
I n t e n t i o n s i n T i m e 

Robert P. Goldman and R. Raymond Lang 

Compute r  Scienc e Department ,  30 1 Stanle y Thoma s Hall ,  Tulan e Universit y 

N ew Orleans ,  Louisian a 70118 ,  (504 )  865-584 0 

rpg<Dcs.tulane.ed u an d langQcs.tulane.ed u 

Abstrac t 

Representin g an d reasonin g abou t  goal-directe d 
action s i s  necessar y i n orde r  fo r  autonomou s 
agent s t o ac t  i n o r  understan d th e commonsens e 
world .  Thi s pape r  provide s a  forma l  theor y o f  in -
tentiona l  actio n base d o n Bratman' s characteriza -
tio n o f  intentio n [Bratman ,  1987 ,  Bratman ,  1990] . 
Our  formalizatio n profit s fro m th e th e formaliza -
tio n o f  Bratman' s theor y develope d b y Cohe n an d 
Levesqu e [l990a ,  1990bJ .  W e revie w thei r  formal -
izatio n an d illustrat e it s weaknesses .  Usin g Allen' s 
tempora l  logi c [Allen ,  1984 ]  ,  w e construc t  a  for -
malizatio n tha t  satisfie s Bratman' s desiderat a fo r 
an acceptabl e theor y o f  intentiona l  action .  W e in -
troduc e a  characterizatio n o f  succes s an d failur e o f 
intentiona l  actio n an d sho w tha t  ou r  riche r  theor y 
of  tim e allow s u s t o formaliz e mor e comple x inten -
tiona l  actions ,  particularl y thos e wit h deadlines . 
Finally ,  w e argu e tha t  th e us e o f  a  syntacti c theor y 
of  belie f  allow s u s t o accommodat e a  mor e descrip -
tiv e theor y o f  intentiona l  actio n b y fallibl e agents . 
Our  wor k ha s relevanc e t o multi-agen t  planning , 
speech-ac t  processin g an d narrativ e understand -
ing .  W e ar e usin g thi s theor y t o representin g th e 
conten t  o f  narrative s an d t o constructin g an d un -
derstandin g description-base d communication . 

Litroduction 

Thi s pape r  provide s a  forma l  theor y o f  intentiona l  ac -
tio n withi n a  tempora l  logic .  Autonomou s system s act -
in g i n a  commensens e worl d nee d t o b e abl e t o under -
stan d goal-directe d actions .  Thi s abilit y i s  necessar y 
fo r  application s lik e multi-agen t  planning ,  speech-ac t 
processin g an d narrativ e understanding .  I n particular , 
our  system s mus t  b e abl e t o recogniz e th e successe s 
an d failure s o f  intentiona l  action s an d th e ramification s 
of  thes e outcomes .  I n thi s pape r  w e presen t  a  forma l 
theor y o f  intentiona l  actio n t o mee t  thes e goals . 

Our  formalizatio n i s base d o n Bratman' s character -
izatio n o f  intentio n [Bratman ,  1987 ,  Bratman ,  1990] . 
Bratma n argue s tha t  intentio n play s a n importan t 
functiona l  rol e an d tha t  rationalit y impose s constraint s 
of  consistenc y an d feasibilit y o n intentions . 

Our  formalizatio n profit s fro m th e insight s de -
velope d b y Cohe n an d Levesqu e [l990a ,  1990b ]  i n 
thei r  formalizatio n o f  Bratman' s theory .  Cohe n an d 
Levesqu e (hencefort h C & L )  us e dynami c logi c [Harel , 
1979 ]  wit h a  possibl e worl d semantic s a s a  foundatio n 
fo r  thei r  system .  Whil e C & L d o a  goo d jo b o f  formal -
izin g Bratman' s theory ,  th e dynami c logi c framewor k 
has a n impoverishe d notio n o f  tim e an d i s severel y lim -
ite d i n it s expressiveness . 

Alle n [1984 ]  ha s propose d a  tempora l  logi c intende d 
fo r  reasonin g abou t  event s describe d i n natura l  lan -
guage .  Hi s logi c i s first-order  wit h a  semantic s base d o n 
interval s ove r  a  singl e tim e line .  Alle n suggest s tha t  th e 
logi c b e augmente d b y a  quotatio n mechanis m (syntac -
ti c theory )  [Haas ,  1986 ]  t o handl e belie f  an d intentio n 
contexts . 

I n thi s paper ,  w e construc t  a  formalizatio n that ,  lik e 
CtL 's ,  satisfie s Bratman' s desiderat a fo r  a n acceptabl e 
theor y o f  intentiona l  action .  W e introduc e a  character -
izatio n o f  succes s an d failur e o f  intentiona l  action .  W e 
sho w tha t  ou r  riche r  theor y o f  tim e allow s u s t o for -
maliz e mor e comple x intentiona l  actions ,  particularl y 
thos e wit h deadlines .  Finally ,  w e argu e tha t  th e us e 
of  a  syntacti c theor y o f  belie f  wil l  allo w u s t o accom -
modat e a  mor e descriptiv e theor y o f  intentiona l  actio n 
by fallibl e agents .  Thu s w e construc t  a  mor e powerfu l 
theor y tha n C&L ' s whil e avoidin g th e complication s o f 
modal  logic . 

Intention and Action 

We tak e a s ou r  startin g poin t  Bratman' s analysi s o f 
intentio n [Bratman ,  1987 ,  Bratman ,  1990] .  W e distil l 
fro m tha t  analysi s th e followin g functiona J role s filled 
by intention : 

1. Intentions serve as a sort of "top level plan" for the 
agent ;  th e agen t  need s t o determin e ho w t o carr y 
the m out . 

2.  Intention s limi t  a n agent' s furthe r  intention s t o thos e 
consisten t  wit h one s alread y held . 

3.  A n intentio n provide s a n agen t  wit h a n indicatio n o f 
whic h feature s o f  th e worl d h e shoul d "track "  i n or -
der  t o determin e th e succes s o f  attempt(s )  t o achiev e 
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th e intention . 

4.  A n agen t  i s abl e t o mak e prediction s abou t  th e be -
havio r  o f  othe r  agent s base d o n wha t  i s know n abou t 
thei r  intentions . 

I n addition ,  Bratma n goe s o n t o sa y tha t  intentio n 
shoul d satisf y th e followin g properties .  I f  a n agen t  in -
tend s a n actio n a ,  then : 

1.  Th e agen t  believe s o  i s a  feasibl e an d applicabl e 
means o f  achievin g som e goa l  p . 

2.  Th e agen t  doe s no t  believ e i t  wil l  brin g abou t  a  stat e 
i n whic h a  i s n o longe r  feasibl e o r  i n whic h th e goa l 
towar d whic h a  i s directe d i s unachievable . 

3.  Unde r  certai n conditions ,  th e agen t  believe s i t  wil l 
do a . 

4.  Agent s nee d no t  inten d al l  th e expecte d sid e effect s 
of  thei r  intentions . 

Following Bratman's analysis, C<SiL[l990a, 1990b] 
develo p a  se t  o f  constraint s o n rationa l  agent s suc h 
tha t  a  robo t  designe d accordin g t o thes e constraint s 
wil l  confor m t o th e following : 

•  I t  doe s no t  procrastinat e foreve r  (i.e ,  th e robo t  wil l 
act  o n it s  intentions) .  Not e tha t  th e lin k i s fro m 
intention s t o actions ,  no t  fro m goal s t o actions . 

•  Th e agen t  i s persisten t  i n th e pursui t  o f  it s  goals , 
subjec t  t o constraint s o f  rationality . 

•  Th e agen t  drops  goal s whe n i t  determine s tha t  th e 
goal  nee d no t  b e achieved ,  whethe r  becaus e th e goa l 
holds ,  i s  impossible ,  o r  th e conditio n relativ e t o 
whic h th e goa l  wa s adopte d n o longe r  holds . 

C &L bas e thei r  accoun t  o n th e moda l  predicate s 
believe s an d goal .  Becaus e C & L giv e a  possibl e worl d 
semantic s t o th e predicate ,  goa l  applie s t o al l  thos e 
proposition s whic h ar e tru e i n al l  world s consisten t 
wit h th e explici t  goal s o f  th e agent .  I f  a  propositio n 
als o i s believe d b y th e agen t  currentl y t o b e false ,  the n 
th e propostio n i s a n a-goal ,  o r  "achievemen t  goal. " 
Further ,  i f  a n agen t  hold s a n a-goa l  unti l  th e proposi -
tio n i s tru e o r  i s believe d b y th e agen t  t o b e impossible , 
the n tha t  goa l  i s  a  p-goal ,  o r  persisten t  goal . 

Intention s i n C & L ar e p-goal s o f  a  certai n form . 
Specifically ,  a n intentio n i s a  l>-goa l  tha t  a n actio n wil l 
hav e bee n don e b y th e intendin g agent .  Th e fulfillmen t 
of  suc h a  goa l  i s  precisel y th e doin g o f  th e action ,  s o 
C &L ar e abl e t o dra w som e ver y appealin g conclusion s 
fro m thei r  definitions . 

One drawbac k t o C&L' s relianc e o n th e possibl e 
world s approac h t o characteriz e goal s i s tha t  ever y in -
evitabl e futur e even t  i s a  persisten t  goal .  Fo r  example , 
le t  u s conside r  a n agen t  whic h know s tha t  i t  wil l  even -
tuall y  die .  S o th e agen t  i s eventuall y dea d i n al l  world s 
believed .  Goa l  world s ar e a  subse t  o f  believe d worlds . 
Erg o i t  i s  ou r  agent' s persisten t  goa l  t o die . 

Anothe r  proble m wit h C&L' s formalizatio n o f  goal s 
i s tha t  i t  provide s n o lin k betwee n th e possessio n o f 

a goa l  an d th e performanc e o f  action s t o brin g tha t 
goal  about .  Th e lin k betwee n inteniton s an d auition s 
i n C & L i s du e t o th e definitio n o f  a n intentio n a s a  per -
sisten t  goa l  th e conten t  o f  whic h i s som e action .  Bu t 
C&L' s reductionis t  formalizatio n specifie s onl y tha t  a 
persisten t  goa l  wil l  eventuall y b e eithe r  (believe d t o be ) 
satisfie d o r  (believe d t o be )  unachievable .  Fo r  example , 
i n thei r  scheme ,  i f  on e believe s tha t  on e ha s success -
full y convince d anothe r  agen t  t o hel p satisf y som e goa l 
propositio n P ,  the n on e believe s tha t  thi s helpe r  ha s 
a persisten t  goa l  (relativ e t o one' s persisten t  goa l  tha t 
P )  t o brin g abou t  P .  Fro m thi s an d th e reasonable , 
but  defeasible ,  assumption s tha t  th e helpe r  i s compe -
ten t  t o observ e P  an d doesn' t  com e t o believ e tha t 
i t  i s  impossibl e fo r  P  t o b e true ,  on e m a y conclud e 
tha t  P  wil l  eventuall y becom e true .  Thi s seem s lik e a 
Good Thing ,  bu t  o f  cours e on e woul d lik e t o b e justi -
fied  i n assumin g — al l  els e bein g equa l  — tha t  one' s 
helpe r  wil l  ac t  t o provid e assistanc e i n achievin g th e 
goal  proposition .  Unfortunately ,  a  "helper "  w h o sim -
pl y waite d whil e on e achieve d th e goa l  onesel f  woul d 
satisf y C&L' s specifications . 

Allen's Temporal Logic 

We bas e ou r  formalizatio n o n Allen' s logi c o f  actio n 
and tim e [Allen ,  1984]. *  Allen' s logi c i s a n interval -
base d first-order  syste m whos e ontolog y contain s enti -
tie s (object s an d agents) ,  propertie s an d events ,  an d 
quote d logica l  expressions .  Th e tempora l  interval s o f 
Allen' s logi c ar e interval s ove r  a  dens e tim e line ,  an d 
Alle n provide s relation s t o represen t  ordering s betwee n 
them .  Event s an d propertie s denot e set s o f  inter -
vals :  thos e ove r  whic h event s O C C UR an d thos e ove r 
whic h propertie s H O L D ,  respectively .  Typically ,  on e 
describe s even t  an d propert y types ,  usin g predicat e cal -
culu s functions .  Fo r  example ,  (fall s  fred )  denote s 
th e se t  o f  interval s ove r  whic h i t  O C C U Rs tha t  Fre d 
falls ;  (o n block a blockb )  denote s th e se t  o f  interval s 
when i t  H O L D s tha t  bloc k a  i s o n bloc k b . 

Sinc e Allen' s logi c i s  first-order,  agents '  belief s ar e 
represente d syntactically ,  a s quote d strings .  W e fee l 
tha t  syntacti c theorie s provid e a  mor e appealin g mode l 
of  belie f  fo r  AI .  First ,  th e syntacti c mode l  o f  belie f  i s 
als o th e stron g A I  mode l  o f  intelligence :  tha t  reasonin g 
ca n b e represente d i n term s o f  symboli c manipulation . 
Furthermore ,  th e syntacti c theor y oflfer s u s a  wa y o f 
avoidin g th e proble m o f  consequentia l  closur e whic h 
plague s moda l  theories .  W e ca n writ e axiom s whic h 
describ e limite d inferencin g processe s (se e [Haas ,  1986 ] 
fo r  a n example) .  Finally ,  wheneve r  possible ,  w e prefe r 
t o remai n withi n th e simple r  first-order  framework . 

Notational conventions: In the following, we use 
a lisp-like ,  prefi x notatio n fo r  th e predicat e calculus . 
For  th e sak e o f  brevity ,  w e omi t  universa l  quantifiers ; 
unboun d variable s shoul d b e assume d t o b e universall y 

' A ver y simila r  logi c i s provide d b y McDermot t  [1982 ] 

493 



quantified .  W e als o us e type d variable s i n a n informa l 
way:  variabl e name s indicat e specifi c  type s o f  entitie s 

as describe d i n Figur e 1 .  I n orde r  t o mak e th e descrip -
tio n o f  quote d expression s les s cumbersome ,  w e assum e 
a backquote ,  o r  quasiquot e operato r  whic h act s a s it s 
equivalen t  i n Lisp .  W e als o assum e tha t  al l  agent s re -
fe r  t o themselve s usin g th e constan t  self ,  an d refe r  t o 
th e presen t  usin g th e constan t  nos . 

a,b action terms of the form (acause x e), where x 
i s a n agen t  an d e  i s a n even t  ter m a s describe d b y 
Alle n i n [1984] .  Not e tha t  action s ar e a  subclas s o f 
events . 

e, f  even t  term s 

p, q string s denotin g goa l  propositions . 

s, t  tim e interval s 

X agent s 

s„  symbol s 

Figure 1: Types denoted by variable letters 

G o a l s 

A theor y o f  intentiona l  action s i s necessaril y  a  theor y 
of  goal-directe d actions .  Thu s goal s ar e a  centra l  com -
ponen t  o f  a  theor y o f  intention .  W e argu e tha t  fo r  a n 
agen t  t o hav e a  goa l  i s  t o hav e i n min d a  propositio n 
abou t  th e worl d tha t  i t  woul d lik e t o mak e true .  Ac -
cordingly ,  w e argu e tha t  a  statemen t  describin g a  goa l 
must  minimall y contai n a  H O L D S predication :  goal s 
must  b e directe d toward s th e establishmen t  o f  a  flu-
ent  (changeabl e property) .  Fo r  th e sak e o f  simplicity , 
we d o no t  allo w event s t o b e goals .  Finally ,  w e woul d 
lik e t o b e abl e t o represen t  constraint s o n th e tim e a t 
whic h a  stat e o f  affair s i s t o hold ,  i n orde r  t o reaso n 
abou t  deadlines ,  etc .  Thi s ca n b e achieve d b y conjoin -
in g H O L D S predication s wit h tempora l  constraints . 

Accordingly ,  w e provid e a  goa l  predicat e o f  thre e 
arguments : 

(goa l  z  p  i ) 

wher e r  i s  a  ter m denotin g a n agent ,  p  i s a  quote d 
expressio n containin g a t  leas t  on e H O L D S predicatio n 
and <  i s a  ter m denotin g th e interva l  ove r  whic h p  i s 
hel d b y X  a s a  goal . 

Not e tha t  ou r  treatmen t  o f  goal s i s ver y differen t 
fro m tha t  o f  Alle n (se e [1984 ,  p .  145]) .  Allen' s goa l 
predicat e i s t o b e use d i n expression s o f  th e followin g 
form : 

(is-goal-o t  agen t  goa l  gtim e i ) 

whic h state s tha t  agen t  woul d lik e t o mak e th e prop -
ert y goa l  H O L D a t  tim e gtime .  t  i s  th e interva l  ove r 
whic h th e agen t  ha s thi s goal . 

We wis h t o stres s tha t  fo r  Alle n a  goa l  i s  a  propert y 
rathe r  tha n a  strin g describin g a  stat e o f  affairs .  Ther e 

ar e tw o problem s tha t  aris e whe n suc h a  representatio n 
i s used .  First ,  ther e i s a  proble m wit h Leibniz' s la w 
(referentia l  transparency) :  sinc e a  propert y denote s a 
set  o f  intervals ,  w e mus t  b e abl e t o substitut e fo r  on e 
goal  anothe r  propert y expressio n whic h i s tru e ove r 
th e sam e intervals .  I n particular ,  al l  propertie s whic h 
neve r  hol d ar e th e same .  Davis[l990 ,  p .  414 ]  give s a 
simila r  critique . 

Second ,  th e logi c i s unabl e t o represen t  vagu e goals : 
thi s proble m arise s becaus e w e ar e unabl e t o quantif y 
i n th e expressio n describin g a  goal .  Therefore ,  w e ar e 
unabl e t o formulat e simpl e desire s lik e " I  wan t  t o ow n 
a re d ca r  someday. "  Th e bes t  on e ca n d o i n Allen' s 

logi c i s 

(exist s X  g t  (goa l  m e (AN D (ovn s m e x ) 
(red-ca r  x) ) 

gt  noy) ) 

whic h say s tha t  ther e i s som e tim e an d som e re d ca r 
whic h I  wan t  t o own .  Th e difficult y wit h thi s formal -
izatio n i s tha t  tw o meaning s ar e possible :  (1 )  th e agen t 
want s som e ca r  a t  som e time ,  bu t  doesn' t  kno w whic h 
car  o r  exactl y when ,  o r  (2 )  th e agen t  know s exactl y 
whic h ca r  h e want s an d when ,  bu t  w e don't . 

Our  goa d representatio n i s als o mor e expressiv e tha n 
C&L' s scheme .  C&L' s goal s ar e restricte d t o achieve -
ment  goals :  a n agen t  i s describe d a s wantin g t o brin g 
abou t  a  stat e o f  affairs ,  whic h i s no t  th e cas e a t  present , 
at  som e indefinit e tim e i n th e future .  A s a  consequenc e 
of  thei r  us e o f  dynami c logic ,  i t  i s  impossibl e fo r  the m 
t o expres s eithe r  deadline s fo r  goal s o r  establishmen t 
time s (time s befor e whic h i t  i s to o soon) .  Furthermore , 
the y regar d i t  a s illegitimat e fo r  a n agen t  t o hav e a s it s 
goal  som e stat e i n th e futur e whic h hold s now .  Thi s 
woul d mak e i t  impossibl e fo r  th e owne r  o f  a  pennant -
winnin g bal l  clu b t o inten d t o wi n th e pennan t  nex t 
year . 

We axiomatiz e th e followin g constraint s o n goals : 

•  i f  p  i s a n agent' s goa l  a t  tim e t ,  the n no t  p  i s no t  th e 
agent' s goa l  ove r  th e sam e interval . 

•  fo r  an y goa l  a n agen t  has ,  ther e i s a  futur e interva l 
when th e propositio n wil l  n o longe r  b e th e agent' s 
goal ;  i.e. ,  al l  goal s ar e eventuall y dropped . 

•  goal s ar e believe d possible ;  tha t  is ,  i f  a n agen t  ha s a 
propositio n a s a  goal ,  the n i t  believe s ther e i s som e 
actio n i t  ca n d o whic h wil l  brin g abou t  th e desire d 
stat e o f  affairs . 

Base d o n th e syste m outlined ,  w e ca n formulat e a s 
shown i n Figur e 2  th e goa l  o f  a  robo t  meetin g hi s bos s 
wit h a  cocktai l  a t  th e trai n station .  Thi s capture s th e 
conditio n tha t  th e robo t  ge t  t o th e trai n statio n befor e 
hi s bos s arrives .  W e wis h t o emphasiz e tha t  goal s wit h 
tim e constraint s canno t  eve n b e formulate d i n C&L' s 
system ,  unles s w e assum e a  clocke d worl d i n whic h 
al l  action s tak e th e sam e amoun t  o f  time .  However , 
time-constraine d goal s aris e s o frequentl y tha t  w e fel t 
ourselve s compelle d t o provid e a  framewor k allowin g 
fo r  them . 
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(goa l  robo t  '(an d (hold s (an d (lo c sel l  station ) 
(holdin g sel f  cocktail) ) 

boss-arrival-time ) 
(occur s (arrive s boss )  boss-arrival-time) ) 

nov ) 

Figure 2: Example goal 

P e r s i s t e n c e 

Intention s acquir e thei r  strengt h a s organizer s o f  ou r 
practica l  actio n b y virtu e o f  thei r  persistence .  The y 
woul d serv e n o purpos e i f  the y wer e take n u p an d 
droppe d a t  whim .  Accordingly ,  a n importan t  trai t  o f 
a goa l  i s  ho w persisten t  i t  is .  C1: L ancho r  thei r  discus -
sio n o f  intention s aroun d th e distinctio n betwee n per -
sisten t  goals ,  whic h ar e droppe d onl y whe n th e agen t 
has eithe r  achieve d the m o r  com e t o believ e the m im -
possibl e o f  achievement ,  an d relativize d goals .  A  rela -
tivize d goa l  may ,  fo r  example ,  b e droppe d whe n a  pla n 
of  whic h i t  i s  part ,  come s t o b e see n a s infeasible . 

The predicat e p-goa l  i s  give n i n Definitio n 1 .  I t 
i s  a  predicat e takin g th e sam e argument s a s goal .  I t 
makes explici t  wha t  wil l  b e tru e whe n th e agen t  give s 
up th e goal :  th e agen t  wil l  eithe r  believ e th e goa l  hold s 
or  tha t  i t  i s  impossible .  I n additio n t o capturin g th e 
essenc e o f  C&L' s definition ,  w e als o requir e tha t  agent s 
be willin g t o commi t  t o som e pla n o f  actio n t o achiev e 
thei r  goals .  Althoug h thi s i s a  wea k criterion ,  w e con -
side r  i t  importan t  t o establis h a  lin k betwee n a n agent' s 
persisten t  goal s an d tha t  agent' s futur e actions . 

The "fanatical "  commitmen t  capture d b y p-goa l  i s 
weakene d b y introducin g relativizin g conditions ,  whic h 
may b e a  highe r  leve l  goa l  o r  som e belie f  abou t  th e 
worl d hel d b y th e agent .  Relativize d goal s m a y b e use d 
fo r  purpose s lik e capturin g relationship s betwee n goal s 
and sub-goals ,  condition s unde r  whic h a  pla n i s appro -
priat e an d coordinatin g action s o f  cooperativ e agents . 
Due t o spac e limitations ,  th e definitio n o f  p-r-goa l  i s 
omitted . 

I n orde r  fo r  a  reasonin g agen t  t o mak e ful l  us e o f  th e 
syste m w e hav e presente d thu s far ,  the y nee d bot h pos -
itiv e an d negativ e goa l  introspection .  Consistenc y o f 
goal s require s tha t  agent s kno w wha t  thei r  goal s are . 
Furthermore ,  agent s mus t  kno w whic h goal s depen d 
on relativizin g condition s s o tha t  shoul d belie f  i n thes e 
condition s cease ,  th e goa l  ca n b e dropped .  Davis[l990 , 
p.  415 ]  provide s a n axiomatizatio n o f  goa l  introspec -
tion . 

Intended Actions 

Bratma n describe s intention s a s correspondin g t o th e 
menta l  attitud e o f  havin g a  plan .  Thu s whil e th e con -
ten t  o f  a n intentio n m a y b e though t  o f  a s a  pla n i n 
th e conventiona l  A I  sens e o f  a  "recip e fo r  action, "  th e 
intentio n pe r  s e i s analagou s t o th e "comple x menta l 
attitude "  describe d b y Pollac k [l990] . 

I n Definitio n 2 ,  w e specif y th e predicat e intend , 
whic h take s a s argument s a n agent ,  a n actio n term , 
an interva l  withi n whic h th e actio n i s intende d t o b e 
done ,  an d a n interva l  ove r  whic h th e agen t  maintain s 
th e intention .  Inten d depend s o n tw o predicate s th e 
definition s o f  whic h ar e omitte d her e fo r  spac e reasons . 
Feasibl e i s tru e o f  a n actio n ter m an d a n interva l 
when al l  th e precondition s o f  th e actio n ar e eithe r  tru e 
or  possibl e durin g th e interval .  Applicabl e i s tru e o f 
an actio n term ,  th e tim e o f  th e action' s occurrence ,  a 
goal ,  an d a  boundin g interva l  i f  th e occurrenc e o f  th e 
actio n withi n th e boundin g interva l  eithe r  (1 )  implie s 
th e goa l  proposition ,  o r  (2 )  generate s a n actio n th e 
occurrenc e o f  whic h implie s th e goa l  state . 

Let  u s no w conside r  th e conjunct s o n th e righ t  han d 
sid e o f  Definitio n 2 .  Th e first  tw o (marke d a s [a] )  allo w 
us t o refe r  t o th e agent' s nam e fo r  th e actio n an d th e 
tim e withi n whic h i t  i s  intende d t o tak e place .  T h e in -
tentio n i s directe d towar d som e goa l  ([b]). '  T h e stat e 
of  havin g th e intentio n i s initiate d b y th e even t  o f  com -
mittin g t o d o th e actio n ([c]) .  I n orde r  fo r  th e inten -
tio n t o b e rational ,  w e additionall y require :  [d ]  tha t 
th e agen t  no t  believ e tha t  th e actio n i s alread y done ; 
tha t  th e agen t  believ e tha t  th e actio n i s possible ,  and ; 
[f ]  tha t  th e agen t  believe s tha t  th e actio n wil l  serv e t o 
achiev e a  goal . 

As inten d depend s o n th e definitio n o f  p-goal ,  w e 
analogousl y defin e relativ e intention s whic h depen d o n 
relativize d goals . 

A ny theor y o f  intentio n mus t  distinguis h betwee n 
intende d an d unintende d sid e effects .  Bratma n argue s 
tha t  th e characteristi c featur e o f  a n unintende d sid e 
effec t  i s  that ,  shoul d circumstance s shif t  suc h tha t  th e 
actio n doe s no t  i n fac t  caus e th e effect ,  th e agen t  doe s 
not  vie w thi s a s a  failur e an d doe s no t  replan .  Eve n 
if ,  befor e performin g th e action ,  th e agen t  come s t o 
believ e tha t  a  previousl y expecte d side-effec t  wil l  no t 
occur ,  h e doe s no t  replan . 

Success and Failure 

O ne us e o f  a  theor y o f  intentio n i s tha t  i t  lend s pre -
dictabilit y  t o th e action s o f  rationa l  agents .  Thi s i n 
tur n give s the m a  foundatio n fro m whic h t o reaso n 
abou t  th e goal s an d intention s o f  othe r  agents .  Obser -
vation s m a y b e m a d e o f  a n agent' s action s whic h allo w 
conclusion s regardin g tha t  agent' s succes s o r  failur e 

*Not e tha t  thi s doe s no t  preclud e action s servin g mor e 
tha n on e purpose . 
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Definitio n 1  (p-goal )  Persisten t  goals .  A n agen t  x  ha s a  persisten t  goa l  p  a t  tim e t  if f  (i )  p  i s a  goal ,  (2 )  th e 
agent  believe s tha t  eventuall y h e wil l  commi t  t o som e actio n t o brin g i t  abou t  tha t  th e goa l  holds ,  an d (S )  th e agen t 
does no t  abando n th e goa l  unles s h e come s t o believ e eithe r  tha t  p  hold s o r  tha t  i t  wil l  neve r  hold . 

(if f  (p-goa l  X  p  t ) 
(exist s s i  s j  ̂  (s^ d (goa l  x  p  t ) 

(be l  X  '(exist s ,s i  .s j  ." » 
(an d (futur e .s j  now ) 

(occu r  (commit-t o sel f  . p , m .sj )  .s^)) )  t ) 
(implie s (futur e s  t ) 

(o r  (p-goa l  X  p  s ) 
(exist s s '  (an d (futur e s '  t ) 

(o r  (be l  I  p  «' ) 
(be l  X  '(no t  (possibl e .p) )  «')))))))) ) 

Definition 2 (Intend) Intentions regarding actions, absolute. An action is intended if the agent believes the 
actio n feasibl e an d applicabl e t o a  p-goa l  an d ha s committe d t o tha t  wa y o f  makin g th e goa l  true . 

(if f  (inten d x  a  a t  t ) 
(exist s S i  S j  S 3 $ 4 p  m 

(an d ( = (name-fo r  x  a )  m )  [a ] 

( = (name-fo r  x  at )  sj ) 
(p-goa l  X  p  t )  [b ] 
(occu r  (commit-t o x  p  m S2 )  si )  [c ] 
(start s s i  t ) 
(be l  x  '(no t  (exist s ,8 3 (an d (occu r  , m ,53 ) 

(i n ,« 3 ,52 ) 
( < (endpoin t  ,53 )  now)) )  0 )  [d ] 

(be l  X  '(an d (feasibl e , m ,52 )  [e ] 
(foral l  ,S 4 (applicabl e , m ,8 4 , p ,82)) )  i))) )  [t ] 

and thu s guid e prediction s abou t  wha t  futur e cours e 
th e agen t  i s  likel y t o pursue .  Suc h prediction s provid e 
a contex t  withi n whic h t o interpre t  th e agent' s futur e 
actions . 

Wit h respec t  t o predictin g success ,  conside r  that ,  b y 
definition ,  a  persisten t  goa l  i s  no t  droppe d unles s th e 
agent  believe s on e o f  tw o alternatives :  tha t  th e goa l 
has bee n me t  o r  tha t  i t  i s  impossible .  B y ou r  axio m o f 
limite d persistenc e o f  goals ,  w e ca n conclud e tha t  a n 
agent  wil l  eventuall y believ e on e o f  thes e alternatives . 
I f  i t  i s  furthe r  assume d tha t  a  competen t  agen t  neve r 
comes t o believ e tha t  hi s persisten t  goa l  i s  impossible , 
the n on e ma y conclud e th e goa l  i s  eventuall y met . 

I n orde r  t o mak e sens e o f  actio n sequences ,  w e mus t 
recogniz e whe n a n intentio n ha s failed .  Informally ,  w e 
say a  failur e ha s occurre d whe n a n agen t  maintain s a 
goal-directe d intentio n afte r  havin g attempte d t o brin g 
abou t  hi s goa l  state .  I t  follow s fro m th e definitio n o f 
inten d tha t  a n intentio n wil l  onl y b e give n u p unde r 
one o f  th e followin g fou r  circumstances : 

1. the agent ceases to believe that the action will meet 
it s  goal ; 

2. the agent comes to believe that the action cannot be 
done (e.g. ,  th e agen t  misse s it s  deadline) ; 

3.  th e goa l  i s  met ; 

4.  th e actio n i s performed . 

For  example ,  i f  a n agen t  intend s t o perfor m a ,  per -
form s som e action ,  bu t  doe s no t  believ e th e actio n h e 
performe d was ,  i n fact ,  a  (i.e. ,  h e believe s h e faile d t o 
perfor m a) ,  the n th e origina l  intentio n remains .  Ou r 
formalizatio n thu s provide s a  certai n weak ,  nonmono -
toni c inferenc e abou t  a n agent' s willingnes s t o ac t  give n 
hi s curren t  belief s an d goals .  Thi s abilit y  t o connec t  ac -
tion s t o goal s allow s u s t o subdivid e actio n sequence s 
accordin g t o th e goal s served .  I n previou s work ,  w e 
outline d ho w thi s interpretatio n o f  action s migh t  serv e 
i n a  formalizatio n o f  stor y grammar s [Lan g an d Gold -
man,  1992] .  W e ar e extendin g tha t  wor k b y usin g th e 
theor y o f  intentio n describe d her e a s a  foundatio n fo r 
formalizin g a  gramma r  fo r  narratives .  Thi s applica -
tio n i s intende d bot h a s a  ste p i n ou r  ongoin g researc h 
i n N L P an d a s a  wa y o f  assessin g th e representationa l 
adequac y o f  th e logica l  framework . 

Discussion 

Althoug h w e ar e indebte d t o C & L fo r  thei r  insight s 
int o a  forma l  theor y o f  intention ,  ou r  theor y allow s 
a wide r  variet y o f  possibl e goal s withou t  sacrificin g 
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C&L' s ke y results .  Achievin g th e sam e prediction s 
abou t  th e persistenc e o f  intention s an d goal s presente d 
difficultie s becaus e C&L' s proof s relie d o n th e partic -
ula r  restricte d clas s o f  goal s the y treat .  I n orde r  t o 
creat e a  definitio n o f  intende d actio n providin g use -
fu l  predictions ,  w e require d tha t  ther e b e a n even t  i n 
whic h agent s committe d t o intende d actions .  W e be -
liev e tha t  thi s i s no t  onl y a  theoretica l  convenience , 
but  als o capture s a n importan t  intuitio n abou t  prio r 
intentions . 

We als o fee l  tha t  basin g ou r  theor y o f  intentio n o n a 
quotationa l  representatio n o f  belief s hold s th e promis e 
of  it s  extensio n t o mor e comple x model s o f  belief .  I n 
particular ,  unlik e moda l  logics ,  syntacti c theorie s allo w 
fo r  th e possibilit y  o f  set s o f  agent s whos e model s o f  th e 
worl d diffe r  no t  onl y o n th e propertie s o f  objects ,  bu t 
on th e domai n itsel f  [Maida ,  1992] . 

Alle n treat s intentiona l  actio n i n [Allen ,  1984] .  How -
ever ,  Allen' s discussio n i s primaril y a  demonstratio n 
tha t  hi s logi c i s expressiv e enoug h fo r  discussio n o f  in -
tentions .  Rathe r  tha n a  genera l  theor y o f  intentions ,  h e 
provide s example s o f  th e formalizatio n o f  intention s i n 
particula r  cases .  Littl e i s  sai d abou t  th e causa l  rol e o f 
intention s i n general .  Alle n discusse s a n importan t  as -
pect  missin g fro m ou r  theory :  th e achievemen t  o f  goal s 
by inactio n a s wel l  a s action .  On e ca n ofte n brin g 
abou t  a  goa l  stat e b y failin g t o d o a n actio n on e migh t 
do "b y default. "  W e d o no t  ye t  kno w ho w t o analyz e 
thi s situation . 

Our  theor y capture s th e intuitio n tha t  agent s ar e 
willin g t o ac t  t o brin g abou t  thei r  goals .  Althoug h 
we woul d hav e like d t o sa y somethin g stronge r  abou t 
an agent' s action s base d o n hi s goals ,  w e believ e we'v e 
sai d a s muc h a s possibl e withou t  introducin g th e com -
plication s counterfactual s woul d brin g int o th e logic . 

We ar e pursuin g application s o f  thi s theor y t o rep -
resentin g th e conten t  o f  narrative s an d t o constructin g 
and understandin g description-base d communication . 
Thes e application s requir e u s t o conside r  agent s havin g 
differen t  worl d model s (separat e ontologies) .  W e ar e 
als o workin g t o incorporat e recen t  refinement s o f  th e 
logi c o f  tim e int o ou r  treatmen t  o f  intention s [Freksa , 
1992 ,  Gallon ,  1990 ,  Ladkin ,  1987] . 
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