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Thi s brie f  not e concern s wha t  type s o f  knuwIcJg c on e 
must  posses s i n orde r  t o b e abl e t o reaso n abou t  event s an d 
actions .  I n particular ,  i n comprehendin g storie s o r  dialogues . 
many inference s ar e m a d e base d o n wha t  event s an d action s 
ar e described .  Thes e rang e from  inference s abou t  th e tempora l 
orderin g o f  event s t o inference s concernin g th e belief s an d 
motivation s o f  th e actors .  Her e I  wil l  concentrat e o n th e 
natur e o f  event s an d action s an d discus s thei r  relatio n t o 
tempora l  reasoning .  Th e reference s belo w provid e mor e detai l 
on al l  thes e issues . 
The formalism for actions and events used in most natural 
languag e understandin g system s i s base d o n cas e grammar . 
Each actio n i s represente d b y a  se t  o f  assertion s abou t  th e 
semanti c role s th e nou n phrase s pla y wit h respec t  t o th e verb . 
Suc h a  formalis m i s a  start ,  bu t  doe s no t  explai n ho w t o 
represen t  wha t  a n actio n actuall y signifies .  I f  on e i s tol d tha t  a 
certai n actio n occurred ,  wha t  ca n on e conclud e abou t  ho w th e 
wori d change d (o r  didn' t  change!) .  O n e possibilit y  fo r  suc h a 
mechanis m i s foun d i n th e wor k o n problem-solvin g system s 
(e.g. .  [Fike s an d Nilsson .  1971]) ,  whic h suggest s on e c o m m o n 
formulatio n o f  action .  A n actio n i s a  functio n from  on e worl d 
stal e t o a  succeedin g worl d stat e an d i s desc'^- d b y a  se t  o f 
prerequisite s an d effects ,  o r  b y decompositio n int o mor e 
primidv e actions .  Whil e thi s mode l  i s extremel y usefu l  fo r 
modelin g physica l  action s b y a  singl e actor ,  i t  doe s no t  cove r  a 
larg e clas s o f  action s describabl e i n English .  Fo r  instance , 
m a ny action s seemingl y describ e non-activit y (e.g. ,  standin g 
still) ,  o r  actin g i n som e non-specifie d manne r  t o preserv e a 
stat e (e.g. ,  preventin g you r  televisio n se t  from  bein g stolen) . 
Difficult problems also arise in this model concerning the 
simultaneou s occurrenc e o f  action s i n domain s wit h mor e tha n 
on e agent .  Fo r  example ,  conside r  a  simpl e block s worl d wit h 
on e bloc k an d tw o robots .  Le t  ther e b e tw o actions ,  P U S H R, 
pus h th e bloc k t o th e right,  an d P U S H U pus h th e bloc k t o 
th e lef t  W e woul d lik e t o defin e th e effec t  o f  thes e action s i n 
term s o f  th e bloc k moving .  Bu t  i f  th e tw o robot s perfor m a 
P U S HL an d P U S H R simultaneously ,  th e bloc k doe s no t 
move.  Yet ,  w e stil l  wan t  t o sa y tha t  eac h robo t  pushe d th e 
block .  I f  w e canno t  expres s simultaneit y o f  actions ,  th e bes t 
we coul d d o t o mode l  thi s situatio n woul d b e l o hav e th e 
bloc k oscillat e a s th e robot s pushe d alternately . 
The approach suggested here does not attempt lo answer 
what  a n even t  o r  actio n actuall y  is .  Whateve r  a n even t  is ,  th e 
onl y wa y w e ca n reaso n abou t  on e i s b y considerin g ho w th e 
worl d change s (o r  remain s constant )  durin g som e U m e inlerva l 
i n whic h th e even t  occurred .  Thu s i t  i s  crucia l  tha t  th e 
tempora l  mode l  i n th e logi c b e genera l  enoug h t o captur e th e 
scop e o f  possibl e events .  Action s ar e the n define d a s a 
subclas s o f  event s tha t  involv e agent s an d ar e describe d i n a 
simila r  manner ,  fh e notion s o f  prerequisite ,  result ,  an d 
method s o f  performin g action s d o no t  pla y a  centra l  rol e i n 
thi s study .  Whil e the y ar e importan t  fo r  reasonin g abou t  ho w 
t o attai n goals ,  the y don' t  pla y a n explici t  rol e i n definin g 
when a n actio n ca n b e sai d t o hav e occurred .  T o mak e thi s 
poin t  clear ,  conside r  th e simpl e actio n o f  turnin g o n a  light . 
There are few physical activities that are a iieccsbaiy part 
of  performin g th e actio n o f  turnin g o n a  light .  Dependin g o n 
th e context ,  vastl y differen t  pattern s o f  beliavio r  ca n b e 
classifie d a s th e sam e action .  1  o r  example ,  turnin g o n a  ligh t 

usuall y involve s flippin g a  ligh t  switch ,  bu t  i n som e 
circumstance s i t  m a y involv e tightenin g th e Ugh i  bul b (i n th e 
basement) ,  o r  hittin g th e wal l  (i n a n ol d house) .  Althoug h w e 
hav e knowledg e abou t  ho w th e actio n ca n b e performed ,  thi s 
doe s no t  defin e wha t  th e actio n is .  Th e ke y definin g 
characteristi c o f  turnin g o n th e ligh t  seem s t o b e tha t  th e agen t 
i s performin g som e activit y whic h wil l  caus e th e light ,  whic h i s 
of f  w h e n th e actio n starts ,  t o becom e o n whe n th e actio n ends . 
T h e importanc e o f  thi s observatio n i s tha t  w e coul d recogniz e 
an observe d patter n o f  activit y a s "turnin g o n th e light "  eve n 
I f  w e ha d neve r  see n o r  though t  abou t  tha t  patter n previously . 
With this model, it is theoretically srniple to describe two 
action s occurrin g simultaneously .  Th e tempora l  condition; )  fo r 
eac h wil l  b e asserte d t o hol d ove r  th e sam e tim e interval .  I t  i s 
the n u p t o th e reasonin g componen t  t o infe r  an y interaction s 
tha t  m a y arise .  Whil e thi s ha s no t  solve d anythin g b y itself ,  a t 
leas t  th e comple x proble m ca n b e expresse d i n th e tempora l 
logic ,  an d reasonin g technique s ca n the n b e investigated . 
With respect to modeling time, I want to make Just two 
basi c claims .  T h e first  i s  tha t  representation s base d o n 
assignin g date s fo r  eac h tim e ar e unworkable .  Th e secon d i s 
tha t  th e underlyin g logi c o f  tim e shoul d b e base d o n th e 
notio n o f  tim e interval s rathe r  tha n tim e points . 

There are many difficulties that arise in systems based ou 
dat e lines .  I n suc h a n approach ,  eac h tim e i s represente d b y a 
valu e (e.g. ,  a  number )  an d relationship s betwee n time s ca n b e 
compute d b y s o m e operatio n o n th e value s (e.g. ,  numeri c 
ordering) .  O n e proble m i s tha t  date s ar e no t  ofte n supplied . 
M u ch tempora l  informatio n i n Englis h i s supplie d onl y o n a 
relativ e basi s (e.g. ,  E  occune d befor e E ) ,  bot h b y th e explici t 
mentio n o f  suc h relationship s an d b y tense .  Fo r  example ,  i n 
th e sentenc e 

"We found the letter while John was away," 

the temporal connective "while" indicates that the time of the 
find  even t  occuae d durin g th e tim e tha t  Joh n wa s away ,  an d 
th e pas t  tens e indicate s tha t  bot h event s occurre d i n th e pas t 
(i.e. ,  befor e now) . 

The other major difficulty with date-based systems is that 
ther e ca n b e considerabl e uncertaint y i n ou r  tempora l 
knowledge .  Fo r  instance ,  w e migh t  kno w tha t  eithe r  even t  E 
occurre d befor e even t  E \  o r  vic e versa .  Hu t  i n an y case ,  th e 
.time s o f  E  an d E "  di d no t  overlap .  O n e ca n onl y captur e suc h 
informatio n wit h a  partia l  orderin g relationship :  n o date s ca n 
be assigne d tha t  captur e thes e constraints .  Thi s i s no t  t o sa y 
tha t  datin g i s no t  a  usefu l  techniqu e whe n i t  i s  possible ,  i t  jus t 
canno t  b e th e foundatio n o f  th e representation . 
Turning lo the time interval/lime point conirovciby, wc 
ca n easil y observ e tha t  bot h appea r  t o b e referre d l o i n 
English .  Thus ,  w e ca n say , 

"We found the letter at 12 o'clock." 
" W e foun d th e lette r  yesterday. " 

The most straightforward approach to dealing wiih time ilica 
seems l o b e t o introduc e point s i n lim e an d the n defin e 
interval s fro m thos e point s (e.g. ,  [McDermott ,  1981 ;  Bruce . 
1972]) .  1  d o no t  us e thi s schem e fo r  tw o reasons .  Th e firs t  i s 



tha t  suc h a  representatio n i s to o unifor m an d doe s no t 
facilitat e structunn g knowledg e i n a  wa y convenien t  fo r 
typica l  tempora l  reasonin g tasks .  Th e secon d i s tha t  i t 
encourage s on e t o thin k o f  tim e a s bein g isomorphi c t o th e 
rea l  line ,  whic h i s a  seriou s mistake . 

The central issue concerning the first point is the 
importanc e o f  th e durin g relatio n fo r  reasoning .  A  majo r  par i 
o f  ou r  tempora l  knowledg e appear s t o b e o f  th e for m 

"event £• occurred during event L." 

Our knowledge of the during relation allows u highly 
structure d representatio n o f  time .  I n pariiciilar .  a  c o m m o n 
way o f  inferrin g tha t  som e conditio n P  hold s durin g a n 
interva l  T  i s t o sho w tha t  P  hold s i n a n interva l  tha t  contain s 
T.  Fo r  instance ,  I  migh t  kno w tha t  m y offic e i s locke d toda y 
becaus e i t  ha s bee n locke d al l  week . 

Furthermore, such a during hierarchy allows reaboniiig 
processe s t o b e locaUze d s o tha t  irrelevan t  fact s ar e neve r 
considered .  Fo r  instance ,  i f  on e i s concerne d wit h wha t  i s tru e 
"today, "  on e nee d conside r  onl y thos e interval s tha t  ar e durin g 
"today. "  o r  abov e "today "  I n th e durin g hierarchy .  I f  a  fac t  i s 
indexe d b y a n interva l  wholl y containe d b y a n interva l 
representin g "yesiterday, "  the n i t  canno t  affec t  wha i  i s  tru e 
now. 
On the second issue, some annoying characteristics arise 
fro m allowin g zer o widt h o f  tim e points .  Fo r  instance ,  tw o 
interval s tha t  mee t  mus t  eithe r  hav e a  poin t  i n c o m m o n o r 
hav e a  poin t  betwee n them .  Thu s t o describ e a n even t 
consistin g o f  a  ligh t  bein g transforme d & o m bein g of T t o bein g 
on ,  eithe r  th e interva l  wher e i t  i s  of f  meet s th e interva l  wher e 
i t  i s  on ,  an d thu s ther e i s a  poin t  wher e th e ligh t  i s  bot h o n 
an d o S ,  o r  th e interva l  wher e i t  i s  of f  i s  strictl y befor e th e 
interva l  wher e i t  i s  on ,  an d thu s ther e i s a  poin t  betwee n th e 
tw o interval s wher e th e ligh t  i s  neithe r  o n o r  off .  Thi s ca n b e 
avoide d b y a  technica l  tric k suc h a s ueatin g al l  interval s a s 
ope n o n thei r  beginnin g an d close d o n thei r  end .  bu t  suc h 
trick s simpl y emphasiz e th e unnaturalnes s o f  th e approach .  I n 
an interval-base d system ,  suc h issue s nee d no t  arise :  tw o 
interval s m a y mee t  withou t  havin g an y poin t  i n common . 

Given this interval-based representation of lime, what is 
th e equivalen t  o f  tim e points ? Fo r  instance ,  w e otle n tal k o f 
th e beginnin g o r  endin g time s o f  events .  ITier e i s n o reaso n t o 
assume ,  however ,  tha t  th e beginnin g an d endin g tune s ar e 
instanuneou s points .  O n e migh t  sugges t  tha t  ther e i s a 
m i n i m u m siz e e  o f  intervals ,  suc h tha t  a U interval s o f  siz e les s 
tha n o r  equa l  t o e  ar e considere d t o b e points ,  lli e 
consequenc e o f  thi s woul d b e tha t  tw o suc h poin t  interval s 
coul d the n onl y b e relate d b y th e relation s <  an d = .  Thi s 
approac h i s usefu l  bu t  onl y i f  ther e i s no t  on e fixe d valu e fo r 
e.  fo r  th e siz e a t  whic h a n interva l  i s  considere d t o b e a  poin t 
depend s o n th e reasonin g tas k bein g done .  Fo r  instance ,  th e 
smalles t  tim e interval s w e car e abou t  i n everyda y lif e ar e 
probabl y o f  th e orde r  o f  seconds ,  a s physicist s o r  compute r 
scienusts ,  w e m a y conside r  time s o n th e orde r  o f  nanoseconds . 
Thu s th e interva l  siz e tha t  w e wan t  t o conside r  a i  point s varie s 
dependin g o n th e tas k a s wel l  a s th e proximit y t o th e curren t 
time . 
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