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Abstrac t 

We introduce a methodology for determining referents in full-
lengt h text s i n a  computationall y parsimoniou s way .  Base d o n 
th e centerin g model ,  whos e focu s i s o n th e loca l  coherenc e o f 
discourse ,  w e buil d u p a  hierarch y o f  referentia l  discours e seg -
ment s fro m th e loca l  centerin g data .  Th e spatia l  extensio n an d 
nestin g o f  thes e discours e segment s constrai n th e reachabilit y 
of  potentia l  antecedent s o f  a n anaphori c expressio n abov e th e 
leve l  o f  adjacen t  cente r  pairs .  Thus ,  th e centerin g mode l  i s 
scale d u p t o th e leve l  o f  globa l  discours e structure . 

Introduction 

Referen t  identificatio n i n discours e i s a  cognitivel y challeng -
in g task ,  sinc e th e mor e a  discours e unfold s th e greate r  th e 
number  o f  possibl e antecedent s whic h ar e availabl e a s candi -
date s fo r  referenc e resolution .  A n y naiv e account ,  e.g. ,  a  sim -
pl e linea r  backwar d searc h o f  al l  previousl y establishe d dis -
cours e entitie s couple d wit h linguisti c an d conceptua l  com -
patibilit y  test s a t  eac h chec k point ,  i s  error-pron e an d fa r  to o 
ressource-consumptive .  Cognitivel y plausibl e model s o f  ref -
erenc e identificatio n have ,  therefore ,  alway s trie d t o reduc e 
th e searc h effort s an d inferenc e loa d impose d o n th e heare r 
(Green e e t  al. ,  1992) .  Th e centerin g mode l  (Gros z e t  al. , 
1995 )  explicitl y  addresse s thes e issues ,  a s i t  supplie s simple , 
yet  powerfu l  dat a structures ,  constraint s an d rule s fo r  th e lo -
cal  coherenc e o f  discourse .  I n essence ,  candidat e antecedent s 
i n a n utteranc e ar e preferentiall y  ranked ,  an d a  discours e in -
crease s i n coherenc e th e leas t  expensiv e a  vali d anteceden t  i s 
foun d base d o n thi s ranking .  Thes e assumption s o f  th e center -
in g mode l  hav e akead y bee n experimentall y validate d (Gor -
don etal. ,  1993 ;  Brennan ,  1995) . 

Ther e is ,  however ,  a  structura l  limitatio n inheren t  i n thes e 
models ,  th e centerin g mode l  i n particular .  Thei r  focu s i s o n 
anaphori c relation s tha t  hol d withi n a  discours e segmen t  com -
pose d o f  onl y fe w utterance s (usually ,  two -  o r  three-sentenc e 
discourse s ar e examined) .  However ,  well-forme d anaphori c 
relationship s m a y wel l  exten d ove r  segmen t  boundarie s i n 
full-lengt h texts .  I n thes e cases ,  cognitiv e parsimon y be -
comes eve n mor e important ,  a s th e numbe r  o f  possibl e an -
tecedent s tend s t o explode .  T h e procedur e w e propos e fo r 
creatin g an d managin g larg e referentia l  discours e segments ^ 

'Ou r  notio n o f  referentia l  discours e segment s shoul d no t  b e 
confounde d wit h th e intentiona l  on e originatin g fro m Gros z e t  al . 
(1995) ,  fo r  reason s discusse d i n Hah n &  Stmb e (1997) . 

provide s a  sor t  o f  superimpose d inde x structur e b y whic h th e 
searc h spac e fo r  potentia l  antecedent s ca n b e effectivel y re -
stricte d t o a  minima l  numbe r  o f  discours e elements .  Thi s 
model  full y  subscribe s t o th e inference-reducin g effort s o f  th e 
basi c centerin g mode l  bu t  extend s i t  t o accoun t  fo r  th e refer -
entia l  coherenc e coverin g th e entir e discourse . 

Centering and Global Discourse Structure 

I n th e centerin g model ,  eac h utteranc e U i  i s assigne d a  se t 
of  forward-lookin g centers ,  C f (U i ) ,  an d a  uniqu e backward -
lookin g center ,  Cb{Ui) .  A  rankin g i s impose d o n th e element s 
of  th e C f  whic h reflect s th e assumptio n tha t  th e mos t  highl y 
ranke d elemen t  o f  Cf {U i )  i s  th e mos t  preferre d anteceden t 
of  a n anaphori c expressio n i n Ui+i ,  whil e th e remainin g el -
ement s ar e ordere d accordin g t o decreasin g preferenc e fo r 
establishin g referentia l  links .  Th e mos t  highl y ranke d ele -
ment  o f  Cf {Ui )  tha t  i s  realize d i n Ui+ i  (i.e. ,  ha s a  vali d 
interpretatio n i n th e underlyin g semanti c representation )  i s 
th e Ct,{Ui+i) .  Give n thes e widel y acknowledge d conditions , 
anaphor a resolutio n i n U i  depend s o n accessin g th e immedi -
atel y precedin g forward-lookin g centers ,  C/(C/i_i) ,  only . 

Ther e hav e bee n onl y fe w attempt s a t  explicitl y  dealin g 
wit h th e recognitio n an d incorporatio n o f  discours e structur e 
beyon d th e leve l  o f  immediatel y adjacen t  utterance s withi n 
th e centerin g framework .  T w o recen t  studie s (Passonneau , 
1996 ;  Walker ,  1996a )  dea l  wit h thi s topi c b y considering , 
a m o ng othe r  things ,  whethe r  a  correlatio n exist s betwee n par -
ticula r  configuration s o f  loca l  centerin g dat a an d th e globa l 
structur e o f  discours e segments .  I n particular ,  th e supposi -
tio n i s investigate d whethe r  tw o differen t  backward-lookin g 
centers ,  Cb{Ui-i )  ̂  Cb{Ui) ,  fo r  tw o immediatel y adjacen t 
utterances ,  f/j- i  an d Ui ,  ̂  indicat e th e presenc e o f  a  discours e 
segment  boundary .  Empirica l  data ,  however ,  yiel d onl y a 
weak suppor t  fo r  thi s claim ,  i f  a t  all .  Hence ,  thi s finding  pre -
clude s a  reliabl e predictio n o f  segmen t  boundarie s base d o n 
th e occurrenc e o f  loca l  centerin g dat a (i.e. ,  shif t  transitions ) 
and vic e versa .  I n orde r  t o accommodat e t o thes e empirica l 
result s Passonnea u suggest s tha t  th e centerin g dat a structure s 
nee d t o b e modifie d appropriately ,  whil e Walke r  conclude s 
tha t  th e loca l  centerin g dat a shoul d b e lef t  a s the y ar e an d 

^Thi s patter n i s usuall y considere d a  particula r  for m o f  centerin g 
transitions ,  so-calle d "shifts" ;  cf .  Brenna n e t  al .  (1987 )  fo r  a  detaile d 
discussio n o f  transitio n types . 
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furthe r  b e c o m p l e m e n t e d b y a  cach e mechan ism .  Sh e thu s 
intend s t o exten d th e scop e o f  centerin g i n accordanc e wit h 
cognitivel y plausibl e limit s o f  th e attentiona l  span . 

A s a  work in g hypothesis ,  fo r  th e purpos e o f  anaphor a res -
olutio n w e subscrib e t o Walker' s mode l ,  especiall y t o tha t 
par t  wh ic h cast s doub t  o n th e hypothesize d dependenc y o f 
th e (local )  attentiona l  f ro m th e (global )  intentiona l  structur e 
o f  discours e (Gros z &  Sidner ,  1986 ,  p .  180) .  W e diverg e fro m 
Walke r  (1996a) ,  however ,  b y proposin g a n alternativ e t o th e 
cach e m e c h a n i s m ,  wh ic h w e conside r  t o b e methodologicall y 
m o r e parsimoniou s and ,  a t  leas t  t o b e equall y effective . 

T h e propose d extensio n o f  th e centerin g m o d e l  build s 
o n th e methodologica l  f ramewor k o f  functiona l  centerin g 
(Strub e &  H a h n ,  1996) .  Thi s i s  a n approac h t o centerin g 
i n wh ic h issue s suc h a s thematicit y o r  topicalit y ar e alread y 
inherent .  It s linguisti c foundation s relat e th e rankin g o f  th e 
forward-lookin g center s an d th e functiona l  informatio n struc -
tur e o f  th e utterances ,  a  notio n originall y develope d b y Dane s 
(1974) .  Strub e &  H a h n (1996 )  us e th e centerin g dat a struc -
ture s t o redefin e Danes' s trichotom y betwee n give n informa -
tion ,  t hem e an d r h e m e i n term s o f  th e centerin g model .  I n 
thi s framework,  th e C b { U i )  correspond s t o th e elemen t  wh ic h 
represent s th e give n information .  T h e them e o f  U i  i s  repre -
sente d b y th e preferre d cente r  Cp(C/i) ,  th e mos t  highl y ranke d 
elemen t  o f  C f { U i ) .  T h e theme/rhem e hierarch y o f  U i  corre -
spond s t o th e rankin g i n th e C / s . 

Identifyin g th e preferre d cente r  wit h th e t hem e implie s tha t 
th e preferre d cente r  i s  o f  majo r  relevanc e fo r  determinin g 
th e themati c progressio n o f  a  tex t  ( a ter m als o introduce d b y 
D a n e s (1974)) ,  from  wh ic h discours e segment s shoul d b e eas -
il y  derivable .  D a n e s (1974 )  distinguishe s thre e type s o f  the -
mati c progressio n (TP) ,  t w o o f  wh ic h ca n directl y b e derive d 
from  centerin g data ,  whil e th e thir d require s t o refe r  t o con -
ceptua l  generalizatio n hierarchie s (no t  a n issu e i n thi s paper) . 
I n particular ,  a  distinctio n i s m a d e betwee n 

1. TP with a constant theme: Successive utterances continu-
ousl y shar e th e s a m e C p . 

2. TP with linear thematization ofrhemes: An element of the 
C f { U i - i )  wh ic h i s no t  th e Cp(C/i_i )  appear s i n U i  an d 
b e c o m e s th e C p { U i )  afte r  di e processin g o f  thi s utterance . 

C7/(f/.-i )  : 

Cf iUi )  : 

C/(t/._i )  : 

Cf iUi )  : 

[Ci,... ,  C j , . 

i 
[Ci ,  ... ,  Cfc ,  . 

[Ci ,  ...,Cj ,  . 

[Ci ,  ...,Ck, . 

.,c, ] 

••,C t  ] 

.,Cs ]  l < j < S 

.. ,  Ct  ] 

Tabl e 1 :  Themat i c Progressio n Pattern s 

Table 1 gives the abstract schemata of TP patterns, while 
i n Tabl e 2  U i  t o U s illustrat e th e constan t  them e an d C/ 4 t o 
i/ s  reflec t  th e linea r  thematizatio n o f  rhemes .  I n th e latte r 

case ,  th e them e change s fro m "Standard-Installatio n "  (stan -

dar d installation )  t o " H a n d b u c h "  (manual) . 
Furthermore ,  Dane s (1974 )  allow s fo r  th e combinatio n an d 

recursio n o f  T P patterns ;  thi s way ,  th e globa l  themati c coher -

enc e o f  a  tex t  ca n b e describe d b y recurrenc e t o thes e basi c 
structura l  patterns .  Thei r  us e allow s fo r  a  majo r  extensio n 
of  th e origina l  centerin g algorithm ,  sinc e give n a  reformu -
latio n o f  th e correspondin g constraint s i n centerin g terms ,  i t 
i s  possibl e t o determin e segmen t  boundarie s an d t o arrang e 
th e segment s i n a  nested ,  i.e. ,  hierarchica l  manne r  o n th e ba -
si s o f  whic h reachabilit y  constraint s fo r  antecedent s ca n b e 
formulated .  Accordin g t o th e segmentatio n strateg y o f  ou r 
approach ,  th e C p o f  th e en d poin t  (i.e. ,  th e las t  utterance )  o f  a 
discours e segmen t  provide s th e majo r  them e o f  th e whol e seg -
ment .  Thi s them e i s particularl y salien t  fo r  anaphori c refer -
enc e relations .  Wheneve r  a  relevan t  ne w them e i s established , 
however ,  i t  shoul d resid e i n it s o w n discours e segment ,  eithe r 
embedded o r  i n paralle l  t o anothe r  one . 

Computing Referential Discourse Segments 

The computatio n o f  referentia l  discours e segment s ca n b e 
spli t  int o tw o majo r  processes .  Th e firs t  proces s determine s 
th e se t  o f  referent s 11 ,  i.e. ,  th e vali d antecedent s fo r  th e 
anaphori c expression s i n th e curren t  utteranc e Ui ,  whic h ar e 
reachabl e fro m th e segmen t  leve l  s  associate d wit h U i  b y 
considering: ' 

•  th e forward-lookin g center s o f  th e linearl y immediatel y 
precedin g utteranc e (a s i n th e standar d centerin g model) , 

•  th e forward-lookin g center s a t  th e en d poin t  o f  th e hierar -
chicall y immediatel y reachabl e discours e segment , 

•  th e preferre d cente r  a t  th e en d poin t  o f  an y hierarchicall y 
reachable ,  thoug h minimall y distan t  discours e segment . 

Reachabilit y  i s  thu s mad e dependen t  o n th e curren t  seg -
ment  structur e D S o f  th e discours e a s determine d b y th e 
segmentatio n algorithm .  Th e secon d proces s build s u p th e 
segment  structur e D S dependin g o n th e reachabilit y  pattern s 
tha t  characteriz e a  referen t  fro m T Z an d it s possibl e occur -
renc e i n on e o f  th e above-mentione d center s accordin g t o th e 
specificatio n i n th e algorith m give n belo w (fo r  a  mor e techni -
cal  treatment ,  cf .  Hah n &  Strub e (1997)) . 

Not e that ,  a s a  result ,  th e curren t  discours e segmen t  struc -
tur e m a y no t  onl y b e "monotonically "  refine d bu t  ca n als o 
be fundamentall y revised ,  thu s makin g ou r  approac h a  trul y 
incrementa l  mode l  o f  anaphor a resolution .  I n th e followin g 
discussion ,  th e discours e segmen t  inde x s  i s usuall y attache d 
t o an y cente r  expression ,  e.g. ,  C/(s ,  Ui) . 

We wil l  no w concentrat e o n th e constructio n par t  o f  th e 
segmentatio n algorithm .  Wheneve r  a  discours e segmen t  i s 
create d a t  leve l  s ,  it s  startin g an d closin g utterance ,  f/[g.6es ) 
and U[a.end] '  ̂ ^  initialize d t o th e curren t  positio n i n th e dis -
course .  It s en d poin t  get s continuousl y incremente d a s th e 

^We abstrac t  her e fro m th e linguisti c constraint s impose d o n 
(pro)noniina l  o r  functiona l  anaphor s (cf .  Stmb e &  Hah n (1996) , 
Hahn &  Strub e (1996 )  an d Marker t  e t  al .  (1996)) . 
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analysi s proceed s unti l  thi s discours e segmen t  D S i s ulti -
matel y closed ,  i.e. ,  wheneve r  anothe r  discours e segmen t  D S ' 
exist s a t  th e sam e o r  a  hierarchicall y highe r  leve l  o f  embed -
din g suc h tha t  th e en d poin t  o f  D S '  exceed s tha t  o f  th e en d 
poin t  o f  D S .  Close d segment s ar e inaccessibl e fo r  th e an -
teceden t  search .  Considerin g th e sampl e tex t  analysi s i n Tabl e 
2,  th e discours e segmen t  a t  leve l  3  (rangin g fro m utteranc e 5 
t o 5 )  i s  ultimatel y closed ,  whil e thos e a t  leve l  1  (rangin g fro m 
utteranc e 1  t o 3 )  o r  leve l  2  (rangin g fro m utteranc e 4  t o 7 )  ar e 
considere d open . 

I n th e following ,  s  an d U i  denot e th e currentl y considere d 
segment  leve l  an d utterance ,  respectively .  Th e mai n algo -
rith m consist s o f  thre e majo r  logica l  blocks . 

1. Continue Current Segment. If one of the referents from 
Ui  containe d i n 72 .  matche s th e Cp{s ,  Ui-i) ,  the n th e cur -
ren t  segmen t  i s extende d b y U i  a t  th e sam e segmen t  leve l 
s.  If ,  i n addition ,  Ui- i  an d U i  indicat e th e en d o f  a  se -
quenc e i n whic h a  serie s o f  thematization s o f  rheme s hav e 
occurred ,  al l  embedde d segment s ar e lifte d t o th e highe r 
leve l  s' .  A s a  resul t  o f  suc h a  lifting ,  th e entir e sequenc e 
(includin g th e final  tw o utterances )  form s a  singl e segment . 
Thi s is ,  o f  course ,  triviall y  tru e fo r  case s o f  a  constan t 
theme .  Liftin g i s th e mos t  sever e operatio n fo r  restructur -
in g alread y establishe d segmen t  structures . 

2. Close Embedded Segment(s). If the referents from 
Ui  containe d i n T Z d o no t  matc h a n elemen t  o f  th e 
Cf{s ,  Ui-i) ,  the n thre e possibilitie s emerge : 

(a) Close the embedded segment: If one of the referents 
fro m U i  containe d i n 7? .  matc h th e Cp{ s -  1 ,  I7[g-i.end]) . 
th e segmen t  a t  leve l  s  i s close d whil e th e segmen t  a t  leve l 
s -  1  i s extende d b y Ui .  I f  non e o f  th e referent s fro m U i 
containe d i n T l  matc h th e Cp{ s — 1 ,  C/[s_i.end]) .  the n th e 
remainin g element s o f  th e C f  a t  thi s segmentatio n leve l 
ar e checke d fo r  th e give n utterance .  I f  a  matc h succeeds , 
th e segmen t  whic h contain s Ui- i  i s  ukimatel y closed , 
sinc e U i  open s a  paralle l  segmen t  a t  th e sam e leve l  o f 
embedding .  Subsequen t  anaphor a check s exclud e an y 
precedin g close d o r  paralle l  segment s fro m considera -
tio n fo r  th e matchin g proces s an d jus t  conside r  th e cur -
rend y ope n one . 

(b )  Clos e th e embedde d segment(s )  an d continu e another , 
alread y existin g segment :  I f  on e o f  th e referent s fro m U i 
containe d i n 7 2 matche s a  discours e referen t  i n on e o f  th e 
remainin g hierarchicall y reachabl e segments ,  tha t  par -
ticula r  segmen t  whic h contain s th e matchin g discours e 
referen t  i s  extende d b y Ui .  Onl y th e C p o f  th e utteranc e 
at  th e en d poin t  o f  an y o f  thes e segment s i s considere d 
fo r  a  match .  Not e that ,  a s a  sid e effect ,  hierarchicall y 
lowe r  segment s ar e ultimatel y close d whe n a  matc h a t 
highe r  level s succeeds . 

(c )  Ope n new ,  embedde d segment :  I f  ther e i s n o matchin g 
referen t  i n hierarchicall y reachabl e segments ,  the n fo r 
utteranc e U i  a  new ,  embedde d segmen t  i s opened . 

3.  O p e n a  N e w ,  E m b e d d e d S e g m e n t  I f  non e o f  th e abov e 
case s applies ,  the n fo r  utteranc e U i  a  ne w embedde d seg -
ment  i s opened .  Whil e processin g furthe r  utterances ,  thi s 
decisio n ma y b e retracte d b y liftin g di e embedde d seg -

ments .  Thi s realize s a  kin d o f  "garbag e collection "  fo r 
globall y insignifican t  discours e segment s which ,  neverthe -
less ,  wer e reasonabl e fro m a  loca l  perspectiv e fo r  refer -
enc e resolutio n purposes .  Hence ,  th e discours e segmenta -
tio n procedur e w e propos e work s i n a  strictl y incrementa l 
way an d revise s previousl y mad e segmentatio n decision s 
on th e fly.  W e conside r  thi s kin d o f  dynami c adjustmen t  o f 
globa l  discours e structur e a  particularl y interestin g cogni -
tiv e issue . 

A Sample Text Segmentation 

For  illustrativ e purposes ,  w e her e conside r  a  tex t  fragmen t 
(se e Tabl e 2 )  take n fro m a  Germa n compute r  magazin e {c't , 
1995 ,  No .  4 ,  p.209) .  Sinc e th e metho d fo r  computin g level s 
of  discours e segment s heavil y depend s o n differen t  kind s o f 
anaphori c expressions ,  (pro)nomina l  an d functiona l  anaphor s 
ar e marke d b y italics ,  an d th e (pro)nomina l  anaphor s ar e un -
derlined ,  i n addition .  I n orde r  t o conve y th e influenc e o f 
th e Germa n wor d order ,  w e provid e a  roug h phrase-to-phras e 
translatio n o f  th e sampl e text . 

Tabl e 2  depict s a  complet e segmentatio n o f  th e sampl e text . 
The first  colum n contain s th e numbe r  o f  eac h utterance ,  th e 
secon d colum n give s th e sampl e text ,  whil e th e thir d colum n 
shows th e centerin g dat a whic h ar e compute d b y th e func -
tional  centerin g approac h (Strub e &  Hahn ,  1996) .  Th e first 
elemen t  o f  eac h C f ,  th e preferre d center ,  Cp ,  i s marke d b y 
bol d font .  Th e fourt h colum n depict s th e level s o f  discours e 
segment s whic h ar e compute d b y ou r  algorithm .  Th e horizon -
ta l  line s indicat e th e beginnin g o f  a  segment ,  th e vertica l  one s 
mar k th e extensio n o f  a  segment .  Th e fifth  colum n indicate s 
whic h bloc k o f  th e algorith m applie s t o th e curren t  utterance . 

The computatio n start s a t  Ui ,  th e headline .  Th e Cp(l ,  C/i ) 
i s  se t  t o "1260 "  whic h i s mean t  a s a n abbreviatio n o f 
"Brothe r  HL-1260" .  Upo n initialization ,  th e beginnin g a s 
wel l  a s th e endin g o f  th e initia l  discours e segmen t  ar e bot h 
set  t o "1" .  U 2 an d U 3 simpl y continu e thi s segmen t  (bloc k (1 ) 
of  th e algoridim) .  Th e C p i s se t  t o "1260 "  i n al l  utterance s 
of  thi s segment .  Sinc e th e referent s fo r  C/ 4 d o neithe r  matc h 
th e Cp(l ,  C/3 )  (bloc k (1) )  no r  i s an y hierarchicall y precedin g 
segment  available ,  bloc k (2c )  applies .  Th e segmen t  counte r  s 
i s incremente d an d a  ne w segmen t  a t  leve l  2  i s opened ,  set -
ting  th e beginnin g an d th e endin g t o "4" .  Th e referen t  o f 
th e phras e "da s diinn e Handbuchlei n "  (th e thi n leaflet )  i n U ^ 
doe s no t  matc h th e Cp(2 ,  C/4 )  bu t  i t  matche s a n elemen t  o f 
th e C/(2 ,  C/4 )  instea d (viz .  "Handbuch "  (manual)) .  Hence , 
bloc k (3 )  o f  th e algorith m applies ,  leadin g t o th e creatio n o f  a 
ne w segmen t  a t  leve l  3 .  Th e referen t  o f  th e anapho r  "Hand -
buch "  (manual )  i n C/ e matche s th e Cp(3 ,  C/5) .  Henc e bloc k 
(1 )  applie s (th e occurrenc e o f  "1260 "  i n C j {U^ )  i s du e t o 
th e assumption s specifie d b y Strub e &  Hah n (1996)) .  Give n 
thi s configuration ,  th e embedde d segmen t  i s lifte d on e level , 
so th e segmen t  whic h ende d wit h C/ 4 i s no w continue d u p t o 
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I/ , 

(1 ) 

(2 ) 

(3 ) 

(4 ) 

(5 ) 

(6 ) 

(7 ) 

Sampl e Tex t 

Brothe r  HL-126 0 

Ei n Detai l  fUll t  scho n bei m erste n Umgan g mi t  de m groBe n 
Brothe r  auf : 
O ne particula r  -  i s  alread y notice d -  i n th e first  approac h t o 
-  th e bi g Brother : 
I m Betrie b mach t  e r  durc h ei n kraftige s Arbeitsgerausc h 
auf  sic h aufmerksam ,  da s auc h i m Stand-by-Modu s noc h gu t 
vemehmbar  ist . 
I n operatio n -  draw s - i t -  wit h a  heav y nois e leve l  -  attentio n t o 
itself -  whic h -  als o -  i n th e stand-b y mod e -  i s stil l  wel l  audible . 
Fii r  Standard-lnstallatione n kommt  m a n gu t  ohn e Handbuc h aus . 
As fa r  a s standar d installation s ar e concerne d -  get s -  on e -  wel l 
-  b y -  withou t  an y manual . 
Zwar  erlauter t  da s diinn e Handbiichlei n di e Bedienun e de r 
Hardwar e anschaulic h un d gu t  illustriert . 
Admittedly ,  give s -  th e thi n leafle t  -  th e operatio n o f  th e 
hardwar e -  a  clea r  descriptio n o f -  an d -  wel l  illustrated . 
Di e Software-Seit e wurd e i m Handbuc h dagege n stiefmiitterlic h 
behandelt : 
The softwar e par t  -  wa s -  i n th e manua l  -  howeve r  -  lik e a 
stepmothe r  -  treated : 
bi s au f  ein e karg e Seit e mi t  eine m Inhaltsverzeichni s zu m 
HP-Modus such t  m a n vergeben s weiter e Informationen . 
excep t  fo r  on e meagr e pag e -  containin g th e tabl e o f  content s fo r 
th e H P mod e -  seek s -  on e -  i n vai n -  fo r  furthe r  information . 

Centering-Dat a 

Cb:  -
Cf :  [1260 ] 
Cb:  126 0 
Cf :  [1260 ,  Umgang ,  Detail ] 

Cb:  126 0 
Cf :  [1260 ,  Betrieb , 

Arbeitsgerausch , 
Stand-by-Modus ] 

Cb:  -
Cf :  [Standard-lnstallaUon , 

Handbuc h ] 
Cb:  Handbuc h 
Cf :  [Handbuch ,  1260 , 

Hardware ,  Bedienung ] 

Cb:  Handbuc h 
Cf :  [Handbuch ,  1260 , 

Software ] 

Cb:  Handbuc h 
Cf :  [Handbuch ,  Seite , 

1260 ,  HP-Modus , 
Inhaltsverzeichnis , 
Informationen ] 

Segment  Level s 
1 2  3 

Bloc k 

1 

1 

2c 

3 

1,  Lif t 

1 

Tabl e 2 :  Samp l e Text ,  Centering-Dat a an d Discours e Structur e 

Us a t  leve l  2 .  A s a  consequence ,  th e centerin g dat a o f  t/ 5 
ar e exclude d f ro m furthe r  consideratio n a s fa r  a s subsequen t 
matchin g processe s ar e concerned .  C/ 7 simpl y continue s th e 
s a me segment ,  sinc e th e functiona l  anapho r  "Seite "  (page ) 
refer s t o " H a n d b u c h "  (manual) ,  th e C p ( 2 ,  U ^ ) -

Empirical Findings 

I n thi s section ,  w e presen t  som e empirica l  dat a concernin g 
th e centere d segmentatio n algorithm .  Ou r  stud y wa s base d 
on th e analysi s o f  twelv e text s from  th e informatio n tech -
nolog y domai n (IT) ,  o f  on e tex t  fro m a  Germa n new s mag -
azin e (Spiegel)^ ,  an d o f  tw o literar y texts ^  (Lit) .  Tabl e 3 
summarize s th e tota l  number s o f  (pro)nomina l  an d functiona l 
anaphors ,  utterances ,  an d word s i n th e tes t  set . 

Table  4  an d Table  5  conside r  th e numbe r  o f  (pro)nomina l 
anaphor s an d functiona l  anaphors ,  respectively ,  an d th e linea r 
distanc e the y hav e t o thei r  correspondin g antecedents .  Not e 
tha t  c o m m o n centerin g algorithm s (e.g. ,  th e on e b y Brenna n 
et  al .  (1987) )  ar e specifie d onl y fo r  th e resolutio n o f  anaphor s 

^  Japa n -  De r  Neu e de r  alte n Garde .  I n De r  Spiegel ,  Nr .  3 ,  1996 . 
^Th e first  tw o chapter s o f  a  shor t  stor y b y th e Germa n write r 

Heine r  Miille r  (Liebesgeschichte .  I n Heine r  Miiller .  Geschichte n 
aus de r  Produktio n 2 .  Berlin :  Rotbuc h Veriag ,  1974 ,  pp.57-63 )  an d 
th e first  chapte r  o f  a  nove l  b y U w e Johnso n {Zwe i  Ansichten .  Frank -
furt/Main :  Suhrkam p Veriag ,  1965. ) 

(pro)nomina l  anaphor s 
functiona l  anaphor s 
utterance s 
word s 

I T Spiege l  Li t 
197 10 1 19 8 
195 2 2 2 3 
336 8 4 12 7 

5241 146 8 161 0 

E 
496 
240 
547 

8319 

Tabl e 3 :  Tes t  Se t 

in Ui-i. They are neither specified for anaphoric antecedents 
i n Ui ,  no t  a n issu e here ,  no r  fo r  anaphori c antecedent s beyon d 
Ui-i .  I n th e tes t  set ,  13 9 (pro)nomina l  anaphor s (28% )  an d 
116 functiona l  anaphor s (48,3% )  fal l  ou t  o f  th e (intersenten -
tial )  scope  o f  thos e c o m m o n algorithms .  So ,  th e proble m w e 
conside r  i s no t  a  margina l  one . 

t/ . 
t/i- 1 
t/,- 2 
C/i- 3 
Ui- i 
C/i- 5 
C/i_ 6 toC/i-1 0 
U i - n t o t/i _ 1 5 
Ui-1 5 loUi-2 0 

I T 
10 

117 
28 
18 
6 
6 
8 
3 
1 

Spiege l 
7 
70 
14 
5 
1 
0 
1 
1 
2 

Li t 
32 
121 
24 
10 
5 
1 
3 
1 
1 

S 
49 
308 
66 
33 
12 
7 
12 
5 
4 

Tabl e 4 :  Anaphori c Anteceden t  i n Utteranc e U x 
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[/.- I 
Ui- 2 
Ui- 3 
Ui- A 
U,. s 
Ui-6ioU,-i o 
Ui- n tof/,-1 5 

I T 
94 
42 
16 
14 
8 
14 
7 

Spiege l 
15 
6 
0 
0 
0 
1 
0 

Li t 
15 
8 
0 
0 
0 
0 
0 

E 
124 
56 
16 
14 
8 
15 
7 

Tabl e 5 :  Functiona l  Anaphori c Anteceden t  i n Utteranc e U x 

Tabl e 6  an d Tabl e 7  giv e th e succes s rat e o f  th e centere d 
segmentatio n algorith m fo r  (pro)nomina l  anaphor s an d func -
tiona l  anaphors ,  respectively .  Th e number s i n thes e table s 
indicat e a t  whic h segmen t  leve l  anaphori c expression s wer e 
correctl y resolved .  Th e categor y o f  error s cover s erroneou s 
analyse s th e algorith m produces ,  whil e th e on e fo r  fals e posi -
tive s concern s thos e resolutio n result s wher e a  referentia l  ex -
pressio n wa s resolve d wit h th e hierarchicall y mos t  recen t  an -
teceden t  bu t  no t  wit h th e linearl y mos t  recen t  (obviously ,  th e 
targeted )  on e (bot h o f  the m denot e th e sam e discours e entity) . 
The categorie s Cf{s ,  f/i-i )  i n Table s 6  an d 7  contai n mor e 
element s tha n th e categorie s Ui- i  i n Table s 4  an d 5 ,  respec -
tively ,  du e t o th e mediatin g propert y o f  functiona l  anaphor a 
i n functiona l  centerin g (Strub e &  Hahn ,  1996) . 

u. 
C,is,Ui-, ) 
Cp( s -  1 ,  Uosla-l.end] ) 
C f { s -  lyUoSls-Lend] ) 
Cp{ s -  2 ,  UDSls-2.end] ) 
Cp( s -  3 ,  UoSla-a.end] ) 
Cp( a -  4 ,  UDS[s-4.end] ) 
Cp{ s -  5 ,  UDS\s-5.end] ) 
error s 
fals e positive s 

I T 
10 
161 
14 
7 
1 
1 
0 
0 
3 

(1) 

Spiege l 
7 
78 
9 
5 
0 
0 
0 
1 
1 

(3) 

Li t 
32 
125 
24 
9 
1 
1 
1 
0 
5 

(7) 

E 
49 
364 
47 
21 
2 
2 
1 
1 
9 

(11 ) 

Tabl e 6 :  Anaphori c Anteceden t  i n Center ^ 

Cf{s,Ui-i ) 
C p { s -  l,UDS[3-l.end] ) 
C f { s -  'i.,UDS[s-l.end] ) 
Cp( s -  2 ,  UDS[B-2.eTid] ) 
C p ( s -  3,[/DS[s-3.endl ) 
error s 

1 fals e positive s 

I T Spiege l  Li t 
156 1 8 1 7 
18 0  4 
10 1  2 
7 1  0 
3 0  0 
1 2  0 

(2 )  (0 )  (3 ) 

E 
191 
22 
13 
8 
3 
3 

(5) 

Tabl e 7 :  Functiona l  Anaphori c Anteceden t  i n Center x 

The centered segmentation algorithm reveals a pretty good 
performance .  Thi s i s t o som e exten t  implie d b y th e structura l 
pattern s w e find  i n expositor y texts ,  viz .  thei r  single-them e 
propert y (e.g. ,  "1260 "  i n th e sampl e text) .  I n conU-ast ,  th e 
literar y text s i n th e tes t  exhibite d a  muc h mor e difficul t  in -
terna l  sU-uctur e whic h resemble d th e multipl e threa d struc -
tur e o f  dialogue s discusse d b y Ros e e t  al .  (1995) .  Th e goo d 
news i s tha t  th e segmentatio n procedur e w e propos e i s capa -

bl e o f  dealin g eve n wit h thes e mor e complicate d structures . 
Whil e onl y on e anteceden t  o f  a  pronou n wa s no t  reachabl e 
give n th e superimpose d tex t  structure ,  th e remainin g eigh t  er -
ror s ar e characterize d b y ful l  definit e nou n phrase s o r  prope r 
names.  Th e vas t  majorit y o f  thes e phenomen a ca n b e consid -
ere d informationall y redundan t  utterance s i n th e terminolog y 
of  Walke r  (1996b )  fo r  whic h w e currentl y hav e n o solutio n 
at  all .  I t  seem s t o u s tha t  thes e kind s o f  phrase s m a y over -
rid e text-grammatica l  structure s a s evidence d b y referentia l 
discours e segment s and ,  rather ,  trigge r  othe r  kind s o f  searc h 
strategies . 

Thoug h w e fe d th e centere d segmentatio n algorith m wit h 
rathe r  lon g text s (u p t o 8 4 utterances) ,  th e antecedent s o f  onl y 
tw o anaphori c expression s ha d t o bridg e a  hierarchica l  dis -
tanc e o f  mor e tha n 3  levels .  Thi s coincide s wit h ou r  sup -
positio n tha t  th e overal l  structur e compute d b y th e algorith m 
shoul d b e rathe r  flat.  W e coul d no t  find  a n embeddin g o f  mor e 
tha n seve n levels . 

Related Work 

Ther e ha s alway s bee n a n implici t  relationshi p betwee n th e 
loca l  perspectiv e o f  centerin g an d th e globa l  vie w o f  focus -
in g o n discours e structur e (cf .  th e discussio n i n Gros z e t  al . 
(1995)) .  However ,  wor k establishin g a n explici t  accoun t  o f 
h o w bot h ca n b e joine d i n a  computationa l  mode l  ha s no t  bee n 
don e s o far .  Th e effort s o f  Sidne r  (1983) ,  e.g. ,  hav e provide d 
a variet y o f  differen t  focu s dat a structure s t o b e use d fo r  ref -
erenc e resolution .  Thi s multiplicit y an d th e on-goin g growt h 
of  th e numbe r  o f  differen t  entitie s (cf .  Sur i  &  M c C o y (1994) ) 
mirror s a n increas e i n explanator y construct s tha t  w e conside r 
a methodologica l  drawbac k t o thi s approac h becaus e the y ca n 
hardl y b e kep t  contro l  of .  Ou r  model ,  du e t o it s hierarchica l 
natur e implement s a  stac k behavio r  tha t  i s  als o inheren t  t o th e 
abov e mentione d proposals .  W e refrain ,  however ,  fro m estab -
lishin g a  ne w dat a typ e (eve n worse ,  differen t  type s o f  stacks ) 
tha t  ha s t o b e manage d o n it s own .  Ther e i s n o nee d fo r  extr a 
computation s t o determin e th e "segmen t  focus" ,  sinc e tha t  i s 
implicitl y  give n i n th e loca l  centerin g dat a alread y availabl e 
i n ou r  model . 

A recen t  attemp t  a t  introducin g globa l  discours e notion s 
int o th e centerin g framewor k consider s th e us e o f  a  cach e 
model  (Walker ,  1996b) .  Thi s introduce s a n additiona l  dat a 
typ e wit h it s  o w n managemen t  principle s fo r  dat a storage ,  re -
trieva l  an d update .  Whil e ou r  proposa l  fo r  centere d discours e 
segmentatio n als o require s a  dat a structur e o f  it s  own ,  i t  i s 
bette r  integrate d int o centerin g tha n th e cachin g model ,  sinc e 
th e cell s o f  segmen t  structure s simpl y contai n "pointers "  tha t 
implemen t  a  direc t  lin k t o th e origina l  centerin g data .  Hence , 
we avoi d exU- a operation s relate d t o feedin g an d updatin g th e 
cache .  Th e relatio n betwee n ou r  centere d segmentatio n algo -
rithm  an d Walker' s (1996a )  integratio n o f  centerin g int o th e 
cach e mode l  ca n b e viewe d fro m tw o differen t  angles .  O n th e 
one hand ,  centere d segmentatio n m a y b e a  par t  o f  th e cach e 
model ,  sinc e i t  provide s a n elaborate ,  non-linea r  orderin g o f 
th e element s withi n th e cache .  Note ,  however ,  tha t  ou r  mode l 
doe s no t  requir e an y prefixed ,  siz e correspondin g t o th e lim -
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ite d attentio n constraint .  O n th e othe r  hand ,  centere d seg -
mentatio n m a y replac e th e cach e mode l  entirely ,  sinc e bot h 
ar e competin g model s o t  th e attentiona l  state .  Centere d seg -

mentatio n ha s als o th e additiona l  advantag e o f  restrictin g th e 
searc h spac e o f  anaphori c antecedent s t o thos e discours e en -
titie s actuall y referre d t o i n th e discourse ,  whil e th e cach e 
model  allow s unrestricte d retrieva l  i n th e mai n o r  long-ter m 
memory. 

M a ny studie s o n discours e segmentatio n highligh t  th e rol e 
of  cu e word s fo r  signalin g segmen t  boundarie s (cf. ,  e.g. ,  Pas -
sonnea u &  Litma n (1993) )  o r  th e us e o f  overspecifie d referen -
tia l  expression s t o indicat e a  themati c shif t  (Von k e t  al. ,  1992 ; 
Walker ,  1996b) .  Howeve r  usefu l  thes e strategie s migh t  be , 
we se e th e dange r  tha t  suc h a  surface-leve l  descriptio n m a y 
actuall y hid e structura l  regularitie s a t  deepe r  level s o f  investi -
gatio n illustrate d b y acces s mechanism s fo r  centerin g dat a a t 
differen t  level s o f  discours e segmentation . 

We conside r  ou r  proposa l  a  firs t  attemp t  t o unmas k th e 
myster y behin d th e oracl e Webbe r  (1991 )  introduce d i n orde r 
t o decid e wit h whic h existin g segmen t  th e curren t  utteranc e 
i s actuall y connected .  Thi s revelatio n i s achieve d b y th e for -
malizatio n o f  th e linguisti c structur e o f  discourses ,  whil e th e 
intentiona l  structur e a s propose d b y Gros z &  Sidne r  (1986 ) 
seems a s har d t o gras p a s before .  Th e methodolog y w e pro -
pos e migh t  als o constitut e a  startin g poin t  fo r  th e psycholin -
guisti c communit y t o conduc t  discours e processin g experi -
ment s whic h g o beyon d extremel y brie f  (an d henc e artificial ) 
pseud o text s (cf. ,  e.g. ,  Green e e t  al .  (1992) )  an d t o appl y thei r 
empirica l  method s t o text s o f  considerabl e lengt h instead . 

Conclusions 

We hav e develope d a  methodolog y fo r  extendin g th e cen -
terin g mode l  t o incorporat e th e globa l  referentia l  structur e 
of  discours e fo r  referenc e resolution .  Th e hierarch y o f  dis -
cours e segment s w e comput e realize s certai n constraint s o n 
th e reachabilit y  o f  antecedents .  Moreover ,  th e clai m i s m a d e 
tha t  th e hierarch y o f  discours e segment s implement s a n intu -
itiv e notio n o f  th e limite d attentio n constraint ,  a s w e avoi d a 
simphstic ,  cognitivel y implausibl e linea r  backwar d searc h fo r 
potentiona l  discours e referents . 

Th e model ,  nevertheless ,  stil l  ha s severa l  restrictions .  First , 
i t  ha s bee n develope d o n th e basi s o f  a  smal l  corpu s o f  writ -
te n texts .  Thoug h thes e cove r  divers e tex t  sort s {viz .  technica l 
produc t  reviews ,  newspape r  article s an d literar y narratives) , 
we currentl y d o no t  accoun t  fo r  spoke n monologue s a s mod -
elled ,  e.g. ,  b y Passonnea u &  Litma n (1993 )  o r  eve n th e intri -
cacie s o f  dyadi c conversation s Ros e e t  al .  (1995 )  dea l  with . 
Second ,  a  thoroug h integratio n o f  th e referentia l  an d inten -
tiona l  descriptio n f o discours e segment s stil l  ha s t o b e worke d 
out . 
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