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Abstrac t 

I n thi s pape r  w e repor t  progres s o n th e desig n o f 
a knowledg e representatio n formalism ,  base d o n 
Allen' s tempora l  logi c [Allen ,  1984] ,  t o b e use d i n 
a generativ e mode l  o f  narratives .  Ou r  goa l  i s  t o 
develo p a  mode l  tha t  wil l  simultaneousl y generat e 
tex t  an d meanin g representation s s o tha t  claim s 
about  recover y o f  meanin g fro m tex t  ca n b e as -
sessed .  W e tak e a s ou r  domai n a  clas s o f  simpl e 
stories ,  base d o n Grimm' s fair y tales .  W e bas e 
our  wor k o n stor y grammars ,  a s the y ar e th e onl y 
availabl e framewor k wit h a  declarativ e represen -
tation .  W e provid e th e logica l  foundation s fo r  de -
velopin g a  stor y gramma r  [Rumelhart ,  1975 ]  int o 
a generativ e mode l  o f  simpl e narratives .  W e hav e 
provide d definition s t o specif y th e "syntactic "  cat -
egorie s o f  th e stor y gramma r  an d th e constraint s 
betwee n constituents . 

Introduction 

I t  i s  no t  possibl e t o asses s th e succes s o f  natura l  lan -
guage processin g program s whic h ai m a t  a  'deep '  (e.g. , 
script -  o r  plan-bzaed )  understandin g o f  text ,  absen t 
some criterio n o f  correc t  understanding .  T o addres s 
thi s problem ,  w e propos e t o construc t  a  generativ e 
model  o f  a  restricte d clas s o f  narratives .  Thi s mode l 
must  simultaneousl y generat e tex t  an d meanin g rep -
resentation s s o tha t  claim s abou t  recover y o f  meanin g 
fro m tex t  ca n b e assessed .  Furthermore ,  thi s mode l 
must  b e specifie d i n suc h a  wa y tha t  i t  ca n b e under -
stoo d an d critique d a s a  declarativ e representation ,  no t 
jus t  a s imbedde d i n a  program . 

I n thi s pape r  w e repor t  progres s o n th e desig n o f 
a knowledg e representatio n formalis m t o b e use d i n a 
generativ e mode l  o f  narratives .  Fo r  reason s outline d 
below ,  w e tak e a s ou r  domai n a  clas s o f  simpl e stories , 
based o n Grimm' s fair y tales .  W e bas e th e formal -
is m o n stor y grammars ,  a s the y ar e th e onl y availabl e 
framewor k wit h a  declarativ e representation . 

We wis h t o emphasiz e tha t  w e ar e no t  seekin g t o 
model  tex t  production .  Ou r  mode l  nee d onl y captur e 
th e correc t  relationship s betwee n th e text s an d th e de -
sire d interpretations ;  althoug h ou r  goa l  i s  t o develo p 

a mode l  whic h wil l  ma p i n bot h direction s (i.e .  fro m 
text s t o meaning s a s wel l  a s fro m meaning s t o texts) . 
Furthermore ,  th e mode l  nee d no t  b e complet e i n tha t 
factor s whic h ar e no t  importan t  t o th e interpretatio n 
proble m whic h interest s u s ca n eithe r  b e lef t  implici t 
or  b e omitte d fro m th e model . 

I n designin g ou r  K R formalism ,  w e us e Allen' s tem -
pora l  logi c [Allen ,  1984] ,  a  languag e base d o n first  orde r 
logic .  Whil e w e ar e consciou s o f  criticism s o f  first  or -
der  logi c a s a  knowledg e representatio n languag e (e.g. , 
[McDermott ,  1987 ,  Birnbaum ,  1991]) ,  w e quit e simpl y 
do no t  kno w o f  a n alternativ e knowledg e representa -
tio n languag e whic h ha s a  semantics ,  a n inferenc e cal -
culu s (deductive ,  "scruffy "  o r  otherwise )  an d i s eithe r 
more expressiv e o r  mor e convenient .  W e d o no t  wis h 
t o b e see n a s offerin g a n argumen t  o n eithe r  sid e o f 
th e debat e abou t  th e us e o f  logi c i n AI ;  w e ar e simpl y 
choosin g th e bes t  too l  availabl e t o u s a t  thi s time . 

Domain: Simple Stories 

Much a s cookin g i s ofte n use d a s a  domai n fo r  researc h 
i n planning ,  simpl e storie s ar e frequentl y chose n a s a 
sampl e domai n fo r  testin g theorie s o f  narrativ e struc -
tur e an d natura l  languag e understanding .  Previou s 
wor k i n stor y generatio n ha s followe d on e o f  tw o tracks : 
(1 )  procedura l  an d (2 )  descriptive . 

Computer Story Telling 

Withi n th e first  track ,  Meehan' s TALE-SPI N [1976 ]  i s 
th e mos t  well-develope d an d widel y know n work .  I t 
i s  fundamentall y a  simulatio n o f  a  fores t  world ,  pro -
ducin g natura l  languag e outpu t  describin g th e interac -
tion s o f  character s pursuin g goal s suc h a s eatin g an d 
drinkin g i n a  contex t  wher e duplicit y an d hostilit y  ar e 
possibl e a s wel l  a s honest y an d friendliness .  Amon g 
story-tellin g programs ,  TALE-SPI N come s closes t  t o 
what  w e see k i n term s o f  havin g acces s t o th e mean -
ing s (conceptua l  dependenc y forms ,  i n thi s case )  fro m 
whic h th e natura l  languag e tex t  i s  constructed .  How -
ever ,  th e mode l  b y whic h th e meaning s themselve s ar e 
generate d i s lef t  implicit ;  an d th e relationship s amon g 
th e component s o f  a  stor y ar e deepl y entwine d i n th e 
procedure s whic h driv e th e simulation . 
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1.  Stor y - *  Settin g +  Episod e 
=> A L L O W (Setting.Episode ) 

2.  Settin g -> •  (States) * 
=> AND(State.State,... ) 

3.  Episod e —» Even t  +  Reactio n 
=> INITIAT E (Event.Reaction ) 

4.  Even t  —• 
{Episod e I  Change-of-Stat e |  Actio n |  Even t  +  Event } 
=> CAUSE (Eventi .  Events )  o r  A L L O W (Eventi . 
Events ) 

5.  Reactio n —•  Interna l  Respons e +  Over t  Respons e 
=> MOTIVAT E (Interna l  Response .  Over t  Response ) 

6.  Interna l  Respons e —» {Emotio n |  Desire } 

7.  Over t  Respons e —•  {Actio n |  Attempt* } 
=> THE N (Attempti .  Attempts .  ... ) 

8.  Attemp t  —•  Pla n +  Applicatio n 
=> MOTIVAT E (Plan.Appiicatlon ) 

9.  Applicatio n - + (Preaction) *  +  Actio n +  Consequenc e 
=> A L L O W (AND(Preaction,Preaction....) , 
{CAUSE I  INITIAT E |  A L L O W} 
(Action ,  Consequence) ) 

10.  Preactio n - •  Subgoa l  +  (Attempt) * 
=> MOTIVAT E [Subgoal .  THE N (Attempt .  ...) ] 

11.  Consequenc e —»•  {Reactio n |  Event } 

Figure 1: Rumelhart's grammar for stories 

Late r  wor k i n stor y generatio n b y compute r 
addresse s concern s no t  relevan t  t o ou r  project . 
Lebowitz' s U N I V E R 5 E [1985 ]  i s fundamentall y a  plan -
ner  i n tha t  th e outpu t  i s  generate d b y mean s o f  meetin g 
th e requirement s o f  a  goal .  Lebowit z i s explicitl y  in -
tereste d i n author-leve l  goal s suc h a s "creat e suspense " 
and ho w thes e contribut e t o th e conten t  o f  a  story .  A s 
such ,  thi s wor k woul d b e mor e usefu l  i f  w e wer e tryin g 
t o automate ,  say ,  literar y criticis m rathe r  tha n sim -
ple ,  litera l  understanding .  I n M I N S T R E L [Turne r  an d 
Dyer ,  1985] ,  Turne r  seek s t o mode l  th e proces s o f  hu -
man creativit y sui d use s Kin g Arthur-styl e tale s a s hi s 
domain .  Althoug h w e ar e workin g i n a  simila r  domain , 
we ar e no t  makin g an y claim s abou t  wha t  a  huma n 
does whe n writin g a  story . 

Modeling the Logical Structure of Stories 

Work i n th e modelin g o f  th e structur e o f  storie s i s 
founde d upo n semina l  work s suc h a s Propp' s Morphol -
ogy o f  th e Folktal e [1968 ]  an d Polti' s  Th e Thirty-Si x 
Dramati c Situation s [l92l] .  Althoug h Propp' s per -
spectiv e i s tha t  o f  a n anthropologis t  an d Polti' s  tha t  o f 
a literar y critic ,  thes e work s (particularl y Propp )  hav e 
been use d frequentl y a s a  startin g poin t  fo r  th e devel -
opment  o f  theorie s o f  stor y structur e an d a s source s fo r 
th e sort s o f  categorie s tha t  pertai n t o stories . 

Davi d Rumelhar t  [1975 ]  presente d a  "stor y gram -
mar"  whic h inspire d subsequen t  wor k whic h attempte d 
t o expres s th e regula r  "syntax "  o f  storie s b y mean s 
of  grammars .  Hi s gramma r  i s reproduce d i n Figur e 
1.  Rumelhart' s  grammar ,  a s wel l  a s man y o f  th e oth -
er s lik e i t  [Bower ,  1976 ,  Johnso n an d Mandler ,  1980 , 
Mandle r  an d Johnson ,  1977 ,  Stei n an d Glenn ,  1979 , 
Thorndyke ,  1977] ,  ar e context-fre e grammars .  Some, 
includin g Rumelhart's ,  ar e augmente d b y "semantic " 
constraints .  Th e term s synta x an d semantic s a s use d 
i n thes e grammar s ma y b e misleading .  Th e syntacti c 
rule s ar e constraint s o n even t  sequence s an d th e se -
manti c constraint s restric t  th e relation s betwee n con -
secutiv e events . 

Interes t  i n stor y grammar s soo n lapsed ,  partiall y 
due t o a n attac k o n thei r  foundation s b y Blac k an d 
Wilensk y [1979 ]  (hencefort h B & W ) .  The y mak e th e 
cas e tha t  a  stor y gramma r  mus t  b e a n unrestricte d 
rewrit e syste m (Chomsk y typ e 0) ,  bu t  the y find  onl y 
one propose d stor y gramma r  [Johnso n an d Mandler , 
1980]  tha t  meet s thi s criteria .  B & W argu e tha t  stor y 
grammar s fai l  b y tryin g t o captur e th e ide a o f  wha t  a 
stor y i s b y tryin g t o expres s th e structur e o f  a  stor y 
text .  I n particular ,  the y clai m ther e i s som e purpos e i n 
relatin g a  story ;  an d th e listene r  (o r  reader )  o f  a  stor y 
has som e interes t  i n hearin g it .  I n othe r  words ,  a  stor y 
has a  "point, "  i.e .  som e elemen t  tha t  invoke s th e inter -
est  o f  a  reader .  Th e alternativ e theor y o f  stor y point s 
give n b y Wilensk y [1982 ]  view s th e for m o f  a  stor y a s 
a functio n o f  it s content .  Althoug h ther e i s meri t  t o 
thi s approach ,  th e point s theor y fail s  t o accoun t  fo r 
th e regula r  structur e o f  stories .  B & W eithe r  ignore d 
or  faile d t o conside r  result s  o f  experiment s i n stor y re -
cal l  supportin g th e hypothesi s tha t  peopl e us e stor y 
schemas t o understan d simpl e storie s [Bower ,  1976 , 
Mandle r  an d Johnson ,  1977 ,  Stei n an d Glenn ,  1979 , 
Thorndyke ,  1977] . 

Par t  o f  th e reaso n fo r  th e succes s o f  B&W' s attac k 
was th e crud e stat e o f  technique s fo r  formalizin g ma -
teria l  lik e stor y grammars .  I n Rumelhart' s  gramma r 
(a s wel l  a s thos e base d o n thi s grammar) ,  informatio n 
abou t  th e relationshi p a  stor y componen t  ha s t o othe r 
component s i s restricte d t o annotation s accompanyin g 
th e rules .  I n thes e grammars ,  th e "syntactic "  structur e 
of  a  portio n o f  a  tex t  make s a  particula r  rul e applica -
ble ,  the n th e relationshi p o f  thi s componen t  t o other s 
i s gleane d fro m th e annotatio n t o th e rule .  Unfortu -
nately ,  th e "syntaoc "  give n i n thes e grammar s doesn' t 
rul e ou t  man y constructions ;  whil e th e "semantic "  an -
notation s ar e no t  formalize d rigorousl y enough . 

Sinc e th e deficiencie s o f  stor y grammar s ar e s o wel l 
documented ,  th e reade r  i s justifie d i n askin g wh y w e 
ar e resurrectin g a  formalis m lai d t o res t  te n year s ago . 
We believ e th e ide a o f  a  stor y gramma r  embodie s im -
portan t  insight s regardin g wha t  ther e i s abou t  a  se -
quenc e o f  event s suc h tha t  reportin g i t  constitute s a 
story .  I t  i s thes e insight s w e ai m t o formalize .  Amon g 
th e grammair s availabl e t o us ,  Rumelhart' s  wa s chose n 
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as a  startin g poin t  becaus e hi s us e o f  semanti c anno -
tation s showe d th e mos t  promise .  Althoug h w e us e 
thi s gramma r  a s a  startin g point ,  w e als o see k t o in -
corporat e importan t  intuition s fro m othe r  grammars , 
i n particula r  Johnso n an d Mandler' s  [1980] . 

Anothe r  reaso n fo r  th e apparen t  succes s o f  B & W ' s 
criticism s o f  stor y grammar s i s  tha t  thei r  poin t  the -
or y pertain s t o a n differen t  clas s o f  nau-rative s tha n 
Rumelhart' s  simpl e stories .  T h e wor k o f  bot h B & W 
and tha t  o f  Rumelhar t  suffer s b y lackin g a  clearl y de -
fine d domain .  I t  i s no t  possibl e t o sa y specificall y wha t 
kind s o f  storie s thes e author s dea l  with .  B & W ' s nar -
rative s hav e a  mor e contemporar y ton e an d styl e tha n 
th e simpl e fol k tale s Rumelhar t  attempt s t o describe . 
I n particular ,  simpl e fol k tale s frequentl y lac k antag -
onist s i n B & W ' s sens e o f  a n independen t  agen t  wit h 
hi s o r  he r  ow n goal s i n competitio n wit h thos e o f  th e 
protagonist .  Whateve r  "ba d guys "  ther e ar e i n simple r 
storie s ar e merel y animat e obstacle s tha t  th e protago -
nis t  mus t  overcom e i n pursui t  o f  hi s o r  he r  goal .  W e 
als o fin d storie s i n whic h th e mai n characte r  ha s n o 
clea r  goal .  Thes e storie s ar e littl e mor e tha n a  charac -
ter' s reaction s t o a  sequenc e o f  externa l  events .  Suc h 
storie s fal l  outsid e B & W ' s domain ,  bu t  no t  outsid e o f 
ours . 

I n contrast ,  Mandle r  an d Johnso n [1977 ,  1980 ]  con -
fin e thei r  attentio n t o simpl e storie s limite d t o a  sin -
gl e protagonis t  i n eac h episode .  The y explicitl y al -
lo w storie s i n whic h event s i n on e episod e lea d t o an -
othe r  episod e i n whic h a  differen t  characte r  become s 
th e protagonist ;  however ,  w e ar e presentl y restrictin g 
our  wor k t o storie s wit h a  singl e protagonis t  through -
out .  Typically ,  th e protagonis t  i n ou r  clas s o f  storie s 
wil l  b e pursuin g a n explici t  goa l  whic h m a y b e give n 
i n th e settin g o f  th e tal e o r  aris e a s a  reactio n t o a n 
initia l  event . 

We believ e th e rea l  difficult y wit h th e stor y g ramma r 
approac h i s tha t  muc h o f  th e insigh t  i s i n annotation s 
t o th e rules ,  bu t  tha t  th e relation s use d t o specif y thes e 
annotation s i s vagu e an d fuzzy .  Ou r  tstsk ,  then ,  i s t o 
formaliz e thes e intuition s i n a  rigorou s manner .  I n th e 
next  section ,  w e outlin e th e logi c w e us e a s a  foundatio n 
fo r  ou r  work .  Followin g this ,  w e giv e som e example s o f 
how w e hav e use d thi s logi c t o translat e Rumelhart' s 
grammar  int o a  syste m o f  logica l  zixioms . 

Temporal Logic 

We bas e ou r  formalizatio n upo n Jame s Allen' s tem -
pora l  logi c [Allen ,  1984] .  W e hav e chose n thi s logi c 
becaus e i t  wa s specificall y designe d a s a  formalis m fo r 
reasonin g abou t  action s i n th e contex t  o f  natura l  lan -
guag e processing ,  whil e skirtin g th e complication s o f 
modal  an d higher-orde r  logics . 

We hav e considere d som e othe r  logics ,  notabl y M c -
Dermott' s  tempora l  logi c [McDermott ,  1982] ,  an d th e 
episodi c logi c o f  Schuber t  an d H w a n g [1989] .  W e hav e 
chose n Allen' s logi c fo r  reason s o f  simplicity .  Unlike 
McDermott' s  logic ,  th e semantic s o f  Allen' s logi c i s 

base d o n a  singl e tim e line .  Sinc e w e ar e primaril y con -
cerne d wit h bein g abl e t o represen t  sequence s o f  (con -
ceptually )  pas t  actions ,  w e se e n o benefi t  t o branchin g 
tim e semantic s t o offse t  th e mor e complicate d model . 
We hav e bee n inspire d b y Schuber t  an d Hwang' s work , 
but  fin d thei r  logi c t o b e heavil y biase d toward s natura l 
languag e understanding ,  a s oppose d t o simpl e repre -
sentatio n o f  actio n sequences .  Fo r  example ,  the y intro -
duc e mechanism s fo r  referrin g t o existentia l  variable s 
outsid e thei r  scopes ,  an d structur e th e synta x o f  thei r 
logi c s o a s t o closel y paralle l  syntacti c analyse s o f  nat -
ura l  languag e sentences .  W e d o no t  hav e presen t  us e 
fo r  thes e complexities ,  s o prefe r  t o skir t  them . 

T h e entitie s i n Allen' s logi c ar e actio n an d stat e 
types ,  tempora l  interval s an d individua l  object s an d 
beings .  Importan t  relation s expres s th e occurrenc e o f 
event s an d persistenc e propertie s ove r  tempora l  inter -
vals .  E.g. ,  HOLDs(foo(x) ,  t )  state s tha t  th e fo o prop -
ert y hold s o f  som e entit y x  ove r  tim e interva l  t ,  an d OC -
cuR(bar(x) ,  t )  say s tha t  a n even t  o f  typ e bar ,  involvin g 
an entit y x  occur s ove r  tim e interva l  t .  Othe r  impor -
tan t  predicate s denot e relation s betwee n tempora l  in -
tervals ,  e.g. ,  BEFORE(< i  ,  ̂ 2 )  say s tha t  tim e interva l  t i  i s 
before ,  an d doe s no t  overla p wit h t2 .  Allen' s logi c als o 
attempt s t o giv e a n accoun t  o f  plannin g an d intentiona l 
behaviors .  Moda l  aspect s o f  th e logi c (agents '  beliefs ) 
ar e handle d b y a  quotatio n method ,  s o th e logi c a s a 
whol e i s  first-order .  W e hav e develope d a  treatmen t 
of  intentiona l  actio n base d o n Allen' s logic ,  whic h i s 
reporte d elsewher e [Goldma n an d Lang ,  1992] . 

We exten d an d modif y Allen' s logi c i n 4  way s i n 
orde r  t o m a k e i t  mor e appropriat e t o th e tas k a t  hand . 

1.  W e exten d th e ontolog y o f  Allen' s logi c t o includ e 
even t  tokens .  Thi s i s  don e a s a  matte r  o f  conve -
nience :  ou r  projec t  her e i s t o tal k abou t  wha t  i t  i s 
whic h make s a  serie s o f  event s a  candidat e fo r  bein g 
recounte d a s a  story .  Havin g t o tal k abou t  event s 
as pair s o f  even t  description s an d interval s i s unnec -
essaril y  cumbersome .  Thi s extensio n i s capture d i n 
th e predicat e eveni(ioken) ,  whic h i s tru e whe n toke n 
denote s a  particula r  instanc e o f  event-clas s whic h 
occurre d durin g time-interval ,  tha t  is , 

Vx event(x)—OCCUR(eclass(x), time(x)) 

where eclass is a function which takes an event token 
an d return s th e clas s o f  event s int o whic h i t  falls ,  an d 
tim e i s a  functio n ove r  even t  token s whic h return s 
th e time-interva l  a t  whic h th e even t  too k place . 

2.  Alle n provide s a  predicate ,  IS-goal-O F fo r  makin g 
statement s abou t  a n agent' s intentions .  I n hi s logic , 
a statemen t  o f  th e for m 

ls-GOAL-OF(agent,property,gtime,t ) 

denote s th e fac t  tha t  th e agent ,  a t  tim e t ,  desire s 
tha t  propert y hold ,  a t  tim e gtime . 

I t  i s no t  clea r  exactl y wha t  thi s statemen t  say s abou t 
th e intention s o f  agent .  I s h e o r  sh e awar e o f  th e 
exten t  o f  gtime ? Th e difficult y ca n b e see n mos t 
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clearl y i f  on e wishe s t o interpre t  a  propositio n o f  th e 
for m 3g t  is-goal-o f  (agent.property.ji.t) .  I n thi s 
case ,  i s ther e a  specifi c  tim e whe n th e agen t  want s 
propert y t o b e true ,  whic h w e jus t  d o no t  happe n t o 
know ,  iJthoug h h e does ? O r  doe s agen t  jus t  wan t 
th e actio n t o b e tru e a t  som e fairl y arbitrar y tim e 
i n th e future ? 

I n ou r  domai n w e ar e mor e concerne d wit h th e latte r 
cas e tha n th e forme r  (whic h arise s naturall y whe n 
one need s t o reaso n abou t  action s unde r  tim e pres -
sure) . 

3.  Alle n characterize s plan s a s a  se t  o f  decision s abou t 
performin g o r  no t  performin g som e se t  o f  actions . 
Unfortunately ,  Allen' s accoun t  o f  goal s an d plan s ar e 
onl y tenuousl y related .  Allen' s logi c doe s no t  allo w 
us t o stat e anythin g stronge r  tha n tha t  x  ha s a  goa l 
of  g  a t  th e sam e tim e x  pursue s pla n p .  O n e canno t 
expres s th e fac t  tha t  x  i s pursuin g pla n p  i n orde r  t o 
achiev e goa l  g . 

We nee d thi s mor e specifi c  relatio n fo r  a t  leM t  tw o 
purposes .  First ,  w e nee d t o giv e a  definitio n o f  pla n 
failur e i n orde r  t o specif y sensibl e actio n sequences . 
We se e n o wa y t o d o thi s absen t  a  relatio n betwee n 
th e pla n an d it s desire d end .  W e als o nee d t o mak e 
statement s whic h specif y whic h plan s ar e sensibl y 
applicabl e t o whic h classe s o f  goals .  Finally ,  fo r 
mor e comple x stories ,  w e wil l  hav e t o b e abl e t o dis -
tinguis h betwee n intende d effects ,  an d unintende d 
side-effects . 

4.  Finally ,  fo r  convenience ,  w e exten d th e synta x o f  th e 
logi c wit h th e ®  operator ,  writte n i n prefi x form , 
t o indicat e exclusiv e "one-of "  disjunction ,  followin g 
Kaut z [1986] .  Also ,  w e includ e quantificatio n ove r 
restricte d part s o f  th e domain .  W e follo w Schu -
ber t  an d H w a n g [1989 ]  i n usin g th e notatio n 3x[ x : 
type]P{x )  a s a  shorthan d fo r  3 x :  type{x)AP{x )  an d 
likewis e ̂ x[ x :  type]P(x )  fo r  V x :  <ype(i )  - •  P{x ) 

A Logic for Stories 

I n thi s section ,  w e outlin e an d giv e example s o f  ou r 
approac h t o th e tw o immediat e task s whic h w e fac e i n 
buildin g ou r  logic :  (1 )  developin g semanti c categorie s 
t o matc h Rumelhart' s  "syntactic "  elements ,  an d (2 ) 
givin g fir m definition s o f  Rumelhart' s  "semantic "  rela -
tions . 

As mentione d earlier ,  w e believ e th e semanti c rela -
tionship s an d syntacti c categorie s Rumelhar t  describe s 
ar e capabl e o f  describin g a  non-trivia l  clas s o f  sim -
pl e stories .  Ou r  wor k u p t o thi s poin t  ha s bee n 
aime d a t  eliminatin g th e vaguenes s an d informalit y 
i n Rumelhart' s  description s o f  thes e relationship s an d 
categories .  Fo r  th e semanti c relationships ,  w e clearl y 
delineat e th e numbe r  an d type s o f  argument s an d de -
fin e the m i n term s o f  th e extension s t o Allen' s logi c 
outline d above .  T h e categorie s hav e bee n recas t  a s 
single-plac e predicates ,  indicatin g tha t  th e argument , 
whic h m a y b e a  token ,  i s o f  th e indicate d type . 

Categorie s A s a n example ,  conside r  th e categorie s 
actio n an d change-of-atate .  Rumelhar t  decribe s thes e 
informall y  i n a  wa y tha t  leave s ope n th e possibilit y  tha t 
a toke n coul d b e bot h simultaneously .  W e establis h 
thes e a s mutuall y exclusiv e sub-type s o f  a  restricte d 
versio n o f  Rumelhart' s  category ,  event .  Rumelhar t 
characterize s a n actio n a s "a n activit y engage d i n b y 
an animat e bein g o r  a  natura l  force. "  W e us e Allen' s 
A C A U S E predicat e t o characteriz e a n actio n a s a  par -
ticula r  kin d o f  event ,  namel y thos e whic h hav e a n 
animate-bein g a s agent . 

V X action(x) <-• 
3e event(x )  A  eclass(x )  =  ACAUSE(agent(x) ,  e ) 

Otherwise, if an event is a change-of-siaie, this implies 
tha t  ther e i s n o actio n whic h cause s th e event . 

T h e categor y reactio n i s describe d b y Rumelhar t  a s 
"th e respons e o f  a  willfu l  bein g t o a  prio r  event. "  I n 
our  characterizatio n o f  reaction ,  w e tak e Rul e 5  a s a 
guid e an d defin e i t  a s a n even t  havin g tw o components : 
an interna l  respons e an d a n externa l  response . 

V x  reaction(x )  —• 
event(x )  A  class(x )  =  and(internal-response(x) , 

externalresponse(x) ) 

Internal-respons e an d external-respons e ar e function s 
ove r  reactions .  T h e domain s o f  thes e function s cor -
respon d t o Rumelhart' s  syntacti c categorie s interna l 
respons e an d over t  response . 

Rumelhar t  describe s th e syntacti c categor y attemp t 
as "th e formulatio n o f  a  pla n an d applicatio n o f  tha t 
pla n fo r  obtainin g a  desire. "  I t  appear s i n rule s 7 ,  8 , 
an d 10 .  W e believ e th e underlyin g intuitio n her e i s tha t 
attemp t  characterize s th e action(s )  tha t  a n agen t  ma y 
tak e i n respons e t o som e motivatin g event .  A  compli -
catio n i s tha t  attemp t  include s no t  onl y th e "physical " 
action s tha t  a  characte r  performs ,  bu t  als o th e "men -
tal "  ac t  o f  plannin g thos e 8w;tions . 

Clearly ,  th e notio n o f  a  pla n i s centra l  t o relat -
in g a  sequence s o f  action s performe d b y som e char -
acter .  However ,  th e concep t  i s onl y vaguel y define d b y 
Rumelhart .  H e i s no t  usin g th e ter m "plan "  i n th e clas -
sica l  A I  sens e o f  a  "recip e fo r  action. "  Rumelhar t  infor -
mall y define s pla n a s "th e creatin g o f  a  subgoa l  whic h 
i f  achieve d wil l  accomplis h a  desire d end. "  W h e n h e 
say s "plan "  h e mean s mor e wha t  Pollac k [1990 ]  term s 
a "comple x menta l  attitude" . 

We mov e towar d a  refinemen t  o f  thi s interpretatio n 
wit h th e followin g axioms .  First ,  w e postulat e a  two -
plac e predicat e applicable(plan,goal) ,  whic h i s tru e i f 
th e plan ,  successfull y carrie d out ,  wil l  caus e th e stat e 
describe d b y goa l  t o hold .  Furthermore , 

V p [p : plan], V g [g : goal] 
applicable(p,g )  - » goal-owner(g )  =  agent(p ) 

where goal-owner and agent are functions performing 
th e obviou s mappings .  I n th e aixio m 1 ,  animate-being , 
plan ,  time-interval ,  an d applicatio n ar e single-positio n 
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V X  [ x :  attempt ]  animate-being(agent(x) ) 

A plan(attempt-plan(x) )  A  time-interval(time(x) )  A  application(attempt-application(x) ) 

A COMMITTED(agent(x) ,  attempt-plan(x) ,  time(x) ) 

A applicable(attempt-plan(x) ,  attempt-goal(x) ) (1 ) 

predicate s whic h ar e tru e whe n th e argumen t  i s a n el -
ement  o f  th e indicate d type .  Th e functio n aittmp U 
p/a n map s fro m a n aUemp t  elemen t  t o th e (abstact ) 
pla n embodie d i n th e attempt ,  wherea s th e functio n 
attempt-applicatio n return s th e concret e action s (con -
sidere d a s a  unit )  whic h ar e th e "carryin g out "  o f  th e 
plan .  Th e functio n a/iemp^-^oa/map s fro m a n aiiemp t 
t o th e stat e descriptio n towar d whic h th e attemp t  i s 
aime d a t  causin g t o hold .  COMMITTED(a ,p , t )  i s 
Allen' s predicat e signifyin g tha t  agen t  a  intend s t o 
carr y ou t  th e action s composin g pla n p  wher e tim e t 
i s  th e tim e o f  th e intending ,  no t  o f  th e carryin g ou t  o f 
th e plan . 

Of  course ,  thes e eixiom s onl y constrai n wha t  mus t  b e 
tru e i n orde r  fo r  som e elemen t  t o b e a n aUempi .  Fur -
the r  axiom s describ e ho w a n attemp t  i s relate d t o th e 
even t  whic h lead s a  characte r  t o for m th e attempt-goa l 
i n th e first  place .  Othe r  axiom s defin e th e relationshi p 
of  a n attemp t  t o th e application ,  whic h i s "carryin g 
out "  phas e o f  a n attempt . 

One o f  th e mos t  importan t  relationship s i n thi s clas s 
of  storie s i s tha t  o f  faile d attempt s t o th e surroundin g 
events .  O f  course ,  i n orde r  t o relat e a  faile d attemp t  t o 
anothe r  event ,  w e mus t  first  b e abl e t o recogniz e whe n 
an attemp t  has ,  i n fact ,  failed .  Axio m 2  define s failure . 
Ther e ar e tw o case s o f  pla n failur e t o conside r  whic h 
correspon d roughl y t o a  bas e cas e an d a  recursiv e case . 
I n th e bas e case ,  a  pla n fail s i f  ever y actio n o f  th e pla n 
has bee n don e an d th e goa l  stil l  doe s no t  hold .  I n th e 
recursiv e case ,  a  pla n fail s i f  ther e i s a  ste p whic h i s a 
subgoa l  an d a t  som e tim e followin g th e tim e a t  whic h 
th e subgoa l  wa s t o b e achieved ,  th e subgoa l  stil l  ha s 
not  bee n met .  Thi s portio n o f  th e rul e i s necessar y 
sinc e i t  i s  impossibl e t o tal k abou t  a  ste p whic h i s a 
subgoa l  havin g bee n don e i f  th e subgos d wa s no t  met . 

Relations Rumelhart informally describes six se-
manti c relationship s o n events .  The y are :  and ,  allow , 
initiate ,  motivate ,  cause ,  an d Men .  Wit h th e excep -
tio n o f  allows ,  w e hav e accounte d fo r  al l  o f  thes e i n 
our  logic .  W e hav e develope d axiom s whic h character -
iz e initiate ,  motivate ,  an d cause ;  an d an d the n hav e 
been dissolve d int o th e logic . 

I n general ,  i t  i s  difficul t  t o giv e precis e formulation s 
of  thes e relationship s withou t  layin g groundwor k fo r 
whic h w e lac k th e spac e i n thi s paper ,  bu t  w e wil l 
presen t  her e som e example s o f  logica l  auciom s w e hav e 
develope d i n orde r  t o giv e th e reade r  a  sens e o f  th e di -
rectio n i n whic h w e ar e moving .  Rumelhar t  describe s 
th e semanti c relationshi p initiate s a s follows :  "th e re -

lationshi p betwee n a n externa l  exen t  an d th e willfu l  re -
actio n o f  a n anthropomorphize d bein g t o tha t  event. " 
Usin g Allen' s primitive s fo r  relatin g tim e intervals ,  w e 
construc t  th e predicat e starts-befor e a s follows : 

V ti.t j  starts-before(ti,t2 )  *-> • 
® pn(t2.ti).before(ti,t2) ,  meets(ti,t2).overlaps(ti,t2) J 

We the n us e thi s t o mak e explici t  a t  leas t  par t  o f  wha t 
must  b e tru e whe n x  initiate s y : 

V x ,  y  initiates(x ,  y )  —^ 
starts-before(time(x),time(y) )  A  reaction(y ) 

Rumelhar t  use s th e predicat e motivat e t o describ e th e 
relationshi p betwee n "a n interna l  respons e an d th e ac -
tion s resultin g fro m tha t  response. "  W e tighte n thi s b y 
means o f  a  predicat e motivate s (mental-event,action ) 
whic h i s tru e whe n th e mental-even t  suc h a s a n emo -
tio n o r  th e adoptio n o f  a  goa l  i s  th e motivatio n fo r  som e 
externa l  action ,  whic h m a y b e a  hig h leve l  actio n com -
pose d o f  o r  generate d b y on e o r  mor e sub-actions .  Fo r 
example ,  th e internal-respons e componen t  o f  a  reac -
tio n t o a n even t  motivate s th e agent' s overt-response : 

V X  [ x :  reaction ] 
motivates(internal-response(x),overt-response(x) ) 

Rumelhar t  define s th e semanti c relationshi p caus e a s 
"th e relationshi p betwee n tw o event s i n whic h th e first 
i s  th e physica l  caus e o f  th e second. "  Lik e Allen ,  w e 
tak e causalit y t o b e a  primitiv e relationshi p an d leav e 
i t  unanalyzed .  Rumelhart' s  tw o remainin g semanti c re -
lationships ,  an d an d the n essentiall y  ar e dissolve d int o 
th e tempora l  logic .  Th e forme r  wa s nothin g mor e tha n 
logica l  conjunction ;  an d th e latte r  wa s mean t  t o sug -
ges t  tempora l  orderin g o f  events ,  whic h m a y b e mor e 
precisel y expresse d wit h Allen' s predicates . 

Conclusions 

I n thi s pape r  w e provid e par t  o f  th e logica l  founda -
tion s fo r  "cashin g out "  a  stor y g ramma r  lik e Rumel -
hart' s  int o a  generativ e mode l  o f  simpl e narratives .  W e 
hav e provide d example s o f  definition s whic h specif y th e 
"syntactic "  categorie s o f  Rumelhart' s  stor y g ramma r 
and th e constraint s betwee n constituent s (th e annota -
tion s t o th e rules) . 

W h en thi s wor k i s completed ,  w e inten d t o mov e 
on t o implementin g th e generativ e mode l  an d usin g i t 
t o creat e a  corpu s o f  storie s an d thei r  "meanings. "  A 
first  ste p wil l  b e t o generat e a  se t  o f  even t  sequence s 
fro m a  stor y gramma r  (revise d t o tak e int o accoun t 
th e newly-formadize d constraints )  an d a  bod y o f  back -
groun d knowledge . 
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V p  [ p :  plan] ,  V  t  [ t  :  timeinterval ]  failed(p,t )  «- » 

(Va,t'(TODO(a,t',p)-[OCCUR(a,t' )  A  BEFORE(t',t)] )  A  -.HOLDS(goal(p) ,  t) ) 

V 3sg,t'(TODO(achieve(8g),t',p )  A  BEFORE(t',t )  A  -iHOLDS(sg,t') ) (2 ) 

The mos t  importan t  proble m remainin g t o ou r  for -
malizatio n projec t  i s  tha t  o f  characterizin g th e re -
lationshi p o f  stor y setting s t o th e correspondin g se -
quence s o f  events .  Rumelhar t  use s th e allow s predi -
cat e t o expres s th e notio n tha t  th e state s composin g 
th e settin g se t  th e stag e fo r  wha t  follows .  Tha t  th e set -
tin g simpl y no t  contradic t  th e event s whic h follo w i s 
clearl y no t  a  stron g enoug h constrain t  o n th e setting -
body relation .  A  relevanc e relationshi p lik e thi s on e i s 
difficul t  t o formaliz e i n a  fraanewor k lik e th e firs t  orde r 
logic .  W e ar e currentl y workin g o n characterizin g th e 
kind s o f  fact s tha t  ar e expresse d i n stor y settings . 
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