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Abstrac t 

I describe an implemented computationeJ model of ver-
bal  aspec t  tha t  support s th e propositio n tha t  th e seman -
tic s o f  aspec t  i s grounde d i n sensory-moto r  primitives . 
I n thi s theory ,  aspectua l  expression s refe r  t o schema -
tize d piocesse s tha t  recu r  i n sensory-moto r  contro l  (suc h 
as goal ,  periodicity ,  iteration ,  final  state ,  duration ,  an d 
parameter s suc h a s forc e an d effort) .  Thi s activ e mode l 
of  aspec t  grounde d i n sensory-moto r  primitive s i s abl e 
t o mode l  cross-linguisti c variatio n i n aspectua l  expres -
sion s whil e avoidin g som e paradoxe s an d problem s i n 
model-theoreti c an d othe r  traditiona l  accounts . 

I n t r o d u c t i o n 

The study of aspect pertains to the study of linguistic 
device s tha t  enabl e a  speake r  t o direc t  th e hearer' s atten -
tio n t o th e interna l  tempora l  characte r  o f  a  situation. ^ 
M a ny language s hav e grammatica l  aspectua l  modifier s 
suc h a s Englis h progressiv e constructio n (  X  -ing )  whic h 
focuse s o n th e ongoin g natur e o f  a n underlyin g proces s 
whil e allowin g fo r  inference s tha t  th e proces s ha s starte d 
an d tha t  i t  ha s no t  ye t  completed .  Similarly ,  th e us e o f 
th e perfec t  constructio n (ha s X  -ed )  allow s a  speake r  t o 
direc t  th e attentio n o f  th e heare r  t o th e consequence s 
of  th e describe d situation .  Language s als o hav e a  vari -
et y o f  othe r  mean s t o expres s aspec t  includin g aspectua l 
verb s lik e start ,  end ,  cease ,  continue ,  an d sto p an d re -
late d grammatica l  forms . 

Th e frequenc y wit h whic h language s refe r  t o event s 
and th e universalit y o f  suc h expression s ha s m a d e aspec t 
an objec t  o f  stud y sinc e Aristotle .  Aspec t  i s a  particu -
larl y interestin g phenomeno n becaus e i n al l  language s 
studied ,  th e natura l  o r  inheren t  ver b semantic s combin e 
wit h an d modif y th e interpretation s an d entailment s o f 
th e grammatica l  marke r  system .  Thi s make s a  composi -
tiona l  accoun t  o f  th e semantic s o f  aspec t  difficul t  givin g 
ris e t o m a n y paradoxe s an d problem s (Dowt y 1979) . 

Thi s pape r  demonstrate s tha t  a  compositiona l  seman -
tic s o f  Aspec t  ca n b e constructe d i f  w e tak e th e em -
bodimen t  o f  actio n i n a  neura l  syste m seriously .  I n thi s 
context ,  thi s wor k i s par t  o f  ongoin g researc h i n th e L o 
projec t  explorin g issue s i n Embodie d Languag e (Feld -

'  Aspect s diffe r  fro m Tense s i n tha t  wherea s tense s dea l 
wit h th e tempora l  relation s betwee n situation s (suc h a s past , 
presen t  an d future) ,  aspect s enabl e focu s o n th e composi -
tiona l  attribute s o f  a  situation . 

m an e t  al .  1994 ;  Baile y e t  al .  1997 )  bein g pursue d a t  U C 
Berkele y an d ICSI . 

Basic Result 

Thi s pape r  describe s a  compute r  simulatio n tha t  pro -
vide s evidenc e t o suppor t  th e followin g proposition . 

Propositio n 1  Aspectua l  expression s ar e linguisti c 
device s referrin g t o schematize d processe s tha t  recu r 
i n sensory-moto r  contro l  (suc h a s inception ,  interrup -
tio n termination ,  iteration ,  enabling ,  completion ,  force , 
and effort) . 

We describ e a  computationa l  mode l  o f  suc h schematize d 
perceptuo-moto r  processe s calle d X-schemas .  Th e mode l 
i s inspire d b y knowledg e o f  wha t  i s  know n abou t  th e 
cortica l  representatio n o f  high-leve l  moto r  contro l  an d 
satisfie s genera l  computationa l  constraint s o n modelin g 
neura l  activity .  I n th e implemente d model ,  th e seman -
tic s o f  individua l  verb s ar e activ e an d primaril y involv e 
salien t  feature s o f  behavio r  control .  Inheren t  aspec t  nat -
urall y fall s  ou t  o f  th e representatio n o f  verba l  semantics . 

I  propos e a  secon d activ e structur e calle d th e con -
troller ,  tha t  capture s a  contro l  generalizatio n ove r  man y 
individua l  X-schemas .  Th e controlle r  i s  itsel f  a n X -
schema an d model s importan t  regularitie s tha t  ar e rel -
evan t  i n th e evolutio n o f  processe s (enabling ,  inception , 
in-process ,  completion ,  suspension ,  resumption ,  etc.) . 

T h e semantic s o f  Aspec t  aris e fro m th e bi-directiona l 
interactio n o f  th e generalize d controlle r  wit h th e spe -
cifi c  underlyin g X-schem a fo r  th e ver b i n question .  Thi s 
activ e mode l  o f  aspec t  grounde d i n sensory-moto r  prim -
itive s i s  abl e t o mode l  cross-linguisti c variatio n i n as -
pectua l  expression s whil e resolvin g paradoxe s an d prob -
lem s i n model-theoreti c an d othe r  traditiona l  accounts . 
Curren t  wor k i s  extendin g th e framewor k t o includ e 
metaphori c expression s o f  aspect . 

I  begi n b y briefl y outlinin g moto r  contro l  primitive s 
relevan t  t o th e modelin g o f  Verba l  Aspec t  throug h a n 
exampl e whic h wil l  serv e t o us e t o illustrat e th e basi c 
ideas . 

Relevant Features of Perceptuo-motor 
contro l 

Conside r  wha t  i s require d fo r  a  high-leve l  controlle r  tha t 
monitor s an d control s th e walkin g behavior .  Th e con -
trolle r  ha s t o b e activ e unti l  th e destinatio n i s reached . 
Thi s include s monitorin g an d controllin g bot h concur -
ren t  an d sequentia l  executio n o f  sub-actions .  Som e o f 
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thes e 8ub-zu:tion s m a y b e primitiv e (correspondin g t o 
moto r  synergie s i n biologica l  control) .  Other s m a y b e 
furthe r  refine d (show n a s shade d node s i n Figur e 1) . 
Figur e 1  show s th e first  leve l  refinemen t  o f  th e wal k be -
havior .  Subsequen t  refinement s woul d includ e th e con -
stituen t  synergie s tha t  mak e u p a  ste p (th e variou s swm g 
and stanc e phase s an d thei r  tempora l  arrangement) . 

dinatin g sensor y an d moto r  input s t o a  stat e o f  readines s 
as wel l  a s b e abl e t o kno w abou t  th e successfu l  comple -
tio n o f  a  program . 

M 

At  d£»anaaion' . 

• U 
REACT 

A 
postura T 

\ 

— " 

^  — ̂  

vUin l 
Coordiuuo o 

\ 1 

1 

1 \  1 \ 

n* 

— " 

v«u 
•  ̂  

"- ^ 

1 la i  foom ,  N 

r 
L 

1 . 

T 
T*^r i .« » 

UOUlik M 

s 
•̂ 1 

> 
J 

/ 

" 
DONE 

) 

Figur e 1 :  A  simplifie d w a l k s c h e m a 

T h e actua l  execut io n trajector y i s conditiona l  o n th e 
result s o f  perceptua l  test s a n d / o r  wor l d inputs .  Fo r  ex -
a m p l e th e basi c cycl e o f  read y =; •  tes t  footin g = > tak e 
ste p o f  th e W a l k X - s c h e m a m a y b e interrupte d i f  th e re -
sul t  o f  tes t  footin g fails .  T h e basi c cycl e repeat s (a t  a  rat e 
specifie d b y th e rat e inpu t  p a r a m e t e r )  unti l  th e agen t 
receive s in format io n (asynchronous l y f r o m a  perceptua l 
process )  o f  be in g a t  th e destination .  A t  thi s poin t  th e 
walkin g proces s i s completed .  Thu s a n X-schem a ha s t o 
be capabl e o f  event-base d interruptio n an d shoul d b e ca -
pabl e o f  monitorin g an d controllin g th e stat e o f  resource s 
(suc h a s energ y levels) . 

I n summary ,  t o monito r  an d contro l  th e executio n 
of  moto r  program s an d thei r  effect s i n a  dynami c en -
vironment ,  X-schema s nee d t o contro l  bot h periodi c 
and aperiodi c action s wit h rea l  duration s (t o moni -
tor ,  timeout ,  initiat e error-recover y procedures )  an d t o 
be abl e t o chec k an d monito r  condition s an d resourc e 
usage .  Thes e includ e monitorin g resourc e consumptio n 
(energ y level) ,  a s wel l  a s respectin g mutua l  exclusio n 
constraint s (can' t  hol d tw o block s a t  th e sam e time)) , 
and enablin g an d disablin g condition s (can' t  wal k i f  th e 
groun d i s slippery )  The y shoul d b e capabl e o f  goa l  base d 
enablin g an d shoul d b e abl e t o monito r  an d remai n ac -
tiv e unti l  achievemen t  o f  th e goal .  Together ,  I  wil l  refe r 
t o thes e abstracte d primitive s (duration ,  periodicity , 
resources ,  goal s an d conditions )  a s th e proces s primi -
tives . 

The Schema Controller 

The controlle r  i s a  contro l  generalizatio n ove r  differen t 
X-schemas .  Thu s whethe r  ou r  simulate d robo t  controlle r 
control s th e executio n o f  a  pus h o r  wal k schema ,  i t  moni -
tor s th e enabling ,  inception ,  o r  ongoin g a n d terminat io n 
of  th e m o t o r  p r o g r a m .  I t  shou l d als o b e capab l e o f  coor -
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Figur e 2 :  Th e Schem a controlle r  i s  a  generi c structur e 
tha t  capture s relevan t  feature s o f  behavio r  control . 

Crucially ,  th e generi c controlle r  i s  itsel f  a n activ e 
structur e o r  X-schema .  Th e controlle r  send s signal s t o 
individua l  moto r  schema s an d m a y transitio n base d o n 
signal s fro m th e underlyin g schema .  Thu s node s i n th e 
controlle r  bin d t o proces s state s i n th e underlyin g behav -
ior .  Directe d arc s constrai n behavio r  executio n trajec -
tories .  Th e controlle r  i s  statefu l  an d th e contro l  grap h 
encode s possibl e proces s evolutio n trajectories .  Thu s i f 
th e ongoin g nod e i s active ,  th e controlle r  ca n conclud e 
tha t  th e activit y i n questio n ha s alread y starte d an d tha t 
th e nex t  interestin g transitio n i s t o th e termination . 

Links To Verb Semantics 

We hypothesiz e tha t  suc h sensory-moto r  controller s m a y 
be directl y code d i n ou r  neura l  circuitr y an d b e availabl e 
t o othe r  cognitiv e processe s suc h a s languag e interpreta -
tion ,  an d mor e relevantl y m a y groun d th e semanti c an d 
grammatica l  structur e o f  th e wel l  know n linguisti c no -
tion s mentione d above . 

W h en compose d wit h th e proces s primitives ,  th e 
controlle r  form s th e basi s fo r  groundin g verba l  aspect . 
Th e proces s primitive s characteriz e th e inheren t  seman -
tic s o f  th e verb .  An y individua l  ver b m a y hav e som e o r 
al l  o f  thes e parameter s se t  t o specifi c  values.' ^ 

Th e importan t  thin g t o not e i s tha t  bot h th e controlle r 
and th e proces s primitive s tha t  characteriz e th e under -
lyin g ver b ar e X-schemas .  I n thi s way ,  th e semantic s o f 
th e ver b i s grounde d i n th e executio n o f  th e actio n itself . 
Figur e 3  show s th e sam e schem a a s th e on e i n Figur e 1 
but  no w redraw n t o includ e th e controlle r  abstraction . 

Aspec t  Modifier s o r  othe r  grammatica l  device s ar e lik e 
knob s whic h whe n se t  activat e th e correspondin g con -
trolle r  node ,  sanctionin g whic h inference s ca n b e m a d e 

^  Thes e parameter s inspire d b y sensor y moto r  primitive s 
generaliz e Talmy' s aspectua l  primitive s (TaJm y 1985 )  an d ca n 
easil y deriv e th e Vendler-Taylor-Dowt y classificatio n V D T 
(Dowt y 1979) . 
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HI  DING S tINDINGS I 

Figur e 3 :  Grammatica l  device s activat e state s i n th e 
controlle r  Schem a whic h bin d t o proces s state s o r  dy -
nami c sub-processe s generatin g interpretation s an d al -
lowin g fo r  inferences . 

by th e hearer ,  give n th e sam e underlyin g schem a (ver b 
form) .  Language s m a y diffe r  i n whic h kno b setting s the y 
allow ,  an d henc e m a y var y whic h aspect s an d ho w m u c h 
bandwidt h the y allo w th e speaker . 

I n Figur e 3 ,  w e se e ho w th e Englis h Perfec t  construc -
tio n essentiall y  activate s th e resul t  stat e o f  th e underly -
in g ver b (X-schema) .  I n thi s case ,  wha t  i s relevan t  ar e 
th e characteristic s o f  th e proces s tha t  bin d t o th e resul t 
stag e o f  th e controller .  I n th e cas e o f  Jac k ha s walke d t o 
th e store ,  thi s implie s tha t  th e speake r  direct s th e hear -
er' s attentio n t o th e fac t  tha t  Jac k i s a t  th e store ,  proba -
bl y a  littl e tired .  I n contrast ,  Jac k i s walkin g t o th e stor e 
activate s th e proces s nod e o f  th e controlle r  thu s callin g 
th e hearer' s attentio n t o fact s such  a s Jac k i s no t  a t  th e 
store ,  bu t  activel y walkin g toward s it ,  expendin g energy , 
etc . 

Thus ,  meanin g arise s fro m th e d y n a m i c bindin g o f 
a specifi c  activatio n stat e o f  th e controlle r  X-schem a t o 
a specifi c  activatio n stat e o f  th e ver b X-schema .  Th e 
structur e o f  th e controlle r  an d th e relevan t  se t  o f  fea -
ture s tha t  characteriz e th e ver b jointl y contro l  th e com -
positiona l  possibilities . 

Computational Model 

The computationa l  mode l  o f  X-schema s i s base d o n a n 
extensio n t o Petr i  net s (Murat a 1989) . 

Definitio n 1  .  X-schem a 
An X-schem a consist s o f  places {  P )  an d Tran -

sition s (T )  connecte d b y weighte d directe d arc s 
A { A € { V x r ) U { T xV) ) .  Eac h ar c a, j  €  ̂  ha s 
weigh t  Wi j  (  Wi j  e^f) .  Inpu t  Arc s * T {* T £{ V xT ) ) 
connec t  Inpu t  Place s t o Transitions .  Outpu t  Arc s T * 
i T * € { T x V ) )  connec t  Transition s t o Outpu t  Places . 
Place s ar e type d a s enabl e place s S ,  inhibitor y place s 
I ,  o r  resourc e place s Tl . 

T h e underlyin g mode l  o f  a n X-schem a i s a  weighted , 
bipartit e grap h tha t  consist s o f  Place s an d Transi -
tions .  Inpu t  Arc s connec t  Place s t o Transitions ,  Outpu t 

Arc s connec t  Transition s t o Places .  T h e bi-partit e na -
tur e o f  th e X-schem a naturall y capture s th e wel l  know n 
state/even t  distinctio n tha t  pervade s linguisti c  anal -
ysi s (Langacke r  1987) .  I n X-schemas ,  bot h state s an d 
event s ar e distribute d ove r  th e entir e net .  A  specifi c 
stat e o f  th e schem a correspond s t o a  mark ing .  For -
mall y a  markin g i s a  functio n tha t  assign s eithe r  0  o r  a 
positiv e intege r  t o eac h place .  Th e stat e o f  th e X-schem a 
i s thu s describe d b y a n M-t)ec<or ,  wher e th e it h elemen t 
of  th e vecto r  i s  M { i ) ,  denotin g th e numbe r  o f  token s i n 
th e it h Place .  Clearly ,  th e M -vecto r  ranges  ove r  th e 
number  o f  Place s i n th e net . 

Definitio n 2  .  Executio n Semantic s 
X-schema s hav e a  wel l  specifie d real-tim e executio n 

semantic s wher e th e nex t  stat e functio n i s specifie d b y 
th e firin g rule .  I n orde r  t o simulat e th e dynami c behav -
io r  o f  a  system ,  a  Markin g o f  th e X-schem a i s change d 
accordin g t o th e followin g firing  rule. ^ 

1.  A  transitio n t  i s  sai d t o b e enable d i f  n o inhibitor y 
inpu t  plac e J  G  I  o f  t  i s  m a r k e d a n d i f  each  enabl e 
plac e e  £  S  o f  t  i s  m a r k e d an d al l  othe r  inpu t  place s 
p e  V .  hav e a t  leas t  Wpt  tokens ,  wher e Wpt  i s th e 
weigh t  o f  th e ar c fro m p  t o t . 

2.  A n instantaneou s transitio n fires  a s soo n a s i t  i s  en -
abled .  A  time d transitio n fires  afte r  a  fixed  dela y o r 
at  a n exponentiall y  distribute d rate . 

3.  T h e firing  o f  a n enable d transitio n t ,  remove s Wpt 
tokens  fro m eac h non-inhibitory ,  non-enable d inpu t 
plac e p  an d place s u', p tokens  i n each  outpu t  plac e 
oft . 

Th e followin g theore m i s state d her e withou t  proof.' ' 

T h e o r e m 1  .  A n X-schem a i s formall y equivalen t  t o 
a b o u n d e d Generalize d Stochasti c Petr i  Ne t  ( G S P N ) . 
The reachabilit y  grap h o f  a  marke d X-schem a i s thu s iso -
morphi c t o a  continuou s tim e semi-marko v process . 

T h e theore m i s importan t  t o ou r  effor t  sinc e Petr i  net s 
ar e on e o f  th e mos t  popula r  an d wel l  studie d Compute r 
Scienc e formalism s fo r  specifying ,  modeling ,  an d analyz -
in g highl y distribute d an d concurren t  system s (Murat a 
1989) .  Algorithm s an d analysi s technique s fro m tha t  lit -
eratur e ca n directl y b e brough t  i n t o ou r  work .  Fo r  in -
stance ,  t o mode l  hierarchica l  actio n set s wit h variable s 
an d parameters ,  w e exten d th e basi c mode l  t o allo w to -
ken s t o carr y variabl e bindin g informatio n (i.e .  the y ar e 
individuate d an d typed) .  T h e expressiv e powe r  remain s 
unchange d sinc e i t  i s  wel l  know n i n Petr i  ne t  theor y tha t 
a ne t  wit h a  finite  se t  o f  color s ca n b e unfolde d int o on e 
wit h a  singl e color . 

^ While the firing rule semantics allows enabled Transitions 
t o fire  i n a  distribute d manne r  usin g loca l  clocks ,  ou r  sequen -
tia l  simulatio n adjust s ste p siz e t o b e abl e t o fire  multipl e 
enable d transitions . 

*Th e proo f  ca n b e foun d i n (Narayana n 1997) .  Intuitively , 
th e ide a o f  th e proo f  shoul d b e obviou s t o reader s familia r 
wit h Petr i  nets ,  especiall y sinc e I  hav e use d Petr i  ne t  termi -
nolog y i n th e definitions .  Th e non-trivia l  issue s ar e provin g 
th e boundednes s o f  X-schema s an d convertin g th e variou s 
plac e an d ar c type s t o thei r  equivalen t  Petr i  ne t  primitive s 
withou t  decreasin g decisio n power . 
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R e s u l t s o f  t h e A s p e c t  M o d e l 

Aspectued modifiers such as {-ing, has X-ed), and other 
technique s (suc h a s verb s an d adverb s lik e start ,  sto p 
etc. )  provid e a n initia l  markin g t o th e controlle r 
schema.  Th e initia l  markin g consist s o f  placin g token s 
i n selecte d place(s )  preferentiall y  selectin g on e o r  mor e 
transitions .  Th e inheren t  semantic s o f  a  ver b for m in -
teract s wit h th e controlle r  b y enablin g o r  disablin g spe -
cifi c  transitions .  Ou r  mode l  allow s an y o f  th e controlle r 
node s t o b e decompose d further .  Fo r  instanc e th e be -
ginnin g o f  a n activit y m a y involv e a  limite d numbe r  o f 
sub-processe s (th e startin g process) .  Th e proces s transi -
tio n i s usuall y decompose d t o a n appropriat e subnet . 

Figur e 4  show s th e implemente d computationa l  mode l 
of  tha t  correspond s t o Figur e 3 .  I n th e graphica l  repre -
sentatio n o f  X-schemas ,  Place s ar e draw n a s circles ,  an d 
Transition s a s boxes .  I f  a  Plac e p  i s marke d wit h th e 
intege r  if c  ,  w e sa y tha t  th e ''Plac e p  i s marke d wit h k 
tokens. "  Graphically ,  thi s i s illustrate d b y th e presenc e 
of  a  blac k do t  wit h th e intege r  i t  alongsid e th e relevan t 
Plac e p  . 

The to p hal f  (enclose d b y th e broke n lin e rectangle ) 
correspond s t o th e controlle r  abstraction .  I n th e model , 
ever y ver b ha s an d interact s wit h a n instanc e o f  th e con -
trolle r  X-schema .  T h e specifi c  interaction s com e fro m 
th e inheren t  semantic s o f  th e ver b throug h it s proces s 
features .  Fo r  example ,  walkin g involve s specifi c  enablin g 
condition s (suc h a s a  prope r  uprigh t  posture ,  a  visua l 
tes t  indicatin g a  stead y ground ,  etc. )  specifi c  resource s 
lik e energy ,  an d m a y hav e a  specifi c  goa l  suc h a s bein g 
at  th e store .  Thes e feature s interac t  wit h th e controlle r 
preferentiall y  enablin g o r  disablin g transitions . 

Profraulv r 
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Figur e 4 :  Interpretin g th e sentenc e Jac k ha s walke d t o 
th e store .  Th e generi c controlle r  X-schem a bind s t o th e 
proces s X-schema ,  i n th e contex t  o f  activatio n t o th e 
generi c controlle r  provide d b y th e perfec t  aspect . 

Interaction s als o com e fro m th e grammatica l  devices , 
whic h typicall y suppl y a n initia l  activatio n (marking ) 
t o th e controJier .  Fo r  instance ,  conside r  th e situatio n 
face d b y ou r  interprete r  upo n hearin g th e utteranc e Jac k 
has walke d int o th e store .  Figur e 4  show s thi s situatio n 

graphically. ^ 
An exampl e i s show n i n Figur e 4 .  T h e Perfec t  per -

spectiv e tha t  result s fro m th e ha s walke d t o th e stor e 
result s i n a  specifi c  activatio n t o th e resul t  stag e o f  th e 
controlle r  X-schem a resultin g i n a  specifi c  bindin g t o th e 
wal k situation .  Her e th e heare r  i s sanctione d th e infer -
enc e tha t  Jac k i s a t  th e stor e an d possibl y tired .  Mor e 
importantly ,  usin g th e perfec t  aspec t  th e speake r  set s 
th e contex t  tha t  inference s relevan t  fo r  futur e discours e 
ar e th e worl d condition s an d agen t  stat e a s a  consequenc e 
of  havin g walke d t o th e store . 

Imperfective Paradox 

T h e Imperfectiv e Parado x (Dowt y 1979 )  come s fro m try -
in g t o separat e verb s o f  accomplishmen t  fro m verb s o f 
activity .  O n e diagnosti c tes t  come s fro m th e diflferen t 
entailment s o f  th e tw o ver b classe s whe n use d i n th e 
Progressiv e Aspect . 

read y 

vis_o k 

ste p 

resul t 

energ y 

•  I I I 

I I I 

• • ^ H ^ H 

1 

p ^  ^ _ 

Figur e 5 :  Interpretatio n o f  walkin g a s a  trac e o f  a  portio n 
of  th e M a r k i n g vecto r 

Conside r  th e differenc e betwee n Jac k wa s walkin g an d 
Jac k wa s walkin g t o th e store .  T h e first  sentenc e sanc -
tion s th e inferenc e tha t  Jac k walked ,  wherea s th e secon d 
doe s no t  sanctio n th e inferenc e tha t  Jac k walke d t o th e 
store .  Thi s create s wha t  i s referre d t o a s th e imperfec -
tiv e paradox ,  an d mode l  theoreti c account s ar e force d 
t o inven t  ne w unanalyze d primitive s suc h a s th e iner -
tia !  worl d primitiv e In r  (Dowt y 1979 )  (se t  o f  predictabl e 
worl d futures )  t o establis h trut h condition s tha t  satisf y 
thi s test . 

Figur e 6  an d Figur e 5  graphicall y depic t  th e rele -
van t  portio n o f  th e Markin g vecto r  fo r  th e situation s 
describe d b y th e tw o sentences .  I n ou r  model ,  th e dif -
ferenc e come s fro m th e constrain t  tha t  i n on e cas e th e 
resul t  i s  obtained  onl y i f  th e goa l  (reachin g th e store ) 
obtains. ® I n th e cas e o f  walking ,  n o suc h constrain t  exist s 
and th e resul t  obtain s afte r  ever y tw o step s (take n fro m 

*Fo r  expositio n purposes ,  th e teat-foo t  branc h i s no t 
shown. 

*Goal  attainmen t  ca n b e asynchronousl y asserte d b y a 
schedule d o r  unschedule d perceptua l  proces s (o r  ca n b e tim e 
base d ( I  sa w Jac k walkin g t o th e stor e yesterday)) ,  an d th e 
X-schem a react s appropriately . 
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Figur e 6 :  Interpretatio n o f  walkin g t o th e stor e a s a  trac e 
of  th e relevan t  portio n o f  th e M a r k i n g vecto r 

Dowty' s definitio n (Dowt y 1979)) .  Technicall y th e reso -
lutio n o f  th e parado x relie s o n whethe r  th e reachabilit y 
grap h o f  th e activ e X-schem a contain s th e resul t  a s a  sub -
marking ,  a  questio n tha t  ca n b e answere d b y activatio n 
propagatio n ove r  th e X-schema .  I n genera l  th e active , 
action-base d representatio n includin g th e abilit y  o f  ou r 
model  t o dynamicall y mode l  th e effect s o f  resource s an d 
voluntar y o r  involuntar y suspension s seem s t o b e essen -
tia l  t o captur e th e issue s involved . 
C o m p o s i t i o n a l  Issue s 

/^  fUrat e 

FlnWi  > *  Resul t 

llnter r 

BINDINGS\ INDINC S BINDING^ 

pftlmopc n 

iunt c palm-motio D whil e 
nuinuinia g a>nuc t 

Figur e 7 :  Interactio n o f  Lexica l  Semant ic s wit h G r a m -
matica l  Aspec t 

Often ,  th e inheren t  semantic s ca n m a k e generatin g 
th e m e a n i n g o f  aspectua l  expression s non-compositional . 
For  e x a m p l e i n th e case s H e i s  rubbin g ointmen t  o r  H e 
i s coughing ,  th e n o r m a l  readin g i s  inherentl y iterative . 
( T a l m y 1985 )  point s ou t  tha t  thi s ha s t o d o wit h th e 
inherentl y iterativ e natur e o f  certai n activities .  Figur e 7 
show s h o w th e inherentl y iterativ e natur e o f  certai n ac -
tivitie s ca n preferentiall y  enabl e th e iterat e transitio n o f 
th e control ler ,  generatin g th e desire d interpretation . 

Anothe r  e x a m p l e o f  a  prob le m wit h th e V D T clas -
sificatio n c o m e s f r o m tryin g t o classif y verb s lik e die . 

Traditiona l  account s ar e force d t o a b a n d o n composition -
alit y  (Comr i e 1976 )  an d inven t  a  n e w clas s o f  situations , 
whic h onc e starte d canno t  b e prevented .  I n ou r  m o d e l 
(assumin g Comrie ' s reading )  thi s i s simpl y d o n e throug h 
preferentia l  inhibitio n o f  th e iterat e an d interrup t  tran -
sition s o f  th e control le r  s h o w n i n Figur e 8 . 

^  IUr.l e Q 

^RMdy j Jsurt V 

-> /  C»IK« I  j 

[binding s BINDINCS i 

/̂ termina l  ̂  

Resul t Proces s 

P'̂ -̂ Suspen d 

BINDINGS 

healt h worsen s 

Figur e 8 :  Inheren t  Semant i c s m a y preferentiall y  con -
strai n possibl e evolution s 

Perfectivizin g O p e r a t o r s 

Figur e 9  show s on e possibl e abstractio n fro m th e con -
trolle r  wher e th e proces s i s no t  monitored ,  onl y start s 
and finishes  are .  I n thi s case ,  throug h a  wel l  define d 
net  transformatio n (Murat a 1989) ,  w e ge t  a  a  simpli -
fied  controlle r  tha t  (se e Figur e 9 )  correspond s t o th e th e 
perfectiv e perspectiv e presen t  i n man y language s (Lan -
gacke r  1987) .  Not e tha t  a  perfectiv e allow s iteratio n bu t 
not  interruptio n sinc e ther e i s n o interna l  structure . 

^  Iterat e ^ 

^Readyj_/st.rt j --/Finish ) /Re«Jlj 

Imperfectlvize 

^ R e a d y j — J Star t  V > { p r 

—=/ Canceij 

Perfectlvli e 

^ 

Finis h 

Intem j Suspen 

Figur e 9 :  Perfectivin g an d Imperfectivizin g operator s 

O t h e r  W a y s T o E x p r e s s A s p e c t 

Whil e mos t  language s hav e grammaticall y obligate d 
structure s fo r  expressin g aspect ,  ther e ar e man y optiona l 
device s use d a s well .  I n th e mode l  propose d here ,  thes e 
correspon d t o activatin g specifi c  state s (trajectories )  o f 
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th e controller .  Figur e 1 0 show s som e example s o f  thi s 
phenomenon .  On e interestin g resul t  o f  ou r  desig n i s tha t 
many lexica l  item s cod e fo r  specifi c  type s o f  interrupt s 
i n th e controlle r  (fo r  exampl e stumbl e code s interruptin g 
a wal k schem a throug h a  bump y ground) .  Secondly ,  w e 
not e tha t  metaphor s fro m differen t  sourc e domain s ma p 
ont o th e controlle r  (ex .  se t  ou t  (journe y metaphor )  an d 
ente r  (container )  ma p t o th e star t  state) .  Thes e pro -
vid e independen t  evidenc e tha t  th e controlle r  abstrac -
tio n seem s t o captur e th e inheren t  tempora l  structur e 
of  events .  A n X-schem a base d mode l  tha t  ca n inter -
pre t  metaphori c expression s abou t  event s  i s describe d i n 
(Narayana n 1997) . 

iltnit e 

Q h ^ 

^ 
:• '  Iterativ e 

Finis h 

InuninenUready , 
•l)OUt-IO , 

/ c . n c e l j \  ^ / " ^ " " " ^ ^ u s p e n d ) ^ 

->/Resul t  J 

lnceptlve(start , 
shur u (hind!) ) 

Completiv e 

th«yar<hlndl) )  ^̂̂ ^̂ ^  -̂^ ^  ̂̂ ^  cod e fo r  transition s 
ffz .  stumble ,  fal l  interrup t  th e wal k schema ) 

Figur e 10 :  Othe r  way s o f  Expressin g aspec t 

Conc lus i o n 

The mai n focu s o f  thi s pape r  wa s t o provid e evidenc e 
fo r  th e propositio n tha t  th e semantic s o f  verba l  aspec t 
is grounde d i n primitive s o f  sensory -  moto r  control .  T o 
thi s  end ,  w e outline d a  nove l  computationa l  representa -
tio n an d simulation ,  inspire d b y wel l  know n perceptuo -
motor  proces s features ,  tha t  capture s interestin g distinc -
tion s mad e b y aspectua l  expression s whil e avoidin g som e 
paradoxe s i n standar d accounts .  Recen t  wor k ha s show n 
tha t  th e representatio n ca n dea l  wit h particl e construc -
tion s (suc h a s ea t  up ,  bac k  off )  an d tempora l  adverbials . 

The active ,  dynamic ,  highly-responsiv e natur e o f  X -
schemas enable s the m t o mode l  real-time ,  defeasibl e in -
ferences .  Thi s nove l  featur e o f  ou r  mode l  distinguishe s i t 
fro m previou s attempt s t o mode l  Aspec t  (Moen s 1988 ; 
Schele r  1996) ,  an d allow s fo r  a  natura l  solutio n t o th e at -
tendan t  issue s o f  context-sensitivit y an d inference .  W e 
not e tha t  (Steedma n 1995 )  propose s th e us e o f  dynami c 
logi c t o represen t  th e semantic s  o f  Tens e an d Aspect .  I n 
thi s context ,  w e ar e explorin g th e connectio n betwee n 
X-schema s an d a  dynami c versio n o f  situatio n calculus . 
Othe r  relate d wor k show s a n equivalenc e betwee n th e 
multiplicativ e fragmen t  o f  linea r  logi c (Girar d 1987 )  an d 
X-schemas .  Furthermore ,  ther e ar e similaritie s betwee n 
X-schema s an d connectionis t  model s o f  genera l  purpos e 
reasonin g (Granne s e t  al .  1997) .  W e hop e tha t  suc h link s 
may provid e som e answer s regardin g th e interactio n be -
twee n deliberativ e an d reactiv e cognitiv e processes . 

I n th e L o project ,  w e hypothesiz e tha t  "much "  o f 
what  i s grammaticalize d i n a  languag e i s grounde d i n 
pattern s generate d b y ou r  sensor y an d moto r  system s 
as w e interac t  i n th e world .  W e conjectur e tha t  per -
ceptua l  an d moto r  contro l  generalization s simila r  t o an d 
interactin g wit h th e controlle r  ca n mode l  tense ,  con -
ditionals ,  an d modals .  Preliminar y wor k i n thi s regar d 
has bee n promisin g bu t  muc h remain s t o b e done . 
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