re lat ional  databases {as opposed to say gen- 
eral d iscourse ana lys is ) .  The t ype  of d iscourse we 
are in te res ted  in are thus  dia logues in the se t t lng  
of a re lat ional  database (which may be said to rep-  
resent  both the con tex t  of quer ies  and answers as 
well as the " w o r l d " ) .  I t  should be c lear tha t  a 
wide va r i e t y  of anaphor ic  express ions  is avai lab le 
in th is  k ind of i n te rac t ion ;  on the o the r  hand, the 
re levant  knowledge we assume in reso lv ing  pronom- 
inal re lat ions must  come f rom the  in format ion 
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speci f ied in the database (in the re la t ions,  in the 
var ious  dependencies and i n t e g r i t y  cons t ra in ts )  
and in the rules gove rn ing  the language.  

We are making the fo l lowing assumpt ions fo r  da- 
tabase que ry i ng .  A que ry  d ia logue is a sequence 
of pai rs  <query ,answer> .  For the sake of s impl ic i -  
t y  we assume that  the possible answers are of the 
form 

yes /no  answer 
s ing leton answer 
( e .g .  Spain, to a query  l ike "Who borders  Por- 
tuga l? " )  
set answer 
( [F rance ,  Portugal  
ders  Spain?") 
mul t ip le  answer 
( [<France, Spain>, 
borders  who?) 
and 
refusal  
(when a pronoun cannot receive a p rope r  i n te r -  
p re ta t i on )  

to a que ry  l ike "Who bo r -  

• . I to a que ry  l ike "Who 

2.1 The User Specia l ty  Languages system 

The USL system (Lehmann (1978), Ot t  and Zoep- 
p r i t z  (1979), Lehmann (1980)) p rov ides  an i n te r -  
face to a re lat ional  data base management system 
fo r  data en t r y ,  que ry ,  and manipulat ion via re- 
s t r i c ted  natura l  language. The USL System t rans -  
lates inpu t  quer ies expressed in a natura l  language 
( c u r r e n t l y  German (Zoeppr i t z  (1983), Engl ish,  and 
Spanish (SopeSa (1982)))  into express ions  in the 
SQL que ry  language,  and evaluates those ex-  
pressions th rough  the use of System R (As t rahan  
&al (1976)) .  The p ro to t ype  bu i l t  has been va l i -  
dated wi th  real appl icat ions and thus shown its 
usab i l i t y .  The system consists of (1) a language 
process ing component (ULG) ,  (2) grammars fo r  
German, Engl ish,  and Spanish, (3) a set of 75 in- 
t e rp re ta t i on  rout ines,  (4) a code genera to r  fo r  
SQL, and (5) the data base management system 
System R. USL runs under  VM/CMS in a v i r t ua l  
machine of 7 MBytes,  wo rk ing  set size is 1.8 
MBytes.  ULG, in te rp re ta t ion  rout ines,  and code 
genera to r  comprise approx imate ly  40,000 lines of 
PL/I  code. 

Syntac t ic  analysis 

The syntax component of USL uses the User 
Language Generator  (ULG) which or ig ina tes  f rom 
the Paris Scient i f ic  Center  of IBM France and has 
been descr ibed by Ber t rand  8al (1976). ULG con- 
sists of a parser ,  a semantic execu te r ,  the grammar 
META, and META in te rp re ta t i on  rout ines.  META is 
used to process the grammar of a language.  ULG 
accepts general phrase s t r uc tu re  grammars w r i t t en  
in a modif ied Backus -Naur -Form.  With any ru le i t  
al lows the speci f icat ion of a r b i t r a r y ,  rout ines to 
cont ro l  its appl icat ion or  to per fo rm a r b i t r a r y  ac- 
t ions,  and it  allows sophis t icated check ing and 
se t t ing  of syn tac t ic  features .  Grammars fo r  Ger-  
man, Engl ish,  and Spanish have been descr ibed in 
a form accepted by ULG. The grammars p rov ide  
rules fo r  those f ragments  of the languages re levant  

fo r  communicat ing w i th  a database.  The USL 
grammars have been cons t ruc ted  in such a way tha t  
const i tuents  cor respond as c losely as possib le to 
semantic re la t ionsh ips  in the sentence, and tha t  
pars ing  is made as e f f i c ien t  as possib le.  Where a 
t r ue  representa t ion  of the semantic re la t ionsh ips  in 
the parse t ree  could not be achieved,  the  bu rden  
was put  on the i n te rp re ta t i on  rout ines to remedy 
the s i tua t ion .  

I n t e r p r e t a t i o n  

The approach to i n te rp re ta t i on  in the USL sys-  
tem bu i lds  on the ideas of model theore t i c  
semantics.  Th is  implies tha t  the meaning of s t ruc -  
t u r e  words  and syn tac t ic  const ruc t ions  is i n t e r -  
p re ted  sys temat ica l ly  and independent  of the 
contents of a g iven database.  Fu r the rmore ,  since 
a re lat ional  database can be regarded  as a (pa r t i a l )  
model in the sense of model t h e o r y ,  the i n t e r p r e t a -  
t ion of natura l  language concepts in terms of 
re lat ions is qu i te  na tu ra l .  (A more deta i led d is -  
cussion can be found in Lehmann (1978) . )  

In the USL system, extensions of concepts are 
represented  as v i r t ua l  re lat ions of a re lat ional  da- 
tabase which are def ined on phys ica l l y  s tored re- 
lat ions (base re la t ions) .  The set of v i r t ua l  
re lat ions represents  the conceptual  knowledge 
about  the data and is d i r ec t l y  l inked to natura l  
language words  and phrases.  This approach has 
the advantage tha t  extensions of concepts can re la-  
t i ve l y  easi ly be re lated to objects of convent iona l  
databases. 

For i l l us t ra t ion  of the connect ion between v i r t u -  
al re lat ions and words ,  cons ider  the fo l lowing ex-  
ample. Suppose tha t  fo r  a geographica l  app l icat ion 
someone has a r ranged  the data in the form of the 
re lat ion 

CO (COUNTRY,CAPITAL ,  AREA, POPULATION) 

Now v i r t ua l  re lat ions such as the fo l lowing which 
cor respond to concepts can be formed by s imply  
p ro jec t ing  out  the app rop r i a te  columns of CO: 

CAPITAL (NOM_CAPITAL, OF_COUNTRY) 

Standard role names (OF, NOM . . . .  ) establ ish the 
connect ion between syntac t ic  cons t ruc t ions  and co- 
lumns of v i r t ua l  re lat ions and enable answer ing  
quest ions such as 

(1) What is Aus t r ia 's  capital? 

in a s t r a i g h t f o r w a r d  and simple way.  S tandard  
role names are surface or ien ted because th is  makes 
it  possible fo r  a user not t ra ined  in l ingu is t i cs  to 
def ine his own words  and re lat ions.  (For  a com- 
plete l is t  of s tandard  role names see e .g .  Zoeppr i t z  
(1983) . )  

We are c u r r e n t l y  wo rk ing  on the in tegra t ion  of 
the concepts unde r l y i ng  the USL system wi th  Dis- 
course Representat ion Theory  which is descr ibed in 
the next  sect ion. We have a l ready implemented a 
p rocedure  which generates Discourse Represen- 
ta t ion S t ruc tu res  f rom USL's semantic t rees and 
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which covers  the  en t i r e  f r a g m e n t  of  language de-  
sc r ibed  in Kamp (1981).  

2 .2  Discourse Rep resen ta t i on  T h e o r y  (DRT)  

In th is  sect ion we g i ve  a b r i e f  desc r i p t i on  of 
Kamp's D iscourse Represen ta t i on  T h e o r y  (DRT)  in 
as much as i t  re la tes to o u r  concerns  w i th  p ronomi -  
na l i za t ion .  For  a more de ta i led  d iscuss ion of th is  
t h e o r y  and i ts genera l  rami f i ca t ions  f o r  na tu ra l  
l anguage  p rocess ing ,  cf .  t he  papers  by  Kamp 
(1981) and G u e n t h n e r  (1983a, 1983b).  

Acco rd i ng  to DRT,  each na tu ra l  l anguage  sen- 
tence  (o r  d i scourse)  is associated w i th  a so-ca l led 
D iscourse  Represen ta t i on  S t r u c t u r e  (DRS) on the  
basis of a set of  DRS fo rmat ion  ru les .  These ru les 
are  sens i t i ve  to  both the  syn tac t i c  s t r u c t u r e  of t he  
sentences in ques t ion  as wel l  as to the  DRS c o n t e x t  
in wh ich in t he  sentence occurs .  In the  f o rmu-  
la t ion of Kamp (1981) the  l a t t e r  is rea l l y  of 
impor tance  on l y  in connect ion  w i th  t he  p r o p e r  anal -  
ys is of p ronouns .  We feel on the  o t h e r  hand tha t  
the  DRS e n v i r o n m e n t  of a sentence to be processed 
shou ld  de te rm ine  much more than  j us t  t he  anapho r -  
ic ass ignments .  We shal l  d iscuss th is  issue - in 
p a r t i c u l a r  as i t  re la tes to prob lems of amb igu i t y  
and vagueness  - in more dep th  in a f o r t hcom ing  
pape r .  

A DRS K f o r  a d i scourse  has the  genera l  form 

K = <U, Con> 

whe re  U is a set  of "d i scou rse  r e f e r e n t s "  fo r  K and 
Con a set of  " cond i t i ons "  on these i n d i v i d u a l s .  
Cond i t ions  can be e i t h e r  atomic o r  complex .  An 
atomic cond i t i on  has the  form 

P ( t l  . . . . .  t n )  
o r  

t l = c  

whe re  t i  is a d iscourse  r e f e r e n t  and c a p r o p e r  
name and P an n -p lace  p red i ca te .  

The on l y  complex cond i t i on  we shal l  d iscuss 
here is the  one representing u n i v e r s a l l y  q u a n t i f i e d  
noun phrases or  cond i t i ona l  sentences.  Both are  
t r ea ted  in much the  same way .  Let  us call these 
" imp l i ca t i ona l "  cond i t i ons :  

K1 IMP K2 

whe re  K1 and K2 are also DRSs. With a d iscourse  
D is thus  associated a Discourse Represen ta t ion  
s t r u c t u r e  which rep resen ts  D in a q u a n t i f i e r - f r e e  
"c lausa l "  fo rm,  and which cap tu res  the  p ropos i -  
t iona l  impor t  of  the  d iscourse  by  - among o t h e r  
t h i n g s ,  es tab l i sh ing  the  co r rec t  p ronomina l  con-  
nec t ions .  

What is impo r tan t  fo r  the  t r e a t m e n t  of anaphora  
in the  p resen t  c o n t e x t  is the  f o l l ow ing :  

a) Given a d i scourse  w i th  a p r i nc i pa l  DRS Ko and a 
set of n o n - p r i n c i p a l  DRSs (o r  cond i t i ons )  Ki among 
its cond i t ions  all d i scourse  re fe ren ts  of Ko are ad-  
missib le re fe ren ts  f o r  p ronouns  in sentences or  

(ph rases )  g i v i n g  r ise to the  v a r i o u s  embedded 
K i 's .  In p a r t i c u l a r ,  al l  occu r rences  of p r o p e r  
names in a d i scourse  wi l l  a lways be associated w i th  
d i scourse  re fe ren ts  of t he  p r i nc ipa l  DRS Ko. (Th is  
is on the  ( a d m i t t e d l y  un rea l i s t i c )  assumpt ion t ha t  
p r o p e r  names r e f e r  u n i q u e l y . )  

b)  Given an impl ica t iona l  DRS of t he  form K1 IMP 
K2 o c c u r r i n g  in a DRS K, a re la t ion  of r e l a t i v e  ac- 
cess ib i l i t y  between DRSs is de f ined  as fo l lows:  

K1 is accessib le f rom K2 and all K' access ib le  
f rom K1 are  also accessib le f rom K2. 

In p a r t i c u l a r ,  the  p r i nc i pa l  DRS Ko is accessib le 
f rom its s u b o r d i n a t e  DRSs ( f o r  a p rec ise  de f i n i t i on  
cf .  Kamp (1981) ) .  The impor t  of th is  d e f i n i t i o n  
f o r  anaphora is s imply  t ha t  i f  a p r o n o u n  is be ing  
reso lved  ( i . e .  i n t e r p r e t e d )  in the  c o n t e x t  of  a DRS 
K' f rom which a set K of DRSs is access ib le ,  then  
the  un ion of al l  t he  sets of d i scou rse  r e f e ren t s  as- 
sociated w i th  e v e r y  Ki in K is t he  set of admiss ib le  
cand ida tes  f o r  the  i n t e r p r e t a t i o n  of  the  p r o n o u n .  
The  fo l l ow ing  i l l u s t r a t i ons  wi l l  make th is  c lear :  

K ( E v e r y  c o u n t r y  impor ts  a p r o d u c t  i t  needs) 

u l  u2 

c o u n t r y ( u 1 )  IMP i m p o r t ( u l , u 2 )  

p r o d u c t ( u 2 )  

n e e d ( u l , u 2 )  

Th is  sentence (as well  as its interrogative v e r s i o n )  
a l lows on l y  one i n t e r p r e t a t i o n  of t he  p r o n o u n  i t  ac- 
c o r d i n g  to DRT.  I t  does not  i n t r o d u c e  any  d is -  
course  r e f e r e n t  ava i l ab le  fo r  p ronomina l i za t i on  in 
l a t e r  sentences (o r  q u e r i e s ) .  Bu t  in a DRS l ike  
t he  f o l l ow ing ,  DRT does not - as i t  s tands - ac- 
coun t  f o r  p ronoun  reso lu t i on :  

K (John  t i c k l ed  Bi l l .  He squ i rmed)  

l ~ u l  u2 

u l  = J o h n  
u2 = Bi l l  
t i c k l e d ( u l , u 2 )  

A t  th is  po in t ,  t he  p r o n o u n  he has to be 
i n t e r p r e t e d .  T h e r e  are two admiss ib le  cand ida tes ,  
u l  and u2, b u t  DRT does not choose between them. 
So the  DRS could be con t i nued  w i th  e i t h e r  

s q u i r m ( u l )  
o r  

squ i rm(u2 )  

S im i l a r l y ,  in the  fo l l ow ing  DRS 
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K( I f  Spain is a member of e v e r y  o r g a n i z a t i o n ,  
i t  has a member)  

1 I 

i'u~ j 
[organ. !zat ion (u2)  I 

IMP 

IMP 

[ u3ember (u3 ' i t )  ] 

t h e  p ronoun  i t  cou ld  on ly  re fe r  to Spain (on con-  
f i g u r a t i o n a l  g r o u n d s ) ,  and would  have to be as- 
s igned tha t  ob jec t  i f  no o the r  c r i t e r i a  are assumed. 
O b v i o u s l y ,  as f a r  as th is  sentence and the  i n tended  
database is conce rned ,  we should wan t  to ru le  ou t  
such an ass ignment .  (Th is  can be done v ia ru le  $1 
d iscussed b e l o w . )  

In genera l ,  t hen ,  g i ven  a sentence (o r  d is -  
course)  r ep resen ted  in a DRS t h e r e  wi l l  be more 
cand ida tes  f o r  admiss ib le p ronoun  ass ignments as 
one should l i ke  to have ava i lab le  when a p a r t i c u l a r  
p ronoun  is to be i n t e r p r e t e d .  The rules desc r ibed  
in Sect ion 3 a re  meant to cap tu re  some of the  regu -  
la r i t i es  t ha t  ar ise  in typ ica l  da tabase q u e r y i n g  
i n te rac t i ons .  

c) F ina l l y ,  g i ven  a DRS f o r a  d iscourse  D we can 
say t ha t  a p r o n o u n  is p r o p e r l y  re fe ren t i a l  i f f  i t  is 
r ep resen ted  by  ( i . e .  e l iminated in f a v o r  of )  a d is -  
course  r e f e r e n t  ui occu r r i ng  in the  domain of t he  
p r i nc i pa l  DRS rep resen t i ng  D. ( In  the  c o n t e x t  of 
t he  cons t ruc t i ons  i l l us t ra ted  so f a r ,  th is  wi l l  be 
t r u e  in p a r t i c u l a r  of p rope r  names as well  as of  in -  
d e f i n i t e  noun phrases not  in the  scope of of a 
un i ve rsa l  noun phrase  or  a c o n d i t i o n a l . )  

The  main p rob lem then fo r  the t r ea tmen t  of anapho-  
ra is to de te rm ine  which possib le d iscourse  r e f e r -  
ents  should be chosen when we come to the  
i n t e r p r e t a t i o n  of  a p a r t i c u l a r  p ronoun  occu r rence  
pi in the fo rmat ion  of the  ex tens ion  of the  DRS in 
wh ich  we are w o r k i n g .  

We would l i ke  to suggest  the fo l l ow ing  s t r a t e g y  
as a s t a r t i ng  po in t .  Cons ider  a q u e r y  d ia logue  Q 
w i th  an a l r e a d y  es tab l ished DRS K and the  u t t e r -  
ance of a q u e r y  S, where  S conta ins occur rences  of 
persona l  p ronouns .  Suppose f u r t h e r  t ha t  A(S)  is 
t he  sole syn tac t i c  analys is  ava i lab le  f o r  S. Then 
we rega rd  the cons t ruc t i on  of t he  ex tens ion  of t he  
DRS obta ined on the  basis of S and K as the  va lue  
of  a par t ia l  f unc t i on  f de f ined on K and A ( S ) .  
More gene ra l l y  s t i l l ,  as Kamp himsel f  sugges ts ,  we 
can rega rd  the  "mean ing"  (or  i n fo rmat ion  con ten t )  
of  a sentence to be tha t  par t ia l  f unc t i on  f rom DRSs 
to DRSs. 

In a g iven  d ia logue  both the quer ies  and the  an-  
swers wi l l  have the  side ef fect  of  i n t r o d u c i n g  new 
i nd i v i dua l s  and "p re fe rence "  o r  "sa l ience"  o r -  
d e r i n g s  on these i nd i v i dua l s ,  and we want  to a l low 
f o r  pronominal  re fe rence  to these much in the  same 
way  tha t  in a t e x t  p reced ing  sentences may have 
de te rm ined  a set of possib le an tecedents  fo r  p ro -  
nouns in the  cu r ren~ !y  processed sentence.  The 
DRS bu i l t  up in the  process of a q u e r y i n g  session 
wi l l  cons t i t u te  the  "mutual  knowledge"  ava i lab le  to 
t he  user in spec i f y i ng  his f u r t h e r  quer ies  as well  

as in his uses of  p r o n o u n s .  I t  is on the  i nd i v i dua l s  
i n t r o d u c e d  in the  DRSs t ha t  the  ru les to be d is -  
cussed below are  in tended  to ope ra te .  

3 I n t e r p l a y  of  s y n t a x ,  semant ics,  and p ragmat i cs  in 
pronominalization 

The process of  p ronomina l i za t i on  is g o v e r n e d  b y  
ru les i n v o l v i n g  morpho log ica l ,  s yn tac t i c ,  semant ic ,  
and p ragmat i c  c r i t e r i a .  These ru les are  d iscussed 
and i l l u s t r a t ed  wi th  examples d rawn  f rom the  con-  
t e x t  o f  q u e r y i n g  a geograph ica l  database.  Then a 
p r o c e d u r e  is ou t l i ned  which uses these rules and 
appl ies them in the  fo l l ow ing  o r d e r :  

F i r s t  morpho log ica l  c r i t e r i a  are  checked ,  i f  t h e y  
fa i l  no f u r t h e r  tests are  r e q u i r e d .  
Then syn tac t i c  (o r  c o n f i g u r a t i o n a l )  c r i t e r i a  are  
tes ted .  Aga in ,  i f  t h e y  fa i l ,  no f u r t h e r  tests are  
necessary .  
Nex t  semant ic c r i t e r i a  are  app l ied ,  and i f  t h e y  
do not  fa i l ,  
t he  p ragmat i c  c r i t e r i a  have to be tes ted .  I f  
more than one cand ida te  remains,  the  use of the 
p ronoun  was p ragma t i ca l l y  i n a p p r o p r i a t e  and 
must  be noted as such.  

3.1 S t r i c t  fac to rs  d e t e r m i n i n g  the  adm iss i b i l i t y  of 
anaphora 

3 .1 .1  Morpho log ica l  c r i t e r i a  

Morpho log ica l  c r i t e r i a  concern  the  agreement  of 
g e n d e r  and number .  Compl icat ions come in,  when 
coo rd ina ted  noun phrases occu r ,  e . g .  

(2) John and Bi l l  wen t  to Pisa. They  de l i ve red  a 
paper .  

(3) *John and Bi l l  went  t o  Pisa. He d e l i v e r e d  a pa-  
pe r .  

(4) John and Sue went  to Pisa. He d e l i v e r e d  a pa-  
per .  

(5) *John or  Bi l l  went  to Pisa. They  d e l i v e r e d  a 
paper .  

(6) *John or  Bi l l  wen t  to Pisa. He d e l i v e r e d  a pa-  
per .  

(7) Ne i the r  John nor  Bi l l  went  to Pisa. They  went  
to Rome. 

(8) * E i t h e r  John or  Bi l l  d id  not  go to Pisa. He went  
to Rome. 

The s ta r red  examples conta in  i n a p p r o p r i a t e  uses of 
p ronouns .  With a n d - c o o r d i n a t i o n ,  re fe rence  to the 
complete NP is poss ib le  w i th  a p lu ra l  p ronoun .  
When the  members of t he  coo rd ina t i on  are  d i s t i nc t  
in gende r  a n d / o r  number ,  re fe rence  to them is 
poss ib le  w i th  the  c o r r e s p o n d i n g  p ronouns .  
C lea r l y ,  t he  same obse rva t i ons  hold f o r  i n t e r r o g a -  
t i ve  sentences.  

3 . 1 . 2  C o n f i g u r a t i o n a l  c r i t e r i a  

Syn tac t i c  c r i t e r i a  ope ra te  on ly  w i t h i n  the bounda-  
ries of a sentence,  ou ts ide  t h e y  are useless. The 
con f i gu ra t i ona l  cr i tp.r ia stemming f rom DRT howeve r  
wo rk  i ndependen t  of  sentence bounda r i es .  
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Dis jo in t  reference 

The ru le of "d is jo in t  re ference"  accord ing  to 
Re inhar t  (1983) goes back to Chomsky and has 
been ref ined by  Lasnik (1976) and Re inhar t  (1983). 
I t  is able to handle a va r ie t y  of we l l - known  cases, 
such as 

(9) When d id  i t  jo in the UN? 
(10) Which count r ies  tha t  impor t  i t ,  p roduce  

petro l? 
(11) *Does i t  en ter ta in  d ip lomat ic  re lat ions w i th  

Spain's ne ighbor? 

( In  the s ta r red  example,  the use of " i t "  is i napp ro -  
p r i a t e ,  i f  i t  is to be coreferent ia l  w i th  " S p a i n " . )  

Rather than using c-command to fo rmula te  th is  
c r i t e r i o n ,  which is e legant bu t  too s t r i c t  in some 
cases (as noted by Reinhar t  herse l f  and Bo l inger  
(1979),  we have chosen an admi t ted l y  less e legant ,  
b u t  hopefu l ly  re l iab le ,  approach to d i s jo in t  r e fe r -  
ence, in tha t  we speci fy  the concrete  syn tac t i c  
con f igu ra t i ons  where d is jo in t  re ference holds.  We 
do not re ly  here on the syntac t ic  f r amework  of USL 
grammar ,  bu t  use more or  less t r a d i t i o n a l l y  known 
te rm ino logy  fo r  express ing  our  ru les .  We need the 
terms "c lause" ,  "ph rase " ,  " m a t r i x " ,  " embedd ing " ,  
and " leve l " .  These can be made exp l i c i t ,  when a 
su i tab le  syn tac t ic  f ramework  is chosen. 

Now we can formula te  our  d i s jo in t  re ference ru le 
and some of its less obvious consequences.  

CI. The referent of a personal pronoun can never 
be within the same clause at the same phrase level. 
(Note that this rule does not hold for possessive 
pronouns,) 

C1 has a number  of consequences which we now 
l i s t :  

C l a .  The ( imp l i c i t )  subject  of an i n f i n i t ve  clause 
can never  be re fe ren t  of a personal  p ronoun in tha t  
c lause 

(12) Does the EC want  to d issolve it? 

C l b .  Nouns common to coord inate  clauses cannot  
be re fe r red  to f rom wi th in  these coord ina te  clauses 

(13) Which coun t r y  borders  i t  and Spain? 

C l c .  Noun complements of nouns in the same 
clause can never  be re fe r red  to.  

(14) Does i t  b o r d e r  Spain's ne ighbors? 

The fo l lowing rules have to do w i th  phrases and 
clauses mod i fy ing  a noun. They  too can be re-  
ga rded  as consequences of C1. 

C2. Head noun of a phrase or  clause can never  be 
re fe ren t  of a personal pronoun in tha t  phrase o r  
c lause 

C2a. Head noun of par t ic ip ia l  phrase  

(15) a coun t ry  expo r t i ng  petro l  to i t  

C2b. Head noun of tha t -c lause  

(16) the  t r u t h  is tha t  i t  fo l lows f rom A. 

C2c. Head noun of re la t ive  clause 

(17) the  c o u n t r y  i t  expor ts  pet ro l  to 

The fo l low ing  two rules deal w i th  ka taphor i c  p r o n -  
ominal izat ion (sometimes cal led backward  p ronomi -  
na l i za t i on ) .  

C3a. Kataphora into a more deep ly  embedded 
clause is impossible 

(18) Did i t  e x p o r t  a p roduc t  tha t  Spain produces? 

C3b. Kataphora into a succeeding coord ina te  
clause is impossible 

(19) Who d id  not belong to i t  bu t  le f t  the UN? 

The access ib i l i t y  re lat ion on DRSs 

C4. On ly  those d iscourse re fe ren ts  in the accessi-  
b i l i t y  re lat ion def ined in sec. 2.2 are ava i lab le  as 
re fe ren ts  to a p ronoun.  

3 . 1 . 3  Semantic cri teria 

Widely used is the c r i te r ion  of semantic compat ib i l i -  
t y .  I t  is usual ly  implemented via "semant ic  fea- 
t u r e s " .  In the USL f ramework  we can de r i ve  th is  
in format ion  f rom relat ion schemata. We state the  
c r i t e r i on  as fo l lows:  

31. I f  s is a sentence conta in ing  a p ronoun  p and 
c a fu l l  noun phrase in the con tex t  of p. If p is 
s u b s t i t u t e d  by  c in s to y ie ld  s' and s' is not se- 
mant ica l l y  anomalous, i .e.  does not imply a con t ra -  
d i c t i on ,  then c is semant ical ly compat ib le  w i th  s 
and is hence a semantical ly possib le cand idate  fo r  
the re ference of p. 

(20) What is the capital  of Austr ia? - V ienna.  What 
does i t  expor t?  

If  i t  is assumed tha t  only count r ies  b u t  not cap i ta ls  
e x p o r t  goods,  then the on ly  semant ica l ly  possib le 
r e fe ren t  fo r  " i t "  is Aus t r ia .  

S2. Non - re fe ren t i a l l y  i n t roduced  nouns cannot  be 
antecedents  of pronouns.  

(21) Which count r ies  does I ta ly  have t rade  wi th? 
How large is it? 

Since " t r a d e "  is used n o n - r e f e r e n t i a l l y ,  i t  cannot  
be antecedent  of " i t " .  Un fo r t una te l y ,  in many cas- 
es where  th is  c r i te r ion  could app ly ,  the re  is an 
amb igu i t y  between re ferent ia l  and non - re fe ren t i a l  
use. 

A p a r t  f rom the type  of semantic compa t i b i l i t y  
covered by  rule S1, more complex semantic p r o p e r -  
t ies are used to determine the re fe ren t  of a p r o -  
noun. The " task  s t r uc tu res "  descr ibed by  Grosz 
(1977) i l l us t ra te  th is  fact .  We hence fo rmula te  the 
rule 
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$3. The p r o p e r t i e s  of and re la t i onsh ips  between 
p red ica tes  de te rm ine  p rono rn ina l i zab i l i t y .  

For  an i l l u s t r a t i o n  of  i ts e f fec t ,  cons ide r  the  fo l l ow-  
ing q u e r y :  

(22) What c o u n t r y  is i ts ne ighbor?  

The i r r e f l e x i v i t y  of t he  n e i g h b o r - r e l a t i o n  enta i ls  
t ha t  " i t s "  cannot  be bound  by  " w h a t  c o u n t r y "  in 
th is  case, bu t  has to r e fe r  to someth ing ment ioned 
in the  p rev i ous  c o n t e x t .  

Given a sub jec t  domain,  one can ana lyze  t he  
p rope r t i es  of t he  re la t ions  and the  re la t i onsh ips  be-  
tween them and so bu i ld  a basis f o r  dec id ing  p ro -  
noun re fe rence  on semant ic  g r o u n d s .  In the  
f r a m e w o r k  of the  USL system, in fo rmat ion  on the  
p rope r t i es  of re la t ions  is ava i lab le  in terms of 
" f unc t i ona l  dependenc ies "  g i ven  in the  database 
schema or  as i n t e g r i t y  cons t ra i n t s .  

3 .2  Pragmat ic  c r i t e r i a  

The genera t i on  of d iscourse  is con t ro l l ed  b y  two 
f a c t o r s :  communica t ive  i n ten t i ons  and mutua l  
know ledge .  In the  c o n t e x t  of da tabase i n t e r a c t i o n ,  
we can assume tha t  the  communica t ive  i n ten t i ons  of 
a user  are s imply  to ob ta in  factual  answers  to fac-  
tua l  ques t ions .  His in ten t ions  are exp ressed  e i t h e r  
by  s ing le  quer ies  o r  by  sequences of que r ies ,  de-  
pend ing  on how complex these in ten t i ons  are  o r  
how c lose ly  t h e y  co r respond  to the  in fo rmat ion  in 
the  database.  As wi l l  be shown be low,  in many 
cases the  system wi l l  not  have a chance to d e t e r -  
mine w h e t h e r  a g i ven  q u e r y  is a " one -sho t  q u e r y " ,  
or  w h e t h e r  i t  is pa r t  of a sequence of quer ies  w i th  
a common " theme" .  For the  reso lu t ion  of p r o n o u n s ,  
th is  means t ha t  the  system shou ld  r a t h e r  ask the  
user  back than make wi ld  guesses on what  m igh t  be 
the  most "p laus ib le "  r e f e r e n t .  Th is  is of course  
not  poss ib le  when r u n n i n g  t e x t  is ana lyzed  in a 
"ba tch  mode",  and no user  is t h e r e  to be asked f o r  
c la r i f i ca t i on .  

Mutua l  knowledge (see e .g .  C la r k  and Marshal l  
(1981) f o r  a d iscuss ion)  de te rmines  the rules f o r  
i n t r o d u c i n g  and r e f e r e n c i n g  i nd i v i dua l s  in the  d is -  
course.  In the  c o n t e x t  of da tabase i n te rac t i on  we 
assume the mutual  know ledge  to cons is t  i n i t i a l l y  of :  

- t he  set of p r o p e r  names in the  database,  
- t he  p red ica tes  whose ex tens ions  are in the da ta -  

base, 
- t h e  "common sense" re la t ionsh ips  between and 

p rope r t i es  of these p red ica tes .  
I t  wi l l  be pa r t  of the  des ign of a database to es tab-  
l ish wha t  these "common sense" re la t i onsh ips  and 
p r o p e r t i e s  a r e , . e . g ,  w h e t h e r  i t  is g e n e r a l l y  known 
to the  user  commun i ty ,  w h e t h e r  " cap i ta l "  expresses  
a one -one  re la t ion .  Each q u e s t i o n - a n s w e r  pa i r  oc- 
c u r r i n g  in the  d iscourse  is added to the stock of 
mutua l  knowledge .  

I t  is a p ragmat ic  p r i nc i p l e  of p ronomina l i za t i on  
tha t  on ly  mutual  know ledge  may be used to d e t e r -  
mine the  r e f e r e n t  of a p ronoun  on semant ic  
g r o u n d s ,  and hence i t  may be legal to use the  same 
sentence con ta in ing  a p ronoun  w h e r e  ea r l i e r  in the  

d i scourse  i t  was i l l ega l ,  because t he  mutua l  know-  
ledge has increased in the  meant ime.  

3 .2 .1  A f i r s t  a t t emp t  us ing p r e f e r e n c e  ru les  

What the  top ic  of  a d iscourse  is, wh ich of  t he  e n t i -  
t ies ment ioned in i t  a re  in focus,  is re f l ec ted  in the  
syn tac t i c  s t r u c t u r e  of  sentences.  Th is  has been 
o b s e r v e d  f o r  a long t ime. I t  has also o f ten  been 
o b s e r v e d  t ha t  d i scourse  top ic  and focus have  an ef-  
fec t  on p ronomina l i za t i on  whe re  morpho log i ca l ,  con-  
f i g u r a t i o n a l ,  and semant ic  ru les fai l  to de te rm ine  a 
s ing le  Candidate  f o r  re fe rence .  Howeve r ,  i t  has 
not  been poss ib le  ye t  to fo rmu la te  p rec ise  ru les e x -  
p l a i n i ng  th is  phenomenon.  We have the  impress ion  
t ha t  such ru les canno t  be abso lu te l y  s t r i c t  ru les ,  
bu t  are of a p r e f e r e n t i a l  na tu re .  We have d e v e l -  
oped a set of such ru les and tes ted  them aga ins t  a 
corpus  of  t e x t  con ta in i ng  some 600 p r o n o u n  occu r -  
rences,  and have found  them to w o r k  r e m a r k a b l y  
we l l .  S imi lar  tests (w i th  a s imi lar  set of  ru les )  
have been conduc ted  by  Hofmann (1976).  

In the  sequel  we fo rmu la te  and d iscuss o u r  l is t  
of ru les .  T h e i r  o r d e r i n g  co r responds  to the  o r d e r  
in which t h e y  have to be app l ied .  

P1 ( p r i n c i p l e  o f  p r o x i m i t y ) .  Noun phrases  w i t h i n  
the  sentence con ta in i ng  the  p ronoun  are  p r e f e r r e d  
o v e r  noun phrases in p rev i ous  o r  succeed ing  sen-  
tences.  

Cons ide r  the  sequence 

(23) What c o u n t r y  jo ined  the  EC a f t e r  1980? 
Greece.  

(24) What c o u n t r y  consumes the  wine i t  p roduces? 

One could a rgue  t ha t  "Greece"  is j u s t  as p r o b a b l y  
the  i n tended  r e f e r e n t  of " i t "  in th is  case as the  
bound  i n t e r p r e t a t i o n  and t ha t  hence the  use of " i t "  
should  be re jec ted as i n a p p r o p r i a t e .  H o w e v e r ,  
t h e r e  is no way to avo id  the  " i t " ,  i f  the  bound  v a r -  
iable i n t e r p r e t a t i o n  is i n t ended ,  and one can use 
th is  as a g r o u n d  to ru le  ou t  the  i n t e r p r e t a t i o n  whe-  
re " i t "  re fe rs  to "Greece" .  

P la .  Noun phrases in sentences be fo re  t he  sen-  
tence con ta i n i ng  the  p ronoun  are p r e f e r r e d  o v e r  
noun phrases in more d i s t an t  sentences.  

Th is  c r i t e r i o n  is v e r y  impo r tan t  to l imi t  t he  search 
f o r  poss ib le  d i scourse  re fe ren t s .  

P2. Pronouns are p r e f e r r e d  o v e r  fu l l  noun 
phrases .  

Th is  ru le  is found  in many systems dea l i ng  w i th  
anaphora .  One can mot i va te  i t  by  say ing  t ha t  
p ronomina l i za t i on  es tab l ishes an e n t i t y  as a theme 
which is then  main ta ined  un t i l  the  chain of p ro -  
nouns is b roken  by  a sentence not  c o n t a i n i n g  a su i -  
tab le  p r o n o u n .  For an example cons ide r :  

(25) W:lat =s the  area of A u s t r i a !  
(26) What is i ts capi ta l? 
(27) What is i ts popu la t ion?  
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P3. Noun ~hrases in a mat r i x  clause o r  phrase are 
p r e f e r r e d  ove r  noun phrases in embedded clauses 
o r  phrases.  

P3a. Noun phrases in a mat r i x  clause are p r e -  
f e r r e d  ove r  noun phrases in embedde~ clauses. 

Example: 

(28) What c o u n t r y  impor ts  a p r o d u c t  t ha t  Spain 
produces? - Denmark.  

(29) What does i t  expor t?  

Here " i t "  has to re fe r  to the ind i v idua l  sa t i s f y ing  
"what  c o u n t r y " ,  not to "Spa in"  which occurs in an 
embedded clause. 

P3b. Head nouns are p r e f e r r e d  ove r  noun comple- 
ments. 

Example: 

(30) What is the capi ta l  of Aust r ia?  - V ienna.  
(31) What is its populat ion? 

"Vienna", not "Austria" becomes the referent of 
" i t s " ,  and the a rgument  is analogous to tha t  fo r  
P3a. 

P4. Subject  noun phrases are p r e f e r r e d  ove r  
non -sub jec t  noun phrases.  

In dec la ra t i ve  con tex ts ,  th is  ru le wo rks  qu i te  wel l .  
I t  co r responds  essent ia l ly  to the focus ru le of Sid-  
her (1981). In a ques t i on -answer i ng  s i tuat ion i t  is 
ha rd l y  app l i cab le ,  since especia l ly  in wh -ques t i ons  
sub ject  posi t ion and word  o r d e r ,  which both p lay a 
role,  tend to i n te r fe re .  We t he re fo re  tend to not 
use th is  ru le ,  b u t  r a the r  to let the system ask back 
in cases where  i t  would app l y .  For i l l us t ra t i on  
cons ider  the fo l lowing examples:  

(32) Does Spain b o r d e r  Portugal? What is i ts popu-  
lat ion? 

(33) Is Spain bo rde red  by Portugal? What is its 
populat ion? 

(34) Which coun t r y  borders  Portugal? What is its 
populat ion? 

(35) Which coun t r y  does Por tugal  border?  What is 
i ts populat ion? 

P5. Accusat ive  ob jec t  noun phrases are p r e f e r r e d  
ove r  o the r  non-sub jec t  noun phrases.  

P6. Noun phrases p reced ing  the  p ronoun are p r e -  
f e r r ed  over  noun phrases succeeding the pronoun 
(or :  anaphora is p r e f e r r e d  ove r  ka tapho ra ) .  

3 .3  Out l i ne  of a pronoun reso lu t ion  p rocedu re  

We now ou t l ine  a p rocedure  fo r  " r e s o l v i n g "  p ro -  
nouns in the  f ramework  of the USL system and 
DRT. 

Let M = <U, Con> be the DRS rep resen t i ng  the 
mutual knowledge,  in pa r t i cu l a r  the past  d iscourse .  
Let K(s)  be the DRS rep resen t i ng  the  c u r r e n t  sen- 
tence s and let p be a pronoun o c c u r r i n g  in s fo r  
which an a p p r o p r i a t e  d iscourse re fe ren t  has to be 

found .  Let U be the set of d iscourse re fe ren ts  a(p) 
accessible to p according to the accessibility re- 
lation given in sec. 2.2 

Let f u r t h e r  c be a func t ion  tha t  a;)pl ies to U a(p) 
all the morphological, syntactic, and semantic cri- 
teria, given above and yields a set Uc(p) as result. 

Now three cases have to be distinguished: 

1. Uc(p)  is empty .  In th is  case the use of p was 

i n a p p r o p r i a t e .  
2. C a r d ( U c ( p ) )  is 1. In th is  case a re fe ren t  fo r  p 

has been un ique ly  de te rm ined ,  p is rep laced by  
i t  in the DRS, and the p rocedu re  is f i n i shed .  

3. C a r d ( U c ( p ) )  is g r e a t e r  than 1. In th is  case the  

p re fe rence  ru les are app l ied .  

Let p be a func t ion  tha t  appl ies to Uc(p)  i f  the 

c a r d i n a l i t y  of Uc(p). is g r e a t e r  than 1 all the  p r e f -  

erence rules g iven above in the o r d e r  ind ica ted  
the re  y ie ld ing  the resu l t  Up. C a r d ( U p )  can never  

be 0, hence two cases are poss ib le ,  e i the r  the car -  
d i n a l i t y  is 1, then a re fe ren t  has been un ique ly  
de te rm ined  and the  pronoun p can be e l iminated in 
K, o r  the c a r d i n a l i t y  is g r e a t e r  than 1, and then 
the  use of p was i n a p p r o p r i a t e .  

I t  can be i n f e r red  f rom the fo rmu la t ion  of the  
pronomina l iza t ion  ru les g iven above, what  morpho-  
logical  and syn tac t i c  in format ion has to be s to red  
w i th  the d iscourse re fe ren ts  in the DRSs, and what  
semant ic in format ion has to be accessible f rom the 
schema of the database to enable the app l ica t ion  of 
the func t ions  c and p. Hence, we wi l l  not spell ou t  
these deta i ls  here.  

4 Open quest ions and conclusions 

Many we l l - known  and puzz l ing  cases have not been 
addressed here,  among them p lu ra l  anaphora ,  
so-cal led p ronouns  of laziness, one p ronomina l i za -  
t ion ,  to name jus t  a few.  

We have not  said any th i ng  about  phenomena 
such as d iscourse top ic ,  focus,  o r  coherence and 
t h e i r  in f luence on anaphora.  The i r  ef fects are cap- 
t u r e d  in ou r  p re fe rence  rules to some degree ,  bu t  
no one can p rec ise ly  say how. Insp i re  of claims to 
the  c o n t r a r y ,  we bel ieve tha t  much wo rk  is s t i l l  re-  
q u i r e d ,  before  these not ions can be used 
e f fec t i ve l y  in na tura l  language process ing .  

By l im i t ing  ourse lves to the  re la t i ve l y  
we l l - de f i ned  communicat ive s i tuat ion of database in-  
t e rac t i on ,  we have been able to state p rec i se l y ,  
what  ru les are app l i cab le  in the f r agmen t  of lan- 
guage we are dea l ing w i th .  We are c u r r e n t l y  w o r k -  
ing on the analysis of runn ing  t e x t s ,  bu t  again in a 
we l l -de l i nea ted  domain,  and we hope to be able to 
ex tend  ou r  theo ry  on the basis of the  exper ience  
ga ined.  
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We are convinced that serious progress in the 
understanding of anaphora and of discourse phe- 
nomena in general is only possible through a care- 
ful control of the environment, and on a solid 
syntact ic and semantic foundation. 
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