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Abstrac t 

We introduc e a  computationa l  mode l  o f  languag e comprehen -
sio n tha t  combine s localit y o f  syntacti c an d semanti c analysi s 
wit h incrementalit y o f  processing .  A s th e mode l  incorporate s 
inheritance-base d abstractio n mechanism s w e ar e abl e t o spec -
if y a  parsimoniou s inventor y o f  abstract ,  simpl e an d domain -
independen t  semanti c interpretatio n schemata . 

In t roduc t io n 

Despit e a  larg e bod y o f  experimenta l  evidenc e fo r  th e incre -
mentalit y o f  huma n languag e comprehensio n (e.g. ,  Tyle r  & 

Marslen-Wilso n (1977) ,  Thibadea u e t  al .  (1982) ,  Garro d & 
Sanfor d (1985)) ,  thi s issu e ha s no t  bee n give n comparabl e at -
tentio n i n computational  approache s t o natura l  languag e pro -
cessing .  Whil e i n th e pas t  onl y fe w studie s wer e concerne d 
wit h th e incrementa l  aspect s o f  semanti c interpretatio n (fo r 
an overview ,  cf .  Haddoc k (1989)) ,  interes t  i n thi s are a ha s re -
centl y increased ,  especiall y i n th e cognitiv e scienc e c o m m u -
nit y (Paredes-Frigolet t  &  Strube ,  1996 ;  Hah n &  Strube ,  1996 ; 
Lombard o e t  al. ,  1998) . 

Our  contributio n t o thi s discussio n lie s i n a  mode l  o f  in -
crementa l  semanti c interpretatio n whos e specification s ar e 
ver y compact .  Thi s allow s u s t o trea t  a  variet y o f  linguisti c 
phenomen a b y onl y fe w an d genera l  interpretatio n schemata . 
I n essence ,  thes e schemat a addres s structura l  configuration s 
withi n dependenc y graph s rathe r  tha n hoo k o n particula r  lan -
guag e phenomen a o r  singl e rules .  Th e gramma r  model ,  a s 
wel l  a s th e domai n mode l  mak e extensiv e us e o f  inheritance -
base d abstractio n mechanisms .  B y interfacin g th e descriptio n 
of  semanti c interpretatio n schemat a t o thes e inheritanc e hier -
archies ,  w e ar e abl e t o specif y a  parsimoniou s an d domain -
independen t  semanti c interpretatio n system . 

We star t  fro m a  lexicalize d gramma r  mode l  base d o n de -
pendenc y relations .  Localit y i n thi s framewor k ha s a  dua l 
reading .  O n th e on e hand ,  i t  refer s t o th e reachabilit y o f 
syntacticall y relate d conten t  word s withi n "minimal "  depen -
denc y graphs .  O n th e othe r  hand ,  thes e minima l  dependenc y 
graph s hav e a  direc t  conceptua l  interpretation .  Incremental -
it y come s i n a s loca l  reading s ar e combine d o n th e fly  t o for m 
large r  unit s o f  analysi s a s comprehensio n unfolds . 

Framework for Incremental Interpretation 

Knowledg e Sources .  W e suppl y gramma r  an d domai n 
knowledge ,  a s wel l  a s interpretatio n schemat a mediatin g be -
twee n thes e tw o knowledg e sources .  Grammatica l  knowl -
edg e fo r  syntacti c analysi s i s base d o n a  full y lexicalize d de -

pendenc y gramma r  (Hah n e t  al. ,  1994) .  Lexem e specifica -
tion s for m th e lea f  node s o f  a  lexico n tree ,  whic h ar e furthe r 
abstracte d i n term s o f  wor d clas s specification s a t  differen t 
level s o f  generality .  Thi s lead s t o a  wor d clas s hierarchy , 
whic h consist s o f  wor d clas s name s W : = {Ve rbTrans , 
V e r b ,  Art ic le ,  D e t ,  ... }  an d a  subsumptio n relatio n isay ^ 
= {(VerbTrans ,  Verb) ,  (Article ,  Det) ,  ... }  c  W x  l̂' . 
Inheritanc e o f  grammatica l  knowledg e i s base d o n th e ide a 
tha t  constraint s ar e attache d t o th e mos t  genera l  wor d clas s t o 
whic h the y apply . 

A dependenc y gramma r  capture s binar y valenc y con -
straint s betwee n a  syntacti c hea d (e.g. ,  a  noun )  an d on e o f 
it s possibl e modifier s (e.g. ,  a  determine r  o r  a n adjective) .  I n 
orde r  t o establis h a  dependenc y relatio n 6  e V : -  {specifier , 
subject ,  direct-object ,  ... }  betwee n a  hea d an d a  modifier , 
th e correspondin g constraint s o n wor d order ,  compatibilit y 
of  morphosyntacti c features ,  a s wel l  a s semanti c criteri a hav e 
t o b e fulfilled .  Fig .  1  depict s a  sampl e dependenc y grap h i n 
whic h wor d node s ar e give n i n bol d fac e an d dependenc y re -
lation s betwee n the m ar e indicate d b y labele d edges . 

Conceptua l  knowledg e abou t  th e domai n i s expresse d i n a 
KL-ONE-lik e representatio n languag e (Wood s &  Schmolze , 
1992) .  I t  consist s o f  concep t  name s J "  : = {SELL ,  Hard -
DlSK ,  ... }  an d a  subsumptio n relatio n o n concept s isaj -  = 
{(Sell ,  Action) ,  (Hard-Disk ,  Product) ,  ... }  c  T  x 
T.  Th e relatio n name s T l  : = {sell-agent ,  HAS-HARD-
DISK,  ... }  denot e conceptua l  relation s als o organize d i n a 
subsumptio n hierarch y isa-j i  =  {(HAS-HARD-DISK ,  HAS-
PHYSICAL-PART) ,  (HAS-PHYSICAL-PART ,  has-part) ,  ...} . 

Linkage s betwee n concept s vi a conceptua l  relation s ar e de -
termine d b y dependenc y relation s linkin g lexica l  item s i n th e 
dependenc y grap h directl y o r  i n a  mediate d wa y (vi a a  serie s 
of  dependenc y relations) .  Semanti c interpretatio n rule s me -
diat e betwee n bot h descriptio n level s i n a  wa y a s abstrac t  an d 

genera l  a s possible . 
Loca l  Computations :  Basi c Parsin g Protocol .  Th e lexi -

calize d gramma r  an d th e associate d parse r  w e us e ar e embed -
ded i n a n object-oriente d computatio n model .  Dependenc y 
relation s ar e compute d b y lexica l  objects ,  so-calle d wor d ac -
tors ,  throug h strictl y loca l  messag e passing ,  onl y involvin g 
th e lexica l  item s the y represent .  Th e basi c protoco l  fo r  incre -
menta l  parsin g ca n b e sketche d a s follow s (Hah n e t  al. ,  1994) : 

•  Afte r  a  wor d ha s bee n rea d fro m textua l  input ,  it s  associ -
ate d lexem e (specifie d i n th e lexico n tree )  i s idenfifie d an d 
a correspondin g wor d acto r  get s initialized .  A s mos t  lex -
emes (verbs ,  noun s an d adjectives )  ar e directl y linke d t o 
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Figur e 2 :  Correspondin g Concep t  Grap h 

the conceptual system, each lexical item w that has a con-
ceptua l  correlat e C  i n th e domai n knowledg e base ,  w . C G 
!F ,  get s instantiate d i n th e knowledg e base ,  suc h tha t  fo r 
any instanc e I^ ,  initially ,  type{\w )  =' •  w - C (e.g. ,  w  =  Fest -
platte ,  w . C =  Ha rd -D i sk ,  an d !„ ,  =  Hard-Disk .5) . 

•  Fo r  integratio n i n th e pars e tree ,  th e newl y create d wor d ac -
to r  searche s it s hea d (alternatively ,  it s modifier )  b y sendin g 
a reques t  fo r  dependentia l  governmen t  t o it s lef t  context . 
The searc h spac e i s restricted ,  sinc e thi s reques t  i s onl y 
propagate d upward s alon g th e "righ t  shoulder '  o f  th e de -
pendenc y grap h constructe d s o far .  Al l  wor d actor s whic h 
ar e addresse d thi s wa y check ,  i n parallel ,  whethe r  thei r  va -
lenc y constraint s ar e me t  b y th e requestin g wor d actor . 

•  I f  al l  grammatica l  constraint s ar e fulfille d b y on e o f  th e 
targete d wor d actors ,  a  tentativ e semanti c interpretatio n 
i s performe d incorporatin g constraint s fro m th e currentl y 
checke d dependenc y relation .  I f  a  vali d resul t  i s computed , 
i.e. ,  onl y i f  bot h grammatica l  an d semantic-conceptua l  in -
tegrit y ar e guaranteed ,  th e acknowledge d syntacti c hea d h 
send s a n acceptanc e messag e t o th e dependen t  modifie r  m 
and th e screene d dependenc y relatio n i s finally  established . 

Incremental Semantic Interpretation 

I n th e dependenc y pars e tre e fro m Fig .  1 ,  w e distinguis h lex -
ica l  node s tha t  hav e a  conceptua l  correlat e (e.g. ,  "Compaq" , 
"verkaufi "  (sells) )  fro m other s tha t  d o no t  hav e suc h a  corre -
lat e (e.g. ,  "mit "  (with) ,  "von "  (by)) .  Thi s i s reflecte d i n th e 
tw o basi c configurationa l  setting s fo r  semanti c interpretation : 

• Direct Linkage: If two lexical nodes with conceptual cor-
relate s ar e linke d b y a  singl e dependenc y relation ,  a  direc t 
linkag e i s given ,  whic h ca n immediatel y b e interprete d i n 
term s o f  a  correspondin g conceptua l  relation .  Thi s i s illus -
trate d i n Fig .  1  b y th e direc t  linkag e betwee n "Compaq " 

and "verkaufi "  (sells )  vi a th e subjec t  relation ,  whic h get s 

mapped t o th e SELL-AGEN T conceptua l  rol e linkin g in -
stance s o f  correspondin g conceptua l  correlates ,  viz .  C O M-
PAQ.  1  an d Sell.2 ,  respectivel y  (cf .  Fig .  2) .  Thi s interpre -
tatio n use s knowledg e abou t  th e conceptua l  correlate s an d 
th e linkin g dependenc y relation ,  only . 

•  Mediate d Linkage :  I f  tw o lexica l  node s wit h conceptua l 
correlate s ar e linke d b y a  serie s o f  dependenc y relation s 
and non e o f  th e intervenin g node s hav e a  conceptua l  cor -
relate ,  a  mediate d linkag e i s given .  Suc h a  "minimal "  sub -
grap h ca n onl y b e interprete d indirectl y i n term s o f  a  con -
ceptua l  relation .  W e includ e lexica l  informatio n fro m inter -
venin g node s i n additio n t o th e knowledg e abou t  th e con -
ceptua l  correlate s an d dependenc y relations .  I n Fig .  1  thi s 
i s illustrate d b y th e syntacti c linkag e betwee n "Computer " 
and "Festplatten "  (har d disks )  vi a th e intervenin g nod e 
"mit "  (with )  an d th e ppatt/pob j  relations .  Thi s lead s t o 
a conceptua l  linkag e betwee n C o m p u t e r - S y s t e m . 3 an d 
Hard-D isk . 5 vi a th e relatio n HAS-hard-DIS K i n Fig .  2 . 

In order to increase the generality and to preserve the sim-
plicit y o f  semanti c interpretatio n w e introduc e a  generaliza -
tio n o f  th e notio n o f  dependenc y relatio n suc h tha t  i t  incorpo -
rate s direc t  a s wel l  a s mediate d linkage :  T w o conten t  word s 
(nouns ,  adjectives ,  adverb s o r  ful l  verbs )  stan d i n a  mediate d 
syntacti c relation ,  i f  on e ca n pas s fro m on e wor d t o th e othe r 
alon g th e connectin g edge s o f  th e dependenc y grap h with -
out  traversin g wor d node s othe r  tha n prepositions ,  moda l  o r 
auxiliar y verb s (i.e. ,  element s o f  close d wor d classes) .  I n 
Fig .  I ,  e.g. ,  th e tuple s ("Compaq" ,  "verkaufi") ,  ("verkaufi" , 
"Computer") ,  ("Computer" ,  "Festplatten") ,  ("Festplatten" , 
"hergestellt" )  stan d i n a  mediate d syntacti c relation ,  whereas , 
e.g. ,  th e tupl e ("verkaufi" ,  "Festplatten" )  doe s not ,  sinc e 
"Computer "  i s a n intervenin g conten t  wor d node . 

We the n cal l  a  serie s o f  contiguou s word s i n a  sentenc e S 
tha t  stan d i n a  mediate d syntacti c relatio n a  semanticall y in -
terpretabl e subgrap h o f  th e dependenc y grap h o f  S .  S e m a n -
ti c interpretatio n wil l  b e starte d wheneve r  tw o wor d node s 
wit h associate d conceptua l  correlate s ar e dependentiall y  con -
necte d s o tha t  the y for m a  semanticall y interpretabl e sub -
graph .  A s w e wil l  see ,  i n s o m e case s th e dependenc y struc -
ture s w e encounte r  wil l  hav e n o constrainin g effec t  o n th e 
kin d o f  conceptua l  relation s w e chec k (e.g. ,  genitives) .  Ther e 
ar e othe r  case s (e.g. ,  prepositiona l  phrases) ,  however ,  wher e 
constraint s o n possibl e interpretation s ca n b e derive d fro m 
dependenc y structure s an d th e lexica l  materia l  the y embody . 

Basi c semanti c interpretatio n schema .  Semanti c inter -
pretatio n i s  execute d vi a a  searc h i n th e domai n knowledg e 
bas e b y combinin g tw o sort s o f  knowledg e — first,  concep t 
pair s fo r  whic h connectin g relatio n path s hav e t o b e deter -
mined ;  second ,  constraint s o n th e kind s o f  permitte d o r  ex -
clude d conceptua l  relation s w h e n connectin g relation s ar e be -
in g computed .  Concep t  pair s represen t  th e conten t  word s 
linke d a t  th e dependenc y leve l  withi n th e semantically  inter -
pretabl e subgraph ,  whil e constraint s o n relation s accoun t  fo r 
th e dependenc y relation(s )  betwee n them .  S c h e m a (1 )  de -
scribe s a  mappin g fro m th e conceptua l  correlates ,  h.Cfro m 
an d m.Cto ,  i n T  o f  tw o syntacticall y linke d lexica l  items ,  h 
an d m ,  respectively ,  t o connecte d relatio n path s Rcon -  A  rela -
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tio n pat h relco n 6  Rco n compose d o f  n  relations ,  (ri,... ,  fn ) , 
i s  calle d connected ,  i f  fo r  al l  it s n  constituen t  relation s th e 

concep t  typ e o f  th e domai n o f  relatio n ri+ \  subsume s th e con -

cep t  typ e o f  th e rang e o f  relatio n r̂ . 

Syntacti c Leve l Conceptua l  Leve l 

SI 
T X  2 ^  X  2̂ ^ 

\Cfro m 1  R-i r  ,  R -

X T  ^  2^" " 

J ^ t o )  *~ ^  R-co n 
(1 ) 

As a n additiona l  filter ,  s i  i s  constraine d b y al l  conceptua l 
relation s R + C f l a prior i  permitte d fo r  semanti c interpreta -
tion ,  a s wel l  a s al l  relation s R -  C T Z a  prior i  exclude d fro m 
semanti c interpretatio n (concret e example s wil l  b e discusse d 

below) .  Thus ,  re l  €  Rco n holds ,  iire l  i s a  connecte d relatio n 

pat h fro m C/ ro m t o Cto ^  obeyin g th e restriction s impose d b y 
iLf .  an d R - .  Fo r  eas e o f  specification ,  R + an d R -  consis t 
of  th e mos t  genera l  conceptua l  relation s possible .  Prio r  t o 
semanti c processin g w e expan d the m int o thei r  transitiv e clo -

sures ,  incorporatin g al l  thei r  subrelation s i n th e relatio n hier -
archy .  Hence ,  R* ^  : = {  r *  £  U  \  3  r  £  R + :  r *  isa n r  } 
(correspondingly ,  R* _ i s deal t  with) . 

We als o defin e th e functio n get-roles{C )  = :  C R ,  whic h 

extract s th e se t  o f  al l  conceptua l  relation s C R associate d wit h 
a concep t  C .  Applyin g get-role s t o C/ro m extract s th e role s 
tha t  ar e use d a s startin g point s fo r  th e pat h searc h accordin g 
t o th e define d restrictions .  R + restrict s th e searc h t o relation s 
containe d i n C R PI  R ^ ,  ij f  R + i s no t  empt y (otherwise ,  C R 
i s take n a s i t  is) ,  il _ allow s onl y fo r  relation s i n C R \  R*_ . 

I f  th e functio n s i  return s th e empt y se t  (i.e. ,  n o vali d in -
terpretatio n ca n b e computed) ,  n o dependenc y relatio n wil l 
be established .  Otherwise ,  fo r  al l  resultin g relation s reL j  € 

Rcon a n assertiona l  axio m i s adde d t o th e knowledg e bas e b y 
assertin g th e propositio n {h.Cfro m REL j  m.Cto)- ,  wher e REL j 
denote s th e i*' '  reading . 

Integration of Knowledge Levels 

I n th e cours e o f  th e interpretatio n process ,  w e appl y a  num -
ber  o f  specialization s o f  th e genera l  semanti c interpretatio n 
schema (1) .  O n e majo r  sourc e fro m whic h specialization s 
aris e ar e positiv e lists ,  £)_̂ eit;a /  ^^ ^  negativ e lists ,  Di^^""' , 

of  syntacti c dependenc y relations ,  fro m whic h correspond -
in g conceptua l  constraints ,  i? + an d i?_ ,  ca n b e directl y de -
rived .  Knowledg e abou t  Z ) ^ " * " ^ '  an d Dl^ '"" '  i s  encode d a t 

th e leve l  o f  wor d classe s W ,  suc h tha t  lexva l  e  W x  V , 
and ,  thereby ,  inherite d b y al l  thei r  subsume d lexemes .  Fo r 
instance ,  th e wor d clas s o f  transitiv e verbs ,  V e r b T r a n s 

€ W ,  define s fo r  a  subjec t  valenc y £)̂ '̂ ='-« °̂"'' .  ""^J"* ) 

: = {subject }  an d Z ) ^ - " - " * .  - " i " * )  , = 0 .  W e distinguis h 
thre e basi c cases : 

1. Knowledge available from syntax determines the semantic 
interpretation ,  i f  D^^^ '̂" '  ̂  0  an d Z)i*^^" '  =  0  (e.g. ,  th e 
subjec t  o f  a  verb) . 

2. Knowledge available from syntax restricts the semantic in-
terpretation ,  i f  Dl^"""" ^  =  II I  an d Djf'̂ '"' ^  ̂  0  (e.g. ,  mos t 
prepositions) . 

3.  I f  D l^^" " ^  =  0  an d Dî '̂ '"' ^  =  0 ,  n o syntacti c con -
straint s appl y an d semanti c interpretatio n proceed s entirel y 

Dependenc y Relations : 

subject 

ppsubjfect ] 

dir-objec t 

indir-objec t 

gen[itive]att(ribute ] 

verbpart 

ppatt[ribute] 

spec[ifier ] 

Relatio n Hietach y Concep t  Hierarchy : 
(top-level) : 

Ac t io n 

patien t 

BclI-agcn t 

sdl-Datioi t 

reciDien t 

•  co-patien t 

has-part 

instrument 

destinatio n 

Ptno n 
— Product 

-  Perso n 

Figur e 3 :  Relation s betwee n Knowledg e Level s 

concept-driven, i.e., it relies on the domain knowledge only 

(e.g. ,  fo r  genitiv e attributes). ^ 

For  syntacti c constraint s t o b e propagate d t o th e conceptua l 
level ,  w e defin e a  mapping ,  i :  P  - ) •  2 ^ ,  fro m dependenc y re -
lation s t o set s o f  conceptua l  relations .  i? + an d R -  mus t  b e 
compute d fro m D ^ " " " '  an d Di^^'^"' ,  respectively ,  b y apply -

in g th e interpretatio n functio n i  t o eac h elemen t  o f  £)̂ «̂ '"» ' 

and Di^^"" ' .  So ,  R + : = [ y \  x  £  Dl'^""" ^  A y e i{x) } 

and R -  : = { y \  x  e  Dl'^"'' '  A  y  €  i{x)} .  A n illus -
tratio n i s  give n i n Fig .  3 .  O n th e lef t  side ,  a t  th e syntacti c 

leve l  proper ,  a  subse t  o f  th e dependenc y relation s containe d 
i n V  ar e depicted .  Thos e tha t  hav e associate d conceptua l  re -
lation s ar e show n i n italics .  dir[ect]-object ,  e.g. ,  mus t  con -
ceptuall y b e interprete d i n term s o f  PATIEN T o r  CO-PATIENT ; 
gen[itive]att[nbute] ,  however ,  ha s n o direc t  conceptua l  corre -
latio n a s thi s dependenc y relatio n doe s no t  restric t  conceptua l 
interpretatio n a t  all . 

At  th e conceptua l  level ,  tw o orthogona l  taxonomi c hierar -
chie s exist ,  on e fo r  relations ,  th e othe r  fo r  concept s  (cf .  Fig . 
3,  righ t  side) .  Bot h ar e organize d i n term s o f  subsumptio n 
hierarchie s (isay r  an d isa-ji) .  Also ,  bot h hierarchie s inter -
act ,  sinc e relation s ar e use d t o defin e concepts .  Th e concep t 
S e l l  i s a  subconcep t  o f  A c t i o n .  I t  ha s a  rol e sell-patien t 
whos e filler's  typ e mus t  b e a  P R O D U C T.  SELL-PATIEN T itsel f 
i s  subsume d b y th e mor e genera l  relatio n PATIENT . 

Sample Analyses 

I n th e example s w e discus s now ,  w e star t  fro m th e interpre -
tatio n o f  direc t  linkage ,  an d the n tur n t o th e interpretatio n o f 
mediate d linkage s considerin g increasingl y comple x config -
uration s i n th e dependenc y grap h a s give n b y prepositiona l 

phrase s an d passive s i n relativ e clauses . 
Interpretin g direc t  linkage .  W h e n th e first  wor d i n ou r 

sampl e sentence ,  "Compaq" ,  i s  read ,  it s conceptua l  corre -
lat e C o m p a q . !  i s  instantiate d immediately .  Th e nex t  word , 
"verkauft "  (sells) ,  als o lead s t o th e creatio n o f  a n associ -
ate d instanc e (SELL.2) .  Th e wor d acto r  fo r  "verkauft "  the n 
attempt s t o bin d "Compaq "  a s it s syntacti c subject .  Sinc e 
we encounte r  a  direc t  linkage ,  th e semanti c interpretatio n 

^We have cijrrently no empirical evidence for the fourth possible 
case ,  wher e D^^^"" '  ̂  0  an d D j " " " '  ^ 0 , 
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Fsstplatte n 

Figur e 4 :  D e p e n d e n c y G r a p h durin g PP-Attachmen t 
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Figur e 5 :  Concep t  G r a p h afte r  PP-Attachmen t 

schema sidir is instantiated using the contextual information 
(th e subjec t  relatio n o f  a  transitiv e ver b i s t o b e checked )  a s 
actua l  parameters .  W e incorporat e tw o type s o f  informatio n 
— first,  grammatica l  constraint s f ro m th e w o r d clas s o f  th e 

ver b "verkauft" ,  viz .  D ^ ^ ^  '̂""* '  " "  •'̂' ^  : = {subject }  an d 
^(verfttran. ,  subject )  . ^  g ^  ̂ .̂̂ ^  ̂ ^ ^  ̂ ^^^^ ^  ̂ ^  { f ^ Q ^ m , 

patient }  b y th e functio n i  (cf .  Fig .  3) ;  second ,  knowledg e 
abou t  th e concep t  type s o f  C O M P A Q.  1  an d SELL. 2 (COM -
PANY an d Sell ,  respectively) .  Hence ,  sidir(SELL ,  {AGENT , 
patient} ,  0 ,  C o m p a n y ) .  Extractin g th e rol e se t  fro m Sel l 
(cf .  Fig .  3) ,  onl y SELL-AGEN T an d SELL-PATIEN T ar e al -
lowe d fo r  interpretatio n a s the y ar e include d i n th e transitiv e 
closur e o f  A G E NT an d PATIENT .  Checkin g sorta l  integrit y 
succeed s onl y fo r  SELL-AGEN T ( C O M P A NY i s subsume d b y 
Lega l -Perso n an d b y Person) .  I n a n analogou s way ,  th e 
semanticall y interpretabl e subgrap h <  "verkauft "  -  dir-objec t 
-  "Computer" > i s deal t  with . 

W h en syntacti c informatio n doe s no t  constrai n th e seman -
ti c interpretatio n w e hav e t o procee d i n a n entirel y concept -
drive n way .  Thi s hold s fo r  th e thir d complet e subgraph , 
< "  Computer "  -  genatt -  "  Pentium-Klasse "  > .  Th e actua l  pa -
rameter s provide d lea d t o si<iir(COMPUTER-SYSTEM ,  0 ,  0 , 
Pent ium-Class) .  W e extrac t  al l  role s containe d i n th e con -
cept  definitio n o f  C o m p u t e r - S y s t e m an d iterativel y chec k 
fo r  eac h rol e whethe r  Pen t i um-C las s i s a  lega l  filler.  Thi s 
i s onl y th e cas e fo r  th e relatio n PRODUCT-LINE.  Thoug h var -
iou s linguisti c phenomen a (subjects ,  direc t  object s an d gen -
itives )  ar e covered ,  a  singl e schema ,  sidir ,  i s  sufficien t  fo r 
semanti c interpretatio n o f  direc t  linkag e configurations . 

Interpretin g mediate d linkage .  Fo r  th e interpretatio n 
of  mediate d linkage ,  informatio n supplie d b y th e interven -
in g lexica l  node s i s incorporated .  I t  i s  containe d i n lexeme -
specifi c  lists ,  i?'̂ ^  C  71 ,  sinc e specification s a t  th e word-clas s 
leve l  (D^Y"'^' )  tur n ou t  t o b e to o genera l  here .  Thi s applie s t o 

specifi c  lexica l  exemplar s fro m close d wor d classe s encoun -
tere d i n mediate d linkage s (e.g. ,  prepositions) .  So ,  th e num -
ber  o f  additiona l  specification s require d remai n fairl y  small . 

Conside r  Fig .  4  wher e a  semanticall y interpretabl e sub -
grap h consistin g o f  thre e wor d node s ("Computer" ,  "mit" , 
"Festplatten" )  i s currentl y bein g processe d (indicate d b y th e 

dashe d line) .  I n particular ,  th e wor d acto r  fo r  "mit "  (with ) 
trie s t o determin e it s syntacti c head. ^  W e conside r  preposi -
tion s a s relator s carryin g conceptua l  constraint s fo r  th e cor -
respondin g instance s o f  thei r  syntacti c hea d an d modifier . 
The "meaning "  o f  a  prepositio n i s  encode d i n a  se t  R^^^ ^ 
C 11 ,  fo r  eac h prepositio n i n Prep ,  holdin g al l  permitte d 
or  exclude d relation s i n term s o f  high-leve l  conceptua l  rela -
tions .  Fo r  th e prepositio n "mit "  (with) ,  e.g. ,  w e hav e i?^' *  : = 

{HAS-PART,  INSTRUMENT,  HAS-PROPERTY,  HAS-DEGREE, 
...} .  I f  a  syntacti c dependenc y relatio n betwee n a  hea d an d a 
prepositiona l  modifie r  ha s t o b e checked ,  th e correspondin g 
lis t  R^^^ P ha s t o b e matche d agains t  th e restriction s impose d 
by th e preposition' s syntacti c hea d vi a D^^^""' . 

W h en "mit "  attempt s t o b e governe d b y "Computer "  th e 
mediate d linkag e result s i n th e instantiatio n o f  th e specialize d 
interpretatio n functio n sî re p whic h i s applie d exclusivel y fo r 
al l  occurrence s o f  PP-attachments .  Th e conceptua l  entitie s t o 
be relate d ar e denote d b y th e leftmos t  an d th e rightmos t  nod e 
i n th e actua l  subgrap h (i.e. ,  "Computer "  an d "Festplatten") . 
Sinc e th e dependenc y relatio n betwee n th e hea d "Computer " 
and it s modifie r  "mit" ,  ppatt ,  doe s no t  impos e an y restric -
tion s a t  al l  (cf .  Fig .  3) ,  i.e. ,  D l ^ - " ^  =  0 .  semanti c inter -

pretatio n boil s dow n t o th e evaluatio n o f  siprep(COMPUTER -
SYSTEM,  {HAS-PART ,  ins t rument ,  HAS-PROPERTY,  HAS -
DEGREE,  ...} ,  0 ,  H a r d - D i s k ) .  B y extractin g al l  conceptua l 
role s an d checkin g fo r  sorta l  consistency ,  onl y has -HARD -
DIS K isa-j i  HAS-PAR T yield s a  vali d interpretatio n t o directl y 
relat e C o m p u t e r - S y s t e m an d H a r d - D i s k .  Th e stat e o f 
semanti c interpretatio n afte r  PP-attachmen t  i s  give n i n Fig . 
5.  Thi s als o indicate s tha t  durin g eac h ste p o f  th e analysi s a 
correspondin g conceptua l  interpretatio n i s alread y available . 

To conve y a n ide a o f  th e generalit y an d flexibility  o f  ou r 
approach ,  w e discus s a  mor e comple x example .  I n Fig .  6  th e 
relativ e claus e "di e vo n I B M hergestell t  werde n "  (tha t  ar e 
manufacture d b y I B M )  ha s alread y bee n analyze d an d I B M . 6 
figures  a s M A N U F A C T U R E - A G E NT o f  M A N U F A C T U R E .7 (cf . 
Fig .  2) .  Sinc e th e subjec t  valenc y o f  th e passiv e auxiliar y 
"werden "  i s  occupie d b y a  relativ e pronou n ("die") ,  th e in -
terpretatio n o f  tha t  structur e mus t  b e postpone d unti l  th e pro -
noun' s referen t  become s available .  Passiv e interpretatio n i s 
performe d b y anothe r  specializatio n o f  th e genera l  interpreta -
tio n schema ,  sipass -  A s wit h certai n prepositions ,  constraint s 
come directl y fro m a  positiv e lis t  i?^°"""= ^  • = {patient , 
CO-PATIENt} ,  whic h reside s i n th e lexem e specificatio n fo r 
"werden" .  Th e item s t o b e relate d ar e containe d i n th e se -
manticall y interpretabl e subgrap h spanne d b y "die "  (that ) 
and "hergestellt "  (manufactured). ^ 

The referen t  o f  th e relativ e pronou n "di e "  become s avail -

•̂ We d o no t  attac h preposition s t o possibl e head s immediately . 
Rathe r  w e hav e a  built-i n dela y mechanis m s o tha t  th e nomina l  mod -
ifie r  o f  a  prepositiona l  hea d ha s t o b e determine d first.  Wit h thi s 
conten t  ite m attache d (i n ou r  example ,  Hard-Disk.5) ,  compatibil -
it y  check s wit h a  potentia l  head ,  a s searche d b y th e prepositiona l 
modifier ,  hav e a  reasonabl e conceptua l  grounding . 

^Pronomina l  referenc e i s resolve d whe n th e hea d o f  th e relativ e 
claus e ("werden" )  ha s determine d it s ow n head .  A s wit h prepo -
sitions ,  thi s dela y mechanis m i s justifie d b y th e fac t  tha t  semanti c 
interpretatio n i s onl y reasonabl e whe n a  basi c conceptua l  groundin g 
has alread y bee n establishe d (i.e. ,  "werden "  mus t  hav e bee n boun d 
t o th e conten t  w o r d "hergestellt "  (manu fac tu red) ) . 
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Figur e 6 :  Dependenc y Grap h fo r  Relativ e Claus e 

able when the syntactic head of the relative clause ("wer-
den" )  ha s determine d it s hea d (cf .  th e dashe d lin e i n Fig . 
6) .  T w o alternative s arise ,  namel y "Computer "  an d "Fest -
platte n "  (har d disks) .  Th e choic e o f  th e latte r  lead s t o thos e 

parameter s fo r  sipas s neede d fo r  th e subjec t  interpretation.' ' 
sipas ,  inverse s th e argumen t  structur e b y takin g th e left -
most  wor d nod e (i.e. ,  th e pronoun' s referen t  "Festplat -

ten" )  a s Ct o an d th e rightmos t  {"hergestellt" )  a s Cfrom -
Hence ,  s ipass(MANUFACTURE ,  {patient ,  CO-PATIENT} , 
0,  H a r d - D i s k ) .  Th e final  interpretatio n i s depicte d i n 
Fig .  2  linkin g M A N U F A C T U R E .7 an d Hard-D isk . 5 vi a th e 
rol e MANUFACTURE-PATIENT.  Obviously ,  integratin g intra -
and extrasententia l  anaphorica l  phenomen a (Strub e &  Hahn , 
1995 )  necessitate s a  sligh t  extensio n o f  ou r  notio n o f  a  se -
manticall y interpretabl e subgraph .  I n cas e pronoun s ar e in -
volved ,  suc h a  subgrap h i s interpretabl e if f  al l  referent s ar e 
m a de available . 

Evaluation of Semantic Interpretation 

I n a  small-scal e evaluatio n study ,  w e starte d fro m a  domai n 
ontolog y tha t  i s divide d int o a n uppe r  generi c par t  (compose d 
of  1,10 0 concept s an d relations )  an d variou s domain-specifi c 
parts .  I n th e stud y w e repor t  o n tw o specialize d domain s wer e 
deal t  wit h — a n informatio n technolog y (IT )  mode l  an d a n 
ontolog y coverin g part s o f  anatomica l  medicin e ( M E D )  (eac h 
domai n model ,  m addition ,  contribute s 1 ,  10 0 concept s an d re -
lations) .  Correspondin g lexem e entrie s i n th e lexico n provid e 
linkage s t o th e ontology .  W e als o assum e a  correc t  pars e t o 
be delivere d fo r  th e semanti c interpretatio n process . 

We the n too k a  rando m selectio n o f  5 4 text s (comprisin g 
18,50 0 words )  fro m ou r  tw o tex t  corpora .  Fo r  evaluatio n pur -
poses ,  w e concentrate d o n th e interpretatio n o f  genitive s (di -
rec t  linkage) ,  prepositiona l  phras e attachment s an d auxiliar y 
as wel l  a s moda l  verb s (bot h variant s o f  mediate d linkage) .  I n 
th e following ,  w e wil l  focu s o n th e discussio n o f  th e result s 
fro m th e semanti c interpretatio n o f  genitive s  (cf .  Tabl e 1) . 

Th e chose n text s containe d a  tota l  o f  almos t  25 0 genitives , 
fro m whic h abou t  5 9 % / 3 3 % (MED/IT )  receive d a n automati c 
interpretation ,  wit h correc t  one s fo r  57%/3 1 % (recall) .  A n in -
terpretatio n wa s considere d correc t  whe n th e conceptua l  cor -

relate s o f  lexica l  item s i n a  semanticall y interpretabl e sub -
grap h wer e conceptuall y relate d i n a n adequat e way . 

••Th e alternativ e choic e {"Computer" )  create s a  loca l  ambiguity , 
becaus e COMPUTER-SYSTEM.3 ca n als o b e relate d t o Manu fac -
ture.? .  However ,  heuristic s ar e applie d t o selec t  th e mos t  plausibl e 
reading ,  whic h ar e sensitiv e t o preferentia l  criteri a suc h a s th e lengt h 
of  rol e compositions ,  th e type s o f  relation s encountered ,  etc .  (Hah n 
& Markert ,  1997) . 

# text s 
# word s 
# genitive s .. . 
.. .  wit h interpretatio n 

correc t 
incorrect/non e 

.. .  withou t  interpretatio n recal l 
precisio n 

MKD 
29 

4.30 0 
100 
59 
57 

2 
41 5 7 % 

9 7 % 

I T 
25 

14.20 0 
147 
49 
46 

3 
98 3 1 % 

9 4 % 

Tabl e 1 :  Empirica l  Result s fo r  th e Interpretatio n o f  Genitive s 

Slightly more than half of the loss we encountered can be 
attribute d t o insufficien t  coverag e i n th e tw o domai n models . 

The remainin g case s ca n b e explaine d b y insufficien t  cover -
age o f  th e generi c mode l  an d referenc e t o othe r  domains ,  e.g. , 
fashio n o r  food .  S o m e mino r  los s i s als o du e t o phrase s re -

ferrin g t o tim e (e.g. ,  "th e beginnin g o f  th e year") ,  spac e (e.g. , 
"th e surfac e o f  th e storag e medium") ,  an d abstrac t  notion s 
(e.g. ,  "th e acceptanc e o f  I T technology") ,  a s wel l  a s evalu -
ativ e expression s (e.g. ,  "th e advantage s o f  plasm a display" ) 

and figurative  languag e (e.g. ,  "th e hear t  o f  th e notebook") . 

The concret e value s w e found ,  disappointin g a s the y ma y 
be fo r  recal l  (57%/31%) ,  encouraging ,  however ,  fo r  preci -
sio n (97%/94%) ,  ca n onl y b e interprete d relativ e t o othe r 
dat a stil l  lackin g o n a  broade r  scale .  Judge d ft-o m th e poo r 
figures  o f  ou r  recal l  data ,  ther e i s n o doub t  whatsoeve r  tha t 
conceptua l  coverag e o f  th e domai n constitute s th e bottlenec k 

fo r  an y knowledge-base d approac h t o N L R Sublanguag e dif -
ference s ar e als o mirrore d i n thes e data ,  sinc e medica l  text s 
adher e mor e closel y t o well-establishe d concep t  taxonomie s 
tha n magazin e article s i n th e I T domain . 

Related Work 

Perhap s th e mos t  influentia l  pape r  tha t  treat s incrementa l  se -
manti c interpretatio n fro m a  moder n rule-base d perspectiv e 
i s th e on e b y Pereir a &  Pollac k (1991) .  W e shar e thei r  idea s 
t o preserv e a s muc h a s possibl e th e principl e o f  composi -
tionalit y (evidence d b y th e smoot h integratio n o f  interprete d 
subgraph s int o th e alread y constructe d pariia l  dependenc y 
graph) ,  an d t o integrat e th e discours e contex t  int o th e inter -
pretatio n proces s a s earl y a s possibl e (evidence d b y th e reso -
lutio n o f  th e relativ e pronoun ,  thoug h w e hav e no t  gon e int o 
th e detail s  o f  anaphor a resolution ;  cf .  Strub e &  Hah n (1995)) . 
We differ ,  however ,  fundamentall y wit h respec t  t o gramma r 
specification .  Pereir a an d Pollac k us e a  PATR-styl e unifica -
tio n grammar ,  whic h come s withou t  an y mechanism s fo r  in -
heritanc e t o suppor t  rul e specification s (semanti c theorie s i n 
tha t  are a d o als o no t  g o beyon d sorta l  taxonomie s fo r  seman -
ti c labels ,  cf .  Crear y &  Pollar d (1985)) .  Thi s approac h suffer s 
fro m "flat "  representation s tha t  requir e t o enumerat e semanti c 
rule s fo r  specifi c  grammatica l  phenomen a an d s o the y ten d t o 
proliferate . 

Milwar d (1995 )  alread y point s ou t  a  majo r  advantag e o f 

lexicalize d ove r  rule-base d approaches .  I n processin g a  sen -
tenc e incrementall y usin g a  lexicalize d grammar ,  w e d o no t 
hav e t o loo k a t  th e gramma r  a s a  whol e (a s wit h rule-base d 
grammars) ,  bu t  onl y a t  th e grammatica l  informatio n indexe d 
fo r  eac h o f  th e word s fro m th e inpu t  stream ,  thu s allowin g fo r 
efficien t  processing .  W h e n on e take s inheritanc e mechanism s 

206 



int o accoun t  efficien t  encodin g become s anothe r  asse t  t o thi s 

approach ,  bot h fo r  th e lexico n an d semanti c interpretation . 

Sondheime r  e t  al .  (1984 )  an d Hirs t  (1988 )  als o propos e 

model s o f  incrementa l  semanti c interpretation .  Thei r  us e o f 
KL-ONE-styl e representatio n language s allow s the m t o ex -
ploi t  propert y inheritanc e (o r  typing )  built-ins .  Th e mai n dif -

ferenc e t o ou r  approac h lie s i n th e statu s o f  th e semanti c rules . 
Sondheime r  e t  al .  attac h interpretatio n rule s t o eac h rol e 
(filler )  and ,  hence ,  hav e t o provid e detaile d specification s re -
flecting  th e idiosyncrasie s o f  eac h semanticall y relevan t  rol e 

attachment .  Propert y inheritanc e come s onl y int o pla y whe n 
th e selectio n o f  alternativ e semanti c rule s i s constraine d t o th e 
one(s )  inherite d fro m th e mos t  specifi c  cas e frame .  Hirs t  use s 

stron g typin g a t  th e conceptua l  objec t  leve l  only ,  whil e w e 
use i t  simultaneousl y a t  th e gramma r  an d domai n knowledg e 
leve l  fo r  th e processin g o f  semanti c schemata . 

Charnia k &  Go ldma n (1988 )  an d Jacob s (1991 )  specif y se -
manti c rule s i n th e contex t  o f  inheritanc e hierarchies .  So , 
the y achiev e a  simila r  gai n i n generalit y a s w e do .  Unlik e 
our  approach ,  the y stil l  provid e specifi c  rule s fo r  grammat -
ica l  phenomen a (genitives ,  adjectiva l  nou n modifiers ,  etc.) , 
whil e w e abstrac t  fro m thes e phenomen a an d collaps e the m 
i n singl e schemat a (a s wit h sidir )  wheneve r  possible . 

The incorporatio n o f  inheritance-base d abstractio n princi -
ple s withi n a  lexicalize d gramma r  a s a  basi s fo r  a  trul y cog -
nitiv e mode l  o f  on-lin e comprehensio n ha s als o bee n sug -
geste d b y Jurafsk y (1992) .  Whil e hi s proposa l  i s  focuse d 
on architectura l  issue s h o w t o combin e linguistic ,  compu -
tationa l  an d psychologica l  criteri a fo r  efficien t  comprehen -
sio n (e.g. ,  b y introducin g loa d constraint s o n S T M ,  lexica l 
salienc e weights) ,  h e i s no t  explici t  abou t  th e detail s o f  gram -
matica l  an d semanti c specifications .  Th e sam e argumen t  ap -
plie s t o Lombard o e t  al.' s  descriptio n o f  a n incrementa l  in -
terprete r  base d o n a  lexicalize d dependenc y gramma r  (Lom -
bard o e t  al. ,  1998) .  Focu s i s o n th e procedura l  aspect s o f  pars -
in g an d simultaneou s semanti c interpretatio n rathe r  tha n o n a 
methodolog y fo r  semanti c interpretation .  Paredes-Frigolet t 
& Strub e (1996 )  introduc e a n approac h t o interfacin g a n 
H P SG parse r  wit h a  powerfu l  logica l  representatio n languag e 
suc h tha t  incrementalit y o f  parsin g an d interpretatio n ar e pre -
served .  The y discus s a  sampl e pars e tha t  build s o n larg e 
amount s o f  fine-grained  knowledg e pieces ,  bu t  the y d o no t 
provid e evidenc e fo r  th e generalit y an d scalabilit y  o f  thei r  ap -
proac h beyon d th e exampl e the y discuss .  Ou r  approac h offer s 
descriptiona l  parsimon y a s require d b y an y reasonabl e mode l 
of  cognitivel y plausibl e languag e comprehension .  W e hav e 
als o indication s tha t  i t  scale s t o real-worl d tex t  understandin g 
application s (Hah n e t  al. ,  1999) . 

Conclusions 

We propose d a  principle d approac h t o th e desig n o f  compact , 
yet  highl y expressiv e semanti c interpretatio n schemata .  The y 
deriv e thei r  powe r  fro m tw o sources .  First ,  th e organizatio n 
of  gramma r  an d domai n knowledge ,  a s wel l  a s semanti c in -
terpretatio n mechanisms ,  ar e base d o n inheritanc e principles . 
Second ,  gramma r  an d domai n knowledg e interac t  closel y vi a 
a lea n interfac e — th e hierarch y o f  interpretatio n schemata . 
So,  th e incrementalit y o f  semanti c interpretatio n ca n b e de -

scribe d i n a  general ,  parsimoniou s and ,  hopefully ,  plausi -

bl e way .  Also ,  semanti c interpretatio n whic h ha s recentl y 
become a  somewha t  marginalize d topi c o f  N L P researc h i s 

give n a  focuse d an d self-containe d theoretica l  foundation . 
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