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Inferentia l  Realizatio n Constraint s o n 

Functiona l  A n a p h o r a i n th e Centerin g M o d e l 

Katja Markert, Michael Strube & Udo Hahn 

J G ' ]  Computaliona l  Linguistic s Researc h Grou p 
Freibur g Universit y 

Europapla u 1 
D-7908 5 Freiburg ,  German y 

{•eurkert,strube,haJin}Ocoling.uni-freiburg.d e 

Abstrac t 

We present an inference-based text understanding methodol-
ogy fo r  th e resolutio n o f  functiona l  anaphor a i n th e contex t 
of  th e centerin g model .  A  se t  o f  heuristi c realizatio n con -
straint s i s proposed ,  whic h incorporat e language-independen t 
conceptua l  criteri a (base d o n th e well-formednes s an d con -
ceptua l  strengt h o f  rol e chain s i n a  terminologica l  knowl -
edge base )  an d language-def>enden t  informatio n structur e con -
straint s (base d o n topic/commen t  o r  theme/rhem e ordcrings) . 
We stat e text-grammatical  predicate s fo r  functiona l  anaphor a 
and the n tur n t o th e procedura l  aspect s o f  thei r  evaluatio n 
withi n th e framework  o f  a n actor-base d implementatio n o f  a 
lexicall y distribute d text  parser . 

I n t roduc t io n 

Textual forms of anaphora are a challenging issue for the de-
sig n o f  parser s fo r  tex t  understandin g systems ,  sinc e lackin g 
recognitio n facilitie s eithe r  resul t  i n referentiall y  incohesiv e 
or  invali d tex t  knowledg e representations .  A t  th e conceptua l 
leve l  functiona l  anaphor a relate s a  quasi-anaphori c expres -
sio n t o it s anteceden t  b y conceptua l  attribute s (o r  roles )  as -
sociate d wit h tha t  anteceden t  (see ,  e.g. ,  th e relatio n betwee n 
"Ladezeil "  (charg e time )  an d "Akku "  (accumulator )  i n (3 ) 
and (2 )  below) .  Thu s i t  complement s th e phenomeno n o f 
nomina l  anaphora ,  wher e a n anaphori c expressio n i s relate d 
t o it s anteceden t  i n term s o f  conceptua l  generalizatio n (as , 
e.g. ,  "Rechner "  (computer )  refer s t o "316LT' ,  a  particula r 
notebook ,  i n (2 )  an d (1 )  below) .  Th e resolutio n o f  text-leve l 
nomina l  (an d pronominal )  anaphor a contribute s t o th e con -
suuctio n o f  referentiall y  vali d tex t  knowledg e bases ,  whil e 
th e resolutio n o f  text-leve l  functiona l  anaphor a yield s refer -
entiall y  cohesiv e tex t  knowledg e bases . 

1. Der 316LT wird mil einem Nickel-Metall-Hydride-Akku be-
sttlckt . 
(Th e 316L T i s -  wit h a  nickel-metal-hydride-accumulato r  -
equipped. ) 

2.  Der Rechner wird durch diesen neuartigen Akku fUr ca. 4 Stunden 
mit  Stro m versorgt . 
(Th e compute r  i s  -  becaus e o f  thi s ne w typ e o f  accumulato r  -  fo r 
approximatel y 4  hour s -  wit h powe r  -  provided. ) 

3. DarUberhinaus ist die Ladezeit mit 1 ,S Stunden sehr kurz. 
(Also ,  -  i s  -  th e charg e tim e o f  1. 5 hour s quit e short. ) 

I n th e cas e o f  functiona l  anaphora ,  th e conceptua l  entit y 
tha t  relate s th e topi c o f  th e curren t  utteranc e t o discours e ele -
ment s mentione d i n th e precedin g on e i s no t  explicitl y  men -
tione d i n th e surfac e expression .  Hence ,  th e appropriat e con -
ceptua l  lin k mus t  b e inferre d t o establis h th e loca l  coher -
enc e o f  th e discours e (fo r  a n earl y statemen t  o f  tha t  idea ,  cf . 
Clar k (1975)) .  I n sentenc e (3 )  th e informatio n i s missin g tha t 
"Ladezeit "  (charg e time )  i s a  propert y o f  "Akku "  (accumu -
lator) .  Thi s relatio n ca n onl y b e establishe d i f  conceptua l 
knowledg e abou t  th e domain ,  viz .  th e relatio n property-ofbc -
twee n th e concept s C h a r g e - T i m e an d A c c u m u l a t o r ,  i s 
available . 

The solution we propose to account for functional 
anaphor a i s embedde d i n th e framewor k o f  th e centerin g 
model  (Gros z e t  al. ,  1995) .  I n thi s approach ,  discours e en -
titie 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  cen -
ters .  Th e crucia l  notio n fo r  establishin g loca l  coherenc e link s 
i n discours e i s tha t  o f  realization .  Give n a  cente r  elemen t 
of  th e previou s utterance ,  w e sa y thi s elemen t  i s realize d 
i f  i t  i s  associate d wit h a n expressio n i n th e followin g utter -
anc e tha t  ha s a  vali d interpretatio n i n th e underlyin g seman -
tic/conceptua l  representatio n language .  Functiona l  anaphor a 
has onl y bee n give n insufficien t  treatmen t  withi n th e center -
in g mode l  i n term s o f  rathe r  sketch y realizatio n condition s 
as oppose d t o th e mor e elaborate d "direc t  realization "  con -
straint s formulate d fo r  (pro)nomina l  anaphor a (cf .  Gros z e t  al . 
(1995)) .  A s thes e criteri a ar e overl y vague ,  w e inten d t o 
suppl y a  mor e precise ,  formall y grounde d notio n o f  realiza -
tio n fo r  th e analysi s o f  functiona l  anaphor a i n th e centerin g 
framewor k b y proposin g a  se t  o f  heuristi c realizatio n con -
straint s t o guid e th e underlyin g inferenc e processes .  Thes e 
includ e language-independen t  conceptua l  criteri a (base d o n 
th e well-formednes s an d conceptua l  strengt h o f  rol e chain s 
i n a  terminologica l  knowledgebase )  an d language-dependen t 
informatio n structur e constraint s (base d o n topic/commen t  o r 
theme/rhem e orderings) .  Th e criteri a w e postulat e contribut e 
additiona l  restriction s o n th e searc h spac e o f  possibl e refer -
ent s an d als o direc t  inferenc e processe s require d t o under -
stan d anaphori c utterance s i n th e discourse .  Thus ,  the y ca n b e 
considere d a  mor e adequat e explanator y mode l  fo r  loca l  co -
herenc e tha n th e origina l  centerin g mode l  i n tha t  the y furthe r 
limi t  th e resourc e demand s fo r  prope r  tex t  understanding . 
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Conceptua l  Constraint s 

We assume a concept hierarchy to consist of a set of concept 

names 7  =  {Computer-System ,  Accumulator,... } 
and a  subclas s relatio n isa r  =  {(Notebook ,  Computer -
System) .  (NIMH-ACCUMULATOR.  ACCUMULATOR),... } 

C T  y.T .  Th e se t  o f  relatio n name s T l  =  {has-physical-part , 
has-accumulator .  charge-time-of,... )  contain s th e label s o f 
possibl e conceptua l  roles .  Thes e ar e organize d int o a  hierar -
ch y b y th e relatio n isa n =  {(has-accumulator ,  has-physical -

part) ,  (charge-time-of ,  property-of).... }  C  ^  x  7^ .  W e als o 
assume th e c o m m o n understandin g o f  th e term s range ,  do -
mai n an d invers e o f  a  relation . 

For  th e identificatio n an d evaluatio n o f  suitabl e concep -

tua l  link s betwee n a n anteceden t  an d a  functiona l  anaphor . 
a pathfinde r  perform s a n extensiv e unidirectiona l  searc h i n 
th e domai n knowledg e base ,  lookin g fo r  well-forme d path s 
betwee n th e tw o concepts ,  whil e a  pat h evaluato r  select s th e 

strongest s o f  th e ensuin g paths .  W e wil l  no t  g o int o th e for -
mal  detail s o f  well-formednes s criteri a fo r  a  conceptua l  pat h 
(r i  .. .  r„ )  (r j  €  11 )  Unkin g tw o concepts  x, y e  :F .  Instead , 
we onl y briefl y mentio n tha t  w e requir e complet e connec -

tivit y (compatibilit y  o f  domain s an d range s o f  th e include d 
relations )  an d non-cyclicit y (exclusion s o f  inverse s o f  rela -
tions )  fo r  a  conceptuall y well-forme d path .  Th e latte r  crite -
rion,  thoug h entirel y formal ,  achieve s th e discriminatio n al -
lude d t o b y Resnik' s (1995 )  distinctio n betwee n simila r  an d 
semanticall y relate d concepts .  Additionally ,  a  pat h fro m x  t o 
y wil l  b e exclude d fro m th e pat h lis t  if f  i t  properl y include s 
anothe r  pat h fro m r  t o y  an d thu s i s conceptuall y longer . 

O ur  focu s i n thi s pape r  wil l  b e o n empirica l  criteri a o f 
pat h evaluation ,  viz .  thos e whic h mar k certai n path s a s bein g 

preferre d ove r  other s i n term s o f  commonsens e plausibility . 
Base d o n th e analyse s o f  approximatel y 6 0 produc t  review s 
fro m th e informatio n technolog y domai n an d evidence s re -
porte d fro m severa l  (psycho)linguisti c studie s (e.g. ,  Chaffm , 
1 9 9 2 ) ,  w e stipulat e certai n predefine d pat h patterns .  Fro m 
thos e genera l  pat h pattern s an d b y virtu e o f  th e hierarchica l 
organizatio n o f  conceptua l  relations ,  concret e conceptua l  rol e 
chain s ca n automaticall y b e derive d b y th e knowledg e bas e 
syste m base d o n th e operatio n o f  a  classifie r  (w e assum e a 
terminologica l  reasonin g framework) .  Thi s allow s u s t o dis -
tinguis h betwee n a  subse t  P  o f  al l  type s o f  well-forme d paths , 
whic h i s labele d "plausible" ,  anoiht r  subse t  M whic h i s la -
bele d "metonymic" ,  an d al l  remainin g path s whic h ar e la -

bele d "implausible" . 

Plausibl e Paths .  W e n o w tur n t o th e questio n wha t 
kind s o f  relatio n chain s shoul d b e characterize d a s plausibl e 
one s (formin g th e se t  V ) ,  i.e. ,  whic h composition s o f  rela -
tio n type s ar e likel y t o creat e reasonabl e rol e chains .  Al l 
path s o f  uni t  lengt h 1  ar e include d i n P  a s the y ar e explic -
itl y  supplie d i n th e domai n knowledg e bas e an d ar e there -
for e "plausible" ,  b y definition .  Regardin g longe r  rol e chain s 
we incorporat e observation s abou t  th e transitivit y o f  (part -

whole )  relation s m a d e b y Chaffi n (1992 )  an d Winsto n e t  al . 
(1987) .  The y distinguis h severa l  subtype s o f  part-whol e rda -

tions ,  e.g. ,  integra l  object-componen t  (correspondin g t o wha t 
we cal l  has-physical-part) ,  collection-member ,  mass-portion , 

process-phase ,  event-feature ,  area-place .  Th e majo r  clai m 

the y mak e i s tha t  an y o f  thes e 5u<{>reIation s ar e transitive , 
whil e th e mos t  genera l  part-whol e relatio n usuall y i s not . 
I n othe r  words ,  a  relatio n chai n containin g onl y relation s o f 
on e o f  th e above-mentione d subtype s induce s a  relatio n o f 
th e sam e subtype ,  wherea s a  relatio n chai n containin g differ -

ent  type s o f  part-whol e relation s is ,  i n general ,  no t  reason -

abl e an y more .  Followin g thi s argument ,  w e hav e include d 
th e pat h pattern s (has-physical-part*) ,  (collection-member') , 

(mass-portion*) ,  (process-phase*) ,  (event-feature*) ,  (area -
place* )  an d th e correspondin g inverse s lik e (physical-part -
of*) ,  (member-of) ,  etc .  i n V .  W e refe r  t o th e first  si x  o f  thes e 

basi c pattern s a s transitive-part-whol e patterns ,  i n shor t  T , 
and t o th e invers e pattern s a s T ~ ^  Compositionalit y o f  re -
latio n type s othe r  tha n part-whol e relation s ha s no t  receive d 
tha t  muc h attentio n i n th e literatur e (on e o f  th e rar e exception s 
i s th e stud y b y Huhn s &  Stephen s (1989)) .  W e follo w som e 
of  thei r  suggestion s an d als o includ e (spatia l  containment* ) 
and (connection* )  i n V . 

Metonymi c Paths .  W e als o incorporat e whole-for-part , 
part-for-whole ,  an d producer-for-produc t  metonymie s (cf . 
Lakoff ,  1987 ;  Pass ,  1988) .  T o determin e pat h pattern s cor -
respondin g t o thes e type s o f  metonymie s conside r  th e con -
ceptua l  lin k betwee n a n instanc e o f  th e concep t  C i  an d a n 
instanc e o f  th e concep t  C 3 ,  whic h characterize s a  metonym y 
and thu s stand s fo r  anothe r  instanc e o f  a  concep t  C2 .  A  cor -
respondin g well-forme d conceptua l  pat h p  =  (rj.. .  r„ )  wit h 
n G  W ,  n  >  1 ,  an d ?• < €  T l  [ i  =  l,...,n )  must ,  first, 
lin k C i  t o C n vi a p i  =  (r i  . .  .»-j_i )  fo r  som e ;  €  { 2 
n} .  C 2 i s the n linke d t o C 3 vi a p 2 =  {r j  . .  .r„) .  W e hav e 
restricte d th e first  lin k p x t o plausibl e path s t o provid e rea -
sonabl e metonymi c chain s only .  Th e secon d lin k p 2 mus t 
expres s on e o f  th e metonymi c relation s M S =  {has-part , 
part-ofproduced-by) ,  dependin g oi \  th e specifi c  metonymy ^ 
For  a  producer-for-produc t  metonymy ,  e.g. ,  j  =  n  an d r „ 
= produced-b y mus t  hold .  Fo r  a  part-for-whol e o r  whole -

for-par t  metonymy ,  j  <  n  m a y b e possible ,  a s al l  path s i n 
T an d T ~ '  (e.g. ,  (has-physical-part*) )  als o expres s a  singl e 
has-par t  o r  part-o f  relatio n (se e th e explanation s o f  plausi -
bl e path s above) .  Fo r  notationa l  convenience ,  w e wil l  con -
side r  th e path s i n T  an d T " '  a s a  singl e relatio n s o tha t  w e 
m ay writ e (has-physical-part* )  isa u has-par t  o r  (physical -
part-of )  €  M S .  Thus ,  w e m a y restric t  th e abov e case s o f 
well-forme d metonymi c path s t o th e patter n i n Tabl e 1  fro m 
whic h specia l  pat h pattern s fo r  specifi c  metonymie s ca n b e 
derived . 

'  I f  th e directio n o f  searc h i s reverse d (searchin g fro m C 3 t o Ci ) 
th e correspondin g invers e relations ,  M S ~ ^ =  {part-of ,  has-part , 
produces} ,  mus t  b e considered .  Thi s lis t  o f  metonymi c relation s i s 
by n o mean s complet e an d ca n b e supplemented ,  i f  necessary .  We 
have ,  a s yet ,  include d onl y th e mos t  frequen t  type s o f  metonymie s 
tha t  occu r  i n ou r  applicatio n domain .  Th e incorporatio n o f  fiirthe r 
metonymi c relation s doe s no t  affec t  th e operatio n o f  th e algorithm , 
whatsoever . 
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Metonymic-Pai h ((r i  .. .  r„) )  :« > 

A((n > lA{ri,r2,....r„_,)€7»Ar„ € MS) 
V ( n >  lA(r2,r 3 r„ )  G  P A r ,  €  A<5-') ) 

pendin g o n th e typ e o f  path s th e lis t  contains .  Hence ,  th e 
same orderin g o f  pat h marker s a s i n Tabl e 2  ca n b e applie d t o 
compar e tw o C P list s (cf .  Tabl e 3) . 

Tabl e 1 :  Metonymi c Pat h Pattern s 

The computatio n o f  path s betwee n a n anteceden t  2 ;  an d a 
functiona l  anapho r  y  m a y yiel d severa l  alternativ e type s o f 
well-forme d paths ,  viz .  "plausible" ,  "metonymic "  o r  "implau -
sible" .  I n orde r  t o mak e a  prope r  selectio n w e defin e a  rank -
in g o n thos e differen t  pat h marker s accordin g t o thei r  intrinsi c 

conceptua l  strength ,  whic h w e denot e b y th e relatio n ">,tr " 
(conceptuall y stronge r  than )  (cf .  Tabl e 2) .  A s a  consequenc e 
of  thi s ordering ,  metonymi c path s wil l  b e exclude d fro m a 
pat h lis t  if f  plausibl e path s alread y exist ,  whil e implausibl e 
path s wil l  b e exclude d if f  plausibl e o r  metonymi c path s al -
read y exist .  Hence ,  onl y path s o f  th e stronges t  typ e ar e re -
taine d i n th e final  pat h lis t  fo r  a  give n concep t  pai r  x  an d y . 

"plausible "  >,r r  "metonymic "  >,, r  "implausible " 

Tabl e 2 :  Orderin g o f  Pat h Marker s b y Conceptua l  Strengt h 

To evaluate these conceptual strength criteria we selected 
80 concep t  pair s a t  rando m fro m th e underlyin g domai n 
knowledg e bas e (45 9 concepts ,  33 4 relations) .  W e submit -
te d the m t o th e pat h finder/evaluator  an d compare d th e auto -
maticall y generate d conceptua l  path s wit h introspectiv e judg -
ment s abou t  th e kind s o f  relation s linkin g eac h pair .  Th e 
overal l  erro r  rat e wa s belo w 5 % .  Th e averag e numbe r  o f  con -
necte d path s betwee n tw o concept s (41.8 )  wa s reduce d b y th e 
non-cyclicit y criterio n t o 10. 4 well-forme d paths ,  an d b y th e 
inclusio n criterio n t o 2.4 .  Th e criterio n i n Tabl e 2  achieve s 
a final  reductio n t o merel y 1. 8 paths .  Hence ,  th e criteri a 
achiev e th e desire d discrimination .  W e pla n a  broade r  evalua -
tio n o f  ou r  approac h b y runnin g th e algorith m o n larger-size d 
knowledg e base s i n orde r  t o tes t  th e domain-independenc e 
and scalabilit y  o f  th e abov e criteria . 

Al l  conceptua l  path s whic h mee t  th e abov e linkag e crite -
ria  fo r  tw o concepts ,  x  an d y ,  ar e containe d i n a  lis t  denote d 
by CPi,y .  As ,  i n th e cas e o f  functiona l  anaphora ,  w e hav e 
t o dea l  wit h path s leadin g fro m th e anaphori c expressio n t o 
severa l  alternativ e antecedents ,  w e usuall y hav e t o compar e 
pair s o f  pat h list s CPr. y an d CP,,, ,  wher e x ,  y ,  z  G  ŷ .  W e 
do thi s b y applyin g th e sam e criteri a w e use d fo r  evaluatin g 
path s linkin g singl e concepts .  A s al l  path s i n CPx.j ,  an d C P ^ ^ 
wer e compute d b y th e pat h finder,  the y alread y fulfil l  th e con -
nectivit y an d non-cyclicit y condition .  Th e inclusio n criterio n 
canno t  b e applie d t o an y path s p i  6  CP^. y an d p o g  C P j ^  ,  a s 
Pi  an d p 2 d o no t  lea d t o th e sam e concep t  ( y  ̂  z) .  However , 
th e criterio n whic h rank s conceptua l  path s accordin g t o thei r 
associate d pat h marker s i s applicabl e a s al l  path s i n a  singl e 
CP lis t  hav e th e sam e marker .  A  function ,  PathMarker(CP ,  j ) , 
yield s eithe r  "plausible" ,  "metonymic "  o r  "implausible "  de -

StrongerThan{CP,.y ,  CP,., )  :« • 
PathMarker(CP,.j, )  > . „  PaihMarker(CP,,, ) 

•sStrongAs(CPxy .  C P , , ) : ^ 
PathMarker(CP,,y )  =  PathMarker(CP,. J 

Tabl e 3 :  Compariso n o f  Pat h List s b y Conceptua l  Strengt h 

Centering Constraints 

Conceptua l  criteri a ar e o f  tremendou s importance ,  bu t  the y 
ar e no t  sufficien t  fo r  properl y resolvin g functiona l  anaphora . 

Additiona l  criteri a hav e t o b e supplie d i n th e cas e o f  equa l 
strengt h o f  conceptua l  pat h list s fo r  severa l  alternativ e an -
tecedents .  W e therefor e incorporat e int o ou r  mode l  vari -
ou s informatio n structur e criteri a i n term s o f  topic/commen t 
or  thcme/rhem e pattern s whic h originat e fro m (dependency ) 
structur e analyse s o f  th e underlyin g utterance .  Th e frame -
wor k fo r  thi s typ e o f  informatio n i s provide 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) . 

Th e theor y o f  centerin g i s intende d t o mode l  th e loca l  co -
herenc e o f  discourse ,  i.e. ,  coherenc e amon g th e utterance s 
Ui  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. , 
coherenc e wit h othe r  segment s i n th e discourse .  Eac h utter -
anc e U i  i n a  discours e segmen t  i s assigne d a  se t  o f  forward -
lookin g centers ,  Cj(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 iji .  Th e mos t  highl y ranke d elemen t  o f  C/{Ui )  tha t  i s 
realize d i n Ui+ i  (i.e. ,  i s  associate d wit h a n expressio n tha t 
has a  vali d semanti c interpretation )  i s th e Cb{Ui+i) .  Th e 
rankin g impose d o n th e element s o f  th e C /  reflect s th e as -
sumptio n tha t  th e mos t  highl y ranke d elemen t  o f  C;(C/, )  i s 
th e mos t  preferre d anteceden t  o f  a n anaphori c expressio n i n 
t/,+1 ,  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 referen -
tia l  links . 

Th e theor y o f  centering ,  i n addition ,  define s severa l  transi -
tio n relation s acros s pair s o f  adjacen t  utterance s (e.g. ,  con -
tinuation ,  retention ,  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 
highl y ranke d elemen t  o f  th e curren t  forward-lookin g center s 
or  not .  Th e theor y claim s tha t  t o th e exten t  a  discours e ad -
here s t o al l  thes e centerin g constraint s (e.g. ,  realizatio n con -
straint s o n pronouns ,  preference s amon g type s o f  cente r  tran -
sitions) ,  it s  loca l  coherenc e wil l  increas e an d th e inferenc e 
loa d place d upo n th e heare r  wil l  decrease .  Therefore ,  th e 
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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 . 

Th e mai n differenc e betwee n Gros z e t  al.' s  wor k an d ou r 

proposa l  concern s th e criteri a fo r  rankin g th e forward-lookin g 
centers .  Whil e Gros z assum e (fo r  th e Englis h language )  tha t 

granwialica l  role s ar e th e majo r  determinan t  fo r  th e rankin g 
on th e C j ,  w e clai m tha t  fo r  Germa n an d othe r  language s 

wit h relativel y fre e wor d orde r  i t  i s  th e functiona l  informa -

tio n structur e o f  th e sentenc e i n term s o f  topic/commen t  o r 

theme/rhem e pattern s (cf .  Strub e &  Hah n (1996 )  fo r  a  mor e 
detaile d account) .  I n thi s framework ,  th e topi c (theme )  de -
note s th e give n information ,  whil e th e commen t  {rheme )  de -
note s th e ne w information .  Thi s distinctio n ca n b e rephrase d 

i n term s o f  th e centerin g mechanism .  Th e them e the n cor -
respond s t o th e Cf c ((/„) ,  th e mos t  highl y ranke d elemen t  o f 
C/(f/„_i )  whic h i s realize d i n f/„ .  Th e theme/rhem e hierar -
ch y o f  U n i s determine d b y th e C/(C/„_i) :  element s o f  U „ 
whic h ar e containe d i n C/([/„_i )  {context-boun d discours e 
elements )  ar e les s rhemati c tha n element s o f  [/ „  whic h ar e no t 
containe d i n C j [Un- \ )  {unboundtXcmtnis) .  Th e distinctio n 
betwee n context-boun d an d unboun d element s i s importan t 
fo r  th e rankin g o n th e C/ ,  sinc e boun d element s ar e gener -
all y ranke d highe r  tha n an y othe r  nonanaphori c elements . 

Grammar Predicates for Functional Anaphora 

We buil d o n a  gramma r  mode l  whic h employ s defaul t  in -
heritanc e fo r  lexica l  hierarchies .  Th e gramma r  formalis m 
(fo r  a  survey ,  cf .  Hah n e t  al .  (1994) )  i s  base d o n depen -
denc y relation s betwee n lexica l  head s an d modifiers .  Th e de -
pendenc y specification s allo w a  ligh t  integratio n o f  linguisti c 
(grammar )  an d conceptua l  knowledg e (domai n model) ,  thu s 
makin g powerfu l  terminologica l  reasonin g facilitie s directl y 
availabl e fo r  th e parsin g process. -  Th e resolutio n o f  func -
tiona l  anaphor a i s base d o n tw o majo r  criteria ,  a  conceptua l 
and a  structura l  one .  Th e conceptua l  strengt h criterio n fo r  rol e 
chain s i s alread y specifie d i n Tabl e 3 .  Th e structura l  conditio n 
i s embodie d i n th e predicat e isPotentialFuncAnteceden t  (cf . 
Tabl e 4) .  A  functiona l  anaphori c relatio n betwee n tw o lexi -
cal  item s i s her e restricte d t o pair s o f  nouns .  Th e anaphori c 
phras e whic h occur s i n th e n-t h utteranc e i s restricte d t o b e a 
definit e N P an d th e anteceden t  mus t  b e on e o f  th e forward -
lookin g center s o f  th e precedin g utterance . 

Th e predicat e PreferredConceptualBridg e (cf .  Tabl e 5 ) 
combine s bot h criteria .  A  lexica l  ite m y  i s determine d a s th e 
prope r  anteceden t  o f  th e functiona l  anaphori c expressio n x 
if f  i t  i s  a  potentia l  anteceden t  an d i f  ther e exist s n o alterna -
tiv e anteceden t  z  whos e conceptua l  strengt h relativ e t o x  ex -

isPotentialFuncAnteceden t  (y ,  x ,  n )  :« * 
y isac *  Nomina l  A  x  iaac '  Nou n 
A 3  z :  ( x hea d z  A  z  xsac '  Ded)efinite ) 
A x € C / „  Ay.reC/((/„_, ) 

^We assum e th e followin g conventions :  C  =  {Word ,  Nominal , 
Noun.  PronPersonal,... }  denote s th e se t  o f  wor d classes ,  an d isa c = 
{(Nominal ,  Word) ,  (Noun ,  Nominal) ,  (PronPersonal ,  Nominal),... } 
C C  X  C  denote s th e subclas s relatio n whic h yield s a  hierarchica l 
orderin g amon g thes e classes .  Furthermore ,  object. r  refer s t o th e 
instanc e i n th e tex t  knowledg e bas e denote d b y th e linguisti c ite m 
objec t  an d object. c refer s t o th e correspondin g concep t  clas s C .  Hea d 
denote s a  structura l  relatio n withi n dependenc y dees ,  viz .  x  bein g th e 
head o f  y . 

Tabl e 4 :  Potentia l  Functiona l  Anteceden t 

ceed s tha t  o f  y  relativ e t o x  or ,  i f  th e conceptua l  strengt h i s 
equal ,  whos e strengt h o f  preferenc e unde r  th e T C relatio n i s 
highe r  tha n tha t  o f  y .  "y^. ^  "  define s a  partia l  orde r  o n th e con -
ceptual/semanti c item s o f  C j  reflectin g th e functiona l  infor -
matio n structur e o f  th e utteranc e (/ „  i n whic h thei r  linguisti c 
counterparts ,  viz .  z  an d y ,  occur . 

PreferredConceptualBridg e (y ,  x ,  n):« » 
isPotentialFuncAnteceden t  (y ,  x ,  n ) 
A -> 3 z  :  isPotentialFuncAntecedent(z ,  x ,  n ) 

A (StrongerTha n (CP ^  c.z.c .  CP ^  .̂j ,  J 
V (asSlrongA s {CP ^ ,, ,  c .  C P ,  ,  , ,  J  A  z  >r ^  y  )  ) 

Tabl e 5 :  Preferre d Conceptua l  Bridg e 

The Resolution of Functional Anaphora 

The acto r  compulatio n mode l  (Agh a &  Hewitt ,  1987 )  pro -
vide s th e backgroun d fo r  th e procedura l  interpretatio n o f  lex -
icalize d gramma r  specifications ,  a s thos e give n i n th e previ -
ous 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 mcs.sagc 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 .  Ncuhau s &  Hah n (1996)) . 

The resolutio n o f  functiona l  anaphor s withi n text s depend s 
on th e result s o f  th e precedin g resolutio n o f  nomina l  anaphor s 
(Strub e &  Hahn ,  1995 )  an d th e terminatio n o f  th e semanti c in -
terpretatio n o f  th e curren t  utterance .  I t  wil l  onl y b e triggere d 
at  th e occurrenc e o f  th e definit e nou n phras e N P whe n N P i s 
not  a  (pro)nomina l  anapho r  an d N P i s onl y connecte d vi a cer -
tai n type s o f  relation s (e.g. ,  has-property ,  has-physical-part) ^ 
t o referent s denote d i n th e curren t  utteranc e a t  th e conceptua l 
level . 

'Associate d wit h th e se t  T i  i s  th e se t  o f  invers e role s 71" ' 
Thi s distinctio n become s crucia l  fo r  alread y establishe d relation s 
lik e has-propert y (subsumin g charge-time ,  etc. )  o r  has-physical -
pa n (subsumin g ha.̂ -accumulator ,  etc. )  insofa r  a s the y d o no t 
bloc k th e initializatio n o f  th e resolutio n procedur e fo r  ftinctional 
anaphor a (e.g. ,  ACCUMULATOR -  charge-tim e -  Charge-Time) , 
wherea s th e existenc e o f  thei r  inverses ,  w e her e refe r  t o a s POF-
typ e relations ,  e.g. ,  property-o f  (suhsumm g charge-timeof ,  etc. )  an d 
p>iy5(ca/-par/-o/(subsumin g accumulator-of ,  etc.) ,  doe s (e.g. .  Ac -
cumulato r  -  accumulator-of -  316LT) .  Thi s i s simpl y du e t o th e 
fac t  tha t  th e semanti c interpretatio n o f  a  phras e lik e "th e charg e tim e 
of  th e accumulator "  alread y lead s t o th e creatio n o f  th e POF-typ e re -
latio n th e resolutio n mechanis m fo r  functiona l  anaphor a i s suppose d 
t o determine .  Thi s i s oppose d t o th e interpretatio n o f  it s  elliptifie d 
counterpar t  "th e charg e time "  i n sentenc e (3) ,  wher e th e genitiv e 
objec t  i s  zeroed . 
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ranmrd-lookin g C*ne«r# ^ 
31CLT 

v«r«ora t 

*^  1 
8«ArchXnt«c«d*n t  Baiakf * 
Jknt*cftd*ntfound  ••••ag* 

lcur « D»rtlb«rhln*u , 

dlaaa n nauar t  Igaf i 

(2 )  D U ll.cb«. r  «U d <k»c h dl... n n^»rtl, « »Jtk u M r  c  «  Itundv .  «l t  Itr, -  v,r.or,t .  (3 )  0.«b.rhln.„ .  i. t  dl .  L^...l t  »l t  1, 5 .tu„d. „  . ^ r  kv,r. . 
(2 )  Th « eoi^ t u ! •  bacaua *  o t  thl .  n m typ e o f  aecuulsto r  fo r  approM .  4  hour a «lt h po>« r  pnxrldnl .  (3 )  »l,o ,  1 .  th .  cliarg .  tia .  o « 1. 5 hour .  quit ,  .hort . 

Figure 1: Sample Parse for the Resolution of a Functional Anaphor 

The protoco l  leve l  o f  actor-base d tex t  analysi s encom -
passe s th e procedura l  interpretatio n o f  th e grammatica l  pred -
icate s mentione d above .  Fig .  1  illustrate s th e protoco l  fo r 

establishin g prope r  conceptua l  relations ,  referrin g t o th e al -
read y introduce d tex t  fragmen t  (1 )  -  (3 )  whic h i s partiall y  re -
peate d a t  th e botto m lin e o f  Fig .  1 .  (3 )  contain s th e definit e 
MP "di e Ladezeit" .  Sinc e "Ladezeit "  (charg e time )  doe s no t 
subsume an y wor d a t  th e conceptua l  leve l  i n th e precedin g 
utterance ,  th e (pro)nomina l  anaphor a tes t  fails ;  th e definit e 
NP "di e Ladezeit "  ha s als o no t  bee n integrate d i n term s o f 
a functionall y relevan t  conceptua l  relatio n a s a  resul t  o f  it s 
semanti c interpretation .  Hence ,  a  SearchTextFuncAnteceden t 
message i s create d b y th e wor d acto r  fo r  "Ladezeit" ,  whic h 
consist s o f  tw o phases : 

1. In phase 1, the message is forwarded from its initiator 
"Ladezeit "  t o \h t  forward-lookin g center s o f  th e previou s 
sentence ,  wher e it s stat e i s se t  l o phas e 2 . 

2. In phase 2, the forward-looking centers of the previous 
sentenc e ar e teste d fo r  th e predicat e PreferredConcepiu -
alBridge ,  relativ e t o th e initiato r  o f  th e SearchAnteceden t 
message ,  viz .  x  =  "Ladezeit "  (charg e time) . 

The relevant knowledge base operations are performed on 
th e fou r  concept s associate d wit h th e curren t  forward-lookin g 
centers ,  viz .  3 I6LT ,  A c c u m u l a t o r ,  Time-unit-Pai r  (th e 
conceptua l  representatio n fo r  "Stunden") ,  an d Power'' .  I n 
thi s case ,  th e instanc e 3 1 6 L T (th e prope r  conceptua l  refer -
ent  o f  th e nomina l  anapho r  "de r  Rechner "  (th e computer) )  i s 
relate d t o C h a r g e - T i m e (th e concep t  denotin g "Ladezeit" ) 
vi a a  metonymi c path ,  viz .  (charge-time-o f  accumulator-of ) 
indicatin g a  whole-for-par t  metonymy ,  whil e th e concep t 
A c c u m u l a t o r  i s relate d t o C h a r g e - T i m e vi a a  plausi -
bl e pat h (viz .  charge-time-of) .  A s plausibl e path s ar e th e 

*Not e tht t  onl y noun s an d pronoun s ar e capabl e o f  respondin g 
t o th e SearchTextFuncAnteceden t  messag e an d o f  bein g teste d a s t o 
whethe r  the y fulfil l  th e require d criteri a fo r  a  functiona l  anaphori c 
relation . 

Stronges t  typ e o f  conceptua l  paths ,  onl y a n elemen t  whic h 
i s mor e highl y ranke d i n th e centerin g lis t  an d i s linke d vi a 
a plausibl e pat h t o th e functiona l  anapho r  coul d b e preferre d 

as th e functiona l  anteceden t  o f  "di e Ladezeit "  (th e charg e 
time )  ove r  "Akku "  (accumulator )  (accordin g t o th e constrain t 
fro m Tabl e 5) .  A s w e k n o w alread y tha t  thi s i s no t  th e 
case ,  i t  i s no t  necessar y t o tes t  th e remainin g concept s associ -
ate d wit h th e curren t  forward-lookin g center s (namely ,  T lME -
Unit-Pai r  an d P o w e r )  an d "Akku "  ca n b e selecte d a s th e 
prope r  functiona l  antecedent .  A  FuncAntecedenlFoun d mes -
sag e i s sen t  fro m th e wor d acto r  "Akku "  t o th e initiato r  o f 
th e SearchAnteceden t  message ,  viz .  "Ladezeit" .  A n appro -
priat e updat e link s th e correspondin g instance s vi a th e rol e 
charge-time-o f  and ,  thus ,  loca l  coherenc e i s establishe d a t  th e 
conceptua l  leve l  o f  th e tex t  knowledg e base . 

Comparison with Related Approaches 

Searching links in a taxonomic hierarchy is a common appli-
catio n fo r  spreadin g activatio n o r  marke r  passin g techniques . 
Th e paradig m o f  pat h finding  an d evaluatin g the y propos e ha s 
obviou s parallel s t o ou r  approach .  Th e criteri a the y employ , 
however ,  ar e mostl y base d o n numerica l  restrictions ,  e.g. ,  o n 
weight s (Chamiak ,  1986 )  o r  pat h length s (Hirst ,  1987) .  Thi s 
i s problemati c a s th e foundatio n an d derivatio n o f  thes e num -
ber s i s usuall y no t  mad e explici t  (o r  i t  i s  a d hoc) .  W e hav e 
uie d t o overcom e thi s proble m b y statin g suuctura l  an d em -
piricall y plausibl e criteri a whic h d o no t  rel y upo n numerica l 
resu-iction s i n an y way . 

A pattern-base d approac h t o inferencin g closes t  i n spiri t  t o 
our  approac h ha s bee n pu t  forwar d b y Norvi g (1989) .  Th e 
metho d h e propose s ca n als o b e use d t o resolv e (functional ) 
anaphora.  Th e mai n differenc e t o ou r  wor k lie s i n th e fac t  tha t 
hi s pat h pattern s ar e solel y bein g define d i n terms  o f  "formal " 
lin k criteri a i n a  knowledg e bas e whos e pattern s ar e simpl y 
matche d agains t  th e link s bein g passed ,  wherea s ou r  defini -
tion s o f  pat h pattern s tak e th e semanti c hierarch y o f  relation s 
and thei r  compositiona l  propertie s int o account .  Thi s allow s 
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fo r  a  path-length -  an d thu s granularity-independen t  an d se -
manticall y motivate d preferenc e rankin g o f  th e paths .  Th e 

principa l  attractio n o f  Norvig' s mode l  i s du e t o it s allege d 
generalit y permittin g t o handl e variou s inferenc e classe s i n a 
unifie d framework .  Bu t  a  close r  loo k a t  hi s syste m reveal s 
tha t  quit e a  numbe r  o f  specific-cas e rule s fo r  copin g wit h in -
dividua l  aspect s o f  inference s hav e t o b e introduced ,  e.g. ,  a n 

antipromiscuit y rul e whic h i s onl y applie d t o som e inferenc e 
classe s o r  recenc y an d focus  consideration s fo r  th e resolutio n 
of  referentia l  ambiguity .  Thes e restriction s an d thei r  inter -
dependencie s ar e no t  expresse d clearly ,  thu s detractin g fro m 
th e eleganc e an d generalit y o f  th e algorithm .  Admittedly ,  thi s 
pape r  addresse s onl y on e o f  Norvig' s inferencin g problems , 

but  i t  present s a  modula r  approac h wit h precis e an d seman -

ticall y motivate d restrictions .  Ou r  algorith m combine s tw o 
equall y general ,  multi-purpos e modules ,  viz .  a  pat h finder  an d 

a pat h evaluator ,  whic h ar e als o use d i n th e parsin g process , 
and a  centerin g mechanis m whic h i s applie d t o othe r  form s 
of  anaphor a resolutio n problem s a s well .  Thi s ha s th e ad -
vantag e o f  a  specifi c  inferenc e modul e wit h luci d triggerin g 
conditions . 

Th e origina l  centerin g mode l  doe s no t  provid e fo r  method s 
fo r  th e resolutio n o f  functiona l  anaphora .  Gros z e t  al .  rathe r 
sketchil y poin t  t o th e differenc e betwee n th e relation s directl y 
realize s an d realize s whos e precis e definitio n the y sugges t  de -
pend s o n th e semanti c theor y on e adopt s (Gros z e l  al. ,  1995 , 
p.209) .  W e hav e shown ,  however ,  tha t  ther e ar e a  lo t  o f  gen -
era l  constraint s a t  th e knowledg e leve l  whic h nee d no t  b e cov -
ere d b y semanti c theorie s a t  all . 

Functiona l  anaphor a ar e als o no t  a n issu e fo r  standar d 
grammar  theorie s (e.g. .  H P S G,  L F G ,  G B ,  C G ,  T A G ) .  Thi s 
i s no t  a t  al l  surprising ,  a s thei r  advocate s pa y almos t  n o atten -
tio n t o th e tex t  leve l  (wit h th e exceptio n o f  severa l  form s o f 
pronomina l  anaphora )  an d als o d o no t  seriousl y tak e concep -
tua l  criteri a a s par t  o f  grammatica l  description s int o accoun t 
withou t  whic h tru e tex t  understandin g seem s infeasible . 

C o n c l u s i o n s 

Th e mode l  o f  functiona l  anaphor a resolutio n w e hav e out -
line d consider s specifi c  form s o f  conceptua l  inference s t o b e 
of  primar y importance .  I n orde r  t o constrai n th e realiza -
tio n o f  functiona l  anaphor a i n th e centerin g framewor k w e 
propos e conceptua l  well-formednes s an d strengt h criteri a fo r 
rol e chain s i n a  terminologica l  knowledg e base ,  b y whic h th e 
plausibilit y  o f  variou s possibl e antecedent s a s prope r  bridge s 
(Clark ,  1975 )  t o functiona l  anaphor a ca n b e assessed .  Infor -
matio n structur e constraint s o n th e underlyin g utterance s i n 
term s o f  topic/commen t  pattern s contribut e furthe r  inferentia l 
restriction s o n prope r  antecedent s fo r  functiona l  anaphora . 
Altogether ,  thes e extension s requir e a  thoroug h revisio n o f 
th e origina l  centerin g model .  Ou r  proposa l  ha s onl y bee n 
teste d o n moderatel y size d knowledg e bases ,  wit h 8(X )  an d 

50 0 concept/rol e specification s fo r  th e informatio n technol -
og y an d medicin e domain ,  respectively ,  whic h ar e imple -
mente d i n L O O M (MacGrego r  &  Bates ,  1987) .  S o th e scala -
bilit y  o f  th e mode l  stil l  ha s t o b e demonstrate d o n large r  size d 

knowledg e bases .  Als o th e cognitiv e (a s oppose d t o merel y 
computational )  plausibilit y  o f  ou r  mode l  extensio n stil l  need s 

t o b e experimentall y evaluate d i n a  prope r  way .  Th e entir e 
anaphor a resolutio n modul e ha s bee n implemente d i n Actal k 
(Briot .  1989) ,  a n acto r  languag e dialec t  o f  Smalltalk ,  a s par t 
of  a  comprehensiv e tex t  parse r  fo r  German . 
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