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Incrementa l  Centerin g an d Cente r  Ambigui t y 

Udo Hahn & Michael Strube 

to o Computationa l  Linguistic s Researc h Grou p 
Freibur g Universit y 

Europapla u 1 

D-7908 5 Freiburg .  German y 
{hsihn ,  8trube}4co l  ing .  uni- f  re iburg .  d e 

Abstrac t 

In this paper, we present a model of anaphor resolution within 
th e framework  o f  th e centerin g model .  Th e consideratio n o f 
an incrementa l  processin g mod e introduce s th e nee d t o man -
age structura l  ambiguit y a t  th e cente r  level .  Hence ,  th e cen -
terin g framework  i s furthe r  refine d t o accoun t  fo r  loca l  an d 
globa l  parsin g ambiguitie s whic h propagat e u p t o th e leve l  o f 
cente r  representations ,  yieldin g moderatel y adapte d dat a struc -
ture s fo r  th e centerin g algorithm . 

Introduction 

Psycholinguisti c studie s hav e reveale d ampl e evidenc e fo r 
th e incrementalit y o f  huma n languag e comprehension ,  no t 

onl y a t  th e phrasa l  an d clausa l  leve l  bu t  als o a t  th e dis -
cours e leve l  o f  anaphor a resolutio n (Jus t  &  Carpenter ,  1987 ; 
Sanfor d &  Garrod ,  1989) .  Correspondingly ,  incrementa l  pro -
cessin g ha s als o becom e a  majo r  challeng e fo r  cognitivcl y 
plausible ,  computationa l  model s o f  natura l  languag e under -
standin g (Jurafsky ,  1992 ;  Stun ,  1995) ,  an d tex t  understand -
in g (Grange r  e t  al. ,  1986 )  i n particular .  Introducin g incre -
mentalit y int o th e centerin g mode l  (Gros z e t  al. .  1995) ,  th e 
methodologica l  framewor k fo r  ou r  approac h t o th e resolutio n 
of  (pro)nomina l  anaphora ,  however ,  i s  no t  a t  al l  straightfor -
ward .  I n particular ,  incrementa l  processin g introduce s (lo -
cal )  ambiguitie s a t  significan t  rates ,  whic h canno t  b e prop -
erl y accounte d fo r  a t  th e cente r  leve l  i n th e origina l  model . 
Thoug h centerin g strive s fo r  th e eliminatio n o f  referentia l 

ambiguities ,  th e implication s o f  structura l  ambiguitie s hav e 
bee n completel y ignore d s o far . 

We hav e gathere d som e data ,  summarize d i n Tabl e 1 , 
t o giv e a n empirica l  assessmen t  o f  th e relevanc e o f  th e is -
su e unde r  investigation .  Altogethe r  4 7 text s (produc t  re -
view s fro m th e informatio n technolog y domain )  wer e ana -
lyze d whic h consis t  o f  3229 1 words ,  wit h 23 0 occurrence s o f 
(un)ambiguou s pronouns . 

ambiguou s 
locall y 
globall y 

unambiguou s 

174 (76% ) 
145 (6 3 % ) 
29 (1 3 % ) 

56 (2 4 % ) 

Tabl e 1 :  Ambiguit y Distributio n Pattern s o f  Pronoun s 

Given our text corpus, 87% of the sentences could have been 
processe d b y th e original ,  non-incrementa l  centerin g algo -

rith m (onl y globa l  ambiguitie s coul d not) .  Thi s rat e drop s 
dramaticall y t o onl y 2 4 % whe n w e assum e a n incrementa l 
operatio n mode .  Thes e dat a reflec t  th e impac t  o f  th e loca l 
ambiguitie s whic h ar e resolve d a t  th e sentenc e leve l  a s th e 
pars e proceed s an d thu s ar e no t  a n issu e fo r  th e origina l  (non -
incremental )  centerin g algorithm .  Th e latte r  percentag e rate . 
however ,  give s a  realisti c pictur e o f  th e relevanc e o f  th e prob -
le m unde r  scrutin y whe n on e opt s fo r  a  cognitiv e adequate , 
incrementa l  mode l  o f  tex t  understanding . 

Brief Survey of the Centering Model 

Th e framewor k o f  ou r  mode l  o f  anaphor a resolutio n i s pro -
vide d b y th e well-know n centerin g mechanis m (Gros z e t  al. , 

1995) .  fo r  whic h psycholinguisti c evidence s ar e provide d b y 
Gordo n e t  al .  (1993 )  an d Brenna n (1995) ,  lacking ,  however , 
th e consideratio n o f  incrementalit y o f  languag e processing . 
Th e theor y o f  centerin g i s intende d t o mode l  th e loca l  coher -
enc e o f  discourse ,  i.e. ,  coherenc e amon g th e utterance s {/ ,  i n 
a particula r  discours e segmen t  (say ,  a  paragrap h o f  a  text) . 
Loca l  coherenc e i s oppose d t o globa l  coherence ,  i.e. ,  coher -
enc e wit h othe r  segment s i n th e discourse .  Discours e entitie s 
servin g t o lin k on e utteranc e t o othe r  utterance s i n a  particula r 
discours e segmen t  ar e organize d i n term s o f  centers .  Eac h ut -
teranc e U i  i n a  discours e segmen t  i s assigne d a  se t  o f  forward -
lookin g centers ,  C j  (Ui) ,  an d a  uniqu e backward-lookin g cen -
ter ,  Cb{Ui) .  Th e forward-lookin g center s o f  [/ ,  depen d onl y 
on th e expression s tha t  constitut e tha t  utterance ,  previou s ut -
terance s provid e n o constraint s o n Cj{Ui) .  Th e element s o f 
Cj(Ui )  ar e partiall y  ordere d t o reflec t  relativ e prominenc e i n 
{/, .  Th e mos t  highl y ranke d elemen t  o f  Cj(Ui )  tha t  i s real -
ize d i n Ui+ i  (i.e. .  i s  associate d wit h a n expressio n tha t  ha s 
a vali d interpretatio n i n th e underlyin g semantic/conceptua l 
representatio n language )  i s th e Cb(Ui+i) .  Th e rankin g im -
pose d o n th e element s o f  th e C /  reflect s th e assumptio n tha t 
th e mos t  highl y ranke d elemen t  o f  C/((/, )  i s  th e mos t  pre -
ferre d anteceden t  o f  a n anaphori c expressio n i n f/,+i .  whil e 

th e remainin g element s ar e (partially )  ordere d accordin g t o 
decreasin g preferenc e fo r  establishin g referentia l  links . 

Th e theor y o f  centering ,  i n addition ,  define s severa l  uan -

sitio n relation s acros s pair s o f  adjacen t  utterance s (e.g. ,  con -
tinuation ,  retainment ,  smoot h an d roug h shift) ,  whic h diffe r 
fro m eac h othe r  accordin g t o th e degre e b y whic h succes -
siv e backward-lookin g center s ar e confirme d o r  rejected ,  and , 
i f  the y ar e confirmed ,  whethe r  the y correspon d t o th e mos t 
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highl y ranke d clemen i  o f  th e curren t  forward-lookin g center s 
or  no t  Th e theor y claims ,  abov e all ,  tha t  t o th e exten t  a  dis -
cours e adhere s t o al l  thes e centerin g constrain u (e.g. ,  reali/.a -

tio n constraint s o n pronouns ,  preference s a m o n g type s o f  cen -
te r  transitions) ,  it s  loca l  coherenc e wil l  increas e an d th e infer -
enc e loa d place d upo n th e heare r  wil l  decrease .  Therefore ,  th e 
tremendou s importanc e o f  fleshing  ou t  th e relevan t  an d mos t 
restrictive ,  thoug h stil l  genera l  centerin g constraints . 

Incremental Centering and Ambiguity 

I n thi s section ,  w e argu e fo r  a n extensio n o f  th e centerin g 
model  tha t  account s fo r  ambiguitie s generate d b y th e incre -
menta l  operatio n o f  th e parsin g componen t  o f  a  tex t  under -
standin g system .  Thoug h w e als o provid e fo r  mechanism s 
tha t  dea l  wit h globa l  structura l  ambiguities ,  w e her e con -
ceno-at e o n loca l  structura l  ambiguitie s i n th e phras e whic h 
contain s a n anaphor .  Thes e ca n b e directl y attribute d t o 
th e incrementa l  processin g mode ,  wher e eac h lexica l  ele -
ment  i s integrate d i n syntacti c structure s an d semanticall y 
interprete d a s earl y a s possible .  A s th e anaphor a resolutio n 
i s als o execute d incrementally ,  loca l  syntacti c ambiguitie s 
(whic h caus e differen t  referentia l  entitie s t o emerg e a t  th e se -
mantic/conceptua l  leve l  o f  interpretation )  mus t  b e accessibl e 
throug h th e dat a structure s o f  th e centerin g algorith m i n orde r 
t o maintai n local ,  alternativ e cente r  readings . 

Conside r  th e tex t  fragmen t  ((1 )  -  (3) )  take n fro m th e corpu s 
of  produc t  reviews : 

(1) In der Leistung konnte die LPS 105 ebenfalls weilgchend 
(Ibeizeugen . 
(A s fa r  a s performanc e i s concerned ,  th e LP S 10 5 als o produce d 
raihe r  compellin g results. ) 

(2) Bei der mitUeren Zugriffszeit (16.5 ms) erreicht diese Feslplatte 
di e Seagat e ST-3144 ,  womi t  si e i n diese r  Diszipli n de n zweiie n 
Plat z erziel L 
(Regardin g th e mea n acces s tim e (16, 5 ms )  thi s har d dis k com -
pare s t o th e Seagat e ST-3144 ,  b y whic h * /  score s second-bes t  i n 
thi s category. ) 

(3) Auch beim Datendurchsatz erweist jj« sich als hochkaratiges Pro-
dukt . 
(Also ,  considerin g da u throughpu t  i t  turn s ou t  t o b e a  high-calibe r 
product ) 

Sentence (1) has a unique structural analysis, \he forward-
lookin g center s (Cj )  consis t  o f  tw o semantic/conceptua l  ele -
ments ,  th e L P S - 1 0 5 har d dis k an d P e r f o r m a n c e (cf .  Tabl e 
2) .  I n sentenc e (2) ,  a  nomina l  anapho r  occurs ,  "dies e Fesl -
platte "  (thi s har d disk) ,  whic h i s resolve d t o L P S - 1 0 5 fro m 
th e previou s sentence .  Unfortunately ,  th e nou n phras e "dies e 
Feslplatte "  i s  nominativ e a s wel l  a s accusativ e an d m a y b e al -
ternativel y attache d t o th e ver b "erreicht "  (compare s to )  bot h 
i n it s  subjec t  an d objec t  rol e (w e assum e a  dependenc y gram -
mar  framewor k a s briefl y describe d i n th e followin g section) . 
I n thi s state ,  on e canno t  determin e whic h o f  th e grammatica l 
function s i s th e correc t  one ,  thu s a  su-uclura l  ambiguit y ha s 
been identified .  Sinc e th e secon d N P i n thi s sentenc e ("di e 
Seagat e ST-3144" )  i s  ambiguou s wit h respec t  t o bot h o f  thes e 

cases ,  too ,  th e parse r  produce s tw o structurall y an d concep -
tuall y ambiguou s reading s (wit h inverte d subject/objec t  in -
stantiations ;  give n appropriat e stres s markin g bot h reading s 

ar e equall y plausible) .  A s a  consequence ,  tw o differen t  C /s ' 
hav e t o b e create d (cf .  Tabl e 2) .  whic h indicat e tw o differen t 
cente r  transitions ,  viz .  continuatio n vs .  retention ,  eligibl e a t 
th e en d o f  th e analysi s o f  th e secon d sentence .  Thi s choic e op -
tio n become s crucia l  fo r  th e resolutio n o f  th e pronou n "sie " 
(it )  i n sentenc e (3) ,  a s i t  depend s o n th e appropriat e selectio n 
of  on e o f  th e tw o differen t  C/S .  I n th e cas e o f  th e C O N T I N UE 
transitio n (th e C b o f  th e previou s utteranc e i s als o th e highes t 
ranke d elemen t  o f  th e C / S o f  th e curren t  utterance )  L P S - 1 0 5 
i s preferre d a s th e antecendcnt ,  whil e i n th e cas e o f  th e re -
tai n transitio n (th e C b o f  th e previou s utteranc e i s no t  th e 
highes t  ranke d elemen t  o f  th e C/ s o f  th e curren t  utterance ) 
i t  i s  ST-3144 .  Dependin g o n h o w th e tex t  actuall y proceed s 
eithe r  on e i s equall y possible .  So ,  fo r  th e actua l  anaphor a res -
olutio n th e uansilio n typ e preference s (Rul e 2  i n Gros z e t  al . 
(1995) )  ar e o f  n o hel p a t  al l  t o decid e a m o n g an y o f  thes e vari -
ants .  W e ,  therefore ,  conclud e tha t  additiona l  representatio n 
device s hav e t o b e supplie d t o kee p trac k o f  thes e structurall y 
induce d ambiguitie s a t  th e cente r  level . 

(1 ) 

(2 ) 

Cb:  LPS-105 :  LP S 10 5 
Cf :  [LPS-105 :  LP S 105 . 

Per fo rmance :  Leistung ) 
Cbl :  LPS-105 :  Feslplatt e 
C n :  [LPS-105 :  Festplatte . 

ST-3144 :  Seagat e ST-3144 . 
ACCESS-TlME:  Zugriffszcil . 
R a n k :  Platz , 
Category :  Disziplin ] 

Cb2:  LPS-105 :  Feslplatt e 
Cf2 :  [ST-3144 :  Seagat e ST-3144 . 

LPS-105 :  Festplatte . 
ACCESS-TIME:  Zugriffszeit , 
R a n k :  Platz , 
Category :  Disziplin ] 

CONTINUE 

continu e 

RETAIN 

Tabl e 2 :  Centerin g Dat a fo r  Sentence s (1 )  an d (2 ) 

Grammar Constraints on Anaphora 

We no w conside r  severa l  constraint s  o n anaphor a whic h appl y 
bot h t o th e sentence-leve l  an d text-leve l  o f  anaphor a analysis . 
Thes e description s wil l  late r  serv e a s a  framewor k fo r  con -
siderin g loca l  ambiguit y withi n th e centerin g approach .  W e 
her e adap t  th e c o m m o n bindin g criteri a t o th e methodologi -
cal  requirement s o f  a  full y lexicalize d dependenc y gramma r 
(EKj) .  introducin g th e centra l  notio n o f  d-binding ^  (cf .  Strub e 

'To simplify the presentation, we will assume the canonical or-
derin g o n C /  base d o n grammatica l  roles ,  viz .  SUBJECT >  OB -
JECT(s )  >  OTHERS (Gros z e t  al. ,  1995 .  p.214) .  W e hav e clea r 
evidences ,  whatsoever ,  tha t  thi s i s inappropriate ,  fo r  Germa n an d 
relate d fre e wor d orde r  language s a t  least ,  an d argu e fo r  orderin g 
criteri a base d o n th e functiona l  informatio n structur e o f  utterance s 
i n term s o f  topic/commen t  o r  ihcme/rhcm e pattern s i n a  companio n 
paper  (Strub e &  Hahn ,  1996) . 

'Th e defmitio n o f  d-bindin g (cf .  Tabl e 3 )  correspond s t o th e gov -
ernin g categor y i n G B terminology ,  whic h relie s upo n th e notio n o f 
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& Hah n (1995 )  fo r  a n elaborate d discussio n o f  d-bindin g cri -

teria) .  Thes e constraint s hol d fo r  intra -  a s wel l  a s intersen -

tentia l  anaphora ,  thu s seamlessl y incorporatin g th e discours e 
leve l  o f  grammatica l  descriptio n (fo r  a  comprehensiv e surve y 
of  th e gramma r  formalism ,  cf .  Hah n e t  al .  (1994)). ^ 

T h e possibl e antecedent s tha t  ca n b e reache d vi a anaphori c 

relations ,  inespectiv e o f  whethe r  the y occu r  withi n th e 
curren t  sentenc e o r  beyond ,  ar e describe d b y isPoien -

tialAnaphoricAntecedentOficf .  Tabl e 4 ) ,  whic h incorporate s 
d-W/uij(cf.Table3) . 

xd-binds y : ^ 
( X head + y ) 
A -i 3 z :  (( x head + z)  A  ( z head + y ) 

A(ziaac *  finiteVer b 
V 3u :  ( z hea d u 

A (( z spe c u  A  u  isac '  DetPosscssive ) 
V ( z saxGe n u  A  u  isac '  Noun ) 
V ( z ppAtt  u  A  u  isac '  Noun ) 
V ( z genAt t  u  A  u  isa c *  Noun)))) ) 

Tabl e 3 :  D-bindin g Constrain t 

X isPotentialAnaphoricAntecedentO f  y  : ^ 
-> 3 z :  ( z d-bind s x  A  z  d-bind s y ) 
A (( 3 u :  u  d-bind s y  A  u  head"* "  x )  - > x  left"' '  y ) 

Tabl e 4 :  Constrain t  o n Potentia l  Anaphori c Antecedent s 

PronAnaphorTesl from Table 5 contains the major gram-
matica l  agreemen t  constrain t  (coverin g gender ,  numbe r  an d 
person )  fo r  s o m e anaphori c pronou n an d it s nomina l  an -
tecedent ,  whil e NomAnaphorTes t  fro m Tabl e 6  capture s th e 
majo r  conceptua l  subsumptio n constrain t  fo r  th e nomina l  an -
teceden t  an d a  correspondin g anaphori c definit e NP . 

c-command ,  whil e th e D G constrain t  o n anaphor a (cf .  Tabl e 4 )  re -
late s t o th e majo r  bindin g principle s o f  G B (Chomsky ,  1981) .  A n 
approac h t o th e incrementa l  computatio n o f  intrasententia l  corefer -
ence s base d o n Chomsky' s bindin g theor y i s give n b y Merl o (1993) . 

^For  th e definition s o f  th e grammatica l  predicate s below ,  th e fol -
lowin g convention s hold :  isa c denote s th e subclas s relatio n amon g 
lexica l  classe s (part s o f  speech) ,  U  th e unificatio n operation ,  X  th e 
inconsisten t  element .  Le t  u  b e a  comple x featur e ter m an d /  a  featur e 
name,  the n th e extractio n u\ l  yield s th e valu e o f  /  i n u .  I f  /  i s  dcflned , 
u\ l  give s ±  i n al l  othe r  cases .  Semanti c an d conceptua l  knowl -
edge i s represente d vi a a  KL-ONE-styl e classification-base d knowl -
edge representatio n languag e (MacGrego r  &  Bates ,  1987) ,  wit h isa p 
denotin g th e subclas s relatio n amon g concepts .  Furthermore ,  ob -
jecl.attribut e denote s th e valu e o f  th e propert y attribut e a t  objec t 
and th e symbo l  sel f  refer s t o th e curren t  lexica l  item .  Th e gramma r 
specificatio n language ,  i n addition ,  incotyMrate s topologica l  primi -
tive s fo r  relation s withi n dependenc y trees ,  suc h a s " x occur s lef t  o f 
y "  an d " x i s hea d o f  y" ;  rel"* ^  an d rel '  denot e th e transitiv e an d tran -
sitive/reflexiv e closur e o f  a  relatio n rel ,  respectively .  Th e followin g 
dependenc y relation s wil l  b e used :  specifier-o f  (spec) ,  Saxo n geni -
tiv e (saxGen) ,  prepositiona l  an d geniiiva l  attribut e (ppAtt ,  genAtt) . 

PronAnaphorTes l  (pro ,  ante):* * 
ant e isac '  Nomina l  A 
((pro.features\self\agr\gen ) 

U (anie.features\self\agr\gen )  ̂ t  ± )  A 
((pro.feature s \self\agr\num ) 

U (ante.features\self\agr\num )  #  1 )  A 
((pro.features\self\agr\pers ) 

U (anic.fcatures\self\agr\pers )  ̂  X ) 

Tabl e 5 :  Constrain t  o n Pronomina l  Anaphor a 

NomAnaphorTes t  (defNP ,  ante):« » 
ant e isac '  Nomina l  A 
((defNP.feature s \self\agr\num ) 

U (ante.features\self\agr\num )  /  X )  A 
ante.concep t  isâ r *  defNP.concep t 

Tabl e 6 :  Constrain t  o n Nomina l  Anaphor a 

Reso lu t i o n o f  A n a p h o r a 

The actor computation model (Agha & Hewitt, 1987) pro-
vide s th e backgroun d fo r  th e procedura l  interpretatio n o f  lex -
icalizc d gramma r  specifications ,  a s thos e give n i n th e previ -
ou s section ,  i n term s o f  so-calle d wor d actors .  Wor d actor s 
communicat e vi a asynchronou s messag e passing ;  a n acto r 
ca n onl y sen d message s t o othe r  actor s i t  know s about ,  it s 

so-calle d acquaintances .  Th e arriva l  o f  a  messag e a t  a n acto r 
trigger s th e executio n o f  a  metho d tha t  i s compose d o f  gram -
matica l  predicate s (fo r  a  survey ,  cf .  Neuhau s &  Hah n (1996)) . 

Th e basi c dat a structure s fo r  anaphor a resolutio n ar e or -
ganize d a s acquaintance s o f  specifi c  actors .  Beside s wor d 
actor s fo r  th e lexica l  leve l  o f  analysis ,  phrase s ar e encapsu -
late d i n PhraseActors ,  an d on e o r  mor e PhraseActor s whic h 
cove r  th e sam e sequenc e o f  word s bu t  assig n differen t  syntac -
ti c interpretation s (loca l  ambiguities )  t o i t  ar e encapsulate d i n 
Containe r  Actors .  Fo r  ever y sentence ,  it s associate d uniqu e 
ParserActo r  i s acquainte d wit h a  CenteringActo r  which ,  fo r 

reason s o f  ambiguit y handling ,  i s  acquainte d wit h on e o r 
mor e CenterActors .  Eac h o f  thes e CenierActor s ha s a  pref -
erentiall y  ordere d lis t  o f  forward-lookin g center s (Cj )  an d 
a singl e backward-lookin g cente r  (Ct) .  Th e usua l  criteri a 
fo r  centerin g appl y a t  thi s representatio n leve l  (Gros z e t  al. , 
1995) .  W e exten d thi s basi c model ,  however ,  i n tha t  w e pro -
vid e severa l  instance s o f  CenteringAcior s t o accoun t  fo r  loca l 
ambiguitie s withi n a n utterance ,  whil e differen t  CenterActor s 
represen t  globa l  ambiguitie s o f  singl e utterances .  Hence ,  un -
ambiguou s centerin g i s a  specia l  case ,  wher e a  singl e Cen -
teringActo r  i s onl y acquainte d wit h a  singl e CenterActor . 

Anaphor a analysi s encompasse s th e procedura l  interpreta -
tio n o f  th e declarativ e constraint s give n i n th e previou s sec -
tion .  Fo r  pronomina l  anaphors ,  th e SearchPronAnteceden t 
messag e i s triggere d b y th e successfu l  syntacti c tes t  tha t  th e 
pronou n m a y b e modifie r  o f  it s head .  Fo r  nomina l  anaphors , 
th e SearchNomAnteceden t  messag e i s triggere d b y th e attach -
ment  o f  a  definit e determine r  a s a  modifie r  t o it s hea d nou n 
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and a  simila r  syntacti c head-modifie r  compalibilit y  lest̂ .  W e 
no w describ e th e mai n thread s o f  th e algorith m fo r  loca l  am -
biguit y managemen t  durin g anaphor a resolutio n (cf .  Fig .  1) . 

Consider ,  e.g. ,  sentenc e (2 )  o f  th e alread y inuoduce d tex t 

fragmen t  A n attachmen t  o f  th e definit e N P "dies e Fesl -
plane "  (thi s har d disk )  a t  i u prospectiv e hea d "ernicht " 
{compare s to )  i s tried .  Sinc e th e N P i s ambiguou s wit h re -
spec t  t o case ,  a  loca l  ambiguit y accountin g fo r  th e subjec t 

and objec t  readin g i s created^ . 

1, la: TWo different SearchNomAntecedent messages with 

th e argumen t  theAttachmen t  (th e dependenc y relatio n be -
twee n th e N P an d "erreicht" ,  i.e. ,  eithe r  subjec t  o r  ob -
ject )  ar e sen t  simulataneousl y fro m th e Anapho r  t o th e 
PhraseActor . 

1-AtlvhAv. Both messages are forwarded from the 
PhraseActo r  t o th e Containe r  Actor ,  th e ParserActor ,  an d 
th e CenteringActo r  o f  th e precedin g sentence . 

5,5a: It is crucial that for every SearchAntecedent message 
whic h reache s th e CenteringActor ,  tha t  acto r  i s copied , 
leavin g th e maste r  cop y unchanged .  Thi s guarantee s tha t 
eac h locall y ambiguou s phras e whic h contain s a n anapho r 
manipulate s it s o w n centerin g dat a structures . 

6,6a: The messages are disuibuted to all CenterActors 
wher e th e argumen t  theAttachmen t  i s copie d i n orde r  t o 
provid e fo r  consisten t  dat a i n a  distributed ,  concurren t  en -
vironmen t  (th e cop y actio n i s o f  relevanc e onl y i n thos e 

case s wher e globa l  an d loca l  ambiguitie s ar e interleaved) . 

7,7a: NomAnaphorTest succeeds in both cases (the most 
preferre d elemen t  o f  th e C j  o f  sentenc e (1) ,  viz .  L P S - 1 0 5 
fulfill s  th e require d conceptua l  subsumptio n conditio n rel -
ativ e t o "Festplatle "  (har d disk)) . 

8,8a: Hence two AntecedentFound messages are sent to each 
correspondin g anaphor . 

9,9a: The semantic predicate permit^ succeeds with respect 
t o th e wor d actor s L P S 10 5 (Festplatte )  an d erreich t  fo r 
bot h argumen t  positions ,  thu s th e dependenc y relation s the -
Attachment ,  viz .  subjec t  an d object ,  ar e confirmed . 

10,10a: The resolved anaphors send an AnaphorSucceed 
message t o th e correspondin g CenterActors . 

II, 11a: At these CenterActors the determined antecedents 
(LPS-105 )  ar e remove d fro m th e correspondin g C j  lists . 
The remova l  o f  th e anteceden t  fro m th e C j  lis t  prevent s 

*We slricd y separat e th e searc h fo r  th e prope r  anteceden t  an d di e 
evaluatio n o f  it s  conceptua l  compatibilit y  a s th e modifie r  o f  a  head . 

'Th e bol d number s i n th e tex t  an d th e edg e number s i n Fig .  1 
and 2  refe r  t o th e sam e compuutio n steps .  Th e inde x a  indicate s 
paralle l  distributio n o f  messages .  Th e directe d edge s i n bot h figure s 
illustrat e th e basi c flo w o f  contro l  cause d b y th e messag e passing . 

p̂ermi t  account s fo r  typ e an d furthe r  conceptua l  admissibilit y 
constraint s (numbe r  restrictions ,  etc.) . 

i t  fro m bein g (incorrectly )  reuse d a s a  possibl e anteceden t 
fo r  ye t  anothe r  anapho r  withi n th e sam e sentence . 

As a special case of local ambiguities, consider the sec-

on d anapho r  i n sentenc e (2) ,  th e pronou n "sie "  (it) .  Cause d 
by th e attachmen t  o f  "sie "  t o it s prospectiv e hea d "erzielt " 
(scores )  i n th e subordinat e claus e o f  sentenc e (2) .  an d du e t o 
th e cas e ambiguit y o f  "sie" ,  viz .  nominativ e an d accusative , 
th e correspondin g PhraseActor s ar c duplicate d (a s th e ma -
tri x claus e i s ambiguous ,  too ,  fou r  interpretation s mus t  b e 

considered ;  i n th e correspondin g Fig .  2  onl y tw o reading s 
ar e shown) .  Fou r  SearchAnteceden t  message s ar e triggered . 
Step s 1- 8 ar e performe d a s describe d above .  A s th e corre -
spondin g C j s o f  (I )  contai n onl y P e r f o r m a n c e (LPS-10 5 

has alread y bee n consume d a s a  resul t  o f  previousl y resolvin g 
"dies e Festplatte") ,  th e predicat e perm/ r  fail s  wit h respec t  t o 
P E R F O R M A N CE an d "erzielt "  (Ste p 9) . 

12,12a: The anaphor sends an AnaphorReject message to 
th e CenterActor . 

13,13a: The C/ list is exhausted. 

14,14a: Hence, the mechanism for intrasentential anaphora 
resolutio n i s uiggercd .  Th e searc h fo r  a n anteceden t  i s 
performe d withi n th e PhraseActo r  whic h contain s bot h th e 
anapho r  an d th e anteceden t  (cf .  Fig .  2 ;  i t  differ s fro m Fig . 
1 mainl y wit h respec t  t o descriptio n o f  th e th e dependenc y 
structure s withi n eac h PhraseActor ,  whic h ar e depicte d i n 
greate r  detail) . 

15,15a: Each SearchAntecedent message is forwarded from 
it s initiato r  "sie "  t o it s prospectiv e hea d Head l  "erzielt " 
(scores )  whic h d-bind s th e initiator . 

16,16a: Next the message is forwarded to Headl "erreicht" 
(compare s to) . 

17,17a: Then the message is forwarded to possible An-
tecedent s whic h ar e modifier s o f  Head l ,  wher e "dies e 
Festplatte "  (thi s har d disk )  an d "ST-3144 "  ar e reached ,  re -
spectively . 

18,18a: PronAnaphorTest and the semantic predicate pcrm/V 
succee d ("dies e Festplatte" ,  whic h i s resolve d t o L P S -
105 ,  an d "erzielt "  a s wel l  a s ST-314 4 an d "erzielt "  ar e 
bot h successfull y teste d b y permit) . 

19,19a: An AntecedentFound message is sent to the 
anaphor .  Th e dependenc y relatio n theAttachment ,  viz .  sub -
ject ,  i s  confirme d i n bot h case s betwee n "erzielt "  (scores ) 
and LPS-10 5 a s wel l  a s ST-3144 ,  respectively .  Similarly , 
th e objec t  dependenc y relatio n is t  established ,  unti l  th e ac -
cusativ e phras e "de n zweite n Platz "  (second-bes t  i n thi s 
category )  invalidate s thi s loca l  ambiguity . 

Upon completion of the analysis of sentence (2) two Cen-
terActor s continu e t o exis t  wit h correspondin g C b / C /  dat a 
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Figur e 1 :  Protoco l  fo r  th e Loca l  Ambiguit y Cas e a t  th e Tex t  Leve l 
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CenteringActo r 

' — CenterActo r 

Figur e 2 :  Protoco l  fo r  th e Loca l  Ambiguit y Cas e a t  th e Phras e Leve l 

(of .  Tabl e 2) .  Hence ,  th e loca l  ambiguit y wit h respec t  t o "sie " 

n o longe r  persist s an d ha s bee n reduce d t o a  globa l  one . 

Summarizing ,  w e propos e a  two-leve l  representatio n o f 
structura l  ambiguitie s fo r  th e centerin g model ,  on e a t  whic h 
loca l  an d globa l  structura l  ambiguitie s ar e mad e explicit . 
Globa l  ambiguitie s ar e represente d a s set s o f  forward-lookin g 
center s ( a so-calle d centerin g set ,  i n th e underlyin g imple -
mentatio n realize d a s CenterActor) ,  whil e loca l  ambiguitie s 
ar e represente d a s a  se t  o f  suc h centerin g set s (i n th e under -
lyin g implementatio n realize d a s CenteringActor) .  Th e cre -
atio n an d managemen t  o f  thes e set s i s unde r  contro l  o f  th e 
parser ,  whil e th e managemen t  o f  entitie s withi n thes e center s 
remain s i n th e real m o f  th e centerin g theory .  Th e proposa l  w c 
make doe s no t  depen d o n an y choic e o f  th e underlyin g gram -
mar  o r  semanti c theor y (althoug h bindin g criteri a shoul d b e 
expressable) . 

Re la te d W o r k 

The centerin g model ,  fro m it s inceptio n (Gros z e t  al. ,  1983 ) 
t o it s mos t  recen t  formulatio n (Gros z e t  al. ,  1995) ,  ha s bee n 
considere d a  methodologica l  framewor k fo r  anaphor a resolu -
tion .  Wit h th e exceptio n o f  Brenna n e t  al .  (1987) ,  whos e 
implementatio n wa s interface d wit h a  concret e H P S G sys -
tem ,  th e centerin g approac h seem s t o hav e bee n develope d a s 
a stand-alon e theor y vehicle ,  wit h almos t  n o attentio n give n 
t o it s integratio n int o a  large r  N L U syste m framework .  Thi s 
migh t  explai n w h y th e issu e o f  structura l  ambiguit y han -
dlin g ha s bee n largel y ignore d i n th e centerin g framework . 
The proble m o f  referentia l  ambiguit y t o whic h ou r  proposa l 
i s  equall y applicabl e ha s recentl y bee n discusse d b y Walke r 
et  al .  (1994) .  However ,  thei r  proble m concern s th e choic e 
option s arisin g fo r  th e a.ssignmcn t  o f  alternativ e discours e en -
titie s fro m th e forward-lookingccnie r  lis t  t o zero-anaphorize d 
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argument s o f  verb s i n Japanese ,  give n tha t  th e numbe r  o f  can -
didat e antecedent s exceed s tha t  o f  th e zer o anaphors .  Thei r 
use o f  functiona l  notions ,  viz .  topicalit y an d empathy ,  natu -
rall y exten d th e rol e preference s o f  th e underlyin g centerin g 

model ,  bu t  unlik e ou r  case ,  n o structura l  ambiguitie s ar c in -
volved .  I n contrast ,  ou r  approac h applie s t o th e representatio n 
of  bot h type s o f  ambiguities . 

We motivate d th e treatmen t  o f  (structural )  ambiguitie s 
withi n th e centerin g framewor k a s a  consequenc e o f  assum -
in g a n incrementa l  m o d e o f  anapho r  resolution ,  a  topi c tha t 
has no t  bee n raise d i n th e centerin g literatur e s o far .  Thi s i s 
surprisin g insofa r  a s eve n psycholinguisli c  studie s o n center -

in g (Gordo n e t  al. ,  1993 ;  Brennan ,  1995 )  d o no t  touc h upo n 
thi s issue ,  thoug h th e immediac y o f  anapho r  resolutio n i s a 
common them e i n cognitiv e tex t  processin g studie s (Jus t  & 
Carpenter ,  1987 ;  Sanfor d &  Garrod ,  1989) . 

Our  proposal ,  base d o n a  dependency-styl e gramma r 
model  (Hah n e t  al. ,  1994) ,  claim s t o integrat e bot h th e 
sentence-leve l  a s wel l  a s text-leve l  o f  anaphor a analysis . 
Furthermore ,  i t  i s  als o full y  integrate d wit h terminologica l 
reasonin g facilitie s a s neede d fo r  in-dept h tex t  understand -
ing ,  an d i s base d o n a n incremental ,  single-pas s procedure . 
Thus ,  i t  i s  superio r  t o th e wor k o n bindin g theor y a s devel -
oped  withi n th e G B framewor k (Chomsky ,  1981 )  tha t  i s  re -
stricte d t o th e sentence-leve l  o f  analysis ;  jus t  recently ,  how -
ever ,  Merl o (1993 )  ha s propose d a n incrementa l  procedur e 
fo r  computin g inu^senteniia l  coreference s base d o n bindin g 
theor y constraints .  Als o Haddoc k (1987 )  consider s a n incre -
menta l  mod e o f  anaphor a resolutio n whic h boil s dow n t o a 
variabl e binding ,  i.e. ,  a  constrain t  satisfactio n proble m i n th e 
contex t  o f  a  Combinator y Categoria l  Grammar .  A n y o f  thes e 
approache s neglect s th e importan t  aspec t  o f  a  preferenc e scal -
in g fo r  propert y selectin g amon g severa l  candidat e discours e 
unit s  a s antecedents .  Thi s drawbac k i n th e sam e wa y applie s 
t o th e framewor k o f  D R T ( K a m p &  Reyle ,  1993) ,  whic h i s 
als o non-incremental . 

Conclusions 

Our approach to anaphora resolution extends the original 
centerin g mode l  b y embeddin g th e centerin g approac h int o 
an incremental ,  single-pas s processin g model ,  b y providin g 
dat a smicture s fo r  th e centerin g algorith m whic h allo w fo r 
th e ueatmen t  o f  loca l  an d globa l  (parsing )  ambiguities ,  an d 
by homogeneousl y integratin g th e resolutio n o f  sentence -
leve l  (intrasentential )  a s wel l  a s text-leve l  (intersentential ) 
anaphor a base d o n th e stric t  requirement s se t  u p b y th e bind -
in g criteri a (adapte d t o a  dependenc y gramma r  framework) . 

The anaphor a resolutio n modul e ha s bee n realize d a s par t 
of  a  dependenc y parse r  fo r  th e Germa n language .  Th e parse r 
has bee n implemente d i n Actal k (Briot ,  1989) ,  a n acto r  lan -
guag e dialec t  o f  Smalltalk .  Th e curren t  lexico n contain s 
nearl y 3.00 0 lexica l  entrie s an d correspondin g concep t  de -
scription s fro m tw o domain s (informatio n technolog y an d 
medicine )  availabl e fro m th e L O O M knowledg e representa -
tio n syste m (MacGrego r  &  Bates ,  1987) . 
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