
Proce edings of VEXTAL’99 – Venezia,  San Servo lo, V.I.U.  - 22-24 N ovember 19 99

169

A DICTIONARY-BASED ALGORITHM FOR

INDIRECT ANAPHORA RESOLUTION

Alexa nder Gelbu kh and Grigo ri Sidor ov

Natur al Languag e Processi ng Laborat ory, Compu ting Resea rch Center , National  Polytechn ic Institu te.
Av. J uan de Dio s Batiz s/ n, Zacaten co, 07738 México D.F , México.

fax: +52 5-586- 2936,
{gelb ukh, sidor ov}@pollux .cic.ipn.m x

Abstr act

I n t he  p ap er ,  a  d ic ti o na ry - ba se d  m et ho d  o f

d et ec t in g o f i mp li c it  l in ks  b et we e n w or ds  i n

t he  t ex ts  ( so -c a ll ed  i nd ir e ct  a na ph o ra ) i s

d is cu s se d.  T he  m et ho d  c on si s ts  i n u si ng  o f a 

d ic ti o na ry  o f “ sc en a ri os ”  –  l is ts  o f w or ds 

s em an t ic al l y r el at e d t o t he  g iv en  o ne , a nd 

s ho w t ha t d et ec t in g t he  i mp li c it  r ef er e nt ia l 

r el at i on sh i ps  c an  b e v ie we d  a s i nt er s ec ti o n o f

s uc h s ce na r io s.  T he  a dv an t ag e o f t he  m et ho d 

i s i n t he  s im pl i ci ty  o f t he  d ic ti o na r y b ei ng 

u se d,  s in ce  i t d oe s n ot  r el y o n s pe ci f ic 

s em an t ic  r el at i on sh i ps  b et we e n t he  h ea dw o rd 

a nd  t he  w or ds  l is te d  i n i ts  s ce na r io . T hu s, 

s uc h a  d ic ti o na ry  c an  b e d er iv e d f ro m s om e

e xi st i ng  s em an t ic  d ic ti o na ri e s o r e ve n f ro m

l ar ge  c or po r a. 

Keywo rds: text proces sing, indir ect anaph ora,
seman tic analy sis, dicti onary.

1. In troduction *

Anaph ora resol ution in gener al is one of the most

chall enging tasks  of natur al langu age proce ssing.

It is neces sary in a wide range  of NLP tasks , from

langu age under standing to stati stics, trans lation,

and abstr acting [Aone  and McKee  1993,  Carte r

1987,  Hirst  1981,  Kamey ama 1997,  Mitko v

1997] . The resol ution of indir ect anaph ora and

even detec tion of the prese nce of indir ect anaph ora

are espec ially diffi cult [Indi rect Anaph ora 1996].

Examp le of indir ect anaph ora is the disco urse “I

had a look at a new house  yeste rday.     The    kitch en

was extra  large ” (the kitch en = of the house ), in

                                                
* The work done under  parti al suppo rt of REDII -CONACYT,
CONAC yT grant  26424 -A, SNI, and COFAA -IPN, Mexic o.

which  the anaph oric relat ion holds  betwe en two

conce ptually diffe rent words , kitch en and house ;

note that there  is no coref erence betwe en these  two

words . As we will show,  coref erence holds 

betwe en the word kitch en in the text and the word

kitch en impli citly intro duced in the disco urse by

the word house . Defin ite artic le as in the examp le

above  is not the unique way of expre ssion of

indir ect anaph ora. A parti cular type of indir ect

anaph ora marke rs is found  in expre ssions with

demon strative prono uns, as in the examp le “I sold

a house . What can I do with    this    money ?”.

Two major  probl ems arise  with respe ct to indirec t

anaph ora resol ution:

• Detec t the prese nce of the indir ect anaph ora

and

• Resol ve the ambig uity of the anaph oric link. 

H ow ev e r,  w e w il l a pp ro a ch  t he  p ro bl e m i n

t he  o pp os i te  o rd er :  W e w il l t ry  t o p la us i bl y

r es ol v e t he  a na ph o ri c l in k a nd , i f w e

s uc ce e d,  c on si d er  t ha t d ef in i te ne s s o f t he 

t ex t e le me n t h as  a na ph o ri c n at ur e . O ur  p ap er 

d is cu s se s a  w ay  o f a  d ic ti o na ry - dr iv e n

r es ol u ti on  o f i nd ir e ct  a na ph o ra  w it h a  s pe ci a l

b ra nc h  f or  t he  d em on s tr at i ve  p ro no u ns  i n t he 

a na ph o ri c f un ct i on .

2. In direct ana phora as r eferences
to sc enarios

Indir ect anaph ora can be thoug ht of as coref erence

betwe en a word and an entit y impli citly

intro duced in the text befor e. We call such entit ies

impli citly or even poten tially intro duced by a

word,  a proto typic scena rio of this word.  Thus,

anaph oric relat ion here holds  betwe en a word and
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an eleme nt of the proto typic scena rio of anoth er

word in the text;  such an eleme nt does not have

the surfa ce repre sentation in the text. 

There  are three  possi ble types  of the indir ect

anaph ora depen ding on the relat ions betwe en the

antec edent and the anaph or. (1) The anaph or is a

word in the text while  the antec edent is an

eleme nt of a scena rio impli ed by anoth er word; 

this is the most commo n case.  (2) Vice versa , an

impli ed conce pt refer s to a word in the text (a

rathe r rare case) . (3) The refer ence is made betwe en

the impli ed conce pts (an even rarer  case) . Let us

consi der the follo wing examp les, see Figur e 1:

1) John was eatin g. The table  was dirty .

2) John died. The widow  was mad with grief .

3) John was burie d. The widow  was mad with

grief .

Here the defin ite artic les are used with the words 

table  and widow . Howev er, these  words  (and the

corre sponding conce pts) do not appea r liter ally in

the disco urse befor e. What is the reaso n for their 

defin iteness? It can be expla ined by the exist ence

of the indir ect anaph oric relat ion: eat _  table ,

die _  widow , bury _  widow . In the first 

examp le the antec edent to eat conta ins in its

proto typic scena rio a slot for a place  with a

possi ble value  table . In the secon d examp le, the

verb to die is inclu ded in the lexic al meani ng of

the word widow . In the third  examp les, the

conce pt to die is in commo n in the lexic al

meani ngs of widow  and to bury.

Let us consi der more examp les of indir ect

anaph ora1:

4) I bough t a house .     The/* This    kitch en

(walls , roof) was extre mely large .

5) I bough t a house .     The/* These    dimen sions

were 20 _  20.

6) I bough t a house .     The/* This    previ ous

owner  was happy .

7) I was buyin g a house . I count ed    the/* this   

money  caref ully.

8) I sold a house . What can I do with    the/t his   

money ?

9) I bough t a house . I liked     the/t his    price .

10) John was eatin g.     The/* This    table  (dish)

was dirty .

                                                
1 The unacc eptable variant s are marke d with an aster isk.

a table

the tableto eat

to die

to die the widow

scenario scenario

to die

to bury the widow

scenario

to die

scenario

Fig.1 . Three ty pes of ind irect anap horic rela tionships. 
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11) John was eatin g. It was dark in    the/* this   

fores t.

12) John was eatin g.     The/T his    food was

delic ious.

13) John was eatin g.     The/T hese    apple s were

delic ious.

14) John was singi ng.     The/T his    noise 

distu rbed Peter .

15) John was singi ng. Peter  disli ked    the/t his   

noise .

16) John was readi ng. He liked     the/t his   

autho r.

17) John died.      The/* This    widow  was mad with

grief .

For examp le, in the examp le 4 the indir ect

anaph oric relat ion holds  betwe en kitch en and

house :    the    kitch en is the kitch en of this house .

In each of these  sente nces, we consi der a purel y

anaph oric meani ng of the definit e artic le or the

prono un; at least  these  examp les can have such a

meani ng. The varia nts marke d with an aster isk are

not possi ble in the anaph oric inter pretation.  We

don’t  take into accou nt possi ble non-a naphoric

inter pretations  of examp les. One possi ble

inter pretation is contr aposition:  “this kitch en is

large  while  the other s kitch ens are not;”  (exam ple

3) in this case a speci al inton ational stres s is used

which  is not refle cted in the writt en text.  Anoth er

possi ble non-a naphoric inter pretation is deictic

funct ion: the speak er is physi cally in this kitch en

(exam ple 4) or is showi ng this money  (exam ple 7)

to the liste ner.

Yet anoth er examp le that does not allow  the

anaph oric relat ion is:

18) *Peter  disli ked that John was eatin g here.

The/t his    table  was dirty .

Thus,  a quest ion arise s: What are the rules  that

shoul d be imple mented in the algor ithm for

indir ect anaph ora resol ution?

Indir ect anaph ora can combi ne with some

pheno mena invol ving subst itution of one word for

anoth er, such as the use of synon yms, more

gener al (hype rnyms) (see examp le 12) or more

speci fic (hypo nyms) (exam ple 10) term,  metap hor

(exam ple 13), or chang ing of the surfa ce part of

speec h (deri vation). Such pheno mena are

trans parent for indir ect anaph ora. We will call the

words  relat ed with one of these  relat ions

compa tible.

3. In direct ana phora reso lution:
gener al case

As we have seen,  to check  the possi bility of

indir ect anaph oric link betwe en two words  in the

disco urse, a dicti onary can be used that lists  the

membe rs of the proto typic scena rio of a word.  In

our case,  we used a dicti onary compi led from

sever al sourc es, such as Clasi tex’s dicti onary

[Guzm án-Arenas 1998] , FACTO TUM SemNe t

dicti onary deriv ed from the Roget  thesa urus, and

some other  dicti onaries. For examp le, the

dicti onary entry  for the word churc h inclu des the

words  relat ed to this one in the dicti onaries

menti oned above : pries t, candl e, icon, praye r,

etc.

To check  compa tibility of words  (gene ralization ,

speci fication, metap hor) we use a thesa urus

compi led on the based  of FACTO TUM SemNe t

dicti onary, WordN et, and some other  sourc es.

The algor ithm that we use to find the antec edent

of a word intro duced with a defin ite artic le or a

demon strative prono un first  of all uses the

heuri stics to find the poten tial antec edents for the

curre nt word – for examp le, it shoul d not be too

far in the text.  Then the algor ithm looks  for one

of the three  cases  descr ibed in the previ ous secti on

and check s the follo wing condi tion:

Condi tion 1: Indir ect anaph ora is possi ble if

any of the follo wing condi tions holds :

• The word is compa tible with an eleme nt of

the scena rio of the poten tial antec edent, or

• The poten tial antec edent is compa tible with

an eleme nt of the scena rio of the word,  or

• Their  scena rios inter sect (in the meani ng of

compa tibility, see above ).

Howev er, as we could  see, this condi tion is

neces sary but not suffi cient for the possi bility of



172

an anaph oric link.  As the examp le 18 shows , the

follo wing condi tion is also neces sary:

Condi tion 2: Indir ect anaph ora is possi ble only

for the upper most seman tic level  of the situa tion.

Reall y, in the examp le 18, the upper most level 

situa tion is “Peter  disli ked” and the indir ect

anaph ora to the embed ded situa tion is not

possi ble. For this check , a synta ctic parse r is

used;  we use a rathe r simpl e conte xt-free parse r to

quick ly rejec t the incor rect varia nts.

4. In direct ana phora reso lution:
demon strative p ronouns

It can be obser ved that the anaph ors in our

examp les have diffe rent statu s in the proto typic

scena rio of the antec edents. Some of them are

neces sary parts  of the lexic al meani ng of the

corre sponding antec edent (as in examp les 8, 9, 12)

and thus are impli citly prese nted in the situa tion,

while  some are not. For examp le, the Rando m

House  dicti onary defin es the word sell as “to

trans fer (good s) to or rende r (services ) for anoth er

in excha nge for money ; dispo se of to a purch aser

for a price .” Thus,  the words  “mone y” (as a

conce pt, but not a physi cal objec t) and “pric e” are

parts  of the lexic al meani ng of the word sell.

As the analy sis of the examp les shows , the

follo wing condi tion is also neces sary in the case

of demon strative prono uns:

Condi tion 3: Indir ect anaph ora can be expre ssed

by a demon strative prono un if the both of the

follo wing condi tions hold: 

• The antec edent denot es a proce ss or situa tion

and

• The anaph or is inclu ded into the lexic al

meani ng of the antec edent.

Indee d, the examp les 4 to 6 have the antec edents

denot ing objec ts (house  _  kitch en, house  _ 
dimen sions, house  _  previ ous owner ). In the

examp les 7, 10, 11, 17 the anaph ors are not

inclu ded into the lexic al meani ng of the

antec edents (buy _  money  (as the physi cal

objec t), eat _  table , eat _  fores t, die _ 
widow ).

The other  examp les (8, 9, 12 to 16) allow  the use

of the demon strative prono un. The examp les 8, 9,

and 12 are the stand ard cases ; note that in the

examp le 7 money  is a physical objec t that is not

oblig atory in the situa tion (the buyin g could  be

with a credi t card,  to say),  while  in the examp le 8

it is an abstr act entit y, the price , and is a part of

the lexic al meani ng of the verb,  this is why in the

examp le 4 the demon strative prono un is

forbi dden, while  in the examp le 8 it is allow ed.

Examp le 15 demon strates gener alization:  sing _ 
noise , when the proto typic noun would  be singi ng

or song.2 Examp le 13 demon strates speci fication:

eat _  apple s (a kind of food which  is a part of

the lexic al meani ng of eat).

For the algor ithm to be able to test the Condi tion

3, some of the eleme nts of the scena rio are marke d

as “nece ssary” in our dicti onary, while  the other s

are “opti onal.”  We took this infor mation mainl y

from Engli sh-English  expla natory dicti onaries: the

words  menti oned in the defin itions are marke d as

“obli gatory.” Howev er, in many cases  handw ork

was neces sary to mark addit ional words .

Addit ionally, the dicti onary contains  the basic 

seman tic class  of the word:  thing  versu s proce ss

or situa tion (rega rdless of the surfa ce part of

speec h). This infor mation was found  in the

FACTO TUM SemNe t dicti onary.

5. Co nclusions and future  work

We have discu ssed a dicti onary-base d algorithm  of

conte xtual inter pretation of defin ite text

expre ssions by linki ng them to eleme nts of the

proto typic scena rio of some anoth er word in the

conte xt.

Namel y, our algor ithm check s the follo wing three 

condi tions: (1) the inter section betwe en the

scena rios, (2) the synta ctic plaus ibility of the

relat ion, and (3) in the case of demon strative

                                                
2 Proba bly the use of the demon strative prono un in case of
gener alization is prefe rable.
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prono uns, the seman tic type of the antec edent and

inclu sion of the anaph or in the list of the

“obli gatory parti cipants” of the antec edent.

N ot e t ha t w it h o ur  m et ho d , t he  d ic ti o na ry 

d oe s n ot  h av e t o s pe ci f y i n w ha t w ay  t he 

e le me n t o f t he  s ce na r io  i s r el at e d t o t he 

h ea dw o rd . T hi s s im pl i fi es  t he  t as k o f

c om pi l at io n  o f s uc h a  d ic ti o na ry .  A t t he 

e ar ly  s ta ge s  o f o ur  e xp er i me nt s , w e d ir ec t ly 

u se d t he  “ th em a ti c d ic ti o na ry ”  o f t he 

C la si t ex  s ys te m  [ Gu zm á n- Ar e na s 1 99 8] .  I n

a dd it i on , a  l ex ic a l a tt ra c ti on  d ic ti o na ry 

[ Yu re t  1 99 8]  a ut om a ti ca l ly  e xt ra c te d f ro m a 

t ex t c or pu s  c an  p ro vi d e u se fu l  i nf or m at io n .

In the futur e, we plan to exten d the infor mation

prese nt in the dicti onary. First , the dicti onary

shoul d inclu de a kind of “weig hts” of the

eleme nts of the scena rio. The oblig atory eleme nts

have the highe st weigh t; howev er, the “opti onal”

eleme nts can be more close ly relat ed to the

headw ord or be rathe r far from it.  For examp le,

the word table  in the examp le 10 is not

oblig atory, but a very proba ble parti cipant of the

situa tion of eatin g. On the other  hand,  the word

fores t in the examp le 11 is a possi ble, but low-

proba ble parti cipant of this situa tion. Such

weigh ts can be obtai ned both from some seman tic

dicti onaries as the numbe r of links  betwe en the

words , and from a large  corpu s.
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