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Abstrac t 

This paper describes a computational model of semantic processing in natural language 

discours e understandin g base d o n th e distributio n o f  knowledg e ove r  multipl e space s a s 

propose d b y Fauconnie r  (1985) ,  Dinsmor e (1987a) ,  K a m p (1980) ,  Johnson-Lair d (1985 ) 

and others .  A m o n g th e claim s mad e abou t  suc h a  partitione d representatio n o f 

knowledg e ar e th e following :  First ,  i t  promote s a  mor e direct ,  mor e natura l  mappin g 

fro m surfac e discours e sentenc e t o interna l  representation .  Second ,  i t  support s mor e 

efficien t  reasonin g an d retrieva l  processe s ove r  tha t  interna l  representation .  Finally ,  i t 

provide s a n accurat e accoun t  o f  man y o f  th e mos t  recalcitran t  problem s i n natura l 

languag e discours e understanding .  A m o n g thes e ar e implici t  information ,  presupposi -

tion ,  referentia l  opacity ,  tens e an d aspect ,  an d common-sens e reasonin g i n comple x 

domains . 

The mode l  identifie s tw o fundamenta l  level s o f  semanti c processing :  contextualization , 

i n whic h a n appropriat e spac e fo r  assimilatin g th e informatio n conveye d i n a  discours e 

sentenc e i s located ,  an d construction ,  i n whic h th e informatio n i s actuall y assimilate d 

int o tha t  space .  Contextualizatio n allow s th e ful l  semantic s o f  th e discours e t o b e real -

ize d implicitl y  i n th e interna l  representation .  I t  als o account s fo r  th e us e o f  moods , 

tenses ,  an d variou s adverbial s i n discourse .  Th e interactio n o f  th e contextualizatio n 

processe s wit h th e semantic s o f  aspectua l  operator s provide s a n accoun t  o f  th e discours e 

use o f  aspect . 

INTRODUCTION 

In partitioned representations (Dinsmore, 1987a) the information conveyed in a natural 

languag e discours e i s distribute d appropriatel y ove r  multipl e spaces ,  whic h functio n a s 

small ,  distinct ,  logicall y coheren t  knowledg e base s withi n whic h object s an d relation s 

can b e represented ,  an d reasonin g processe s ca n b e performed .  Space s represen t  suc h 

thing s a s hypothetica l  realities ,  belie f  systems ,  quantifie d domains ,  thematicall y define d 

domains ,  fictions,  an d situation s locate d i n tim e an d space .  Space s i n thi s sens e diffe r 

fro m th e focu s o r  themati c space s o f  Gros z (1977) ,  Reichma n (1985 )  an d other s i n tha t 
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Once upo n a  time ,  ther e wa s a  tailo r  name d Siegfried . 

Siegfrie d ha d onc e consulte d a  famou s wizard .  Th e wizar d mistakenl y though t  Siegfrie d 

was a n alcoholic .  Still ,  i f  Siegfrie d woul d wor k hard ,  h e woul d b e ver y successful .  Th e 

wizar d assume d tha t  anyon e wh o wa s ric h wa s happy .  Well ,  Siegfrie d woul d b e rich ,  an d 

woul d eve n sto p drinking . 

N ow th e tailo r  Siegfrie d di d wor k har d an d ha d i n fac t  becom e rich .  Bu t  h e wa s no t 

happy ,  an d h e ha d actuall y becom e a n alcoholic . 

Fig .  1 .  Th e Siegfrie d story . 

th e forme r  hav e a  logica l  o r  semanti c functio n no t  foun d i n th e latter ,  a s detaile d i n 

Dinsmor e (1988 ,  1987) .  Durin g discours e understanding ,  knowledg e i s appropriatel y dis -

tribute d ove r  spaces ,  lower-leve l  processe s ar e delegate d t o spaces ,  an d space s ar e 

thereb y allowe d t o accumulat e knowledge .  Fo r  instance ,  i n understandin g th e stor y o f 

Fig .  1  a  se t  o f  space s ar e constructe d a s i n Fig .  2  an d knowledg e distribute d ove r  th e 

space s a s indicated .  A  linea r  notatio n o f  th e for m S  I  P  wil l  b e convenien t  t o sho w 

tha t  a  propositio n P  belong s t o a  spac e S .  W e cal l  suc h a n expressio n a  statement .  Fo r 

instance ,  on e o f  th e statement s recognizabl e i n Fig .  2  woul d be , 

sp_ 4 I  Siegfrie d i s ric h 

Each space has a role or function of known as its primary context. Fig. 8 shows how 

th e primar y context s o f  th e Siegfrie d stor y embe d spaces .  Ou r  convenien t  linea r  nota -

tio n extend s t o contexts :  a  contex t  look s lik e a n ordinar y statement ,  bu t  contain s a 

spac e ter m o f  th e for m [[S]] .  Fo r  instance ,  som e o f  th e context s recognizabl e i n Fig .  8 

ar e th e following . 

sp_ 0 I  A t  t im e t ime_2 ,  |sp_2 ] 

sp_ 2 I  wizard_ 8 believe s tha t  ([sp_ 3 

sp_ 3 I  Siegfrie d wo rk s har d am-  |sp_4 ] 

Language understanding can be considered a transductive process whereby the discourse 

sentenc e i s graduall y transforme d int o it s partitione d interna l  representatio n whil e pass -

in g throug h a  serie s o f  intermediat e representations .  Th e transformatio n proces s 

involve s identifyin g constituen t  structures ,  distributin g structure s ove r  spaces ,  an d pro -

cessin g structure s a t  a  lo w leve l  withi n spaces .  Fo r  a  discours e sentenc e P ,  contextuali -

zatio n determine s th e space ,  S ,  tha t  P  i s intende d t o sa y somethin g about .  Tha t  spac e 

i s know n a s th e focu s spac e fo r  P .  I n th e stor y o f  Fig .  1  th e focu s spac e start s a t  sp_ l 

the n move s t o 8p_ 2 fo r  "Siegfrie d ha d onc e consulte d a  famou s wizard,"a.n d fo r  th e 
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ther e i s a  tailo r  n a m e d Siegfrie d 

Siegfrie d work s har d 

Siegfrie d ha s b e c o m e ric h 

Siegfrie d i s no t  h a p p y 

Siegfrie d ha s b e c o m e a n alcoholi c 

Siegfrie d consult s a  famou s wizar d 

sp_ 3 
Siegfrie d i s a n alcoholi c 

anyon e w h o i s ric h i s happ y 

sp_ 4 

Siegfrie d i s ver y successfu l 

Siegfrie d i s ric h 

Siegfrie d stop s drinkin g 

Fig .  2 .  Partitione d representatio n o f  th e Siegfrie d story . 

followin g sentence .  I t  the n move s t o sp_ 3 fo r  "Bu t  i f  Siegfrie d ... ,  "the n bac k t o sp_2 . 

I t  move s t o 8p_ 4 fo r  "Well ,  Siegfrie d woul d b e rich ,  ..." ,  an d finally  return s t o sp_ l  fo r 

th e final  tw o sentences . 

Constructio n transform s th e statemen t  S  I  P  throug h th e progressiv e refinemen t  o f 

knowledg e structure s unti l  a  permanen t  interna l  representatio n i s produced .  Durin g con -

structio n ne w space s an d thei r  associate d context s wil l  ofte n b e se t  up ,  an d existin g con -

text s wil l  b e use d t o acces s space s fo r  distributin g information .  A t  th e sam e tim e vari -

ous semanti c processe s wil l  occu r  locall y withi n spaces ,  suc h a s determiinin g referent s fo r 

definit e description s an d satisfyin g th e presupposition s o f  certai n grammatica l  construc -

tions .  Fo r  instance ,  i n th e processin g o f  th e sentenc e "Th e wizar d mistakenl y though t 

tha t  Siegfrie d wa s a n alcoholic, "  sp_ 2 i s use d a s th e focu s space .  Withi n sp_ 2 a 

referen t  fo r  "th e wizard" ,  cal l  i t  wizard_8 ,  i s located .  Th e belie f  spac e sp_ 3 i s the n 

create d alon g wit h th e contex t  sp_ 2 I  wizard_ 8 believe s tha t  [[sp_3]] ,  an d th e state -

ment  sp_ 3 I  Siegfrie d i s a n alcoholi c i s furthe r  restructured . 
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At  tim e 1 sp_ l 

sp_ 0 

At  time_ 2 sp_ 2 
Th e wizar d 

believe s 
sp_ 3 

Siegfrie d work s 

har d am-
sp_ 4 

Fig .  3 .  Th e context s use d i n representin g th e Siegfrie d story . 

C O N T E X T U A L I Z A T I ON 

Contextualizatio n concern s th e identificatio n o f  th e focu s spac e i n whic h t o begi n recon -

structin g th e semanti c conten t  o f  th e discours e sentence .  I t  provide s a n associate d con -

tex t  whic h i s necessar y fo r  th e ful l  semanti c significanc e o f  th e discours e sentenc e t o b e 

realized .  Th e contextualizatio n ste p provide s a  ke y distinctio n betwee n th e curren t 

model  an d mos t  othe r  model s o f  semanti c processing . 

For  instance ,  i n a  fictional  discours e lik e tha t  excerpte d belo w i t  i s  necessar y t o identif y 

a focu s spac e 8p_2 1 suc h tha t  w e hav e a  primar y contex t  lik e sp_ 2 I  I n Th e Do g o f  th e 

Burgervilles ,  |sp_2l]] . 

Sherloc k turne d slowl y around .  Suddenl y a  poisone d dar t  whizze d by .  "Yikes, "  sai d he . 

Sinc e 8p_2 1 i s i n focus ,  th e meaning s o f  th e sentence s o f  th e discours e ar e represente d 

by statement s specificall y i n sp_21 .  Accordingly ,  th e ful l  meanin g o f  th e discours e i s 

represented ,  an d question s lik e "I n th e Do g o f  th e Burgervilles ,  wha t  mad e Sherloc k say , 

'Yikes'?' '  ca n b e answere d whe n sp_2 1 i s n o longe r  i n focus .  Th e followin g discours e i s 

analogou s t o th e last . 

Arthu r  believe s i t  i s  th e dut y o f  everyon e t o figh t  wha t  h e think s i s a n invasio n o f  spac e 

frogs .  Befor e thi s situatio n get s ou t  o f  hand ,  ever y homeowne r  shoul d defro g hi s 

own yard ,  takin g car e t o .. . 

Afte r  th e first  sentenc e o f  th e first  discours e th e focu s spac e sp_ 7 ha s a  primar y contex t 

somethin g lik e 8p_ 3 I  Ar thu r  believe s tha t  [[sp_7]I . 
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Tracking the Focus for Contextualization 

A main contribution of this paper is to define what the contextualization process is and 

t o provid e a  framewor k i n whic h i t  ca n b e discussed .  Nevertheless ,  a  ful l  accoun t  o f  th e 

proces s await s futur e research ;  lik e man y interpretiv e task s i t  involve s a  wid e rang e o f 

poorl y understoo d cognitiv e factors .  However ,  ou r  initia l  mode l  o f  th e contextualizatio n 

proces s identifie s th e focu s spac e as : 

•  Th e mos t  activ e space , 

•  tha t  i s  consisten t  wit h th e focu s cue s o f  th e curren t  discours e sentence ,  an d 

•  tha t  ha s a  conten t  conceptuall y consisten t  wit h th e intermediat e representatio n o f 

th e curren t  discours e sentence . 

Space s ar e activ e t o a  degre e dependen t  o n ho w recentl y o r  ho w ofte n the y hav e bee n 

use d i n recen t  discours e processing .  Th e reade r  wil l  notic e tha t  i n th e Siegfrie d stor y 

th e focu s spac e fo r  ever y sentenc e bu t  th e first  correspond s t o a  spac e use d o r  create d 

shortl y befor e th e th e sentenc e wa s processed .  W e als o observ e a  tendenc y t o retur n t o 

a previou s focu s space ,  o r  t o us e th e sam e focu s spac e i n successiv e contextualizations . 

We ca n mode l  thi s b y assumin g varyin g level s o f  activation ,  wit h th e las t  focu s spac e 

most  active ,  an d space s tha t  hav e no t  bee n focuse d o r  recentl y accesse d les s active .  Mor e 

activ e space s ar e thereb y th e bes t  candidate s fo r  focus . 

Focu s cue s ar e inflectiona l  morpheme s an d othe r  syntacti c structure s occurrin g i n th e 

discours e sentenc e tha t  restric t  th e se t  o f  focu s spac e candidate s fo r  contextualization . 

Focu s cue s ar e generall y ver b forms ,  lik e th e Pas t  tens e o r  th e conditiona l  mood ,  an d 

certai n adverbials .  W e wil l  retur n t o thi s kin d o f  grammatica l  conditionin g o f  th e con -

textualizatio n proces s momentarily . 

Ultimately ,  th e curren t  intermediat e representatio n shoul d b e conceptuall y consisten t 

wit h th e content s o f  th e focu s space .  Thi s generall y mean s tha t  it s presupposition s 

shoul d b e satisfie d there ,  th e object s i t  mention s shoul d resid e there ,  an d i t  shoul d no t 

contradic t  knowledg e tha t  i s alread y store d there .  Fo r  instance ,  befor e w e contextualiz e 

th e sentenc e "Th e wizar d mistakenl y though t  Siegfrie d wa s a n alcoholic, "  i n Fig .  1  w e 

hav e sp_0 ,  8p_ l  an d sp_ 2 a s activ e spaces .  A m o n g th e focu s cue s i s Past ,  whic h i s 

compatibl e wit h an y o f  thes e spaces .  Becaus e a  referen t  fo r  "th e wizard "  ca. n b e foun d 

there ,  sp_ 2 i s strongl y recommende d a s th e focu s space .  Likewise ,  th e focu s spac e i n 

th e Sherloc k Holme s discours e i s readil y identifie d a s fictional  sinc e Sherloc k Holme s i s 

generall y know n no t  t o exis t  i n reality . 

Focus Cues 

A number of adverbials of little apparent semantic content seem to play a role in track-

in g th e focu s space .  I n th e Siegfrie d story ,  "Onc e upo n a  time ,  ... "  woul d see m actuall y 

t o trigge r  th e initializatio n o f  a  ne w temporal/situationa l  spac e embedde d withi n a  stor y 
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space. "Well"seems to indicate that the focus space is different than that for the previ-

ous sentence .  " N o w "  seem s t o indicat e a  retur n fro m a  temporall y prio r  focu s space . 

However ,  th e mos t  consistentl y presen t  typ e o f  cu e seem s t o b e associate d wit h th e for m 

of  th e mai n ver b o f  th e discours e sentence :  Past ,  Present ,  o r  conditional . 

Englis h require s th e conditiona l  (usuall y indicate d b y "would' ^  fo r  an y sentenc e o r 

embedded claus e assimilate d int o a  counterfactua l  spac e Si ,  on e whos e primar y contex t 

i s  o f  th e for m S O I  P  o w JSI] ]  an d prohibit s it s us e i n an y othe r  sentenc e o r  embedde d 

clause .  Fo r  instance ,  i n th e followin g discourse , 

/ /  car s ha d neve r  bee n invented ,  peopl e woul d stil l  rid e horses .  Furthermore ,  shoppin g 

mall s woul d no t  exist .  A t  leas t  ther e woul d b e les s smog . 

processin g th e first  sentenc e wil l  se t  u p a  space ,  cal l  i t  sp_12 ,  wit h a  contex t  somethin g 

lik e sp_1 0 I  Car s hav e neve r  bee n invente d d w [[sp_12]] .  Th e claus e "peopl e woul d 

stil l  rid e horses"use s th e conditional ,  sinc e sp_1 2 I  peopl e rid e horse s i s constructed , 

wher e sp_1 2 i s a  counterfactua l  space .  Thi s spac e the n become s th e focu s spac e fo r  th e 

nex t  tw o conditiona l  sentences .  I t  i s  instructiv e t o contras t  th e us e o f  th e conditiona l 

wit h th e us e o f  a  non-conditiona l  for m i n sentence s tha t  ar e otherwis e identical .  I f  th e 

discours e wer e t o continue . 

We woul d hav e a  lo t  t o blam e Henr y For d for . 

sp_1 2 woul d likel y remai n i n focus ,  sinc e i t  i s  a  counterfactua l  spac e a s required .  O n 

th e othe r  hand ,  i f  th e discours e wer e t o continue . 

We hav e a  lo t  t o blam e Henr y For d for . 

the n a  shif t  t o som e othe r  space ,  probabl y bac k t o th e previou s focu s spac e sp_10 , 

woul d b e forced ,  givin g th e sentenc e almos t  th e opposit e semanti c interpretation . 

TENSE AND ASPECT 

Researchers in the semantics of tense and aspect have looked at sets of sentences like 

th e following , 

Fre d wo n %1,000,00 0 i n th e lottery . 

Fre d ha s wo n % 1,000,00 0 i n th e lottery . 

Fre d ha d wo n % 1,000,00 0 i n th e lottery . 

an d i n vie w o f  thei r  apparen t  truth-conditiona l  identit y hav e propose d semanti c ana -

lyse s whic h attribut e th e sam e explici t  semanti c conten t  t o the m (cf. ,  Taylor ,  1977) . 

Reichenbac h (1947 )  use s th e ter m referenc e tim e t o characteriz e suc h differences .  I f  th e 

even t  tim e i s E  (i n thi s case ,  th e tim e a t  whic h Fre d win s th e lottery) ,  th e tim e o f 

speec h S ,  an d th e referenc e tim e i s R ,  the n R  =  E  <  S  fo r  th e first  o f  thes e sentences , 

E <  R  =  S  fo r  th e second ,  an d E  <  R  <  S  fo r  th e third . 

I t  turn s ou t  tha t  w e ca n sho w ho w Reichenbach' s concep t  o f  referenc e tim e ca n b e 

define d a s a n artifac t  o f  th e mor e genera l  discours e proces s o f  contextualization .  Thi s 
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account additionally shows how the relationships of R, E and S {reference time, event 

time ,  an d th e tim e o f  speech )  follo w fro m th e actua l  semantic s o f  th e aspect s i n a  com -

positiona l  way .  Spac e limitation s prohibi t  developin g thi s accoun t  fully ,  bu t  I  ca n a t 

leas t  sugges t  wha t  i s involve d here ,  an d refe r  th e reade r  t o anothe r  pape r  fo r  details . 

A tempora l  spac e ha s th e sam e rol e a s an y othe r  spac e i n th e contextualizatio n process , 

wit h tense s actin g a s focu s cues .  Fo r  instance ,  th e followin g discours e exhibit s th e usua l 

patter n o f  usin g th e sam e focu s spac e fo r  consecutiv e sentenc e unti l  a  focu s cu e indi -

cate s a  shif t  a s wel l  a s th e tendenc y t o retur n t o a  previou s focu s space . 

Fred' s ca r  wa s parke d a t  th e corner .  Fre d himsel f  wa s lookin g unde r  th e hood .  Fre d ha s 

onl y recentl y learne d anythin g abou t  aut o mechanics .  I t  wa s alread y dark . 

Let  u s defin e a  tempora l  spac e a s an y spac e S  wit h a  primar y contex t  o f  th e for m S O I 

At  tim e T ,  [SJ .  W e defin e the' s concep t  o f  referenc e tim e simpl y a s th e tim e men -

tione d i n th e contex t  o f  a  tempora l  focu s space ,  i.e. : 

•  I f  ther e i s a  contex t  o f  th e for m S O I  A t  t im e R ,  |[Sl] ]  the n R  i s th e referenc e 

tim e o f  Si . 

We als o spea k o f  th e referenc e tim e o f  a  sentenc e a s shorthan d fo r  th e referenc e tim e o f 

th e focu s spac e int o whic h th e sentenc e i s contextualized .  I n an y case ,  Englis h permit s 

th e Pas t  tens e onl y i n a  sentenc e o r  embedde d claus e tha t  i s assimilate d int o a  tempora l 

spac e wit h a  referenc e tim e R  befor e th e tim e o f  speec h S ,  i.e. ,  R  <  S .  Englis h 

require s th e Presen t  tens e i n an y sentenc e o r  embedde d claus e tha t  i s assimilate d int o a 

tempora l  spac e wit h a  referenc e tim e R  a t  th e tim e o f  speec h S ,  i.e. ,  R  =  S . 

I n th e curren t  model ,  th e sentence s abov e d o diffe r  i n th e kind s o f  interna l  representa -

tion s the y giv e ris e to ,  bu t  thei r  trut h condition s collaps e togethe r  becaus e o f  th e 

difTeren t  focu s space s the y ar e force d t o contextualiz e t o alon g wit h th e differin g seman -

ti c interpretation s o f  Pas t  an d Perfect . 

Dinsmor e (1982 ,  i n press )  present s an d motivate s th e precis e semantics .  Dinsmor e (i n 

press )  show s ho w thes e semanti c rule s interac t  wit h contextualizatio n t o accoun t  fo r  th e 

use an d understandin g o f  thes e sentences .  Thi s accoun t  generalize s t o th e Prospectiv e 

and Futur e sentence s tha t  Reichenbac h als o describes ,  an d t o th e othe r  aspect s Incep -

tive ,  Terminativ e an d Progressiv e (Dinsmore,  i n press ,  1987b) .  Bot h Dinsmor e (1982 ) 

and Johnso n (1981 )  hav e foresee n tha t  Reichenbach' s syste m migh t  generaliz e i n thi s 

way. 
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