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I N T E G R A T I N G W O R L D K N O W L E D GE W I T H C O G N I T I V E P A R S I N G 

Harold Paredes-Frigolett and Gerhard Strube 
Cente r  fo r  Cognitiv e Scienc e 

Institut e fo r  Compute r  Scienc e an d Socia l  Researc h 
Universit y o f  Freibur g 

D-7909 8 Freibur g i .  Brg . 
Germany 

{ p a r e d e s , s t r u b e } @ c o g n i t i o n . i i g . u n i - f r e i b u r g . d e 

Abstrac t 

The work presented in this article builds on the account of 
cognitiv e parsin g give n b y th e S O U L syste m (Konieczn y & 
Strube ,  1995) ,  a n object-oriente d implementatio n o f  Param -
eterize d Hea d Attachmen t  (Konieczn y e t  ai ,  1991 )  base d 
on Head-Drive n Phrase-Structur e Grammar  (Pollar d &  Sag , 
1994) .  W e describ e ho w th e initia l  semanti c representatio n 
propose d b y th e parse r  i s translate d int o a  logica l  for m suit -
abl e fo r  inference ,  thu s makin g i t  possibl e t o integrat e worl d 
knowledg e wit h cognitiv e parsing .  A s a  semanti c an d knowl -
edge representatio n syste m w e us e th e mos t  expressiv e im -
plemente d logi c fo r  natura l  languag e understanding .  Episodi c 
Logi c (Hwan g &  Schubert ,  1993) ,  an d it s computationa l  im -
plementation .  Epilo g (Schaeffe r  e t  ai ,  1991) . 

In t roduc t io n 

The wor k reporte d i n thi s articl e ca n b e see n a s a  continuatio n 

of  psycholinguisticresearc h i n sentenc e parsin g (Strubeera/. , 
1990 ;  Konieczn y e t  ai ;  Hemfort h e t  ai ,  1993 )  an d computa -
tiona l  model s o f  huma n parsin g (Konieczn y &  Strube ,  1995) . 
Thi s forme r  wor k ha s resulte d i n a  psycholinguisti c theor y o f 
sentenc e parsin g calle d Parameterize d Hea d Attachmen t  an d 
i n th e S O U L parse r  a s a  compute r  mode l  tha t  implement s 
th e theory .  S O U L make s us e o f  type d featur e formalism s 
t o describ e th e synta x o f  natura l  language ,  especiall y Head -
Drive n Phrase-Structur e Grammar ,  H P S G (Pollar d &  Sag , 
1994) .  S O U L operate s i n a  word-by-wor d incrementa l  fash -
ion ,  computin g a  H P S G structur e accordin g t o huma n parsin g 
preference s tha t  hav e bee n identifie d i n guidin g th e first  syn -
tacti c analysis . 

This model of human parsing has to be complemented by 
processe s o f  semanti c interpretatio n fo r  tw o reasons .  O n th e 
on e hand ,  S O U L need s t o judg e th e appropriatenes s o f  th e 
analyse s give n b y th e parse r  base d o n worl d knowledg e i n 
orde r  t o trigge r  reanalysi s wheneve r  necessary .  O n th e othe r 
hand ,  th e preliminar y logica l  for m propose d b y S O U L ha s t o 
be transforme d int o a  logica l  for m tha t  allow s fo r  inference s 
t o b e draw n i n th e knowledg e base .  Ou r  mode l  enable s th e in -
tegratio n o f  worl d knowledg e wit h cognitiv e parsin g an d ben -
efit s fro m usin g Episodi c Logic ,  th e mos t  expressiv e forma l 
computationa l  logi c fo r  genera l  natura l  languag e understand -
ing .  Th e objectiv e o f  th e presen t  articl e i s t o sho w h o w th e 
outpu t  o f  th e S O U L parse r  ca n b e semanticall y interprete d 

int o a n initia l  representation ,  whic h i s furthe r  transforme d re -
movin g scop e ambiguitie s an d context-dependency .  Th e fi-
nal  resul t  i s a  logica l  for m i n Episodi c Logi c (Hwang ,  1992 ; 
H w a ng &  Schubert ,  1993 )  tha t  i s  suitabl e fo r  inference .  W e 
als o sho w ho w thi s final  logica l  for m account s fo r  semanti c 

biasin g o f  syntacti c analyses . 

Parameterized Head Attachment 

Cognitiv e parsin g i n th e S O U L system ,  Semantics-Oriente d 
Unification-Base d Languag e Processin g (Konieczn y & 
Strube ,  1995) ,  i s  base d o n th e Parameterize d Hea d Attach -
ment  Principl e o f  sentenc e processin g (Konieczn y e t  ai , 
1991) ,  P H A henceforth .  P H A i s a  theor y o f  sentenc e 
processin g tha t  originate d i n recen t  psycholinguisti c inves -
tigation s o f  PP-attachmen t  an d othe r  phenomen a i n Ger -
man,  usin g self-pace d readin g an d eye-movemen t  experi -
ment s (Strub e e t  ai ,  1990 ;  Konieczn y etal ,  1991 ;  Hemfort h 
et  ai ,  1993 ;  Konieczn y e t  ai ,  1994) .  Thoug h a  seria l  mode l 
i n th e traditio n o f  th e Garden-Pat h Theor y (Frazie r  &  Fodor , 
1978) ,  P H A i s a  mode l  o f  sentenc e processin g whos e result s 
diffe r  fro m thos e predicte d b y Minima l  Attachmen t  an d Lat e 
Closure ,  an d b y th e principle s pu t  fort h wit h th e Construa l 
Theor y (Frazie r  &  Clifton ,  1996) . 

PHA consists of the following principles: 

• Head attachment: Prefer to attach an item to a phrasal 
uni t  whos e lexica l  hea d ha s alread y bee n read . 

• Preferred-role attachment: Prefer to attach an item to a 
phrasa l  uni t  whos e hea d preferentiall y  subcategorize s fo r 
it . 

• Most recent head attachment: Prefer to attach an item to 
a hea d tha t  wa s rea d mos t  recently . 

• Parameterized head attachment: Attempt to apply Head 
Attachmen t  befor e Preferre d Rol e Attachmen t  befor e 
Most  Recen t  Hea d Attachment . 

SOUL is a cognitive parser that functions complying with 
th e principle s describe d abov e an d ha s bee n implemente d us -
in g HPSG. '  W e wil l  no w concentrat e o n th e syntax/semantic s 

'Th e intereste d reade r  i s referre d t o Konieczn y &  Strub e (1995 ) 
fo r  a  descriptio n o f  th e S O U L system . 
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interfac e use d i n th e system ,  calle d th e preliniinar y logica l 
form ,  an d th e translatio n proces s o f  thi s initia l  representatio n 

int o a  representatio n suitabl e fo r  inferenc e usin g Episodi c 
Logi c (Hwang ,  1992 ,  H w a n g &  Schubert ,  1993) . 

Incremental semantic interpretation, scoping, 

a n d d e i n d e x i n g 

Conside r  th e natura l  languag e sentenc e (1) ,  a s presente d be -
low : 

(1 ) Mario n ̂ ,  watche d ̂ b th e ̂ c hors e t̂ d wit h ̂ e th e ̂ f 
whit e | g fleck  ft, .  | i 

Usin g thi s expression ,  w e illustrat e th e proces s o f  incre -

menta l  semanti c interpretation ,  scoping ,  an d deindexin g b y 
virtu e o f  whic h th e preliminar y logica l  for m i s transforme d 
int o a  so-calle d episodi c logica l  for m suitabl e fo r  inferenc e i n 
Epilo g (Schaeffe r  e t  ai ,  1991) ,  th e computationa l  syste m fo r 
Episodi c Logic ,  E L henceforth . 

The extended syntax/semantics interface 

We conside r  th e pars e obtaine d b y S O U L a t  point/ ,  onc e th e 
secon d definit e articl e th e ha s bee n absorbe d fro m th e inpu t 
string .  Usin g subcategorizatio n informatio n fo r  th e preferre d 
lexica l  entr y o f  watch ,  a  transitiv e ver b wit h a n instrumenta l 
complement ,  S O U L propose s a  pars e i n whic h th e exjjecte d 
prepositiona l  phras e attache s t o th e mai n ver b o f  th e sentence . 
The semanti c informatio n i s give n i n H P S G unde r  th e fea -
tur e content .  Du e t o it s restricte d expressivenes s w e hav e de -
fined  a  mor e expressiv e syntax/semantic s interfac e i n S O U L , 
whic h w e hav e terme d preliminar y logica l  form ,  V C T fo r 
short ,  a s show n below . 

VCT, -

pre d watc h 
argagtn t  Mario n 

in d ind i 
spe c th e 

argthem e 

arg,„,tr 

a-mod 

e-mod 

mood 

con d pre d hors e 
argin, ,  Q j 

in d ind ^ 
spe c th e 

pre d con d 

op 

pred 

arg.na t  D2 J 

adv-a 

pre d with-inat r 
argthem e D 2 

op pas t 

op decl 

I n V C T ] ,  th e actio n o f  Mario n watchin g a  hors e an d be -
in g modifie d s o a s t o b e performe d wit h a n instrumen t  ha s 
been represented .  Thi s representatio n i s base d o n th e formal -
is m use d t o represen t  th e syntax/semantic s interfac e i n H P S G 

(Pollar d &  Sag ,  1994) .  I n V C T } ,  th e predicat e watc h take s 
thre e arguments .  Th e first  argumen t  correspond s t o th e agen t 

of  th e even t  described ,  th e secon d argumen t  correspond s t o 

th e them e o f  th e actio n bein g described ,  an d th e thir d argu -
ment  correspond s t o a n instrumen t  wit h whic h th e actio n i s 
performed .  Th e forma t  o f  th e preliminar y logica l  for m i s 
borrowe d fro m Fensta d e t  at .  (1987) .  Th e featur e con d in -
troduce s a  well-forme d formul a an d th e feature s spe c an d in d 
introduc e th e quantificationa l  forc e o f  a  determine r  an d th e 
variabl e quantifie d over ,  respectively .  I n V C T j ,  th e argu -
ment  position s ar e filled  wit h variables ,  bu t  th e scop e o f  th e 
quantifier s i s lef t  underspecified ,  muc h a s i n Schuber t  &  Pel -
letie r  (1982) ,  Fensta d e t  al .  (1987 )  an d Pollar d &  Sa g (1994) . 

Pollard & Sag (1994) assume a situation-theoretic frame-
wor k fo r  semanti c representation .  Unfortunately ,  Situatio n 
Semantic s (Barwise ,  1987 ;  Devlin ,  1991 )  doe s no t  ye t  offe r  a 
framewor k fo r  representin g a  variet y o f  semanti c phenomena . 
Not e fo r  exampl e tha t  i n V C T j  th e expecte d prepositiona l 
phras e i s syntacticall y analyze d a s a n adverbial .  Th e exten -
sio n propose d her e fo r  th e representatio n o f  adverbial s dis -
tinguishe s betwee n thos e tha t  operat e o n sentence s an d thos e 
tha t  operat e o n monadi c predicates .  W e tak e advantag e o f 
th e representationa l  framewor k pu t  fort h wit h E L (Hwang , 
92 ;  H w a n g &  Schubert ,  1993 )  an d adop t  th e function s adv- e 
and adv-a ,  whic h m a p predicate s ove r  episodes/action s int o 
predicat e modifiers .  I n E L ,  (adv- e it) ,  wit h 7 r  a  predicat e 
ove r  episodes ,  i s a n episod e modifier ,  an d (adv- a n) ,  wit h n  a 
monadi c predicat e ove r  attributes/actions ,  i s a n actio n modi -
fier,  with-inst r  i s  a  relationa l  predicat e takin g i n ou r  exampl e 
th e monadi c predicat e P  an d mappin g i t  int o a  monadi c pred -
icat e ove r  actions .  I n V C T j ,  th e tens e operato r  pas t  an d th e 
m o od operato r  dec l  hav e als o bee n introduce d unde r  th e fea -
ture s e-mo d an d mood ,  respectively . 

Incremental semantic interpretation 

Afte r  th e parse r  ha s generate d thi s initia l  representation ,  th e 
preliminar y attribute-valu e representatio n V C T j  i s  trans -
late d int o a  se t  o f  fact-schemat a usin g recursiv e procedure s 
tha t  operat e directl y o n th e attribute-valu e matrice s unde r  th e 
featur e cond .  Then ,  ful l  schemat a ar e constructe d fo r  th e ful l 
sentence .  Fo r  V C T j ,  w e obtai n th e followin g se t  o f  fac t 
schemata : 

(C \  :  horse,indi ,  1 ) 

(C 2 :  P ,  ind2,1 ) 

{C 3 :  watch ,  Ma r i on ,  indi,ind2,1 ) 

(1 ) 

Incrementa l  scopin g 

I n H P S G th e featur e Q S T O RE give s th e scop e disambigua -
tio n information .  Ou r  approac h t o scop e disambiguatio n con -
sist s i n generatin g a  scope d logica l  for m accordin g t o psy -
cholinguisticall y plausibl e heuristic s fo r  scop e disambigua -
tio n (Kurtzma n &  MacDonald ,  1993) .  I n ou r  example ,  th e 
surfac e speec h ac t  operato r  dec l  i s  assigne d scop e ove r  th e 
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whol e sentence ,  th e tens e operato r  pas t  i s  assigne d scop e 
withi n speec h ac t  operator s an d wide r  scop e tha n al l  othe r 

operators .  Th e tw o definite s ar e assigne d scop e throug h al l 
barrier s onl y i f  the y ar e salien t  i n th e curren t  context ,  other -

wis e the y ar e scope d withi n tens e operators . 

We obtain the set of scoped fact schemata in (2): 

(Th e {{ind ,  I  Ci) ) 

{{ind i  I  T h e ({ind 2 \  C2))((mc/ 2 |  C3)))) ) 

(2 ) 

Replacin g C i ,  C 2 .  an d C 3 i n (2 )  an d incorporatin g th e 

action-modifyin g operato r  ((adv- a {with-inst r  indi)) ,  th e 
tens e operato r  past ,  an d th e m o o d operato r  decl ,  w e obtai n 
th e parameterize d indexica l  logica l  for m V X C T j  ? 

VICT, : 

(dec l  (pas t  (Th e x:\ x horse ] 
(Th e y:[ y P \ 

[Mario n ((adv- a (with-inst r  y) ) 
(watc h x))]))) ) 

Incrementa l  de indexin g 

To be suitable for inference in Epilog, the computational sys-
te m fo r  E L ,  th e final  logica l  for m ha s t o b e independen t  o f 

context .  Thus ,  th e indexica l  informatio n conveye d b y th e 
tens e operato r  pas t  an d th e m o o d operato r  dec l  ha s t o b e 
brough t  int o th e final  representation .  Th e incrementa l  dein -
dexe r  applie s th e compositiona l  deindexin g rule s fo r  translat -
in g th e indexica l  logica l  form s pu t  fort h i n H w a n g &  Schuber t 
(1992) .  Thes e rule s transfor m th e indexica l  logica l  for m con -
tainin g tens e operator s an d adverbial s int o a  so-calle d param -
eterize d episodi c logica l  form ,  V C C T fo r  short. ^  A t  poin t 
/ ,  th e resul t  o f  thi s deindexin g proces s i s th e parameterize d 
episodi c logica l  for m V S C T j . 

VeCTf . 

(3ui:[[u i  same-tim e N o w l ]  a 
[u o immediately-precede s ui] ] 
[[Speake r  tel l  Heare r  (Tha t 

(3e i  :[[e i  befor e u\ \  A  [e o orient s ei] ] 
[[(Th e x\ x horse ] 

(Th e y:[ y P ] 
[[Mario n |  ei ] 

((with-inst r  y)(watc h x))])) ] 
-  e,))) ] 

Expressin g k n o w l e d g e i n E L 

Knowledg e i n Epilo g take s th e for m o f  meanin g postu -
late s an d worl d knowledg e axioms .  Thes e ar e expresse d a s 

probabilisti c  conditional s o f  for m 0  ->p,a,, .  ,a „  V* .  wher e 
«!,... ,  a „  ar e controlle d variable s an d p  i s a  statistica l  prob -
ability . 

We now introduce the following meaning postulates and 
worl d knowledg e axiom s abou t  peopl e seein g objects.' ' 

Meaning postulates about people seeing objects: 

If a person watches a thing, then that person sees that 

thing. ^ 

MV 1: (3x:[x person] 
(3y:[ y thing ] 

(3ei:[[[[ x I  e, ]  P ]  A  [ x watc h y] ]  * *  ei])) ) 
- > (3e2:[e i  : < 62 ] 

[[[[x|e2]P]A[xseey]]**e2] ) 

If a person sees something with something, then she/he is 
seein g i t  wit h a  viewin g instrument . 

MV 2: (3x:[x person] 
(3y:[ y thing ] 

(3z:[ z thing ] 
(3ei:[[[[ x I  ei )  (with-inst r  z) ]  A 

[xseey]]**e,]))) ) 
- ^  [ 2 ((n n viewing )  instrument)] ) 

Meaning postulate about unlocated formulas: 

MV 3: (Ve,:[[[.^ A V] ** ei] ^ [</. A (3e2:[e2 < ei][t/' ** ej])]]) 

World knowledge axiom about people seeing things 
wit h viewin g instruments : 

If someone sees something with a viewing instrument, then 
she/h e probabl y see s i t  clearly . 

WK 1: (3x:[x person] 
(3y:[ y thing ] 

(3z:[ y ((n n viewing )  instrument) ] 
(3e,:[[[[ x I  ei ]  (with-inst r  z) ]  A 

[xseey]]**e,]))) ) 
0̂.85,e,.i, y  (3e2:[e i  <  62 ] 

l[[[ x I  6 2 ](in-manne r  clear) ]  a 
[ x se e y] ]  * » 62] ) 

We assum e tha t  th e definite s i n questio n ar e no t  salien t  i n th e 
curren t  context . 

^Due t o spac e limitations ,  w e d o no t  presen t  th e deindexin g rule s 
iiere .  Th e intereste d reade r  i s referre d t o Hwan g (1992 )  an d Hwan g 
& Schuber t  (1992 )  fo r  a  detaile d description . 

*  I n th e meanin g postulate s above ,  th e operato r  X  i s a  metalogi -
cal  operato r  tha t  correspond s t o th e operato r  coextensive-part-o f  i n 
EL.  e i  ̂  6 2 indicate s tha t  situatio n e j  i s  coextensiv e wit h situatio n 
62,  tha t  is ,  6 1 an d 6 2 hav e th e sam e spatiotempora l  location .  Finally , 
th e moda l  operator s *  an d * *  ar e introduce d wit h th e followin g innj -
itiv e meanings :  [4 > * *  rj ]  =  cj )  describe s r )  as a whol e an d [<j > *  rj ]  = 
<t> describe s som e par t  o f  rj . 

^Here ,  P  i s a  paramete r  tha t  stan d fo r  a  monadi c predicat e ove r 
actions/attributes . 
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Triggerin g inference s i n Epilo g 

Afte r  a  formul a i s asserte d i n Epilog ,  a  proces s o f  input -
drive n inferenc e triggerin g vi a rul e instantiatio n usin g mean -
in g postulate s an d worl d knowledg e axiom s i s started .  Thi s 

proces s consist s o f  th e followin g si x steps :  existentiali y 
quantifie d variable s ar e skolemized ,  top-leve l  conjunct s ar e 
split ,  simplificatio n schema s ar e applied ,  th e ne w formula s 
ar e checke d fo r  thei r  consistenc y wit h th e previousl y store d 
knowledge ,  th e ne w formula s ar e classifie d an d store d i n 
th e knowledg e base ,  an d a  proces s o f  input-drive n inferenc e 

chainin g i s starte d usin g th e meanin g postulate s an d worl d 
knowledg e axiom s i n th e knowledg e base . 

For our example above we define the following simplifica-
tio n schema : 

/̂ i 2 [[[[Mario n |  £3 ]  (with-inst r  Y) ]  A  [Mario n se e X] ]  * •  E3 ] 

F12 matches the antecedent of MVa- This accounu for 

obtainin g th e followin g formulas : 

F,3 [£4 X Ea] 

Fu [[Marion see X] *• Ei] 

F3, Fg, Fio, and F12 match the antecedent of MT'2^ 
a meanin g postulat e abou t  seein g thing s wit h instruments . 
Thus ,  w e obtai n th e followin g additiona l  formula : 

5 5 1 :  Fo r  F  a  parameter :  (Vx:[ x P ]  - ^  [ x thing] ) 

Skolemizing ei/Eu x/X, and y/Y in VSCJ^j, splitting 
conjunctions ,  an d applyin g th e simplificatio n schem a abov e 
we obtain: ^ 

Fi  [E l  befor e C/. ] 

F2 [ X horse ] 

Fa [ y thing ] 

Ft  [[Mario n |  Fi ]  (with-inst r  Y) ] 

Fi  [[[[Mario n |  £, ]  (with-inst r  Y) ]  A  [Mario n watc h X] ]  * *  Fi ] 

The described episode Fi is characterized by the action 
of  Mario n watchin g a  hors e an d bein g modifie d s o a s t o b e 
performe d wit h a n instrument .  F 5 matche s th e anteceden t  o f 
M'Ps. 'W e obtai n th e followin g additiona l  formulas : 

Fe IE2 :< El] 

Ft  [[Mario n watc h X ]  * *  £2 ] 

Episode £2 is coextensive with episode £1 and is charac-
terize d b y th e actio n o f  Mario n watchin g a  horse .  Le t  u s n o w 
assume th e followin g facts : 

Fs [Marion woman] 

Fi  [Mario n person ] 

Fi o [ X thing ] 

Fg and Fio are obtained by type-hierarchical knowledge. 
F3,  F5 ,  Fg ,  an d Fi o matc h th e anteceden t  o f M V i J a  mean -
in g postulat e connectin g watchin g wit h seein g events .  Thus , 
th e followin g formula s ca n b e obtained : 

Fi 5 [ Y ((n n viewing )  instrument) ] 

At point /, we are able to make the prediction that y is a 
viewin g instrument. ® Finally ,  b y a  proces s o f  input-drive n 
inferenc e chainin g usin g VV/Ci ,  a  worl d knowledg e axio m 
abou t  seein g thing s wit h viewin g instruments ,  w e obtai n fro m 

Fg,  Fio ,  F12 ,  an d F1 5 th e followin g inferences: ^ 

/. [£5 < £3] 

I 2 [[[[Mario n |  £5 ]  (in-manne r  clear) ]  a 
[Mario n seeX]]o8 s * *  £5 ] 

Incremental interpretation 

Althoug h inference s ca n b e triggere d a t  an y poin t  b y th e pro -
ces s describe d above ,  w e conten d tha t  ful l  inference s ar e no t 
require d t o b e triggere d o n a  word-by-wor d incrementa l  ba -
sis .  Ou r  clai m i s base d o n th e assumptio n tha t  th e numbe r  o f 
inference s mad e durin g on-lin e sentenc e comprehensio n i s t o 
be constraine d b y computationa l  resources ,  an d o n th e obser -
vatio n tha t  th e inference s draw n durin g incrementa l  on-lin e 
sentenc e comprehensio n ar e a  functio n o f  th e rhetori c aspect s 
use d b y th e writer/speaker .  T o accoun t  fo r  thi s i n ou r  mode l 
we introduc e th e notio n o f  restricte d inference . 

Restricted inference 

We defin e restricte d inferenc e a s a  proces s o f  hierarch y 
climbing ,  logica l  for m patter n matching ,  an d inferenc e trig -
gerin g usin g onl y meanin g postulate s i n th e knowledg e base . 
For  semanti c biasin g th e parse r  use s thi s restricte d for m o f 
inference s o n a  word-by-wor d incrementa l  basis .  W e believ e 
tha t  th e us e o f  a  restricte d for m o f  inferenc e base d o n meanin g 
postulat e inferenc e i s quit e plausible .  O n th e on e hand ,  ther e 

''W e neglec t  th e relatio n orient s tha t  ma y relat e th e reporte d 
episod e £ 1 t o a  prio r  episod e £0 . 

^Wit h P  =  (with-inst r  Y )  i n th e anteceden t  o f  A17> i 

*I n formul a F15 ,  n n i s a  functio n introduce d i n E L t o ma p 1 -
plac e nomina l  predicate s int o predicat e modifiers . 

*We writ e F  fo r  inference s draw n b y meanin g postulate s an d / 
fo r  inference s draw n b y worl d knowledge  axioms .  Th e probabilit y 
attache d t o h  tell s  u s tha t  inferenc e / j ,  thoug h uncertain ,  i s  quit e 
likely .  I t  ca n b e paraphrase d a s "Mario n probabl y see s th e hors e 
clearly. " 
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i s  enoug h empirica l  evidenc e suggestin g tha t  lexica l  infer -
ence s base d o n bot h th e meanin g o f  ope n clas s words' "  an d 

th e lin k betwee n th e meanin g o f  a  ver b an d it s syntacti c char -
acteristic s becom e availabl e t o huma n comprehender s a s soo n 

as th e ope n clas s wor d o r  ver b i n questio n ha s bee n absorbe d 
fro m th e inpu t  string .  O n th e othe r  hand ,  ther e i s a  natu -
ral ,  thoug h no t  ultimate ,  distinctio n betwee n knowledg e abou t 

lexica l  meaning s an d knowledg e abou t  th e world .  Thes e ob -
servation s lea d t o makin g th e distinctio n betwee n tw o mode s 
of  inference :  (i )  restricte d inferenc e fo r  semanti c biasin g vi a 
meanin g postulate s an d (ii )  ful l  inferenc e fo r  tex t  understand -
in g base d o n worl d knowledg e axiom s an d meanin g postu -
lates .  Whil e th e forme r  wil l  b e use d i n a  word-by-wor d incre -
menta l  fashion ,  th e latte r  wil l  b e use d onl y a t  certai n points , 

essentiall y  wher e ther e i s a  singl e pars e an d th e nee d fo r  ful l 
inferentia l  activit y arises .  Thi s m a y b e th e cas e whe n resolv -
in g anaphori c antecedents ,  establishin g causa l  an d explana -
tor y relation s a m o n g events ,  o r  whe n a  prosodi c cu e arise s 
durin g on-lin e speec h comprehension . 

Fine-grained, weak interaction 

Th e interfac e betwee n th e parse r  an d th e incrementa l  inter -
prete r  correspond s t o a  structur e calle d analysi s tha t  con -
tain s informatio n concernin g th e analysi s currentl y bein g pur -
sue d b y th e parser .  Thi s structur e contain s thre e fields  cor -
respondin g t o th e to p nod e o f  th e partia l  pars e tre e fo r  th e 
analysi s i n question ,  a  field  tha t  indicate s whethe r  o r  no t  th e 
analysi s ha s jus t  bee n repaire d b y th e parser ,  an d a  field  tha t 
indicate s whethe r  th e se t  o f  inference s draw n fo r  th e interpre -
tatio n obtaine d s o fa r  i s  consisten t  o r  no t  wit h th e previousl y 
asserte d inference s i n th e knowledg e base .  Thi s interfac e i s 
weak i n tha t  th e informatio n neede d b y th e parse r  fo r  seman -
ti c biasin g correspond s t o jus t  on e bit ,  namely ,  t o whethe r  o r 
not  th e formula s store d i n th e knowledg e bas e ar e consisten t 
wit h th e ne w formula s asserte d b y th e incrementa l  interpreter , 
or  wit h th e inference s derive d fro m them . 

Restricted inference for semantic biasing 

We n o w illustrat e h o w th e proces s o f  incrementa l  interpreta -
tio n interact s wit h th e parse r  fo r  purpose s o f  semanti c biasing . 

After incremental semantic interpretation, scoping, and 
deindexin g o f  th e analysi s preferre d b y S O U L a t  poin t  h  w e 

obtai n S L T h ^  a  show n below : 

(3wi:[[ui same-time Now\\ a 
[u o immedlately-precedesui] ] 
[[Speake r  tel l  Heare r  (Tha t 

(3e ,  :[[e i  befor e ui ]  A  [e o orient s d] ] 
[[(Th e x\ x horse ] 

(Th e y:[[ y fleck ]  a  [ y white] ] 
[[Mario n |  ei]((with-inst r  y ) 

(vifatc h x ) 
**  ei])) ]  * *  ui] ) 

Afte r  assertin g E C T h w e obtain: " 

F,6 [y fleck] 

F,7 [y white] 

By type-hierarchical knowledge, an inconsistency arises 

betwee n Fi e an d F\ ^  an d th e predicte d formul a F15 .  Th e in -
consistenc y i s reported ,  an d th e conflictin g formul a i s store d 

i n th e knowledg e base .  Th e incrementa l  interprete r  set s th e 
field  analysi s .consisten t  t o th e valu e fals e an d return s th e 
structur e analysi s t o S O U L .  A t  poin t  h ,  S O U L propose s 
as preferre d continuatio n th e analysi s i n whic h th e preposi -

tiona l  phras e attache s t o th e nou n "th e horse, "  set s th e field 
analysis.just-repaire d t o th e valu e tru e an d send s th e re -
paire d analysi s t o th e incrementa l  interpreter .  Th e incremen -
ta l  interprete r  drop s th e se t  o f  formula s obtaine d fo r  th e first 
analysis ,  set s th e field  analysis.just-repaire d t o th e valu e 
false ,  obtain s th e ne w episodi c logica l  form ,  an d finally  as -
sert s i t  i n Epilog . 

The resulting episodic logical form for the repaired analy-
si s a t  poin t  h  i s show n below : 

(3ui:[[ui same-time A'^oiyl] A 
[u o immediately-precedesui] ] 
[[Speake r  tel l  Heare r  (Tha t 

(3ei:[[e i  befor e ui ]  a  [e o orient s ej ] 
[[(Th e r:[[ x horse ]  a  (Th e y:[[ y fleck ]  a  [ y white] ] 

[ x with-par t  y]) ] 
[Mario n watc h x]) ]  * *  ei])) ]  * + ui] ) 

Skolemizing ei/Ei, xlX, and yfY in SCThi and splitting 
conjunction s w e obtai n a  ne w se t  o f  formula s a t  poin t  h : 

Fx [£ i  befor e t/i ] 

F2 [A: horse] 

Fz [y fleck] 

F4 [y white] 

Fs [A: with-part y] 

Fe [[Marion watch X] ** Fi] 

The described episode Ei is characterized by the action of 
Mario n watchin g a  hors e wit h a  whit e fleck. 

'"Example s o f  ope n clas s word s ar e adjectives ,  verbs ,  nouns , 
and adverbs .  Example s o f  close d clas s word s ar e preposition s an d 
determiners . 

' '  I n Epilog ,  th e skole m constan t  introduce d fo r  a n existentiall y 
quantifie d variabl e i s kep t  o n th e propert y lis t  o f  th e variable .  Thus , 
fiiture  reference s t o th e variabl e ar e replace d b y th e constan t  withi n 
futur e formulas . 
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C o n c l u s i o n s 

The wor k reporte d i n thi s articl e present s a  forma l  computa -
tiona l  framewor k fo r  integratin g worl d knowledg e wit h cog -
nitiv e parsing ,  th e cente r  piec e o f  whic h i s a  computationa l 
model  o f  incrementa l  semanti c interpretation ,  scoping ,  an d 

deindexing .  Th e mode l  i s incrementa l  i n tha t  a  partia l  pars e 
tre e i s transforme d int o a  complet e preliminar y logica l  for m 
i n whic h parameter s construe d a s metalogica l  variable s ar e 

introduce d i n th e logica l  for m fo r  th e missin g constituent s 
i n th e inpu t  sentence ,  thu s enablin g furthe r  semanti c pro -

cessin g i n a  word-by-wor d incrementa l  fashion .  Th e mode l 
i s compositiona l  i n tha t  eac h syntacti c rul e come s equippe d 
wit h a  semanti c annotation .  Thus ,  th e semantic s o f  a  sen -
tenc e a t  an y poin t  durin g incrementa l  semanti c interpretatio n 
i s a  functio n o f  th e semantic s o f  th e constituent s absorbe d 
so fa r  plu s th e semantic s o f  th e parameter s introduce d fo r 
th e missin g constituent s i n th e correspondin g partia l  pars e 
tree .  Th e psycholinguisti c plausibilit y  o f  th e mode l  i s no t 
onl y grounde d i n S O U L ,  bu t  als o i n th e us e o f  psycholin -
guisti c well-founde d heuristic s fo r  scop e disambiguation .  I n 
our  curren t  implementation,^ ^  w e hav e define d a  se t  o f  heuris -
tic s base d o n recen t  empirica l  result s reporte d i n Kurtzma n & 
MacDonal d (1993 )  t o transfor m th e preliminar y logica l  for m 
int o a  singl e parameterize d indexica l  logica l  for m tha t  i s sco -
pall y unambiguous ,  bu t  stil l  context-dependent . 

Finally, we have described how our model of incremen-
ta l  semanti c interpretation ,  scoping ,  an d deindexin g ca n b e 
use d fo r  fine-grained,  weakl y interactiv e incrementa l  inter -
pretation .  W e thin k tha t  th e distinctio n betwee n tw o form s 
of  inference ,  restricte d inferenc e fo r  semanti c biasin g base d 
on lexica l  inferenc e throug h meanin g postulate s an d ful l  in -
ferenc e fo r  tex t  understandin g throug h input-drive n inferenc e 
chainin g usin g bot h meanin g postulate s an d worl d knowledg e 
axioms ,  give s a  plausibl e accoun t  o f  th e incrementa l  infer -
enc e process .  I n thi s vie w o f  sentenc e comprehensio n usin g 
a first-analysis  parse r  lik e S O U L ,  incrementa l  interpretatio n 
i s construe d a s a  questio n answerin g proces s (Sanford ,  1990) . 
Thus ,  reanalysi s i s no t  triggere d o n accoun t  o f  whethe r  o r  no t 
th e first  analysi s reache s a  certai n plausibilit y  threshold ,  bu t 
rathe r  o n whethe r  o r  no t  th e expectation s tha t  aris e durin g 
incrementa l  interpretatio n ar e confirme d o r  refute d a s mor e 
informatio n become s availabl e fro m th e inpu t  string . 
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