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C o m b i n i n g Uncerta i n Belie f  Reason in g 

a n d Uncer ta i n M e t a p h o r - B a s e d Reason in g 

Joh n A .  Barnde n (J.A.Barnden@cs.bhaiii.ac.uk ) 
Schoo l  o f  Compute r  Science ,  Th e Universit y o f  Birmingha m 

Birmingham ,  B 1 5 2TT ,  Unite d K ingdo m 

Abstrac t 

An implemented AI reasoning system called ATT-Meta is 
sketched .  I t  addresse s no t  onl y A I  issue s bu t  als o one s tha t  ar e 
salien t  i n psychology ,  philosophy ,  cognitiv e linguistics ,  dis -
cours e pragmatic s an d othe r  disciplines .  Thes e issue s includ e 
th e Simulation-Theory/Theory-Theor y debat e an d Fauconnie r 
and Turner' s notio n o f  concepma l  blending .  Th e syste m per -
form s metaphor-base d reasonin g an d reasonin g abou t  men -
ta l  state s o f  agents ;  i n particular ,  i t  perform s metaphor-base d 
reasonin g abou t  menta l  states .  Althoug h i t  relie s o n built-i n 
knowledg e o f  specifi c  conceptua l  metaphors ,  i t  i s  flexible  i n 
allowin g nove l  discours e manifestation s o f  thos e metaphors . 
The metaphorica l  reasonin g an d mental-stat e reasonin g facil -
itie s ar e full y  integrate d int o a  genera l  framewor k fo r  uncer -
tai n reasoning .  A  specia l  resul t  o f  th e overal l  approac h i s 
tha t  i t  enable s a  unifie d handlin g o f  certai n apparentl y sepa -
rat e discours e phenomena :  chaine d metaphor ,  personificatio n 
metaphor ,  an d report s o f  agents '  ow n metaphorica l  thoughts . 

I n t r o d u c t i o n 

Ther e ar e tw o mai n strand s i n thi s paper :  belie f  reasonin g 
(reasonin g abou t  th e behef s an d attendan t  reasonin g o f  othe r 
agents ,  includin g th e cas e w h e n thos e belief s etc .  ar e them -
selve s abou t  belief s etc.) ;  an d metaphor-base d reasoning . 
Thes e topic s ar e normall y studie d separately ,  bu t  o f  cours e 
metaphorica l  utterance s ca n b e abou t  th e menta l  state s an d 
processe s o f  agents .  Th e implemente d syste m (ATT-Meta ) 
o n whic h thi s pape r  i s centere d i s mainl y geare d toward s suc h 
utterances ,  bu t  i t  ca n als o d o non-metaphor-base d belie f  rea -
sonin g an d metaphor-base d reasonin g abou t  non-menta l  top -
ics .  (Th e n a m e "ATT-Meta "  come s fro m "[propositional ]  AT -
Titudes "  an d "Metaphor." ) 

A thir d researc h stran d i s uncertainty-handling .  Thi s i s im -
portan t  bot h fo r  useful ,  commonsensica l  belie f  reasonin g an d 
useful ,  commonsens e reasonin g base d o n metaphor .  Yet ,  i t  i s 
relativel y u n c o m m o n fo r  scheme s fo r  belie f  reasoning ,  espe -
ciall y implemente d ones ,  t o involv e a n extensiv e treatmen t  o f 
uncertaint y (thoug h see :  Ashe r  &  Lascarides ,  1994 ;  Chalup -
sky ,  1996 ;  Crav o &  Martins ,  1993 ;  Dragon i  &  Puliti ,  1994 ; 
an d Parsons ,  Sierr a &  Jennings ,  1998) .  Similarly ,  althoug h 
metapho r  researcher s ofte n m a k e informa l  referenc e t o un -
certainties ,  Hobb s (1990 )  i s on e o f  ver y fe w t o devot e ex -
tensiv e technica l  attentio n t o uncertainty .  (Indeed ,  h e i s on e 
of  th e ver y othe r  researcher s t o provid e a  detaile d computa -
tiona l  framewor k fo r  metaphor-base d reasoning ,  a s opppose d 
t o a  framewor k fo r  derivin g meaning s o f  metaphorica l  utter -
ances. )  O n e goa l  o f  th e ATT-Met a researc h ha s bee n t o hav e 
th e syste m perfor m uncertai n belie f  reasonin g an d uncertai n 
metaphor-base d reasonin g i n a  systemati c way ,  doin g mor e 

justic e t o uncertaint y tha n ha s heretofor e bee n seen .  ATT -
Meta' s treatmen t  o f  uncertaint y i s stil l  onl y a  first  approxima -
tio n t o wha t  i s needed ,  bu t  th e wor k draw s attentio n t o cru -
cia l  bu t  unrecognize d complication s i n belie f  reasonin g an d 
metaphor-base d reasoning . 

For  th e abov e an d othe r  reasons ,  thi s A I  researc h i s o f 
broa d interdisciplinar y relevance .  I t  connect s t o psychol -
ogy ,  philosophy ,  cognitiv e linguistics ,  discours e pragmatic s 
and othe r  areas .  Th e researc h bring s i n th e followin g par -
ticula r  issues ,  a m o n g others ,  i n thos e areas :  th e Simulation -
Theory/Theory-Theor y debat e (see ,  e.g. ,  Davie s &  Stone , 
1995 ,  Carruther s &  Smith ,  1996) ,  th e unparaphrasabilit y 
of  m u c h metapho r  usage ,  th e rol e o f  litera l  meanin g i n 
metaphorica l  processing ,  th e overridin g o f  metaphor-base d 
inference s b y teno r  informatio n o r  vic e versa ,  th e rol e o f 
metapho r  i n though t  a s wel l  a s language ,  an d conceptua l 
blendin g (Turne r  &  Fauconnier ,  1995) . 

An earl y versio n o f  ATT-Met a wa s reporte d i n a  previou s 
annua l  conferenc e o f  th e Cognitiv e Scienc e Societ y (Barnde n 
et  a/. ,  1994) .  Th e curren t  syste m include s majo r  algorithmi c 
and conceptua l  advance s ove r  tha t  version .  Th e mechanism s 
fo r  conflic t  resolutio n hav e bee n refine d an d greatl y extended , 
so a s t o wor k properl y acros s multipl e layer s o f  belie f  an d 
metaphor .  Certai n interaction s betwee n belie f  reasonin g an d 
metaphor-base d reasonin g hav e bee n streamline d an d m a d e 
mor e general .  Bu t  i n an y cas e th e presen t  pape r  focuse s o n 
differen t  aspect s o f  th e researc h fro m thos e stresse d i n th e 
earlie r  paper . 

Th e remainin g section s o f  th e pape r  ar e a s follows :  a  sec -
tio n o n th e mai n typ e o f  metaphorica l  utteranc e considere d i n 
th e research ;  a  sectio n ver y briefl y sketchin g ATT-Meta' s ba -
si c reasonin g facilitie s an d uncertainty-handling ,  irrespectiv e 
of  metaphor ;  a  sectio n describin g ATT-Meta' s metaphorica l 
reasoning ;  a  sectio n o n variou s type s o f  uncertaint y handle d 
i n th e metaphorica l  reasoning ;  a  sectio n sketchin g th e facil -
itie s fo r  reasonin g abou t  agents '  belief s an d reasoning ,  irre -
spectiv e o f  metaphor ;  a  sectio n o n h o w belie f  reasonin g an d 
metaphor-base d reasonin g ca n interac t  i n ATT-Meta ;  a  sec -
tio n o n th e similaritie s an d difference s betwee n ATT-Meta' s 
belie f  reasonin g an d it s metaphor-base d reasoning ;  a  sectio n 
on connection s t o som e topica l  issues ;  an d a  brie f  conclusio n 
section . 

As a  majo r  functio n o f  th e pape r  i s t o stres s interdisci -
plinar y connections ,  i t  wil l  no t  g o int o fine  technica l  detail . 
Furthe r  detai l  o f  th e wor k i s include d i n th e Barnde n (e t  al. ) 
item s i n th e Reference s section . 

ATT-Met a i s merel y a  reasonin g system ,  an d doe s no t  dea l 
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wit h natura l  languag e inpu t  directly .  Rather ,  a  use r  supplie s 
hand-code d logi c formula e tha t  ar e intende d t o couc h th e lit -
era l  meanin g o f  smal l  discours e chunk s (tw o o r  thre e sen -
tences) . 

Metaphor in ATT-Meta 

A metaphorical utterance is one that manifests (instantiates) 
a metaphor ,  wher e a  metapho r  i s a  conceptua l  vie w o f  on e 
topi c a s another .  Her e I  broadl y follo w Lakof f  (e.g. ,  Lakoff , 
1993) .  A n exampl e o f  a  metapho r  i s th e vie w o f  th e min d a s 
a three-dimensiona l  physica l  regio n ( M I N D A S P H Y S I C A L 
SPACE).  A  metapho r  i s th e vie w itself ,  a s oppose d t o som e 
piec e o f  natura l  languag e tha t  manifest s th e view .  Suc h a 
manifestatio n migh t  b e "Joh n believe d i n th e recesse s o f  hi s 
min d that..., "  i n th e cas e o f  M I N D A S P H Y S I C A L SPACE. 
I n a  manifestation ,  th e topi c actuall y bein g discusse d (John' s 
mind ,  i n th e example )  i s th e tenor ,  an d th e topi c tha t  i t  i s 
metaphoricall y cas t  a s (physica l  space ,  i n th e example )  i s th e 
vehicle . 

The ATT-Met a syste m doe s no t  currentl y dea l  wit h nove l 
metaphor s — rather ,  i t  ha s pre-give n knowledg e o f  a  specifi c 
set  o f  metaphors ,  includin g M I N D A S P H Y S I C A L SPACE. 
But  i t  i s specificall y designe d t o handl e nove l  manifestation s 
of  thos e metaphors .  It s knowledg e o f  a  metapho r  consist s 
mostl y o f  a  relativel y smal l  se t  o f  ver y genera l  "conversio n 
rules "  tha t  m a p betwee n th e vehicl e an d potentia l  tenors .  Th e 
degre e o f  novelt y tha t  th e syste m ca n handl e i n a  manifesta -
tio n o f  a  metapho r  i s limite d onl y b y th e amoun t  o f  knowl -
edge i t  ha s abou t  th e vehicl e an d b y th e generalit y o f  th e con -
versio n rules .  Not e als o Lakof f  &  Turner' s (1989 )  persuasiv e 
claim s tha t  eve n i n poetr y metaphorica l  utterance s ar e mostl y 
manifestation s o f  familiar ,  well-know n metaphors ,  albei t  th e 
manifestation s ar e highl y nove l  an d metaphor s ca n b e mixe d 
i n nove l  ways . 

The metapho r  researc h underlyin g ATT-Met a ha s concen -
trate d o n metaphor s fo r  menta l  states ,  suc h a s M I N D A S 
P H Y S I C AL SPACE,  althoug h th e principle s an d algorithm s 
implemente d ar e no t  restricte d t o suc h metaphors .  Mun -
dane discourses ,  suc h a s ordinar y conversation s an d news -
pape r  articles ,  ofte n us e metapho r  i n talkin g abou t  menta l 
states/processe s o f  agents .  Indeed ,  a s wit h man y abstrac t  top -
ics ,  a s soo n a s anythin g a t  al l  subd e o r  comple x need s t o 
be said ,  metapho r  i s practicall y essential .  Ther e ar e man y 
mental-stat e metaphor s apar t  fro m M I N D A S P H Y S I C A L 
SPACE.  Som e ar e a s follows :  I D E A S A S P H Y S I C A L O B -
JECTS,  unde r  whic h idea s ar e cas t  a s physica l  object s tha t 
hav e location s an d ca n mov e about ,  a s i n "H e pushe d thes e 
idea s t o on e side; "  C O G N I T I O N A S VISION ,  a s whe n un -
derstanding ,  realization ,  knowledge ,  etc .  i s  cas t  a s vision , 
as i n "Hi s vie w o f  th e proble m wa s blurred; "  I D E A S A S 
I N T E R N AL U T T E R A N C E S,  whic h i s manifeste d whe n a 
person' s thought s ar e describe d a s interna l  speec h o r  writ -
in g (interna l  speec h i s no t  literall y  speech) ,  a s i n "H e sai d t o 
himsel f  tha t  h e ough t  t o sta y a t  hom e an d work; "  an d M I N D 
PARTS A S P E R S O N S,  unde r  whic h a  person' s min d i s cas t 
as containin g severa l  sub-agent s wit h thei r  ow n thoughts , 
emotions ,  etc. ,  a s i n "Par t  o f  hi m wa s convince d tha t  h e 
shoul d g o t o th e party. "  Man y real-discours e example s 
of  mental-stat e metapho r  ca n b e foun d i n a  databan k a t 
http://www.cs.bham.ac.ukrjab/ATT-Meta/Databank . 

A T T - M e t a ' s Bas i c R e a s o n i n g 

ATT-Met a i s a  rule-base d reasonin g syste m tha t  manipulate s 
hypothese s (facts ,  conclusion s o r  goals) ,  represente d a s ex -
pression s i n a  situation-based/episode-base d first-order  logi c 
somewhat  aki n t o tha t  o f  Hobb s (1990) .  A t  an y time ,  an y 
particula r  hypothesi s H  i s tagge d wit h a  certaint y level ,  on e 
of  c e r t a i n ,  p r e s u m e d ,  s u g g e s t e d ,  p o s s i b l e o r 
c e r t a i n l y - n o t .  Th e las t  jus t  mean s tha t  th e negatio n 
of  H  i s certain .  P o s s i b l e jus t  mean s tha t  th e negatio n o f 
H i s no t  certai n bu t  n o evidenc e ha s ye t  bee n foun d fo r  H  it -
self .  P r e s u m e d mean s tha t  H  i s a  default :  i.e. ,  i t  i s  take n a s a 
workin g assumption ,  pendin g furthe r  evidence .  S u g g e s t e d 
means tha t  ther e i s evidenc e fo r  th e hypothesis ,  bu t  i t  i s  no t 
(yet )  stron g enoug h t o enabl e H  t o b e a  workin g assumption . 

ATT-Met a applie s it s rule s i n a  backchainin g style .  I t  i s 
give n a  reasonin g goal ,  an d use s rule s t o generat e supportin g 
goals .  Goal s ca n o f  cours e als o b e satisfie d b y provide d facts . 
W h en a  rul e applicatio n support s a  hypothesis ,  i t  supplie s a 
leve l  o f  certaint y t o th e hypothesis ,  calculate d a s th e mini -
m um o f  th e rule' s ow n certaint y leve l  an d th e level s picke d 
up fro m th e hypothese s satisfyin g th e rule' s conditio n part . 
W h en severa l  rule s suppor t  a  hypothesis ,  th e m a x i m u m o f 
thei r  certaint y contribution s i s taken . 

W h en bot h a  hypothesi s H  an d it s negatio n - H ar e sup -
porte d t o leve l  a t  leas t  p r e s u m e d ,  conflict-resolutio n take s 
place .  Th e mos t  interestin g cas e i s whe n bot h hypothese s 
ar e supporte d t o leve l  p r e s u m e d .  Th e syste m attempt s t o 
see whethe r  on e hypothesi s ha s mor e specifi c  evidenc e tha n 
th e other ,  s o tha t  i t  ca n downgrad e th e certaint y leve l  o f  th e 
othe r  hypothesis .  Specificit y compariso n i s a  commonl y use d 
heuristi c fo r  conflict-resolutio n i n AI ,  althoug h seriou s prob -
lem s remai n i n comin g u p wit h adequat e an d practica l  heuris -
tics .  ATT-Meta' s specificit y compariso n i s closel y relate d t o 
othe r  scheme s i n th e literature .  Unde r  certai n conditions ,  on e 
way fo r  a  hypothesi s t o b e mor e specificall y supporte d tha n 
it s negatio n i s fo r  i t  t o b e supporte d (directl y o r  indirectly ) 
by a  prope r  superse t  o f  th e fact s supportin g th e negation . 
Inter-derivabilit y  relationship s betwee n hypothese s appearin g 
i n th e suppor t  network s ar e als o use d i n specificit y compari -
son . 

I f  a  hypothesi s i s mor e specificall y supporte d tha n it s nega -
tion ,  i t  stay s p r e s u m e d an d th e negatio n i s downgrade d t o 
s u g g e s t e d .  I f  neithe r  hypothesi s wins ,  bot h ar e down -
grade d t o s u g g e s t e d .  Th e schem e ca n dea l  wit h an y 
amount  o f  iterativ e defeat :  fo r  example ,  i f  magi c penguin s 
ar e specia l  penguin s tha t  ca n indee d fly,  bu t  il l  magi c pen -
guin s onc e agai n canno t  fly,  the n th e syste m wil l  resolv e th e 
conflict s correctl y fo r  magi c penguin s i n genera l  an d fo r  il l 
magi c penguins . 

Thi s pape r  wil l  no t  displa y ATT-Meta' s forma l  representa -
tion s an d forma l  rul e format s (whic h ar e i n tur n represente d 
as Quintu s Prolo g expressions) ,  an d wil l  us e Englis h glosse s 
instead .  Thes e glosse s ma y us e th e pas t  tens e t o matc h th e 
tens e o f  Englis h exampl e sentences ,  bu t  thi s i s  jus t  fo r  read -
ability ,  an d ATT-Met a currentl y ha s n o treatmen t  o f  time . 

Metaphor-Based Reasoning 

Notoriously ,  metaphorica l  utterance s ca n b e difficul t  i f  no t 
impossibl e t o paraphras e i n non-metaphorica l  terms .  Simi -
larly ,  i t  ca n b e difficul t  i f  no t  impossibl e t o giv e the m interna l 
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meanin g representation s tha t  ar e no t  themselve s metaphori -
cal .  Consider ,  fo r  instance .  "On e par t  o f  Joh n wa s insist -
in g tha t  Sall y wa s right. "  Thi s manifest s th e metapho r  o f 
M I N D P A R T S A S P E R S O N S,  wher e furthermor e th e men -
tione d "part "  engage s i n natura l  languag e communication . 
We simpl y d o no t  kno w enoug h abou t  ho w th e min d work s t o 
give ,  i n non-metaphorica l  terms ,  a  usefu l  an d reasonabl y ful l 
accoun t  o f  wha t  wa s goin g o n i n John' s min d accordin g t o 
th e sentence .  W h a t  usefu l  non-metaphorica l  accoun t  ca n b e 
give n o f  som e "part "  o f  Joh n "insisting "  something ? Rather , 
th e utteranc e connote s thing s suc h a s th e following : 

Connotation 

Joh n ha d reason s bot h t o believ e tha t  Sall y wa s righ t  an d 
t o believ e th e opposite . 

This particular connotation arises because a person generally 
insist s somethin g onl y whe n someon e els e ha s state d th e op -
posit e (althoug h ther e ar e othe r  possibl e scenarios) .  So ,  th e 
sentenc e suggest s tha t 

some other "part" of John stated, and therefore probably 
believed ,  tha t  Sall y wa s N O T right . 

Then, because of the thoughts of the two sub-agents within 
Joh n (th e tw o parts) ,  w e ca n infe r  th e connotatio n displaye d 
above .  Thi s i s assumin g tha t  th e system,  a s par t  o f  it s  knowl -
edg e o f  th e M I N D P A R T S A S P E R S O NS metaphor ,  know s 
tha t 

((K)) if a "part" of someone X believes something P, then X 
ha s reason s t o believ e P . 

Some investigators may wish to call the above connotation 
th e underlyin g metaphorica l  meanin g o f  th e utterance ,  o r  a t 
leas t  t o clai m i t  t o b e par t  o f  tha t  meaning .  I n contrast ,  I  hav e 
avoide d th e difficul t  tas k o f  definin g th e notio n o f  "metaphor -
ica l  meaning, "  an d hav e concentrate d instea d o n th e broade r 
questio n o f  algorithm s fo r  makin g commonsens e inferences , 
by whateve r  route ,  fro m metaphorica l  utterances .  Thi s i s lib -
erating ,  becaus e th e questio n o f  whic h secto r  o f  th e spac e o f 
possibl e inference s shoul d b e calle d th e metaphorica l  mean -
in g i s merel y a  terminologica l  issue .  I  assum e instea d tha t 
a metaphor-base d reasonin g syste m should ,  i n man y case s 
at  least ,  construc t  a  litera l  meanin g o f  th e metaphorica l  ut -
teranc e i n question ,  an d shoul d mak e inference s fro m it . 
(Th e litera l  meanin g fo r  th e abov e exampl e sentenc e i s tha t 
Joh n literall y ha d a  par t  tha t  literall y insiste d tha t  Sall y wa s 
right. )  S o m e o f  thos e inference s wil l  themselve s b e couche d 
i n metaphorica l  term s — eve n thoug h the y ar e internall y rep -
resented ,  rathe r  tha n represente d i n natura l  languag e — an d 
some wil l  b e i n non-metaphorica l  terms ;  bu t  th e latte r  ca n b e 
at  a n arbitrar y inferentia l  distanc e fro m th e utterance .  Be -
caus e o f  th e attitud e adopte d toward s metaphorica l  meaning , 
we ca n sa y tha t  ATT-Met a i s "semanticall y agnostic "  a s re -
gard s metaphor .  Th e approac h i s aki n t o bu t  les s extrem e 
tha n tha t  o f  Davidso n (1979) ,  whic h ca n b e regarde d a s se -
manticall y "atheist. " 

ATT-Meta' s approac h t o derivin g connotation s suc h a s th e 
on e abov e i s litera l  pretence .  A  literal-meanin g representa -
tio n fo r  th e metaphorica l  inpu t  utteranc e i s constructed .  Th e 
syste m the n pretend s tha t  thi s representation ,  howeve r  ridicu -
lou s i n reality ,  i s  true .  Withi n th e contex t  o f  thi s pretence ,  th e 

syste m ca n d o an y reasonin g tha t  arise s fro m it s knowledg e 
of  th e vehicle s o f  th e metaphor s involved .  I n ou r  example , 
i t  ca n us e knowledg e abou t  interactio n withi n group s o f  rea l 
people ,  an d knowledg e abou t  communicativ e act s suc h a s in -
sistence .  A s a  resul t  o f  thi s knowledge ,  th e syste m ca n infer , 
withi n th e pretence ,  tha t  th e explicitl y  mentione d par t  o f  Joh n 
believe d (a s wel l  a s insisted )  tha t  Sall y wa s right ,  an d som e 
other ,  unmentioned ,  par t  o f  Joh n believe d (a s wel l  a s stated ) 
tha t  Sall y wa s no t  right .  Thes e conclusion s ar e example s o f 
interna l  metaphorica l  hypotheses . 

The ke y poin t  i s  tha t  thi s reasonin g fro m th e litera l  mean -
in g o f  th e utterance ,  conducte d withi n th e pretence ,  lin k u p 
wit h th e knowledg e displaye d a s (K) ,  whic h map s fro m th e 
vehicl e t o th e teno r  o f  th e metaphor .  Tha t  knowledg e i s it -
sel f  o f  a  ver y fundamental ,  genera l  nature ,  an d doe s not ,  fo r 
instance ,  rel y o n th e notio n o f  insistenc e o r  an y othe r  sor t 
of  communicativ e act .  An y lin e o f  within-pretenc e inferenc e 
tha t  linke d u p wit h tha t  knowledg e coul d lea d t o conclusion s 
tha t  Joh n ha d reason s t o believ e certai n things .  Thi s i s th e 
way i n whic h ATT-Met a ca n dea l  wit h nove l  manifestation s 
of  metaphors .  Ther e i s n o nee d a t  al l  fo r  i t  t o hav e an y knowl -
edg e o f  h o w "insistence '  b y a  "part "  o f  a  perso n map s t o som e 
non-metaphoricall y describabl e propert y o f  th e person .  Thus , 
th e syste m need s n o prio r  exposur e to ,  o r  specifi c  knowledg e 
of  ho w t o dea l  with ,  metaphorica l  utterance s involvin g "insis -
tence "  b y part s o f  people . 

To implemen t  th e sketche d approac h o n th e "insisting "  ex -
ample ,  ATT-Met a proceed s a s follow s i n dealin g wit h th e log -
ica l  inpu t  correspondin g t o a  metaphorica l  utterance .  Thi s in -
put  include s a n encodin g — (L )  belo w — o f  th e litera l  mean -
in g o f  th e utterance .  Th e syste m construct s a  computationa l 
environmen t  calle d a  metaphorica l  pretenc e cocoon .  Th e fol -
lowin g show s hypothese s tha t  ar e place d insid e an d outsid e 
th e cocoon : 

Insid e th e Cocoo n 

((L)) A part PJ of John insisted that 
Sall y wa s right . 

((PJ) )  P J i s a  person . 

Outside the Cocoon 

((SL) )  I  {th e system )  a m pretendin g tha t 
(L )  holds . 

((SPJ) )  I  (th e system )  a m pretendin g tha t 
PJ i s a  person . 

As usual, the system is given a reasoning goal, such as 

((Gl) )  Joh n believe d Sall y wa s right . 

Assume the system has 

Rul e R : 

IF X has reasons to believe P 
THEN [presumed ]  X  bel ieve s P . 

The "presumed" is the rule's certainty qualifier, and has the 
effec t  o f  limitin g an y conclusio n o f  th e rul e t o b e a t  bes t 
presumed .  I n applicatio n t o goa l  (Gl) ,  th e syste m get s th e 
subgoa l 

((G2)) John had reasons to believe that 
Sall y wa s r ight . 
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Now,  knowledg e ite m (K )  appear s i n th e syste m a s th e fol -
lowin g "conversion "  rule ,  convertin g betwee n metaphorica l 
and non-metaphorica l  terms : 

Conversion Rule KCR 

IF I (the system) am pretending that 
par t  Y  o f  agen t  X  i s a  perso n 

AND I  a m pretendin g tha t  Y  believe s Q 

THEN [presumed ]  X  ha s reason s t o believ e 

Q. 

In application to (G2), the rule leads to the creation of the 
subgoa l 

((G3)) I (the system) am pretending that 
PJ believe d Sall y wa s right . 

All the goals so far mentioned are outside the metaphorical 
pretenc e cocoon ,  bu t  (G3 )  i s automaticall y accompanie d b y 
th e subgoa l 

((04) PJ believed that Sally was right 

within  the cocoon. This hypothesis can then be inferred (as 
a default )  fro m th e hypothesi s tha t  P J state d tha t  Sall y wa s 
right ,  whic h itsel f  ca n b e inferre d (a s a  default )  fro m th e ex -
istin g within-cocoo n fac t  (L) .  Notic e carefull y tha t  thes e las t 
tw o step s ar e entirel y withi n th e cocoo n an d merel y us e com -
monsense knowledg e abou t  real-lif e communication . 

As wel l  a s th e origina l  goa l  (Gl )  th e syste m als o look s a t 
th e negatio n o f  (G 1 )-an d therefor e als o a t  th e hypothesi s tha t 
John believe d tha t  Sall y wa s no t  right ,  an d hence ,  becaus e o f 
Rul e R ,  a t  th e hypothesi s tha t  Joh n ha d reason s t o believ e tha t 
Sall y wa s no t  right .  Thi s subgoa l  get s suppor t  i n a  rathe r  sim -
ila r  wa y t o th e abov e process ,  bu t  i t  involve s riche r  reasonin g 
withi n th e cocoon . 

Uncertainty in Metaphor 

A hypothesi s lik e " I  (th e system )  a m pretendin g tha t  P "  i s 
calle d a  pretenc e hypothesis .  I n ou r  example ,  suc h a  formul a 
arise s outsid e th e cocoo n mentione d above .  Whe n i t  does ,  a 
copy o f  "P "  i s  place d insid e th e cocoon .  Conversely ,  ever y 
hypothesi s P  tha t  arise s withi n th e cocoo n i s reflecte d outsid e 
by th e correspondin g pretenc e hypothesis .  Th e hypothese s 
withi n th e cocoo n ar e note d a s bein g withi n th e cocoo n b y be -
in g tagge d wit h th e system' s nam e fo r  th e cocoon .  Suc h tag s 
ar e passe d aroun d b y reasonin g rules ,  s o tha t  rul e application s 
on hypothese s withi n th e cocoo n lea d onl y t o within-cocoo n 
hypotheses .  Bu t  th e tag s d o no t  otherwis e affec t  rul e applica -
tion .  Thus ,  applicatio n o f  a  rul e withi n a  cocoo n i s virtuall y 
identica l  t o applicatio n outsid e th e cocoon .  (And ,  currently , 
al l  rule s availabl e fo r  th e system' s reasonin g outsid e cocoon s 
can als o b e use d withi n cocoons. )  I n particular ,  uncertaint y i s 
handle d withi n th e cocoo n jus t  a s i t  i s  outside . 

ATT-Met a include s th e followin g thre e type s o f  uncertaint y 
handlin g i n it s  metaphor-base d reasoning . 

(UMl) Given an utterance, it is often not certain what par-
ticula r  metaphor s o r  variant s o f  the m ar e manifested .  Corre -
spondingly ,  ATT-Met a ma y merel y hav e presumed ,  fo r  in -
stance ,  a s a  tentativ e leve l  o f  certaint y fo r  a  pretenc e premis e 

lik e (SPJ )  above .  Thi s hypothesi s i s the n potentiall y  subjec t 

t o defeat . 

(UM2) Conversion rules like KCR are merely default rules. 
Ther e ca n b e evidenc e agains t  th e conclusio n o f  th e rule . 
Whether  th e conclusio n survive s a s a  defaul t  (presumed ) 
hypothesi s depend s o n th e relativ e specificit y o f  th e evidenc e 
fo r  an d agains t  th e conclusion .  Thus ,  whethe r  a  piec e o f 
metaphorica l  reasonin g override s o r  o r  i s  overridde n b y othe r 
line s o f  reasonin g abou t  th e teno r  i s matte r  o f  th e peculiar -
itie s o f  th e cas e a t  hand .  However ,  man y researcher s (e.g. , 
Lakof f  1993 )  assum e that ,  i n case s o f  conflict ,  teno r  informa -
tio n shoul d overrid e metaphor-base d inferences ,  an d thu s d o 
not  full y  addres s th e potentia l  uncertaint y o f  teno r  informa -
tion .  I t  mus t  b e realize d that ,  jus t  a s wit h litera l  utterances ,  a 
metaphorica l  utteranc e ca n expres s a n exceptio n t o som e sit -
uatio n tha t  woul d normall y appl y i n th e teno r  domain .  T o sa y 
"Th e compan y nurse d it s competito r  bac k t o health "  contra -
dict s defaul t  knowledg e tha t  companie s d o no t  normall y hel p 
thei r  competitors ,  an d shoul d overrid e tha t  knowledge . 

(UM3) Knowledge about the vehicle of the metaphor is it-
sel f  generall y uncertain .  Correspondingly ,  i n ATT-Met a th e 
hypothese s an d reasonin g withi n th e cocoo n ar e usuall y un -
certain .  Fo r  instance ,  i t  i s  no t  certai n tha t  someon e believe s 
somethin g jus t  becaus e the y stat e it .  ( A defaul t  ste p fro m 
statin g t o believin g wa s use d i n th e "insisting "  example. ) 

Because there is uncertain reasoning both within and out-
sid e th e cocoon ,  specia l  complication s aris e fo r  conflic t  res -
olution .  A  particula r  complicatio n i s tha t  th e pretenc e co -
coo n i s take n t o contai n a s a  fac t  an y fac t  sittin g outside . 
Thi s importatio n o f  fact s i s neede d becaus e arbitrar y infor -
matio n about ,  say ,  physica l  object s ma y b e neede d i n a  pre -
tenc e cocoo n use d fo r  a  metapho r  lik e M I N D A S PHYSI -
C AL SPACE.  Withi n th e cocoon ,  th e importe d fact s ma y sup -
por t  somethin g tha t  conflict s wit h conclusion s draw n fro m th e 
specia l  metaphorica l  fact s inserte d int o th e cocoo n a t  th e star t 
(e.g. ,  th e fac t  (PJ )  tha t  par t  P J o f  Joh n i s a  person) .  However , 
th e syste m adopt s th e heuristi c tha t  suc h metaphorica l  fact s 
suppl y adde d specificity .  Therefore ,  ATT-Met a proceed s a s 
follows :  withi n a  metaphorica l  pretenc e cocoon ,  specificity -
compariso n i s  first  attempte d i n a  mod e wher e al l  reasonin g 
line s partiall y  dependen t  o n importe d fact s ar e throw n away . 
Onl y i f  thi s doe s no t  yiel d a  winne r  ar e thos e line s restored , 
and specificit y reassessed . 

Agents' Beliefs and Reasoning 

ATT-Met a ca n reaso n non-metaphoricall y abou t  th e belief s 
and reasonin g act s o f  agents ,  t o an y dept h o f  nestin g o f 
agents .  Althoug h ATT-Met a ca n reaso n abou t  belief s i n a n 
ordinar y rule-base d way ,  it s  mai n too l  i s  simulativ e reasonin g 
(see ,  e.g. :  Haas ,  1986 ;  Dinsmore ,  1991 ;  Chalupsky ,  1996) .  I n 
attemptin g t o sho w tha t  agen t  X  believe s P  (t o som e specifi c 
leve l  o f  certainty )  fro m th e fac t  tha t  X  believe s Q  (t o som e 
level) ,  th e syste m put s P  a s a  goa l  an d Q  a s a  fac t  i n a  "sim -
ulatio n cocoon "  fo r  X ,  whic h i s a  specia l  environmen t  whic h 
i s mean t  t o reflec t  X' s ow n allege d reasonin g processes .  Rea -
sonin g fro m Q  t o P  i n th e cocoo n i s allege d (b y default )  t o b e 
reasonin g b y X . 

Belie f  reasonin g i n ATT-Met a ca n involv e uncertaint y i n 
th e followin g thre e importan t  senses : 
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(UB l )  Informatio n gaine d fro m menta l  stat e report s i n dis -
cours e ca n b e uncertain ,  becaus e o f  hedge s i n sentence s o r 

speake r  unreliability .  Correspondingly ,  i n ATT-Met a a  hy -
pothesi s o f  th e for m X  believe s tha t  H  (t o som e level )  ca n 
itsel f  b e uncertain . 

(UB2 )  Eve n i f  belie f  fact s lik e X  believe s .. .  i n (UBl )  wer e 
certain ,  furthe r  conclusion s draw n fro m the m abou t  X' s be -
lief s mus t  generall y b e uncertain .  I f  thos e conclusion s ar e 
reache d b y ordinar y rul e application ,  th e rule s ca n b e uncer -
tain .  Also ,  simulatio n o f  X  neve r  support s a  hypothesi s o f 
for m X  believe s tha t  G  t o som e leve l  t o a  leve l  highe r  tha n 
presx imed .  Thi s i s t o allo w fo r  th e poin t  tha t  th e agen t  do -
in g th e simulatin g canno t  b e certai n tha t  X  doe s th e allege d 
steps ,  an d i n an y cas e X  m a y perfor m unknow n step s tha t 
provid e a n argumen t  agains t  G .  I n addition ,  simulativ e an d 
non-simulativ e belie f  reasonin g abou t  a n agents '  belief s ca n 
conflict .  Conflic t  resolutio n migh t  resolv e th e conflic t  eithe r 
way,  dependin g o n circumstances . 

(UB3 )  Th e reasonin g withi n th e simulatio n i s itsel f  generall y 
uncertain .  I t  ca n involv e uncertai n rule-base d reasoning ,  an d 
i t  ca n involv e simulatio n o f  furthe r  agents . 

Belie£^etaphor Interactions 

Belie f  reasonin g an d metaphor-base d reasonin g ca n interac t 
i n a  variet y o f  ways .  O n e simpl e wa y i s illustrate d b y th e sen -
tenc e "Joh n thought ,  'Bil l  i s  a  fool', "  whic h i s a  manifestatio n 
of  I D E A S A S I N T E R N A L U T T E R A N C ES (se e Barnde n e t 
ai ,  199 6 an d Barnden ,  i n press ,  fo r  discussion) .  A  simpl e 
inferenc e fro m thi s (vi a a  conversio n rul e applicatio n t o th e 
litera l  meaning )  i s tha t  Joh n believe d tha t  Bil l  wa s a  fool . 

A mor e indirec t  typ e o f  connectio n i s th e mai n poin t  o f 
Barnde n etal .  (1994) .  I n th e sentenc e "Thes e tw o idea s wer e 
fa r  apar t  i n John' s mind, "  whic h manifest s M I N D A S P H Y S -
I C A L S P A C E,  th e connotatio n i s tha t  Joh n di d no t  dra w oth -
erwis e expectabl e inference s fro m th e tw o ideas .  Wherea s 
ATT-Met a woul d normall y simulat e Joh n a s makin g th e infer -
ences ,  ther e i s a  mechanis m whereb y th e far-apartnes s block s 
th e simulatio n fro m havin g it s norma l  effect .  I n brief ,  eac h 
reasonin g ste p i n a  simulatio n i s accompanied ,  outsid e th e 
simulation ,  b y a  hypothesi s t o th e effec t  tha t  th e agen t  doe s 
th e step .  Thes e specia l  hypothese s ca n b e reasone d abou t 
jus t  a s an y othe r  hypothesi s can ,  an d i n particula r  the y ca n 
be defeate d i n th e fac e o f  specia l  evidenc e lik e ou r  exampl e 
metaphorica l  sentence . 

Anothe r  typ e o f  metaphor/belie f  interactio n occur s i n per -
sonificatio n metaphor ,  a s i n " M y ca r  think s it' s  Sunday "  ut -
tere d t o explai n w h y th e ca r  won' t  start .  Fro m th e fac t  tha t 
th e ca r  think s it' s  Sunday ,  w e coul d infe r  tha t  th e ca r  think s 
i t  needn' t  "wak e up "  unti l  som e relativel y lat e time .  Thi s al -
lege d reasonin g b y th e ca r  woul d occu r  withi n a  simulatio n 
cocoo n fo r  th e car ,  embedde d withi n a  metaphorica l  pretenc e 
cocoo n fo r  th e pretenc e tha t  th e ca r  i s a  person .  Indeed ,  th e 
exampl e sentenc e "On e par t  o f  Joh n wa s insistin g tha t  Sall y 
was right"  use d abov e i s als o a  manifestatio n o f  personifica -
tio n metaphor . 

Conversely ,  metaphorica l  pretenc e ca n b e embedde d 
withi n simulativ e reasonin g abou t  beliefs .  A n agen t  X  tha t  i s 
mentione d i n discours e m a y b e portraye d a s thinkin g an d rea -
sonin g metaphoricall y abou t  something ,  a s i n (on e interpre -
tatio n of )  th e sentenc e " R o m e o think s tha t  Julie t  i s  th e sun. " 

Thi s phenomeno n ca n b e handle d b y embeddin g a  metaphori -
cal  pretenc e cocoo n fo r  pretendin g tha t  Julie t  i s  th e su n withi n 
a simulatio n cocoo n fo r  simulatin g Romeo . 

BelieC^etaphor Reasoning Similarity 

ATT-Meta' s metaphorica l  pretenc e reasonin g an d simulativ e 
belie f  reasonin g ar e almos t  identical .  Not e i n particula r  tha i 
uncertaint y type s (UBl )  t o (UB3 )  ar e directl y analogou s t o 
uncertaint y type s ( U M l )  t o ( U M 3 ) ,  respectively .  However , 
ther e ar e som e majo r  point s o f  differenc e algorithmically : 

(a) Simulative belief reasoning does not need an analogue of 
conversio n rule s adopte d fo r  metaphors .  On e ca n imagine , 
however ,  directl y analogou s rule s o f  th e for m I F a n agen t  o f 
such-and-suc h a  typ e believe s P  A N D P  i s abou t  so-and-s o 
T H EN / p r e s u m e d /  P  o r  o f  th e convers e for m I F P  A N D 
P i s abou t  so-and-s o an d agen t  X  i s o f  such-and-suc h a  typ e 
T H EN / p r e s u m e d /  X  believe s P .  Th e forme r  woul d sanc -
tio n relianc e o n th e opinion s o f  truste d others ,  an d th e latte r 
woul d sanctio n defaul t  ascriptio n o f  belief s t o suitabl e agent s 
(cf .  Balli m &  Wilks ,  1991) . 

(b) The above-mentioned automatic importation of facts into 
a metaphorica l  pretenc e fro m outsid e ha s n o analogu e i n sim -
ulativ e belie f  reasoning . 

We have seen that belief reasoning and metaphorical pre-
tenc e ca n b e neste d withi n simulativ e belie f  reasoning ,  an d 
belie f  reasonin g ca n b e neste d withi n metaphorica l  pretence . 
Also ,  w e hav e th e fourt h possibility ,  namel y tha t  metaphori -
cal  pretenc e ca n b e neste d withi n metaphorica l  pretence .  Thi s 
handle s chaine d metapho r  (A-AS- B mixe d wit h B-AS-C) . 
Conside r  th e sentenc e "Th e though t  hun g ove r  hi m lik e a n an -
gr y cloud "  (adapte d fro m a  real-tex t  example) .  Th e though t 
i s metaphoricall y cas t  a s a  cloud ,  an d th e clou d i s i n tur n 
metaphoricall y cas t  a s a n animat e bein g (becaus e onl y ani -
mat e being s ca n literall y b e angry) .  Thi s ca n b e handle d b y 
havin g a  metaphorica l  cocoo n fo r  th e secon d o f  thos e tw o 
metaphorica l  step s neste d withi n a  cocoo n fo r  th e first.  Tha t 
is ,  withi n th e pretenc e tha t  th e though t  i s a  clou d ther e i s a 
furthe r  pretenc e tha t  th e clou d i s a  person . 

I n principle ,  th e fou r  type s o f  nestin g ca n b e don e t o arbi -
trar y depth .  Thi s fact ,  i n conjunctio n wit h uncertaint y type s 
(UMl-3 )  an d (UBl-3) ,  require s conflic t  resolutio n t o b e han -
dle d correctl y withi n differen t  cocoon s a t  an y dept h o f  nest -
ing ,  an d acros s th e boundarie s o f  cocoons .  Th e latte r  i s 
neede d because ,  outsid e a  particula r  cocoo n (fo r  pretenc e o r 
ordinar y simulation) ,  a  hypothesi s migh t  b e supporte d an d 
attacke d b y a  combinatio n o f  argumentatio n base d o n tha t 
cocoo n an d othe r  argumentation .  Th e resultan t  complica -
tion s i n conflic t  resolutio n appea r  no t  t o hav e bee n addresse d 
elsewhere .  Th e mechanis m use d i n ATT-Met a i s sketche d i n 
Barnde n (1998 )  an d a  concurren t  conferenc e submission . 

Connections to Some Topical Issues 

The researc h contribute s t o th e debat e betwee n th e Simula -
tio n Theor y an d Theor y Theor y o f  menta l  ascriptio n (see , 
e.g. ,  Carruther s &  Smith ,  1996) ,  i n tha t  i t  clarifie s wha t  i s 
realisticall y neede d fo r  bot h o f  thes e approache s t o work ,  es -
peciall y whe n uncertaint y handlin g i s involved .  Mos t  o f  th e 
debat e ha s bee n rathe r  vagu e abou t  th e necessar y underlyin g 
processes ,  an d ha s hardl y devote d an y detaile d attentio n t o 
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uncertaint y handling .  Th e ATT-Met a researc h als o extend s 
simulatio n t o appl y t o metaphorica l  reasoning ,  a s a  typ e o f 
pretence . 

ATT-Meta' s metaphorica l  pretenc e processin g appear s t o 
provid e a  partia l  implementatio n o f  th e "conceptua l  blend -
ing "  notio n o f  Turne r  &  Fauconnie r  (1995) .  Metaphorica l 
pretenc e cocoon s ca n contai n a  mixtur e o f  pretence-base d 
and non-pretence-base d reasonin g (cf .  th e fac t  importatio n 
i n a  previou s section) .  Uncertainty-handling ,  includin g con -
flict  resolution ,  i s somethin g tha t  conceptua l  blendin g need s 
i n orde r  t o becom e algorithmicall y specifi c  an d conceptuall y 
plausible . 

Some psychologica l  researc h suggest s th e peopl e ma y no t 
construc t  litera l  meaning s fo r  metaphorica l  utterances ,  a t 
leas t  i f  th e utterance s ar e i n a n appropriat e contex t  an d ar e 
of  a  familia r  natur e (se e Ginest e &  Scart-Lhomme ,  i n press , 
fo r  a  recen t  review) .  Althoug h ATT-Met a i s no t  mean t  t o b e 
a psychologica l  model ,  i t  i s wort h notin g tha t  it s us e o f  litera l 
meaning s doe s no t  conflic t  wit h th e psychologica l  research . 
For  on e thing ,  th e ATT-Met a researc h i s no t  agains t  th e us e 
of  direc t  mapping s fro m familia r  manifestation s o f  metaphor s 
t o metaphorica l  meaning s (rathe r  tha n fro m nove l  manifesta -
tion s o f  familia r  metaphors) .  Also ,  th e psychologica l  studie s 
allude d t o d o no t  involv e ver y detaile d view s o f  sentenc e pro -
cessing ,  litera l  o r  otherwise ,  s o tha t  ther e i s plent y o f  roo m t o 
disput e tha t  the y indicat e tha t  litera l  meaning s ar e no t  bein g 
constructed .  Fo r  instance ,  a n observatio n tha t  i t  doe s no t  tak e 
longe r  t o proces s a  give n utteranc e whe n take n metaphori -
call y tha n whe n take n literall y migh t  indicat e onl y th e follow -
ing :  tha t  th e discourse-understandin g beyon d mer e sentence -
meanin g constructio n (suc h a s wor k fo r  discourse-coherenc e 
establishment )  i n th e litera l  cas e i s replace d b y analogou s bu t 
differen t  wor k i n th e metaphorica l  case ,  wit h th e litera l  mean -
in g itsel f  bein g constructe d i n bot h case s an d takin g bu t  a  mi -
nor  fractio n o f  th e overal l  reactio n time .  A  furthe r  argumen t 
i s give n i n Barnde n (i n press) . 

Conclusion 

The ATT-Meta-base d researc h seek s t o integrat e th e treatmen t 
of  menta l  stat e reasoning ,  metaphorica l  reasonin g an d uncer -
tainty .  I t  thereb y contribute s t o variou s area s wit h Cognitiv e 
Scienc e an d bring s togethe r  concern s tha t  hav e bee n artifi -
ciall y  separate d i n th e past .  B y no t  insistin g o n metaphorica l 
utterance s havin g meaning s othe r  tha n thei r  litera l  ones ,  i t  ha s 
th e freedo m t o dea l  powerfull y wit h nove l  manifestation s o f 
(familiar )  metaphors .  It s pretence-base d approac h make s it s 
handlin g o f  metaphor-base d reasonin g aki n t o it s handlin g o f 
belie f  reasoning . 
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