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Abstrac t 

Intentions are an important concept in Cog-
nitiv e Scienc e an d Artificia l  Intelligenc e (AI) . 
Perhap s th e salien t  propert y o f  (future -
directed )  intention s i s tha t  th e agent s w h o hav e 
the m ar e committe d t o them .  I f  intention s ar e 
t o b e seriousl y use d i n Cognitiv e Scienc e an d 
AI ,  a  rigorou s theor y o f  commitmen t  mus t  b e 
develope d tha t  relate s i t  t o th e rationalit y o f 
limite d agents .  Unfortunately ,  th e availabl e 
theor y (i.e. ,  th e on e o f  Cohe n &  Levesque )  de -
fines  commitmen t  i n suc h a  manne r  tha t  th e 
onl y wa y i n whic h i t  ca n b e justifie d reduce s 
i t  t o vacuity .  I  presen t  a n alternativ e mode l  i n 
whic h commitmen t  ca n b e define d s o a s t o hav e 
mor e o f  th e intuitiv e propertie s w e expect ,  an d 
be closel y connecte d t o agen t  rationality .  Thi s 
definitio n i s  intuitivel y obvious ,  doe s no t  re -
duc e t o vacuity ,  an d ha s usefu l  consequences , 
e.g. ,  tha t  a  rationa l  agen t  ough t  no t  t o b e mor e 
committe d t o hi s mean s tha n t o hi s ends . 

1 Introduction 

Intentions ,  alon g wit h belief s an d desires ,  ar e a n 
importan t  componen t  o f  th e fol k psychologica l  con -
cept s o f  intelligenc e an d agency ,  especiall y a s thes e 
concept s ar e use d i n Cognitiv e Scienc e an d Arti -
ficial  Intelligenc e (AI) .  Recently ,  ther e ha s bee n 
some interes t  i n th e formalizatio n o f  th e semantic s 
of  intentions—i.e. ,  o f  th e condition s unde r  whic h 
an agen t  m a y o r  m a y no t  b e sai d t o hav e a n inten -
tio n [Cohe n an d Levesque ,  1990 ,  McDermott ,  1982 , 
Singh ,  1990 ,  Sing h an d Asher ,  1990] . 

Th e moder n philosophica l  vie w i s  tha t  inten -
tion s canno t  b e reduce d t o desire s an d belief s (e.g. , 
see [Brand ,  1984 ,  pp .  121-125] ,  [Bratman ,  1987 , 
pp.  18-23 ]  an d [Harman ,  1986 ,  pp .  78-79]) .  Inten -
tion s ar e mos t  ofte n see n a s bein g mutuall y consis -
tent ,  compatibl e wit h beliefs ,  an d direc t  o r  imme -
diat e cause s o f  actio n (e.g. ,  [Brand ,  1984 ,  p .  46]) . 
Thi s i s  a  usefu l  propert y fo r  th e purpose s o f  thi s 
paper ,  sinc e i t  help s relat e intention s t o rationalit y 
vi a actions .  Intention s com e i n a t  leas t  tw o shades : 

present-directe d one s an d future-directe d ones .  I t 
i s th e latte r  tha t  wil l  interes t  u s here . 

Perhap s th e salien t  propert y o f  future-directe d 
intention s i s tha t  the y involv e commitmen t  o n th e 
par t  o f  agents .  Thi s vie w ha s bee n gainin g groun d 
i n th e philosophica l  an d A I  literature s recentl y 
(e.g. ,  se e [Bratman ,  1987 ,  ch .  2] ,  [Harman ,  1986 , 
p.  94 ]  an d [Cohe n an d Levesque ,  1990 ,  p .  217]) . 
Th e ide a her e i s tha t  a n agen t  w h o ha s a n intentio n 
i s i n som e wa y committe d t o it—no t  onl y doe s h e 
inten d t o achiev e th e relevan t  conditio n righ t  now , 
but  woul d als o inten d t o achiev e i t  later ,  eve n a s 
th e circumstance s changed ,  perhap s fo r  th e worse . 
Thu s ther e i s a  certai n amoun t  o f  irrationalit y buil t 
int o th e ver y ide a o f  commitment . 

Yet  ther e ar e philosophica l  a s wel l  a s practica l 
advantage s t o th e vie w tha t  agent s ar e (o r  shoul d 
be)  committe d t o thei r  intentions .  Whil e i t  admit s 
present-directe d intention s (e.g. ,  fo r  action s bein g 
don e intentionall y  now) ,  i t  give s primac y t o future -
directe d ones .  Thi s i s importan t  sinc e i t  allow s a n 
agent' s intentiona l  stat e no w t o influenc e hi s ac -
tion s later .  W h e n conceive d o f  a s involvin g com -
mitments ,  future-directe d intention s allo w a n agen t 
t o coordinat e hi s activities ,  bot h wit h hi s othe r  ac -
tivities ,  an d wit h thos e o f  othe r  agents .  Thi s i s als o 
practicall y importan t  sinc e i t  simplifie s th e desig n 
and analysi s o f  comple x agents ,  a n importan t  issu e 
i n AI . 

Th e commitment-base d vie w o f  intention s sug -
gest s tha t  a n agen t  reconside r  hi s  intention s onl y 
occasionally ,  rathe r  tha n a t  ever y step .  Thi s al -
low s eve n a  computationall y an d perceptuall y lim -
ite d agen t  t o carr y o n fairl y eff"ectivel y i n a  worl d 
that ,  relativ e t o hi s cognitiv e an d physica l  capaci -
ties ,  i s  highl y comple x an d changin g rapidly .  I  tak e 
thi s muc h a s grante d i n thi s paper . 

I n §2, 1 describ e th e notio n o f  commitmen t  a s ap -
plie d t o intention s i n philosophy ;  i n §2.1, 1 describ e 
ho w i t  i s  formalize d i n th e theor y o f  intention s o f 
Cohen &  Levesqu e [l990] ;  i n §2.2 ,  I  poin t  ou t  th e 
majo r  proble m wit h thei r  approach ,  whic h seem s t o 
trivializ e th e notio n o f  commitment ;  an d i n §2.3 ,  I 
presen t  m y ow n intuition s abou t  ho w commitmen t 
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can b e reconcile d wit h rationality ,  an d propos e a 
definitio n o f  i t  tha t  doe s no t  reduc e t o vacuity . 
Next ,  i n §3 ,  I  explai n th e ontologica l  framewor k 
of  thi s paper .  I n §5 ,  I  presen t  th e forma l  language , 
and i n §6 ,  th e forma l  model.  I n §7 ,  I  retur n t o com -
mitmen t  an d tr y t o plac e i t  i n th e contex t  o f  th e 
forma l  mode l  presente d i n §6 .  Th e approac h pre -
sente d her e i s genera l  an d independen t  o f  th e exac t 
semantic s give n t o intentions—b e i t  possibl e world s 
based ,  sententia l  o r  an y other . 

2 W h a t  i s Commi tmen t ? 

An agent' s commitmen t  t o hi s intention s differ s 
fro m hi s commitmen t  t o hi s belief s i n tha t  onl y th e 
forme r  ca n caus e th e agen t  t o act .  Followin g Brat -
man an d Harman ,  I  conside r  a  menta l  o r  interna l 
notio n o f  commitment ,  rathe r  tha n a  socia l  o r  ex -
terna l  one—a n agen t  i s committe d (b y himself ,  a s 
i t  were )  t o hi s intentions ,  no t  t o anyon e else .  Com-
mitmen t  i s thu s a  purel y psychologica l  concept ,  bu t 
has som e obviou s ramification s o n th e behavio r  o f 
agents .  A s w e hav e seen ,  i t  entail s tha t  th e agen t 
continu e t o hol d o n t o hi s intention s ove r  time ,  eve n 
as thing s ge t  worse .  I f  th e circumstance s chang e fo r 
th e worse ,  h e migh t  tr y harder ,  i.e. ,  spen d mor e en -
erg y an d tim e o n it .  E.g. ,  i f  yo u ar e committe d t o 
bein g a t  th e airpor t  a t  6:00pm ,  yo u woul d mak e 
more tha n on e attemp t  t o hai l  a  taxi ;  i f  n o taxi s 
ar e forthcomin g yo u migh t  wal k t o a  bette r  loca -
tion ,  ren t  a  car ,  o r  reques t  a  frien d fo r  a  ride ,  an d 
so on . 

Commitment s hel p limite d agent s pursu e com -
ple x goal s tha t  woul d otherwis e b e beyon d thei r 
capacities .  Thus ,  whil e commitment s migh t  prov e 
quit e irrationa l  i n som e case s (e.g. ,  wher e the y lea d 
th e agen t  t o d o action s tha t  ar e to o expensive ,  o r 
whose side-effect s ar e to o damaging) ,  overall ,  i n a t 
leas t  ordinar y circumstances ,  the y ar e quit e ratio -
nal  fo r  agent s wh o canno t  thin k to o fas t  o n th e fly . 
E.g. ,  you r  commitmen t  t o b e a t  th e airpor t  migh t 
make yo u hijac k a  bu s ther e (somethin g tha t  yo u 
migh t  regre t  th e res t  o f  you r  life) ,  bu t  suc h case s 
of  over-commitmen t  ar e rar e (o r  ough t  t o b e rar e 
among rationa l  agents) .  However ,  havin g th e com -
mitmen t  save d yo u fro m repeatedl y plannin g dur -
in g th e da y t o b e i n a  neighborhoo d caf e a t  6:00pm . 

The moral of this is that (1) if you do not know 
to o muc h abou t  th e presen t  an d futur e stat e o f  th e 
world ,  an d hav e to o littl e tim e t o think ,  then ,  o n th e 
average ,  commitment s ar e a  goo d wa y o f  bein g abl e 
t o ge t  somethin g done ;  an d (2 )  whil e yo u ma y hav e 
commitments ,  i t  i s  no t  a  goo d ide a t o over-commit . 
I t  i s  thes e opposin g intuition s abou t  commitmen t 
tha t  mak e i t  difficul t  t o captur e i n a  reasonabl y 
rigorou s framework . 

2. 1 Commi tmen t s a  l a Cohe n & 
Levesqu e 

Cohen &  Levesqu e (hereinafte r  C  &  L )  agre e tha t 
commitmen t  i s on e o f  th e mos t  importan t  charac -
teristic s o f  intentions .  The y captur e commitmen t 
as a  for m o f  persistenc e ove r  tim e i n th e definitio n 
of  "persisten t  goal "  [1990 ,  p .  236 ]  an d defin e in -
tention s a s specia l  kind s o f  persisten t  goal s [1990 , 
pp.  245 ,  248] .  Thi s take s car e o f  th e positiv e par t  o f 
commitments .  C  &  L  recogniz e tha t  thi s coul d eas -
il y  lea d t o over-commitmen t  an d defin e intention s 
as a  persisten t  goa l  tha t  th e agen t  persist s wit h 
precisel y til l  th e poin t  wher e eithe r  (1 )  h e come s t o 
believ e tha t  i t  ha s bee n satisfied ;  o r  (2 )  h e come s 
t o believ e tha t  i t  wil l  neve r  b e satisfied .  Thi s i s ob -
viousl y to o strong :  i n man y case s a n agen t  shoul d 
not  persis t  wit h a n intentio n eve n thoug h neithe r 
of  (1 )  an d (2 )  hold—e.g. ,  Jo e ca n inten d t o g o t o 
Mars ,  bu t  giv e u p tha t  intentio n whe n h e realize s 
tha t  h e doe s no t  wan t  t o suffe r  throug h th e training . 
Late r  i n thei r  paper ,  C  &  L  als o allo w intention s t o 
be droppe d i n a  thir d way—when th e "reason "  fo r 
adoptin g the m i s n o longe r  vali d [1990 ,  pp .  254 -
255] .  However ,  thi s woul d no t  hel p i n Joe' s case : 
he migh t  stil l  persis t  wit h hi s reaso n fo r  hi s origi -
nal  intention ,  whic h i s t o b e mentione d i n th e his -
tor y book s a s on e o f  th e pioneer s o f  interplanetar y 
travel .  Thu s i t  i s  no t  eas y t o giv e u p a n intentio n 
i n thi s theory . 

We ca n tr y t o weake n C  &  L' s requiremen t  fo r 
droppin g a n intentio n b y (1 )  generalizin g believ -
in g tha t  a n intentio n ha s bee n achieve d t o believ -
in g tha t  th e intende d conditio n woul d hol d eve n 
i f  th e agen t  doe s no t  perfor m an y (costly )  action s 
t o achiev e it ;  an d (2 )  generalizin g believin g tha t 
an intentio n i s impossibl e t o achiev e t o believin g 
tha t  i t  i s  to o expensiv e t o tr y achieving .  With -
out  som e motivatio n o n ground s o f  rationality ,  C 
& L  woul d hav e n o legitimat e basi s fo r  thei r  defi -
nitions .  Indeed ,  the y ar e quit e explici t  tha t  thei r 
goal  i s  t o captur e th e normativ e criteri a fo r  th e "ra -
tiona l  balance "  betwee n (amon g othe r  things )  (a ) 
committin g to ,  an d (b )  droppin g intention s [1990 , 
p.  214] . 

2.2 Critique of C & L's Approach 

Reasonabl e thoug h th e ide a o f  treatin g commit -
ment  a s tempora l  persistenc e ma y seem ,  i t  ha s 
some majo r  philosophica l  an d technica l  shortcom -
ings .  Remember  tha t  al l  w e intuitivel y wante d a s 
a propert y o f  commitmen t  wa s tha t  i t  lea d t o per -
sistenc e unde r  ordinar y circumstances ,  no t  tha t  i t 
be identifie d wit h plai n persistence .  A s I  describe d 
above ,  C  &  L' s solutio n t o th e proble m o f  inten -
tion s neve r  bein g droppe d i s a  specia l  cas e o f  th e 
maxi m "inten d somethin g a s lon g a s i t  i s  usefu l  t o 
do so" ;  i n othe r  words ,  a s lon g a s th e intentio n (o r 
actin g fo r  th e intention )  ha s a  positiv e expecte d 
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utility—th e expecte d utilit y i s  negativ e o r  zer o i f 
th e agen t  believe s tha t  th e intentio n ha s alread y 
bee n achieve d o r  believe s tha t  i t  neve r  wil l  be . 

Thi s maxim ,  whic h seem s t o underli e C  k  L' s 
proposal ,  i s  no t  jus t  true ;  i t  i s  tautologous !  A  ra -
tiona l  agent ,  i t  says ,  shoul d hav e a n intentio n onl y 
so lon g a s h e believe s i t  t o b e beneficia l  t o him ,  al l 
thing s considered .  I.e. ,  a t  an y give n tim e (i n an y 
give n situation) ,  whethe r  a n agen t  ough t  t o persis t 
wit h a n intentio n o r  no t  depend s o n whethe r  o r  no t 
i t  ha s positiv e expecte d utilit y fo r  him .  Bu t  thi s 
i s reall y sayin g tha t  th e concep t  o f  intention s i s re -
dundan t  i n th e theory—i f  th e agen t  i s  goin g t o loo k 
at  wha t  i s  bes t  fo r  hi m i n eac h situation ,  the n o f 
what  us e ar e hi s intention s t o him ? An d wha t  us e 
i s th e concep t  o f  intention s t o us ,  a s theoreticians ? 
I n thi s framework ,  agent s hav e som e memor y i n 
tha t  the y ca n continu e wit h thei r  intentions ,  bu t 
must  deliberat e abou t  thes e intention s fro m mo -
ment  t o moment .  Thu s on e o f  th e majo r  philosoph -
ica l  intuition s abou t  th e concep t  o f  (future-directe d 
commitment-based )  intention s i s los t  (se e §1) . 

I n othe r  words ,  I  a m arguin g tha t  (1 )  th e no -
tio n o f  commitment-base d intention s i s a n impor -
tan t  on e fo r  Cognitiv e Scienc e an d AI ;  an d (2 )  C  k 
L' s formalizatio n o f  i t  (eve n i f  weakene d an d gen -
eralized )  doe s no t  d o justic e t o it .  Th e clai m o f 
thi s pape r  i s  tha t  on e can ,  however ,  understan d 
commitmen t  i n a  wa y tha t  ca n b e felicitousl y for -
malized ,  an d whic h avoid s th e criticis m jus t  levie d 
on C  &  L' s theory .  I n th e nex t  subsection ,  I  tr y t o 
formulat e som e intuition s abou t  commitmen t  fro m 
th e poin t  o f  vie w o f  agen t  rationality . 

2.3 Commitment and Rationality: 

C o n a t i v e E n t r e n c h m e n t 

Intention s ar e attitude s o f  rationa l  agents .  Fo r 
agent s w h o ar e limited ,  bu t  ar e rationa l  t o som e 
extent ,  havin g a  commitmen t  i s  a  mean s o f  mak -
in g th e effor t  an d tim e spen t  o n deliberatio n hav e a 
longe r  ter m effec t  tha n o n jus t  th e curren t  action — 
i f  a n agen t  ca n commi t  t o a n intentio n o r  a  cours e 
of  action ,  h e doe s no t  hav e t o repeatedl y rethin k 
some issue s fro m first  principles .  B y thu s commit -
ting ,  th e agen t  woul d certainl y mis s ou t  som e op -
portunitie s tha t  h e coul d hav e notice d b y rethink -
ing ,  bu t  thi s come s a t  th e advantag e o f  no t  hav -
in g bee n swampe d b y deliberation .  I n man y cases , 
carefu l  deliberatio n onc e i n a  whil e i s  bette r  tha n 
poo r  reasonin g don e repeatedly .  A n d i n th e lon g 
run ,  th e limite d agen t  ough t  t o com e ou t  ahea d i n 
term s o f  effor t  expende d an d benefit s accrued .  I 
tak e thi s fo r  grante d i n thi s paper . 

However ,  th e questio n I  shal l  addres s i s relate d t o 
it .  Give n tha t  commitment s ar e a  goo d ide a fo r  th e 
kin d o f  agent s an d environment s tha t  w e ar e con -
sidering ,  on e ca n naturall y focu s o n th e normativ e 
criteri a fo r  determinin g ho w committe d a n agen t 
shoul d b e t o a n intentio n o f  his .  N o w th e commit -

ment  o f  a n agen t  t o a n intentio n i s reall y a  measur e 
of  th e effor t  h e i s willin g t o pu t  i n t o achiev e it ,  o r 
of  th e ris k h e i s willin g t o tak e i n tryin g t o achiev e 
it ,  o r  o f  somethin g alon g thos e lines . 

Ideally ,  th e commitmen t  o f  a n agen t  t o a n in -
tentio n shoul d depen d o n it s  utilit y t o him ,  "util -
ity "  her e bein g a  normativ e concept .  Fo r  a  real-lif e 
agent ,  th e commitmen t  woul d actuall y hav e t o b e 
set  equa l  t o th e utilit y h e subjectivel y expect s fro m 
th e intention .  Thi s approac h ha s th e advantag e 
tha t  onc e a n agen t  ha s adopte d a n intentio n an d 
decide d hi s leve l  o f  commitmen t  fo r  it ,  h e doe s no t 
hav e t o repeatedl y reconside r  hi s c o m m i t m e n t — h e 
woul d nee d t o reconside r  i t  onl y whe n h e ha d pu t 
i n effor t  fo r  i t  wel l  abov e hi s initia l  commitment ,  o r 
had trie d al l  th e sufficientl y low-ris k an d low-cos t 
means h e know s of .  A t  tha t  poin t  h e coul d eithe r 
dro p th e intentio n altogethe r  o r  reinstat e i t  wit h a 
ne w commitment .  Thus ,  th e greate r  (i.e. ,  larger ) 
th e agent' s commitmen t  t o a n intention ,  th e les s 
frequentl y h e woul d nee d t o reconside r  it .  T o coi n 
a phras e analogou s t o th e well-know n fo r  beliefs ,  a n 
agent' s commitmen t  t o a n intentio n i s a  measur e o f 
it s conativ e entrenchment . 

I n thi s paper ,  I  conside r  onl y th e sens e o f  cona -
tiv e entrenchmen t  i n whic h th e expecte d utilit y 
of  a n intentio n i s  involve d (rathe r  tha n risk ,  o r 
some othe r  suc h potentiall y  usefu l  criterion) .  Fo r 
concreteness ,  I  no w tur n t o a  forma l  mode l  in -
volvin g actio n an d tim e i n whic h intention s an d 
commitment s ca n b e formalized .  Thi s mode l  i s 
quit e abstract ,  i s  derive d fro m model s fo r  branch -
in g tim e tempora l  logic ,  ha s previousl y bee n devel -
oped ,  an d ha s bee n applie d t o th e formalizatio n o f 
intention s an d know-ho w [Singh ,  1990 ,  Singh ,  1991 , 
Sing h an d Asher ,  1990] . 

3 The Model, Intuitively 

For  concept s suc h a s intention ,  commitmen t  an d 
expecte d utilit y  t o eve n b e formalized ,  w e nee d a 
forma l  mode l  tha t  include s no t  jus t  tim e an d ac -
tion ,  bu t  als o possibility ,  probabilit y an d choice . 
Th e mode l  I  propos e her e i s  base d o n possibl e 
worlds .  Eac h possibl e worl d ha s a  branchin g his -
tor y o f  times .  Historie s ar e set s o f  times ,  partiall y 
ordere d b y tempora l  precedence ,  < .  The y branc h 
int o th e future ,  an d ar e assume d t o neve r  end .  T h e 
set s o f  time s i n th e histor y o f  eac h worl d ar e dis -
joint .  A  worl d an d tim e ar e a  "situation. "  A  sce -
nari o a t  a  worl d an d tim e i s an y maxima l  se t  o f 
time s containin g th e give n time ,  an d al l  time s tha t 
ar e i n a  particula r  futur e o f  it ;  i.e. ,  a  scenari o i s 
any singl e branc h o f  th e histor y o f  th e worl d tha t 
begin s a t  th e give n time ,  an d contain s al l  time s 
i n som e linea r  subrelatio n o f  < .  Differen t  scenar -
io s correspon d t o differen t  way s i n whic h th e worl d 
m ay develo p a s a  resul t  o f  th e action s o f  agents . 

Even thoug h a  worl d m a y develo p i n severa l  dif -
feren t  ways ,  onl y on e scenari o ca n b e actualized .  I 
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tak e probabilit y  a s applyin g t o scenario s an d de -
notin g thei r  objectiv e chanc e o f  bein g actualized . 
The probabilit y  o f  a  scenari o i s give n relativ e t o a 
worl d an d tim e an d som e descriptio n o f  a n agent' s 
cognitiv e state .  Eve n fo r  th e sam e worl d an d time , 
th e descriptio n ca n vary—thi s allow s u s t o expres s 
probabilit y  befor e an d afte r  a n agent' s intention s 
ar e considered ,  an d i s crucia l  t o th e goal s o f  thi s pa -
per .  Onl y objectiv e probabilit y  i s  considered ,  bu t 
i t  i s  see n a s bein g dependen t  o n th e agent' s inter -
nal  state ,  sinc e action s ca n influenc e wha t  occur s 
later ,  an d action s ar e chose n b y agent s dependin g 
on thei r  interna l  state .  A n agen t  ma y d o severa l 
basi c action s a t  an y worl d an d time ;  fo r  simplicity , 
I  assum e tha t  o n eac h scenari o h e woul d d o exactl y 
one,  intuitively ,  th e on e h e choose s t o do . 

4 Primitive Concepts 

I  tak e Commit s a s a  primitiv e notio n her e an d 
conside r  intentio n a s derived .  Commits{x,p,c ) 
means tha t  agen t  x  i s committe d t o achievin g p 
t o a  leve l  o f  c .  The n Intends{x ,  p )  =  (3 c >  0  : 
Commits(x,p,c)) .  Not e tha t  eve n thoug h commit -
ment s ca n b e o f  differen t  degrees ,  thes e degree s jus t 
represen t  th e entrenchmen t  o f  th e correspondin g 
intention—a n intentio n itsel f  i s  treate d a s bein g ei -
the r  O N o r  OFF ,  i.e. ,  a s binary .  Thi s i s crucia l  sinc e 
th e motivationa l  componen t  o f  intentions ,  whic h i s 
what  make s agent s act ,  i s  neede d fully ,  i f  a t  all ,  fo r 
an agen t  t o ac t  fo r  it—ho w muc h effor t  a n agen t 
expend s i s a  differen t  matte r  ( I  d o no t  conside r  ac -
tion s don e half-heartedly :  eve n ou r  pretheoreti c in -
tuition s ar e unclea r  abou t  suc h cases) . 

Each agen t  deliberate s fro m tim e t o time . 
Deliberates{x )  i s tru e a t  precisel y th e situation s 
wher e x  deliberates .  Th e proces s o f  deliberatio n 
i s no t  studie d here ,  an d th e theor y presente d ap -
plie s onl y betwee n successiv e deliberation s (o n an y 
scenario) .  Eac h actio n whe n don e a t  a  give n tim e 
alon g a  give n scenari o ha s a  certai n cos t  attache d t o 
it—thi s cos t  ca n var y betwee n differen t  instance s o f 
th e sam e action ,  an d equal s th e valu e o f  Cost{x,a ) 
on a  give n world ,  tim e an d scenario . 

Objectiv e probabilit y  i s  neede d i n th e mode l  t o 
tak e car e o f  th e notio n o f  objectiv e chance .  Man y 
actions ,  e.g. ,  coi n tosse s o r  roll s o f  dice ,  hav e severa l 
possibl e outcome s whic h hav e (perhaps ,  different ) 
objectiv e probabilitie s associate d wit h them .  Thes e 
outcome s ma y als o hav e differen t  utilitie s fo r  a n 
agent .  I n th e model ,  objectiv e probabilit y  i s  treate d 
as a  function ,  ir() ,  fro m scenario s t o th e uni t  inter -
val ,  [0...1 ]  and ,  utilit y  i s  capture d b y a  functio n 
n(- ,  • )  applie d t o agent s an d scenarios .  I n th e lan -
guage ,  utilit y  i s  expresse d b y a  functio n Utility{- ,  • ) 
applyin g t o a n agen t  an d a  condition ,  an d i s mean t 
t o tak e th e objectiv e chanc e o f  differen t  scenario s 
on whic h tha t  conditio n i s tru e int o account . 

The ke y featur e o f  intention s tha t  w e nee d i s tha t 
the y lea d t o action .  Intention s her e ar e future -

directe d an d allo w no t  jus t  immediat e actions ,  bu t 
als o thos e i n th e future .  Therefore ,  anothe r  usefu l 
primitiv e i s actin g fo r  a n intention :  a n agen t  act s 
fo r  a n intentio n whe n hi s actio n i s a  par t  o f  wha t 
he woul d d o i n orde r  t o satisf y it—th e detail s o f 
thi s proces s ar e no t  focuse d o n here .  Actin g fo r 
an intentio n i s a  cognitiv e concept—i t  depend s o n 
th e agent' s interna l  stat e rathe r  tha n th e world . 
An agen t  actin g fo r  a n intentio n ma y b e doin g s o 
even i f  i t  woul d b e impossibl e o r  unlikel y fo r  hi m 
t o eve r  succee d (b y doin g tha t  action) .  Th e sam e 
actio n coul d b e don e fo r  tw o differen t  intentions ; 
of  course ,  severa l  temporall y isolate d action s ma y 
hav e t o b e don e fo r  a  singl e intention .  I  notat e thi s 
concep t  a s a  thre e plac e predicat e Acts-for{-,-,) : 
applie d t o a n agen t  identifier ,  basi c actio n an d a 
condition .  I n orde r  t o connec t  th e agent' s cogni -
tiv e stat e wit h th e world ,  w e nee d th e concep t  o f 
performin g a n actio n i n th e world—thi s i s notate d 
by a  predicat e Performs{- ,  •) .  Perform s o f  a n agen t 
X an d actio n a  i s tru e ove r  a  subscenari o o n whic h x 
does a .  I  assum e tha t  a n agen t  wh o act s fo r  a  con -
ditio n intend s it ,  an d als o immediatel y perform s 
th e actio n b y whic h h e act s fo r  tha t  condition ;  i.e. , 
Acts-for{x,a,p)—< ^  Performs{x ,  a )  i s alway s true . 

Commitment s (an d therefor e intentions )  an d be -
lief s ar e give n a  simpl e semantic s fo r  eas e o f  expo -
sition ,  an d t o focu s o n th e matter s o f  interest — 
a Commits ,  Believe s o r  Acts-fo r  formul a i s tru e 
over  a  subscenari o o r  interva l  i f  i t  belong s t o th e 
agent' s cognitiv e stat e durin g tha t  subscenario . 
Thes e concept s ar e treate d purel y qualitatively ; 
the y ca n straightforwardl y b y analyze d usin g sub -
jectiv e probabilities ,  i f  on e wishes .  I  conside r  i t 
a strengt h o f  thi s approac h tha t  i t  doe s no t  re -
quir e th e notio n o f  subjectiv e probability ,  whil e be -
in g compatibl e wit h it .  Not e tha t  agent s ca n hav e 
beliefs ,  an d eve n intentions ,  tha t  involv e objectiv e 
probabilit y  an d utilit y  statements . 

5 The Formal Language 

The forma l  languag e o f  thi s paper ,  C ,  i s  CTL * 
( a prepositiona l  branchin g tim e logi c [Emerson , 
1989] )  augmente d wit h quantificatio n ove r  basi c ac -
tions ;  functions :  Prob ,  Utility ,  Cost ;  an d pred -
icates :  Believes ,  Commits ,  Intends ,  Acts-fa r  an d 
Performs ;  an d th e arithmeti c required .  Le t  x  b e 
an agent ;  p ,  q  propositions ;  a  a n action ;  an d i ;  a 
probability . 

A formul a ca n b e an y o f  th e following :  a n atomi c 
formul a (V") ,  a  conjunctio n o f  formula e ( p A  q) , 
a negatio n o f  a  formul a {-<p) ,  a n until-expressio n 
(pUg) ,  a n action-expressio n o r  an y o f  th e fou r  spe -
cia l  predicate s applie d t o th e appropriat e kind s o f 
arguments ,  o r  a  path-quantifie r  followe d b y a  for -
mula .  A  path-quantifie r  i s  on e o f  A  an d E .  A  de -
note s "i n al l  scenario s a t  th e presen t  time, "  an d E 
denote s "i n som e scenari o a t  th e presen t  time "  — 
i.e. ,  E p =  -"A-ip .  F p denote s " p hold s sometime s 
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i n th e futur e o n thi s scenario "  an d abbreviate s 
"trueUp. "  G  denote s " p alway s hold s i n th e futur e 
on thi s scenario "  an d abbreviate s "-iF->; )  "  impli -
catio n (p— •  q )  an d disjunction s o f  formula e ( p V  q ) 
ar e define d a s th e usua l  abbreviations .  A n action -
expressio n i s o f  th e for m {a) p an d mean s tha t  actio n 
a i s don e o n th e give n scenari o a t  th e give n tim e b y 
agen t  i ,  an d tha t  p  hold s a s soo n a s a  i s done . 

6 The Formal Model 

The semantics of C is given relative to inten-
siona l  model s (a s describe d informall y i n §3) :  i t 
i s  standar d fo r  CTL* .  Th e forma l  mode l  is .  Le t 
M =  {F,N )  b e a n intensiona l  model ,  wher e F  = 
( W , T , < , A , U )  i s a  frame ,  an d N  =  (0,B,C,7r ) 
an interpretation .  Her e W i s a  se t  o f  possibl e 
worlds ;  T  i s a  se t  o f  possibl e time s ordere d b y < ; 
A i s th e clas s o f  agent s i n differen t  possibl e worlds ; 
U i s th e clas s o f  basi c actions ;  a s describe d below , 
| ]  assign s intension s t o atomi c proposition s an d ac -
tions .  Scenario s a s describe d i n § 5 ca n b e define d 
easil y fro m <  [Singh ,  1991] ;  Su,, t  i s  th e clas s o f  al l 
scenario s a t  worl d w  an d tim e t :  { w ^  w '  y  t  ^ 
t')= ^  Sw, t  n  Sw'.t '  — 0 -  {S,t,t' )  i s a  subscenart o o f 
S fro m t  t o t' ,  inclusive .  B  assign s basi c action s t o 
th e agent s a t  differen t  world s an d times .  C  assign s 
a cognitiv e stat e t o eac h agen t  a t  differen t  subsce -
narios ,  a s define d below .  A  coherenc e requiremen t 
i s tha t  th e cognitiv e stat e fo r  a  subscenari o canno t 
be differen t  tha n fo r  a  subscenari o containin g it .  7r 
assign s probabilitie s t o scenario s i n S^ t̂ ,  fo r  eac h 
worl d i v an d tim e t . 

Th e intensio n o f  a n atomi c propositio n i s th e se t 
of  world s an d time s wher e i t  i s  true ;  tha t  o f  a n 
actio n is ,  fo r  eac h agen t  x ,  th e se t  o f  subscenario s i n 
th e mode l  i n whic h a n instanc e o f  i t  i s  don e (fro m 
star t  t o finish)  b y x ;  e.g. ,  {S,t,t' )  €  [aj *  mean s 
tha t  agen t  x  doe s actio n a  i n th e subscenari o o f 
S fro m tim e t  t o t' .  I  assum e tha t  [ ]  respect s B ; 
i.e. ,  a  G  Bu,,((x) .  Fo r  th e model s t o b e coherent , 
we nee d t o constrai n the m s o tha t  (1 )  a n actio n 
begu n a t  a  tim e end s a t  mos t  onc e o n an y scenari o 
there ;  (2 )  subscenario s ar e uniquel y identifie d b y 
th e time s ove r  whic h the y stretch ;  (3 )  ther e i s a 
alway s futur e time ;  an d (4 )  somethin g mus t  b e don e 
by eac h agen t  alon g eac h scenari o i n th e model , 
eve n i f  i t  i s  a  d u m m y action .  Restriction s o n [ ] 
ca n als o b e use d t o expres s th e limitation s o f  agents ; 
e.g. ,  X  canno t  pic k u p thre e glasse s a t  once . 

Th e semantic s o f  formula e i s give n relativ e t o a 
model  a s define d abov e an d a  worl d an d tim e i n 
it .  M ^w, t  P  expresse s " M satisfie s p  a t  w,t. " 
M \=s, t  P  expresse s " M satisfie s p  a t  tim e t  o n 
scenari o 5, "  an d i s  neede d fo r  som e formula e a s 
define d i n §5 .  p  i s satisfiabl e if f  fo r  som e M ,  w  an d 
t ,  M \̂ w, t  P -  P  i s vali d i n M if f  i t  i s  satisfiabl e a t  al l 
world s an d time s i n M .  T h e satisfactio n condition s 
fo r  th e tempora l  operator s to o ar e adapte d fro m 

thos e i n [Emerson ,  1989] .  Formally ,  w e hav e th e 
followin g definitions ; 

1.  M Nu,, < V-if f  (t/^,Oe[V' l 
2.  M \=rii, t  p  A q \f [  M ^ w t  P  A  M ^ ^  t  q 
3.  M \=u,, t  ̂ p i K M ]/=u j  t  p 
4.  M 1= ^  t  E p if f  (3 5 :  5  e  S, ^  t  A  M ^= s t  p ) 
5.  M \=^ t  A p if f  {\/ S : S e S ^  t- ^  M \=s t  p ) 
6.  M \=s, t  (a} p if f  (3< '  :  {S,t,t' )  €  [ a ] ' A M ^s. v p ) 
7.  M 1=5 « pU g if f  (3^ '  - . M ^ s t ' q A {Vt "  • . t< t "  < 

t'- .  M \=s,t "  p) ) 

pUq i s satisfie d a t  tim e t  o n scenari o S  ifl f  ther e 
i s a  tim e suc h tha t  q  hold s a t  it ,  an d fo r  al l  time s 
betwee n no w an d then ,  p  hold s a t  them . 

8.  M |=5, t  p  ifl F M t=u), < P ,  i f  P  i s no t  o f  th e for m 
q[) r  o r  {a)q ,  an d w  i s th e (unique )  worl d suc h 
tha t  5  e  Su ,  t 

9.  M \=s t  Beiieves{x,p )  if f  {3t '  :  Be;jeves(x,p )  € 

Cx((5,'<,0) ) 
10.  M t=s, t  Commits{x,p,c )  if f 

(3t '  :  Commits{x,p,c )  6  C^({S,t,t')) ) 
11.  M \=s t  Acts-for(x,a,p )  ifl f 

{3t '  :  Acts-forix,a,p )  G  C,{(S,t,t')) ) 
12.  M \=s t  Performs{x,a )  if f 

{3t':(S,t,t')elar ) 
13.  M \=u ,  t  Utimy{x,p )  =  u  if f 

[ ' ^ 
'•  s  e  s„. ,  A  M \=s. i  p 
T h e utilit y o f  p  t o x  i s th e weighte d s u m o f  th e 
utilitie s o f  th e scenario s o n whic h p  holds . 

14.  M \=^ t  Probip )  =  t ;  if f 

[ ' ^ 
"•  5  e  S„, ,  A  M 1=5, 1 P 
T h e probabilit y o f  p  holdin g i s th e s u m o f  th e 
probabilitie s o f  th e scenario s tha t  satisf y it . 

^w.tiS )  X  ̂ w.tix,S) ]  =  u 

7ru;,t(5) ]  =  t ; 

7 C o m m i t m e n t  Formalize d 

Now I  retur n t o commitments .  A n importan t  prop -
ert y o f  intention s tha t  connect s the m t o actio n i s 
capture d b y th e followin g constrain t  o n ou r  models : 
an agen t  w h o ha s a  positiv e commitmen t  t o achiev -
in g a  conditio n mus t  eventuall y ac t  o n (unles s h e 
deliberate s agai n i n th e meantime) .  A  stronge r  for -
mulatio n woul d requir e tha t  a n agen t  di d no t  hol d 
an intentio n infinitel y withou t  actin g fo r  it ,  bu t 
ther e i s n o spac e t o includ e suc h "fairness "  con -
dition s her e [Emerson ,  1989] . 
1.  A[/ntends(x,p)- ^  FDe/iberates(x )  V  F(3 a : 

Acts-for{x,a,p)) ] 

Anothe r  constrain t  tha t  w e nee d i s th e follow -
in g whic h essentiall y  "use s up "  a  par t  o f  th e com -
mitmen t  t o a n intention .  Her e th e metapho r  o f 
commitmen t  a s a  measur e o f  th e resource s com -
mitte d t o a n intentio n i s  especiall y attractive .  A s 
th e agen t  doe s action s fo r  hi s intention ,  h e use s u p 
resource s fo r  it ,  an d hi s intentio n become s progres -
sivel y les s entrenched .  Finall y whe n hi s commit -
ment  become s to o little ,  constrain t  1  wil l  n o longe r 
apply ;  th e agen t  wil l  n o longe r  b e require d t o ac t 
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fo r  tha t  conditio n (an d ordinarily ,  h e woul d not) . 
He migh t  adop t  a n intentio n fo r  th e sam e condi -
tio n again ,  i n whic h cas e h e wil l  agai n b e abl e t o 
do som e action s fo r  it . 

2.  A[{Commits(x,p,c )  A  Acts-for{x,a,p )  A 
Cost{x,a )  =  u ) — •  {a)Commils{x,p, c — u) ] 

For contrast, C & L's persistence condition trans-
late d t o th e framewor k o f  thi s pape r  woul d b e 

3.  A[7ntends(x,p)— » {Intends{x,p)[J{Believes{x,p ) 
VBe//eves(a;,AG-.p))) ] 

Thi s require s tha t  a n agen t  no t  deliberat e abou t 
an intentio n onc e h e adopt s it .  Th e propose d 
framewor k doe s no t  preven t  o r  requir e suc h delib -
eration ;  e.g. ,  i t  doe s no t  requir e constrain t  4 ,  whic h 
say s tha t  i f  a n agen t  come s t o believ e tha t  a n inten -
tio n o f  hi s ha s bee n satisfied ,  h e ha s t o deliberat e 
immediately . 

4.  fK[Intends{x,p)ABelieves{x,p)^ '  Deliberates{x) ] 

Instead, we can have the much weaker con-
strain t  5 ,  whic h say s tha t  whe n a n intentio n i s be -
lieve d t o hav e succeeded ,  th e agen t  woul d eventu -
all y deliberate .  Essentiall y  th e sam e improvemen t 
can b e mad e fo r  th e constrain t  callin g fo r  intention s 
t o b e droppe d whe n i t  i s  believe d tha t  th e intende d 
i s impossibl e i n th e future . 

5.  A[7ntenc/s(x,p )  A  Be/ieves(x,p)— • 
FDe/iberates(x) ] 

Deliberatio n i s als o calle d fo r  whe n th e commit -
ment  fall s  belo w a  certai n threshol d require d t o d o 
something . 

6.  A[Commjts(x,p ,  c )  A  (V a :  {EActs-for{x,a,p))—> ^ 
Cost{x ,  a )  >  c)—> ^  f  Deliberates{x) ] 

This leaves one important requirement still to de-
fine.  Thi s requiremen t  concern s th e definitio n o f 
commitmen t  a s th e expecte d utilit y  o f  th e corre -
spondin g intentio n t o th e give n agent .  Th e follow -
in g constrain t  say s tha t  i f  a n agen t  deliberate s an d 
adopt s a n intention ,  hi s commitmen t  t o tha t  in -
tentio n equal s wha t  h e believe s i s hi s objectivel y 
expecte d utilit y  o f  achievin g tha t  conditio n some -
time s i n th e future . 

7.  A[(Deiiberates(x )  A  ComniJts(i,p ,  c )  A c > 
0 ) ^  Beiieves(x ,  Utility{x ,  Fp )  =  u) ] 

One importan t  aspec t  o f  intention s an d ratio -
nalit y i s tha t  intention s serv e a s bot h th e end s o f 
agent s an d a s thei r  mean s fo r  thei r  othe r  intentions . 
Joe ,  i n §2.2 ,  ha s a n en d o f  bein g famou s an d hi s 
means fo r  tha t  en d i s t o g o t o Mars .  Bot h th e en d 
and th e mean s ar e intentions ;  however ,  a  rationa l 
agent ,  suc h a s Joe ,  ough t  t o b e mor e committe d 
t o hi s (ultimate )  end s tha n t o th e specifi c  mean s 
he ha s chosen—ther e ar e usuall y mor e tha n on e 
means t o a n end ,  afte r  all .  I  d o no t  focu s her e o n 
ho w a n agen t  migh t  perfor m th e appropriat e kin d 
of  means-end s reasoning .  Al l  tha t  i s  neede d i s a 
forma l  descriptio n o f  whe n conditio n q  i s see n a s a 

means fo r  p .  I  propos e tha t  q  i s on e o f  I' s  mean s 
fo r  p  if f  I  intend s bot h an d o n al l  scenarios ,  unti l 
he redeliberate s al l  hi s action s fo r  q  ar e als o fo r  p . 

8.  Means{x,q,p )  =  [Intends{x,p )  A  Intends{x,q )  A 
A[{Acts-for{x ,  a ,  q)— * 
Acts-for{x ,  a ,  p))[ )  Deliberate^x)] ] 

Combinin g thi s definitio n wit h constrain t  2 
above ,  w e ca n easil y se e that ,  a s desired ,  th e com -
mitmen t  fo r  a  mean s t o a n en d mus t  b e les s tha n 
or  equa l  t o th e commitmen t  t o th e en d itself . 

8 Conclusions and Future Work 

I  hav e take n a n importan t  propert y o f  intentions , 
commitment ,  an d show n ho w i t  ca n b e felicitousl y 
reconcile d wit h th e ide a o f  rationalit y fo r  limite d 
agents .  I t  shoul d b e clea r  tha t  limite d agents ,  fo r 
whom deliberatio n i s expensive ,  benefi t  fro m be -
in g committe d t o thei r  intentions .  Futur e wor k 
planne d include s formall y derivin g tha t  condition , 
and expressin g rationalit y postulate s tha t  relat e 
plannin g an d intentions .  Anothe r  interestin g ide a i s 
t o defin e habit s a s sequence s o f  action s whos e cos t 
i s  lowe r  tha n th e su m o f  th e cost s o f  th e individua l 
action s tha t  compos e it . 
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