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Abstrac t 

This paper describes results of a dynamic model of 
aspectua l  compositio n tha t  demonstrate s ho w feature s 
necessar y fo r  plannin g an d controllin g action s ca n als o 
motivat e an d groun d simpl e analyse s o f  a  numbe r  o f  as -
pectua l  phenomena .  A  nove l  featur e o f  th e mode l  i s 
an activ e computationa l  representatio n fo r  ver b seman -
tic s calle d x-schemas ,  a n extensio n o f  th e Petr i  ne t 
formalis m tha t  ca n encod e goals ,  resource s an d othe r 
feature s affectin g aspect .  Vexin g problem s o f  aspectua l 
compositio n len d themselve s t o simpl e analyse s i n term s 
of  th e context-sensitiv e interactio n betwee n verb-specifi c 
x-schema s an d a  controlle r  x-schem a tha t  capture s im -
portan t  regularitie s i n th e evolutio n o f  events .  Th e re -
sultin g x-schema s ca n b e elaborate d an d constraine d b y 
suc h factor s a s tense ,  tempora l  modifiers ,  nominal s an d 
pragmati c context ,  providin g a  ric h representatio n tha t 
support s simulativ e inferenc e i n languag e understand -
ing . 

In t roduct io n 

Sinc e Vendler' s semina l  pape r  (1967) ,  th e comple x an d 
context-sensitiv e determinatio n o f  aspectua l  status ,  o r 
th e interna l  tempora l  shap e o f  a n event ,  ha s bee n th e fo -
cus o f  muc h wor k (Comrie ,  1976 ;  Dowty ,  1979 ;  Verkuyl , 
1993 ;  Hwan g an d Schubert ,  1994 ;  Steedman ,  1996) . 

Moens an d Steedma n (1988 )  (M&S )  mak e th e crucia l 
observatio n tha t  aspectua l  phenomen a depen d o n a  no -
tio n o f  even t  structur e tha t  capture s contingenc y re -
lationship s amon g events .  The y us e a  tripartit e even t 
nucleu s t o characteriz e inheren t  aspectua l  classe s an d 
offe r  a  transitio n networ k tha t  specifie s possibl e coer -
cion s betwee n classe s induce d b y grammatica l  marker s 
and tempora l  modifiers .  I n Harr y i s hiccupping ,  fo r  ex -
ample ,  th e progressiv e coerce s th e hiccu p int o a n itera -

tiv e process .  M & S als o illustrat e ho w notion s o f  contin -
genc y affec t  th e interpretatio n o f  tempora l  connective s 
lik e when . 

Thi s pape r  describe s a  dynami c mode l  o f  aspectua l 
compositio n tha t  demonstrate s ho w feature s neede d fo r 
plannin g an d controllin g action s ca n als o motivat e an d 
groun d simpl e analyse s o f  a  numbe r  o f  linguisti c phenom -
ena.  Ou r  wor k extend s M&S' s analysi s b y providin g a n 
activ e computationa l  mode l  wit h motivate d constraint s 
on aspectua l  coercio n an d a  mor e precis e descriptio n o f 
inter-even t  contingency . 

(Baile y e t  al. ,  1997 ;  Narayanan ,  1997a ;  Narayanan , 
1997b )  introduce d ou r  basi c computationa l  mode l  o f 

verb s an d events ,  motivate d b y recen t  result s i n bio -
logica l  contro l  theory .  A  nove l  featur e o f  th e mode l  i s 
an even t  representatio n calle d a n executin g schema , 
or  x-schema ,  a n extensio n o f  th e Petr i  ne t  formalis m 
(Reisig ,  1985) .  X-schema s ar e activ e structure s tha t 
tightl y coupl e actio n an d reactio n an d ar e highl y respon -
siv e t o change s i n bot h th e environmen t  an d intentiona l 
state .  Suc h propertie s ar e precisel y thos e neede d fo r  con -
trollin g goal-directe d behavio r  i n a  complex ,  uncertai n 
and dynami c environment .  The y also ,  however ,  provid e 
a cognitivel y motivate d basi s fo r  man y semanti c distinc -
tion s tha t  aris e fro m th e highl y context-sensitiv e inter -
actio n betwee n lexica l  an d grammatica l  aspect ,  nomina l 
semantic s an d tense .  Th e dynami c mode l  w e hav e im -

plemente d support s fine-grained  even t  simulatio n neede d 
fo r  inferenc e i n languag e understanding . 

(Narayanan ,  1997b )  showe d ho w ou r  dynami c mode l 
of  ver b x-schema s interactin g wit h thei r  controlle r  x -
schema coul d handl e som e subtl e interaction s betwee n 
inheren t  an d phasa l  aspect s an d avoi d som e well-know n 
paradoxe s an d problem s i n othe r  accounts .  I n thi s pa -
per ,  w e repor t  o n th e applicabilit y  o f  ou r  mode l  t o th e 
genera l  proble m o f  aspectua l  composition ,  includin g th e 
interactio n o f  verba l  aspec t  wit h nominals ,  tense ,  tem -
pora l  modifier s an d pragmati c context .  W e first  briefl y 
revisi t  th e basi c even t  representation ,  focusin g o n exten -
sion s tha t  allo w u s t o mode l  th e compositio n o f  multi -
pl e feature s i n a  dynami c system .  W e the n outlin e th e 
result s o f  applyin g ou r  mode l  t o th e variou s aspectua l 
phenomena . 

Representation 

The unified representation we employ for verbs and the 
action s an d event s the y describ e i s partl y inspire d b y 
recen t  result s i n biologica l  moto r  contro l  theory .  Ou r 
computationa l  mode l  i s base d o n extension s t o th e Petr i 
net  formalism .  Th e basi c Petr i  ne t  i s  a  weighted ,  bipar -
tit e grap h tha t  consist s o f  place s (draw n a s circles )  an d 
transition s (draw n a s rectangles )  connecte d b y directe d 
inpu t  an d outpu t  arcs .  Th e stat e o f  a  ne t  i s define d b y a 
markin g tha t  specifie s a  distributio n o f  token s (speci -
fied  a s a  blac k do t  o r  a  number )  ove r  th e place s o f  th e net . 
The real-tim e executio n semantic s o f  Petr i  net s model s 
th e productio n an d consumptio n o f  resources :  a  transi -
tio n i s enable d whe n al l  it s inpu t  place s ar e marke d suc h 
tha t  i t  ca n fir e b y movin g token s (th e numbe r  specifie d 
by th e weigh t  o f  th e arc )  fro m inpu t  t o outpu t  places . 
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The mos t  relevan t  feature s o f  Petr i  net s fo r  ou r  pur -
poses ar e thei r  abilit y  t o mode l  event s an d state s i n 
a distribute d syste m an d cleanl y captur e sequentiality , 
concurrenc y an d event-base d asynchronou s control .  Ou r 
extension s t o th e basi c Petr i  ne t  formalis m includ e type d 
arcs ,  hierarchica l  control ,  durativ e transitions ,  parame -
terization ,  type d (individual )  token s an d stochasticity . 
We wil l  illustrat e thes e extension s throug h th e simpl e 
x-schemafo r  wal k  (T O STORE)  show n i n Figur e 1 .  Thi s 
schema depict s condition s (suc h a s visua l  an d postura l 
conditions )  tha t  sdlo w a n agen t  wit h sufficien t  energ y t o 
begi n a n ongoin g proces s o f  walkin g b y takin g a  ste p 
wit h eac h foot ,  whic h continue s unti l  th e agen t  arrive s 
at  th e store . 

ok(vlslon ) >al3at(stors ) 
finish 

X 
ongoin g 

uprign t 
energychig h 

d o n e 

1 Fuameter a 
rat e 
Slo w 

goal 
at(store ) step(slaw,loot1 ) step(slow.foot2 ) 

Figur e 1 :  X-schem a fo r  walk(t o store ) 

The introduction of typed arcs allows places to rep-
resen t  a  variet y o f  condition s o n transitions .  Standar d 
Petr i  ne t  inpu t  arcs ,  o r  resourc e arcs ,  mode l  measur e 
fluents  suc h a s energ y an d force .  I n th e schem a show n 
i n th e figure,  th e energ y plac e act s a s a  resourc e tha t 
must  hav e a t  leas t  w  token s befor e th e star t  transi -
tio n fires.  Enabl e arc s (show n a s undirected )  an d in -
hibitor y arc s (wit h inhibitor y circles )  allo w place s t o ac t 
as pre-condition s an d post-condition s tha t  enabl e an d 
disabl e schemas ,  respectively .  Th e goa l  o f  bein g at(store ) 
i n Figur e 1  doe s both :  i t  inhibit s th e star t  o f  th e schem a 
(an d perhap s othe r  schema s tha t  accomplis h th e sam e 
goal ,  suc h a s DRIV E T O STORE) ,  an d i t  i s  a  precondi -
tio n t o finishin g th e action .  Th e revise d executio n se -
mantic s ad d th e conditio n tha t  transition s fire  onl y  i f  n o 
inhibitor y ar c i s marked ,  an d al l  enabl e arc s  are ;  thes e 
arc s resul t  i n n o toke n transfer . 

Hierarchica l  contro l  allow s u s t o mode l  actio n hi -
erarchie s an d th e decompositio n o f  transition s int o sub -
schemas .  I n th e figure,  WALK i s decompose d (show n a s a 
hexagon )  int o a  sequenc e o f  steps ;  thes e coul d b e furthe r 
refine d t o stanc e an d swin g phases .  X-schem a transi -
tion s ca n hav e rea l  duration s whic h correspon d t o th e 
dela y betwee n enablin g an d firing.  Plac e marking s per -
sis t  unti l  the y ar e draine d b y a  transition .  State s tha t 
hol d fo r  a  certai n perio d ca n thu s b e modele d b y attach -
in g a  sin k transitio n wit h a  specifi c  duration . 

X-schema s hav e severa l  propertie s tha t  allo w the m t o 
adapt  t o a  dynami c environment ,  renderin g i t  impossi -
bl e t o vie w x-schema s merel y a s pre-compile d programs . 
Parameterizatio n allow s x-schema s t o dynaunicall y 
bin d t o differen t  worl d objects ,  correspondin g t o indi -
vidua l  tokens ,  an d t o operat e wit h differen t  parameter s 
durin g execution .  Th e schem a i n th e figure,  fo r  exam -

ple ,  dynamicall y bind s stor e t o it s goa l  locatio n an d i s 
parameterize d a s walkin g a t  a  slo w rate .  Stochasti c tran -
sition s an d arc s mode l  uncertaint y i n worl d evolution s 
as wel l  a s prioritize d actio n selectio n I n th e figure,  th e 
hig h probabilit y  p=. 9 o f  takin g th e iterat e rathe r  tha n 
finis h ar c afte r  tw o step s model s th e inherentl y periodi c 
or  continuou s natur e o f  walking . 

Flo w o f  activatio n withi n a  singl e schem a i s locall y 
controlled ,  bu t  i t  ca n b e maintaine d unti l  a  goa l  i s 
achieved ,  an d i t  i s  susceptibl e t o event-base d interrup -
tion .  X-schema s ca n monito r  resource s an d th e effect s 
of  thei r  execution ,  a s wel l  a s distinguis h betwee n simpl e 
enablin g an d th e actua l  executio n o f  a n action .  A  muc h 
fulle r  discussio n o f  th e formalism ,  includin g a  proo f  o f  a 
theore m establishin g th e forma l  connectio n betwee n x -
schemas an d Generalize d Stochasti c Petr i  Net s (GSPN) , 
can b e foun d i n Narayanan' s dissertatio n (1997) . 

The propertie s describe d here ,  i n additio n t o thos e o f 
Petr i  net s i n general ,  ar e jus t  a  fe w o f  thos e tha t  mak e 

x-schema s a n idea l  representatio n fo r  th e contro l  an d co -
ordinatio n o f  comple x action s  i n a  dynami c environment . 
The nex t  sectio n show s ho w th e sam e propertie s prov e 
essentia l  fo r  modelin g th e semantic s o f  aspect .  Specif -
ically ,  linguisti c element s provid e informatio n require d 
fo r  th e initiatio n an d contro l  o f  underlyin g x-schemas ; 
we the n describ e ho w informatio n provide d b y differen t 
element s ca n b e composed .  Th e well-define d executio n 
semantic s o f  th e formalis m the n allow s real-tim e simu -
latio n tha t  ma y b e necessar y fo r  inferenc e i n languag e 
understanding . 

Aspectual composition 

The semantics of aspect arises from the dynamic bind-
in g betwee n verb-specifi c  x-schema s an d a  controlle r 
x-schem a tha t  capture s regularitie s i n th e evolutio n o f 
comple x events ,  show n i n Figur e 2 . 

Oll|Oll> (  nx l t ^  D o M 

o o 
Cued CaKi M 

Figur e 2 :  Th e controlle r  x-schem a 

In many events, particular preconditions must be met 
befor e a n even t  i s read y t o start ,  an d eve n the n i t  ma y b e 
canceled .  Whil e th e even t  i s ongoin g i t  ma y iterat e man y 
time s befor e i t  i s don e (usuall y wit h consequences) ,  a s i n 
Figur e I .  Sinc e th e structur e o f  th e controlle r  constrain s 
possibl e executio n trajectories ,  a  marke d ongoin g nod e 
indicate s tha t  th e activit y i n questio n ha s alread y starte d 
and migh t  nex t  iterate . 
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Figur e 3 :  Bindin g o f  w a l k t o controlle r 

Crucially ,  th e controlle r  i s  itsel f  a n activ e x-schem a 

tha t  ca n thu s interac t  wit h bot h th e underlyin g s c h e m a 
a n d th e worl d state .  Figur e 3  s h o w s h o w node s o f  th e 
controlle r  ca n b e b o u n d t o differen t  phase s o f  th e w a l k 
x-schema .  T h e interpretatio n o f  p h a s a l  aspec t  fall s di -
rectl y ou t  o f  binding s o f  particula r  controlle r  node s t o th e 
underlyin g s c h e m a .  Figur e 3  s h o w s h o w th e p r o s p e c -
tiv e aspec t  corresponding s t o th e stat e o f  bein g abou t  t o 
wal k a n d specifie s tha t  th e agen t  i s  upright ,  ha s e n o u g h 
energy ,  etc. ,  whil e th e p r o g r e s s i v e aspec t  bind s t o a n 
ongoin g wal k process ,  indicatin g tha t  step s ar e bein g 
take n a n d energ y bein g consumed .  Lexica l  item s ca n 
correspon d t o specifi c  mark ing s o f  th e controlle r  an d af -
fec t  th e executio n trajector y o f  th e underlyin g x-schema ; 
verb s i n infinitiv e f o r m refe r  t o th e entir e graph . 

Cross-linguisti c evidenc e fo r  th e m o d e l  c o m e s f ro m th e 
ubiquit y o f  aspectua l  expression s tha t  directl y activat e 
specifi c  node s o f  th e controlle r  (Comr ie ,  1976) ,  thoug h 
we focu s o n Englis h i n thi s paper .  Thes e m a y b e eithe r 
lexica l  i tem s (Englis h star t  t o V )  o r  g rammat ica l  m a r k -
er s (Tami l  in d m a r k s iterate ;  M a n d a r i n l e an d Englis h 
perfec t  m a r k done) .  T h e controlle r  transition s ca n them -
selve s b e d e c o m p o s e d int o subordinat e aspec t  graphs , 
capturin g th e semantic s o f  almos t  starte d t o walk ,  whic h 
expand s star t  an d m a r k s it s cancele d node . 

Conflictin g requirement s o f  differen t  lexica l  item s pre -
ven t  s o m e combinations .  E n g h s h progressiv e activate s 
th e ongoin g node ,  wh ic h canno t  itsel f  b e d e c o m p o s e d 
an d started .  T h u s th e preferre d interpretatio n o f  starte d 
almos t  walkin g i s on e i n whic h almos t  walkin g refer s 
t o s o m e actio n distinc t  f ro m walking ,  suc h a s crawling . 
M o r e comp le x aspectua l  pattern s aris e w h e n language s 
grammat ic iz e m o r e comp le x controlle r  markings . 

A l thoug h th e controlle r  m o s t  naturall y applie s t o c o m -
plex ,  d y n a m i c events ,  eve n apparentl y stati c situation s 
m ay b e viewe d a s correspondin g t o th e ongoin g node . 
Th i s vie w o f  state s allow s ou r  m o d e l  t o preserv e th e gen -
era l  restrictio n agains t  state s i n th e progressiv e (*H e i s 
bein g tall )  bu t  als o accoun t  fo r  challengin g exception s i n 
a principle d m a n n e r .  A l thoug h prototypica l  state s m a y 
b e s h o w n a s simpl e x -schem a places ,  the y ca n als o cor -
respon d t o th e ongoin g stat e o f  a  simplifie d controller . 

as i n Figur e 4(a). ^  A l thoug h bot h [  liv e i n Texa s an d / 
a m livin g i n Texa s m a y refe r  t o th e s a m e ongoin g state , 
the y diff'e r  i n scope :  th e presen t  tens e versio n focuse s 
o n th e stat e itself ,  whil e th e progressiv e versio n ha s th e 
endpoint s o f  th e stat e i n focu s an d thu s take s o n a  t e m p o -
rar y reading. '  T h e ongoin g nod e als o ofte n require s a  re -
sourc e t o persist ,  a s i n (b) ,  licensin g progressiv e mark in g 
an d temporal ,  intentiona l  reading s (Bill' s  bein g silly) . 

onQoift Q flnlth •tar t flnlth 

c>H1-^«^. , 
tflor t  I—I 

perilt t 

a)  I  liv e I n Texas . 
I  a m livin g I n Texas . 

b)BlU' s bein g slUy . 

F i gu r e 4 :  State s v i e w e d t h r o u g h th e controlle r 

Features of the subject may influence the salience of 
eac h o f  thes e readings .  I n T h e l a m p i s s tandin g b y th e 
d o o r w a y ,  th e inabilit y o f  th e i n a n i m a t e subjec t  t o pro -
v id e resource s lik e ene rg y o r  intentio n force s a  t e m p o r a r y 
read in g no t  possibl e fo r  th e m o r e p e r m a n e n t  subjec t  o f 
* T h e m o a t  i s  su r round in g th e castle . 

Aspectual classes 

As evidence d b y th e complication s tha t  aris e eve n fo r 
simpl e states ,  zispectua l  compositio n i s highl y sensitiv e 
t o constraint s impose d b y contex t  an d clausa l  elements . 
Th e notio n o f  compositio n tha t  emerge s i n ou r  model , 
however ,  differ s dramaticall y fro m th e logica l  composi -
tio n o f  stati c aspectua l  feature s an d classe s c o m m o n i n 
th e literature .  T h e controlle r  an d th e specifi c  lexica l 
and grammatica l  item s i n a  sentenc e jointl y accoun t  fo r 
acceptabilit y  judgment s an d contextuall y salien t  inter -
pretations .  Aspectua l  inferenc e draw s o n a  mor e flexi-
bl e notio n o f  coercio n tha n i s possibl e fo r  theorie s base d 
on stric t  aspectua l  classes ;  i t  i s  characterize d instea d i n 
term s o f  th e dynami c interactio n o f  th e variou s schema -
tize d proces s primitive s outline d earlier .  I n tha t  sens e 
our  mode l  elaborate s o n Steedman' s mor e recen t  pro -
posa l  (1996 )  t o us e dynami c semantic s t o characteriz e 
aspect . 

Th e aspectua l  distinction s propose d b y Vendler ,  M & S 
and other s ar e a  derivabl e subse t  o f  thos e i n ou r  model . 
Resourc e consumptio n i n continuou s processe s allow s 
simpl e distinction s t o b e draw n betwee n state s an d pro -
cesses ,  an d th e standar d telicit y featur e ca n b e treate d 
simpl y a s progres s towar d som e goal ,  ofte n depletin g 
some limite d resource ,  e.g. ,  th e distanc e t o th e par k i n 
wal k t o th e park . 

Additiona l  flexibility  arise s f ro m th e fac t  tha t  specifi c 
event s m a y requir e onl y a  subpar t  o f  th e overal l  con -
troller ,  a s demonstrate d fo r  state s earlier .  T h e m o d e l 

'Similarly ,  becaus e verb s tha t  ar e non-intentiona l  b y de -
fault ,  a s i n H e los t  hi s keys ,  d o no t  hav e a  preparator y phase , 
thei r  enable d an d read y node s m a y b e collapse d int o a  singl e 
enable d node . 

^ We labe l  th e controlle r  transitio n persis t  her e instea d o f 
iterat e t o emphasiz e tha t  th e sam e stat e i s bein g maintained . 

228 



thu s allo-.-' s th e s a m e situatio n l o b e construe d i n sub -
tl y differen t  ways ;  th e well-know n Imperfectiv e Parado x 
i s easil y resolve d b y observin g tha t  th e action s o f  Fig -
ur e 1  m a y o r  m a y no t  b e see n a s goal-oriented .  Lik e 
states ,  a  continuou s proces s lik e walkin g ha a n o large r 
goal-oriente d structur e an d n o conditio n preventin g i t 
fro m finishing .  Thi s lexicall y specifie d aspectut d struc -
tur e m a y interac t  differentl y wit h particula r  aspectua l 
markers .  Fo r  instance ,  sinc e Englis h perfec t  mark s th e 
don e node ,  goeJ-oriente d processe s lik e tha t  depicte d i n 
Joh n ha s walke d t o th e stor e clearl y licens e inference s lik e 
at(store) .  Bu t  i t  i s  possibl e t o infe r  Joh n ha s walke d a t 
any tim e afte r  th e lower-leve l  continuou s proces s (takin g 
tw o steps )  ha s bee n executed ,  sinc e i n th e absenc e o f  a 
goal ,  th e don e transitio n ca n b e take n withou t  assertin g 
tha t  th e ongoin g stat e o r  proces s ha s ended . 

T h e perspectiva l  shift s importan t  fo r  mak in g th e ba -
si c imperfective/perfectiv e distinctio n ar e naturall y 
modele d b y hierarchica l  decompositio n o f  transitions ,  a s 
wel l  a s abstractio n fro m th e controlle r  t o a  discret e 
transition .  S o m e shift s m a y preven t  referenc e t o con -
trolle r  nodes ,  thu s accountin g fo r  iterativ e reading s (a s 
i n th e sneezin g examples). ^  Dependin g o n th e particula r 
combination ,  however ,  th e controlle r  m a y allo w instea d 
of  preven t  access .  T h e ver b win ,  fo r  instance ,  i s  usuall y 
see n a s a  punctua l  event .  I n th e framewor k give n here , 
not  onl y ca n i t  b e place d i n th e contex t  o f  a  rac e — 
show n i n Figur e 5  a s th e finis h transitio n o f  a  rac e — 
but  i n combinatio n wit h progressiv e marking ,  a s i n Joh n 
was winnin g th e race ,  th e transitio n ca n b e expande d 
int o a n ongoin g subeven t  tha t  ca n eve n b e modified . 

^ start 0«°"-^~=" flnijj, 
read y "' p ongoin g >—i  don e 
O >• ;  I  3 K )  ^ (  >  =^ 0 

;  riterat e 
- Q 

win 

•tar t  ̂ ^ ^ r p flntoh 

Figur e 5 :  Progressiv e markin g o f  wi n a s finis h o f  a  rac e 

The remainder of this section will be devoted to char-
acterizin g som e o f  th e constraint s impose d b y clausa l 
elements ,  includin g tense ,  tempora l  modifier s an d nom -
inals . 

Tense 

Our  mode l  interpret s tens e a s contributin g informatio n 
abou t  th e tim e o f  a n x-schem a activatio n stat e relativ e 
t o th e tim e o f  speech .  Thi s approac h incorporate s obser -
vation s fro m Reichenbach' s (1947 )  classi c analysi s o f  th e 

•'Ou r  mode l  als o accommodate s perspectiva l  shift s base d 
on pragmaticall y determine d tim e scal e o f  referenc e (e.g. , 
slow-motio n movi e context s jdlowin g H e sneeze d fo r  5  min -
utes) .  Furthe r  details ,  includin g th e modelin g o f  viewpoin t 
aspect ,  ca n b e foun d i n (Narayanan ,  1997a) . 

relation s a m o n g speec h (S) ,  evta t  (E )  an d referenc e (R ^ 
time ,  bu t  w e ca n mor e clearl y characteriz e bot h R  an d 
E b y projectin g th e controlle r  ont o a  timeline ,  a s show n 
i n Figur e 6 . 

TS^ 
r f . 

• )  j« < 

Figur e 6 :  Projectin g th e controlle r  ove r  tim e 

E corresponds to the duration of the event; for dis-
cret e event s lik e (a) ,  E  will ,  a s i n Reichenbach ,  m a p t o a 
particula r  poin t  o n th e line .  R  i s determine d b y th e con -
trolle r  stat e specifie d b y th e even t  description ;  her e th e 
pas t  perfec t  o f  los e mark s th e don e nod e o f  th e (simple ) 
controller ,  allowin g th e inferenc e tha t  E  precede d bot h 
th e referenc e an d th e utteranc e time . 

Th e advantag e o f  usin g th e controlle r  become s cleare r 
when mor e o f  th e controlle r  structur e i s accessible ,  a s 
i n th e futur e perfec t  i n (b) .  I n particular ,  w e specif y E 
as mappin g t o th e tim e (interval )  durin g whic h th e con -
troller' s ongoin g nod e i s marked .  Not e tha t  S  potentiall y 
take s plac e before ,  durin g o r  afte r  th e projectio n o f  th e 
ongoin g nod e ont o th e timelin e (show n a s after) ,  pro -
vidin g a n explanatio n fo r  th e lac k o f  linguisti c marker s 
expressin g a  relatio n betwee n S  an d E  i n Reichenbach' s 
analysis . 

Temporal modifiers 

Tempora l  modifier s lik e fo r  five  minute s an d i n a n hou r 
hav e bee n use d fro m Vendle r  onwar d t o distinguis h as -
pectua l  classes .  Bot h ar e easil y handle d a s dela y o n th e 
firing  o f  x-schem a transitions ,  a s mentione d earlier ,  bu t 
the y diffe r  i n th e requirement s the y place .  Specifically , 
we mode l  durativ e (/or- )  modifier s a s a  dela y o n th e 
suspen d transitio n i n th e controlle r  scheme ;  fo r  state s 
thi s reduce s t o th e finis h transition .  S p a n (tn- )  modi -
fiers  appl y t o a  goal-enable d finis h transition ,  modifyin g 
th e duratio n o f  bot h th e ongoin g proces s an d th e finis h 
transition .  The y m a y als o directl y mar k a  transitio n t o 
indicat e simpl y tha t  th e transitio n fires  afte r  th e speci -
fied  time . 

Thes e requirement s explai n th e differin g inference s 
abou t  whethe r  th e boo k ha s bee n finished  betwee n th e 
following : 

1. a. She read the book for an hour. 

b.  Sh e rea d th e boo k i n a n hour . 

Similarly ,  durative s naturall y combin e wit h state s an d 
processes ,  bu t  span s produc e marke d inceptiv e reading s 
{Bil l  walke d {for/*in }  a n hour). ^ 

*Some language s freel y allo w inceptiv e readin g fo r  pas t 
perfectiv e states ,  a s i n Spanis h (Yo )  l e conoc i  a l  hombre , 
wher e th e perfectiv e for m o f  th e ver b "know "  translate s a s 
" I  me t  th e m a n " 
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T h e well-kno-v n iterAtiv e coercio n induce d s y liur a 
live s ha s a  motivate d explanatio n i n thi s case ,  sinc e th e 
suspen d transitio n ca n fir e onl y afte r  th e specifie d tim e 
period ,  forcin g discret e transition s lik e sneez e t o tak e th e 
iterat e loop . 

Durativ e modifier s sometime s appl y t o a  stat e result -
in g fro m a m even t  rathe r  tha n th e even t  itself :  Jil l  lef t 
th e roo m fo r  a n hou r  refer s t o th e perio d afte r  Jil l  ha s 
left ;  th e salienc e o f  th e stat e m a y explai n wh y thi s read -
in g i s preferre d t o a n iterativ e one .  Th e inferenc e tha t 
sh e return s a t  th e en d o f  thi s perio d fall s naturall y ou t 
of  th e fac t  tha t  state s give n a  duratio n ar e implie d t o 
finis h afte r  th e specifie d duration ,  whic h i s mos t  easil y 
effecte d i n thi s cas e b y a  retur n t o th e previou s state . 

Such durativ e modificatio n o f  a  resul t  seem s t o tak e 
plac e mos t  easil y fo r  event s construe d a s simpl e transi -
tions ,  eve n whe n th e underlyin g even t  i s a  mor e comple x 
continuou s process .  Referrin g onc e agai n t o Figur e 1 ,  th e 
depicte d even t  coul d b e describe d b y eithe r  o f  th e verb s 
walke d o r  went ,  bu t  additio n o f  fo r  a n hou r  produce s 
differin g pattern s o f  mos t  likel y inference : 

2. a. John walked to the store (for an hour). 

b.  Joh n wen t  t o th e stor e (fo r  a n hour) . 

Additional aspectual mysteries are explained by this 
interpretatio n o f  tempora l  modifiers .  Transition s tha t 
tak e plac e i n th e contex t  o f  a  large r  goal-directe d even t 
easil y satisf y th e requirement s o f  spa n modifier s {Mar c 
won th e rac e i n 5. S minutes) ,  bu t  the y ar e mor e resis -
tan t  t o appearin g wit h duratives :  *Mar c wo n th e rac e 
fo r  a  fe w minutes .  Acceptabl e interpretation s migh t  re -
sul t  fro m iteratio n (especiall y whe n th e duratio n i s fo r 
years) ,  bu t  sinc e n o reversibl e stat e result s th e duratio n 
canno t  appl y t o th e don e state .  I t  can ,  however ,  appl y 
t o th e ongoing  stat e tha t  ha s bee n brough t  int o focu s b y 
progressiv e markin g 

Nominal features 

Nomina l  distinction s lik e number ,  boundednes s (mas s o r 
count) ,  animac y an d specificit y hav e widel y note d aspec -
tua l  consequence s (Verkuyl ,  1993 ;  Langacker ,  1991) .  th e 
simples t  case ,  plura l  subject s o r  object s ca n provid e an -
othe r  rout e t o iteration ,  a s i n Soldier s wer e reachin g th e 
summi t  al l  morning . 

I n mor e comple x cases ,  w e interpre t  nominal s a s af -
fectin g th e resource s provide d t o x-schemas .  A s see n 
earlie r  wit h progressiv e states ,  th e abilit y  o f  nominal s t o 
furnis h intentiona l  resource s play s a  larg e rol e i n distin -
guishin g kind s o f  state s an d processes ;  a  stativ e sens e 
of  ru n result s i n *Th e roa d i s runnin g fro m her e t o th e 
school . 

Similarly ,  presen t  tens e applie s onl y t o state s tha t  hol d 
at  utteranc e tim e an d thu s favor s th e stativ e reading . 
W h en n o suc h readin g i s possible ,  presen t  tens e ofte n 
produce s a  habitua l  readin g (vi a iteratio n int o a  larger -
scal e currentl y ongoin g process) :  Mar y run s fro m her e t o 
th e schoo l  ha s a  habitua l  reading ,  unlik e Th e roa d run s 
fro m her e t o th e school . 

Resource s consume d durin g th e even t  als o provid e 
goal s tha t  enabl e finishing .  Thi s analysi s account s fo r 

th e observatio n i-ha t  b o u n d e d object s allo w com e verb s 
t o appea r  wit h spa n modifiers .  Th e ver b eat ,  fo r  in -
stance ,  provide s a  clea r  exampl e o f  resourc e consump -
tion :  i t  become s teli c  i n combinatio n wit h coun t  noun s 

( a sandwich ,  thre e sandwiches) ,  quantifie d mas s noun s 
( a poun d o f  cheese )  o r  specifi c  mas s noun s (th e cheese) . 

W h en n o specifi c  boun d i s place d o n th e resource ,  a s 
wit h bar e plural s [sandwiches )  an d unbounde d noun s 
(cheese) ,  th e resourc e canno t  b e deplete d an d therefor e 
fail s  t o provid e a  goal .  Not e tha t  specifi c  preposition s 
m ay forc e a  particula r  reading :  compar e Joh n walke d t o 
th e par k wit h Joh n walke d i n th e park . 

Thi s analysi s explain s wh y argument s tha t  d o no t  pro -
vid e a  depletabl e resourc e fai l  t o induc e ateli c readings . 

Th e classi c exampl e fro m Vendle r  i s  tha t  o f  pus h th e cart , 
whose objec t  i s  bot h bounde d an d specified ,  ye t  fail s  t o 
serv e a s a  goal ,  a s i n H e pushe d th e car t  fo r  a n hou r 
(cf .  H e washe d th e car t  i n a n hour) .  Sinc e th e PUSH x -
schema require s th e agen t  (an d energ y source )  t o appl y 
continuou s forc e t o th e cart ,  th e tw o participant s mov e 
togethe r  an d ther e i s n o movemen t  o f  th e agen t  wit h re -
spec t  t o th e cart . 

Verb s o f  creatio n provid e a n interestin g cas e o f  con -
flicting  requirement s o f  a  constructio n an d tempora l 
modifier : 

3. a. I {read/?wrote} the book for an hour. 

b.  I  wrot e poetr y fo r  a n hour . 

The phrase for an hour modifies the ongoing transi-

tio n withou t  assertin g tha t  th e finis h transitio n ha s bee n 
taken ,  bu t  th e objec t  o f  writ e doesn' t  exis t  unti l  then , 
accountin g fo r  varyin g judgment s o f  acceptability .  N o 
specifi c  goa l  i s  presen t  fo r  th e creatio n o f  th e unbounde d 
nou n poetr y i n (b) ,  s o durativ e modificatio n i s clearl y 
acceptable . 

A simila r  phenomeno n i n (4 )  demonstrate s interactio n 
wit h constructiona l  constraints :  althoug h i n (4a )  cak e 
canno t  functio n a s a  goal ,  th e dativ e constructio n i n (4b ) 
entail s tha t  tha t  th e (finished )  cak e i s transferre d t o th e 
recipient .  Again ,  requirement s o f  durativ e modificatio n 
conflic t  wit h th e entaile d creatio n o f  th e product . 

4. a. I baked the cake for an hour. 

b.  * I  bake d yo u th e cak e fo r  a n hour . 

Inter-schema relations 

I n additio n t o aspectua l  composition ,  th e CONTROLLER 
als o bring s insigh t  t o tempora l  relation s betwee n events . 
M &S hav e argue d tha t  tempora l  adverbial s suc h a s when , 
before ,  an d afte r  mus t  b e define d i n term s o f  "suc h 
notion s a s causatio n an d consequence ,  rathe r  tha n o n 
purel y tempora l  primitives" .  T h e fac t  tha t  whe n doe s 
not  literall y mea n "a t  th e sam e tim e as "  i s  illustrate d b y 
th e followin g example ,  whic h M & S tak e fro m (Ritchie , 
1979) : 

5. When they built the 39th Street bridge... 

a.  a  loca l  architec t  dre w u p th e plans . 

b.  the y use d th e bes t  materials . 

c.  the y solve d mos t  o f  thei r  traffi c  problems . 
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Figure 7: Inter-schema interactions 

As thi s exampl e shows ,  th e even t  indicate d b y a  whe n 
claus e ca n i n fac t  occu r  before ,  durin g o r  afte r  th e even t 
indicate d b y th e mai n clause .  Mfc S propos e tha t  th e 
tru e meanin g o f  whe n i s on e o f  a  "contingency "  relatio n 
betwee n th e tw o events .  Tha t  is ,  on e even t  depend s o n 
th e othe r  i n a  genera l  way . 

I n ou r  implemente d mode l  o f  x-schem a composition , 
we ar e abl e t o formall y defin e th e notio n o f  contingen t 
relations .  Th e centra l  ide a behin d ou r  compositiona l 
theor y i s  tha t  transition s i n th e controlle r  grap h set , 
get  an d modi f y value s o f  th e Agent' s state .  Th e con -
trolle r  grap h allow s u s t o distinguis h betwee n case s o f 
sequentia l  an d concurren t  x-schem a triggerin g o r  inhibi -
tion .  Additionally ,  w e ar e abl e t o mode l  th e cas e wher e 
th e executio n o f  a n x-schem a i s  abl e t o inteiiupt ,  ter -
minate ,  o r  otherwis e modif y th e executio n trajector y o f 
anothe r  x-schema . 

I n Figur e 7 ,  w e depic t  th e relation s betwee n th e thre e 
x-schema s tha t  correspon d t o design ,  constructio n an d 
use o f  th e bridg e i n (4) .  Th e thre e x-schema s bin d t o 
th e specifi c  instanc e o f  bridg e (correspondin g t o a  spe -
cifi c  token) .  A s depicte d i n Figur e 7 ,  th e completio n 
of  th e desig n proces s result s i n th e presenc e o f  plans , 
whic h i s a  necessar y preconditio n fo r  th e constructio n o f 
th e bridge .  Similarly ,  th e completio n o f  th e bridg e i s a 
preconditio n fo r  it s  us e b y commuters .  I n addition ,  i n 
our  mode l  th e presenc e o f  appropriat e material s  i s a  re -
sourc e inpu t  tha t  get s consume d i n th e bridge-buildin g 
proces s a s par t  o f  a  sub-schema .  Th e interpretatio n o f 
befor e i n th e x-schem a mode l  i s tha t  i t  indicate s a  tran -
sitio n (o r  serie s o f  transitions )  fro m th e finis h nod e o f 
th e actio n indicate d b y th e subordinat e claus e t o som e 
preconditio n o f  th e read y nod e o f  th e mai n clause .  Th e 
connectio n i s generall y complex ,  rathe r  tha n consistin g 
of  a  singl e transition . 

I n th e cas e o f  when ,  a  numbe r  o f  possibl e enablemen t 
relation s ar e possible .  Specifically ,  a s illustrate d b y th e 
example ,  whe n m a y hav e a  representatio n simila r  t o be -
fore ,  afte r  o r  during .  Thi s i s no t  becaus e th e wor d whe n 
i s ambiguou s betwee n thre e meanings ,  bu t  rathe r  be -
caus e i t  simpl y indicate s tha t  ther e i s a  causa l  connec -

tio n l)etwee n th e tw o x-bchemas ,  withou t  specifyin g wha t 
type .  I n ou r  curren t  implementation ,  th e specifi c  inter -
pretatio n i s foun d b y a  reachabilit y  simulatio n fro m th e 
individua l  node s o f  th e controlle r  fo r  th e actio n indicate d 
by th e mai n claus e t o th e enable d nod e o f  th e actio n in -
dicate d b y th e subordinat e clause .  Thes e path s indicat e 
whethe r  th e tw o action s m a y hav e bee n simultaneous ,  o r 
i f  ther e wa s a n explici t  causa l  connection . 
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