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Vi a Inama ,  5  -  3810 0 Trent o (Italy ) 

Abstrac t 

In this paper we present a context-based family of formal sys-
tems (calle d MultiContex t  Systems )  whic h w e propos e t o us e 
as a  forma l  framewor k fo r  a  theor y o f  menta l  representation . 
We star t  wit h a n intuitiv e notio n o f  contex t  a s a  subse t  o f  th e 
complet e (cognitive )  stat e o f  a n individual .  The n w e introduc e 
tw o genera l  principle s whic h w e believ e ar e a t  th e cor e o f  an y 
logi c o f  context ,  namel y th e principle s o f  localit y an d compat -
ibility .  W e sho w ho w thes e principle s ca n b e formalize d i n th e 
framewor k o f  MultiContex t  Systems ,  an d argu e tha t  thi s con -
ceptual/logica l  framewor k ca n b e use d t o accoun t  fo r  a  variet y 
of  phenomen a i n a  theor y o f  menta l  representation .  Finally ,  w e 
compar e ou r  framewor k wit h previou s work . 

I n t r oduc t i o n 

Contex t  i s  on e o f  th e mos t  interdisciplinar y notion s i n th e 
contemporar y scientifi c  debat e o n cognition .  I n general ,  con -
tex t  i s  viewe d a s a  ke y notio n i n th e explanatio n o f  h o w ou r 
menta l  content s ar e (logically )  structured .  A s a  consequence , 
contex t  i s  par t  o f  th e explanatio n o f  h o w thes e menta l  con -
tent s ar e use d i n c o m m o n sens e reasoning ,  natura l  languag e 
understanding ,  learning ,  proble m solving ,  an d s o on .  Th e in -
teres t  i n th e notio n o f  contex t  i s prove d b y th e growin g num -
ber  o f  scientifi c  event s relate d t o it ,  e.g. ,  th e workshop s o n 
contex t  a t  th e 13t h an d 14t h Internationa l  Join t  Conferenc e 
on Artificia l  Intelligenc e (Brezillon ,  1993 ;  Brezillo n &  Abu -
Hakima ,  1995) ,  th e worksho p o n contex t  a t  th e las t  Euro -
pea n Conferenc e o n Cognitiv e Scienc e (Bouque t  etal. ,  1997) , 
th e Firs t  Interdisciplinar y Conferenc e o n Contex t  (Brezillion , 
1997) ,  th e A A A I - 9 7 Fal l  Symposiu m o n Contex t  i n Natura l 
Languag e an d Knowledg e Representatio n (Buva c &  Ivanska , 
1997) . 

Despit e th e larg e amoun t  o f  wor k an d numbe r  o f  events , 
whethe r  ther e i s a  unifyin g notio n o f  contex t  underlyin g it s 
usag e i s stil l  unclear .  I f  w e loo k a t  som e o f  th e mos t  well -
know n definition s i n th e literature ,  w e find  a  wid e spectru m 
of  proposals .  I n philosoph y o f  language ,  Davi d Lewi s define s 
a contex t  a s th e "locatio n -  time ,  plac e an d possibl e worl d -
wher e a  sentenc e i s said "  (Lewis ,  1980 )  ( a ver y simila r  notio n 
of  contex t  wa s propose d b y Davi d Kapla n i n hi s well-know n 
pape r  O n th e Logi c o f  Demonstrative s (Kaplan ,  1978)) .  I n 
linguistics ,  Sperbe r  an d Wilso n defin e contex t  a s "th e se t  o f 
premise s use d i n interpretin g a n utteranc e [... ]  a  psycho -
logica l  construct ,  a  subse t  o f  th e hearer' s assumption s abou t 
th e world "  (Sperbe r  &  Wilson ,  1986) .  I n menta l  represen -
tation ,  (Dinsmore ,  1991 )  introduce s th e notio n o f  contex t  a s 
a ke y concep t  i n th e (intuitive )  semantic s o f  partitione d rep -
resentations .  I n cognitiv e psychology ,  Kokino v define s con -

tex t  a s "th e se t  o f  al l  entitie s tha t  influenc e huma n (o r  sys -
tem's )  cognitiv e behaviou r  o n a  particula r  occasion "  (Koki -
nov ,  1995) .  I n AI .  sinc e Joh n McCarthy' s semina l  pape r  o n 
generalit y (McCarthy ,  1987) ,  a  lo t  o f  wor k ha s bee n don e to -
ward s th e formalizatio n o f  contex t  an d it s logi c (Guha ,  1991 : 
McCarthy ,  1993 ;  Buva c &  Mason ,  1993) :  however ,  a s Mc -
Carth y himsel f  point s out ,  th e goa l  o f  thi s wor k wa s no t  t o 
reac h a  uniqu e conclusio n abou t  wha t  contex t  is ,  bu t  rathe r 
t o "introduc e context s a s abstrac t  mathematica l  entitie s wit h 
propertie s usefu l  i n artificia l  intelligence "  (McCarthy ,  1993) . 
On to p o f  thes e differen t  approaches ,  w e als o find  a  lo t  o f 
wor k abou t  "belie f  contexts" ,  "intensiona l  contexts" ,  "socia l 
contexts" ,  "reasonin g contexts" ,  an d s o on ,  wher e th e concep t 
of  contex t  i s assume d a s given . 

Th e goa l  o f  thi s pape r  i s t o presen t  a  context-base d famil y 
of  forma l  system s (calle d MultiContex t  Systems )  an d sho w 
ho w i t  ca n b e use d t o accoun t  fo r  man y a.spect s o f  a  theor y o f 
menta l  representation .  Th e pape r  goe s a s follows .  First ,  w e 
introduc e th e basi c principle s o f  ou r  approach ,  namel y th e 
principl e o f  localit y an d th e principl e o f  compatibility .  Sec -
ond ,  w e briefl y discus s h o w thes e principle s ar e formalize d i n 
MultiContex t  ( M C )  System .  The n w e recal l  som e importan t 
aspect s o f  a  theor y o f  menta l  representatio n an d sho w ho w 
the y ca n b e easil y formalize d i n ou r  framework .  Finally ,  w e 
criticall y compar e ou r  approac h wit h previou s work . 

Locality and Compatibility 

According to (Giunchiglia. 1993). a context can be defined 
as "tha t  subse t  o f  th e complet e stat e o f  a n individua l  tha t  i s 
use d fo r  reasonin g abou t  a  give n goal" .  Th e intuitio n i s tha t 
reasonin g i s alway s "local" ,  i.e .  involve s onl y a  smal l  subse t 
of  wha t  a n agent' s actuall y knows ;  thi s subse t  i s wha t  deter -
mine s th e contex t  o f  reasoning .  Thi s intuitio n ca n b e mappe d 
int o th e ide a tha t  a  contex t  i s a  partia l  an d approximat e the -
or y o f  th e worl d whic h encode s som e agent' s perspective .  I t 
i s a  partia l  theor y becaus e i t  doe s no t  represen t  al l  th e infor -
matio n tha t  a n agen t  ha s abou t  th e world ,  bu t  onl y a  smal l 
portion .  I t  i s a n approximat e theor y becaus e eve n thi s portio n 
i s represente d onl y a t  som e leve l  o f  detail .  S o m e example s o f 
contex t  are :  th e fact s tha t  a n agen t  know s abou t  a  specifi c  do -
mai n {e.g .  abou t  money ,  abou t  anothe r  agent' s beliefs ,  abou t 
th e Italia n cuisine ,  . . . ) :  th e fact s tha t  a n agen t  use s t o solv e 
a proble m o n a  particula r  occasion ;  th e fact s tha t  a n agen t 
use s t o interpre t  anothe r  agent' s utterance .  A  contex t  abou t 
money,  fo r  example ,  i s no t  onl y partia l  (i t  i s abou t  mone y an d 
not  abou t  th e Italia n cuisine) ,  bu t  als o approximat e (usin g a n 
exampl e fro m (Guha ,  1991) ,  th e relationshi p betwee n a n ob -
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jec t  an d it s cos t  ca n b e represente d a t  differen t  level s o f  detail : 
as a  binar y predicat e costs(x,y )  ( x cost s y )  i n a  naiv e mone y 
theory ,  a s a  ternar y predicat e cosls(x.y.UstPrice )  i n a  genera l 
transactio n theor y i n whic h w e m a y hav e differen t  kind s o f 
cost s associate d wit h a n object ;  an d s o on) , 

I n ou r  view ,  a  logi c o f  contex t  i s  th e logi c o f  possibl e re -
lation s betwee n partia l  an d approximat e theories .  Th e ide a i s 
th e following : 

• on one side, if we take seriously the idea that a context 
i s  a  theor y (thoug h partia l  an d approximate) ,  the n expres -
sivenes s (wha t  ca n b e said) ,  denotation ,  trut h an d logica l 
consequenc e mus t  b e conceive d o f  a s loca l  t o a  context . 
Thi s i s wha t  w e cal l  ih e principl e o f  locality ; 

• on the other side, the fact that an agent's complete knowl-
edg e i s represente d a s a  collectio n o f  context s suggest s tha t 
differen t  kind s o f  relation s mus t  exis t  amon g differen t  con -
texts .  Thi s i s wha t  w e cal l  th e principl e o f  compatibility . 

A first consequence of locality is that different contexts 
may hav e differen t  ontologie s (intuitively ,  becaus e eac h o f 
the m represent s a  differen t  portio n o f  a n agent' s knowledge) . 
For  instance ,  th e ontolog y o f  a  contex t  describin g John' s be -
lief s abou t  th e worl d o f  Calvi n &  Hobb s wil l  includ e children , 
tigers ,  cars ,  schools ,  friendship ,  an d s o on ;  wherea s th e on -
tolog y o f  a  contex t  describin g John' s belief s abou t  mechanic s 
wil l  includ e differen t  categorie s o f  objects .  A  secon d con -
sequenc e i s tha t  context s see m t o requir e a  "local "  notio n o f 
denotatio n an d truth .  Fo r  instance ,  'Hobbes '  ma y refe r  t o a 
speakin g tige r  i n th e contex t  o f  Calvi n &  Hobbe s adventures , 
and t o a  philosophe r  o f  th e XVII I  centur y i n a  handboo k o f 
moder n philosophy .  A s t o truth ,  Joh n ma y believ e tha t  th e 
sentenc e "Hobbe s i s a  speakin g tiger "  i s  tru e i n th e contex t 
of  Calvi n &  Hobbe s storie s an d tha t  th e sentenc e "Tiger s d o 
not  speak "  i s tru e i n th e contex t  o f  zoology .  A  thir d impor -
tan t  consequenc e o f  th e principl e o f  localit y i s tha t  differen t 
logic s ma y b e allowe d i n differen t  contexts .  Fo r  instance ,  i n a 
contex t  whic h represent s a n agent' s reasonin g abou t  ai r  trav -
elling ,  w e ar e likel y t o requir e a  sor t  o f  closed-worl d assump -
tio n (e.g .  i f  a  flight  connectio n fro m Glasgo w t o M o s c o w doe s 
not  appea r  o n th e flight  schedul e o f  Glasgo w airport ,  the n th e 
agen t  wil l  infe r  tha t  a  direc t  connectio n doe s no t  exist) ;  how -
ever ,  i n a  contex t  involvin g phon e calls ,  closed-worl d reason -
in g doe s no t  see m t o appl y (i f  th e phon e numbe r  o f  th e Ital -
ia n Prim e Ministe r  R o m a n o Prod i  doe s no t  appea r  o n Rome' s 
phon e book ,  w e don' t  wan t  t o infe r  tha t  h e doe s no t  hav e a 
phon e numbe r  i n Rome) . 

The principl e o f  compatibilit y  capture s th e intuitio n tha t 
contexts ,  a s partia l  an d approximat e theories ,  ca n b e some -
what  related .  A  fe w examples .  Tak e a  contex t  c i  t o describ e 
John' s belief s o n Januar y 31 ,  199 8 an d a  contex t  c ^  t o de -
•scrib e John' s belief s o n Februar y 1st ,  1998 .  The n i t  i s  rea -
•sonabl e t o postulat e a  relatio n betwee n c j  an d C 2 suc h tha t 
th e trut h o f  th e sentenc e "Today' s sunny "  i n Ci  entail s th e 
trut h o f  th e sentenc e "Yesterda y wa s sunny "  i n 02 -  Suppos e 
no w tha t  a  contex t  c g describe s John' s offic e o n Januar y 31 , 
1998 an d tha t  th e sentenc e on(computer ,  table )  i s tru e i n it . 
I f  (fo r  som e reason )  w e switc h t o a  les s approximat e descrip -
tio n wher e tim e i s explicitl y  take n int o account ,  the n it' s  rea -
sonabl e t o expec t  tha t  i t  wil l  contai n a  sentenc e o f  th e for m 
on(computer ,  table .  31-/2-98 )  (an d thi s a s a  consequenc e o f 

th e fac t  tha t  on(computer .  table )  wa s tru e i n r«) .  Imagin e no w 
tha t  C 3 describe s John' s offic e fro m hi s o w n perspectiv e an d 
tha t  Mar y i s sittin g i n fron t  o f  hi m o n th e othe r  sid e o f  th e ta -
ble .  Suppos e C 4 represent s (som e of )  th e belief s tha t  Joh n as -
cribe s t o Mary .  I f  C 3 contain s th e sentenc e on(c(>nipuler .  left -
side-of(table) )  (i.e .  Joh n believe s tha t  ther e i s a  compute r  o n 
th e lef t  sid e o f  th e table) ,  the n c ^  i s likel y t o contai n th e belie f 
on(computer ,  right-side-of(table) )  (Joh n ascribe s t o Mar y th e 
belie f  tha t  ther e i s a  compute r  o n th e righ t  sid e o f  th e table) . 
Finally ,  assum e tha t  C j  i s  th e contex t  o f  a  conversatio n abou t 
th e furniture s i n differen t  offices .  I n c ^  w e coul d hav e a  sen -
tenc e lik e lst(cs ,  on(computer ,  table))' ,  whos e trut h ha s th e 
fllowing  relatio n wit h th e tru h o f  th e sentenc e on(c(>niputer . 
table )  i n th e contex t  c g (th e contex t  describin g John' s office) : 
lst(ca ,  on(computer .  table) )  i s  tru e i n c ^  onl y \i '  on(computer . 
table )  i s  tru e i n cg . 

MuItiContext Systems 

MultiContex t  ( M C )  System s ar e a  forma l  framewor k whic h 
formalize s th e principle s o f  localit y an d compatibility .  M C 
System s wer e introduce d i n (Giunchiglia ,  1993) ,  an d for -
mall y refine d i n othe r  papers ,  e.g. ,  (Giunchigli a &  Serafini , 
1994 ;  Giunchigli a &  Ghidini ,  1998) .  Her e w e recal l  jus t  th e 
mai n concepts ;  th e intereste d reade r  ma y refe r  t o th e cite d 
paper s fo r  mor e details . 

I n a  M C System ,  a  contex t  i s  formalize d a s a  theor y pre -
sente d a s a n axiomati c forma l  system .  Le t  L  b e a  logica l  lan -
guag e (e.g. ,  a  first  orde r  language) ,  Q  a  subse t  o f  L  an d A  a 
set  o f  inferenc e rule s define d ove r  L .  A  contex t  c  i s a  tripl e 
(L ,  Q ,  A ) ,  wher e L  i s th e representatio n languag e o f  r .  i l  i s 
th e se t  o f  fact s whic h ar e assume d t o b e initiall y  tru e i n c 
(als o calle d th e axiom s o f  c )  an d A  i s th e se t  o f  rule s whic h 
ca n b e use d t o infe r  ne w fact s fro m Q.  (e.g. ,  th e rule s o f  natu -
ra l  deductio n (Prawitz ,  1965)) .  A  formul a $  belongin g t o th e 
languag e L  o f  a  contex t  c  i s calle d a  L-formula .  Informally , 
we us e th e notatio n c  :  $  t o expres s th e statemen t  tha t  th e 
L-formul a $  i s tru e i n th e contex t  c . 

The secon d elemen t  o f  a  M C Syste m i s a  collectio n o f 
bridg e rules ,  namel y rule s whos e premisse s an d conclusio n 
belon g t o differen t  contexts .  Th e genera l  for m o f  a  bridg e 
rul e i s th e following : 

Ci : ^l,...,Cn : 4>a 

Cn+l  •  ̂ n+ l 

where ci : $1,..,, Cn : $,i are the premisses of the rule and 
Cn+i  :  ^n+ i  i s  th e conclusion . 

Notic e tha t  th e rule s i n A ,  (th e inferenc e machiner y o f  a 
contex t  Ci )  ca n b e applie d onl y t o L,-formula e (wher e L ,  i s 
th e languag e o f  Cj) ,  namel y premisse s an d conclusio n alway s 
belon g t o th e sam e context .  I n a  bridg e rule ,  instead ,  th e con -
clusio n alway s belon g t o a  contex t  whic h i s differen t  fro m th e 
context(s )  o f  th e premisses . 

A M C Syste m i s define d a s a  pai r  (Cxt ,  B R ) .  wher e C.v /  i s  a 
set  o f  context s an d B R i s a  se t  o f  bridg e rules . 

'Th e predicat e 1s t  wa s introduce d b y McCarth y i n hi s pape r 
Note s o n formalizin g contex t  (McCarthy .  1993) .  Th e intuitio n i s tha t 
lst(c,p )  hold s i n a  contex t  whe n th e propositio n p  i s tru e i n th e con -
tex t  c .  Fo r  a  forma l  treatmen t  o f  th e modalit y Is i  se e (Guha ,  1991 ; 
Buvac & Mason ,  1993) , 
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Figur e 1 :  Loca l  Model s Semantic s 

(Giunchiglia&Ghidini ,  1998 )  provide s a n intuitiv e seman -
tic s fo r  M C Systems ,  calle d loca l  model s semantic s ( L M S ) . 
A detaile d presentatio n o f  L M S i s beyon d th e scop e o f  thi s 
paper .  Her e w e presen t  th e cor e intuitions ,  mainl y t o sho w 
h o w localit y an d compatibilit y  ar e capture d b y L M S .  Fo r  th e 
sak e o f  simplicity ,  w e discus s th e cas e wit h onl y tw o con -
texts .  Th e generalizatio n t o an y enumerabl e se t  o f  context s i s 
straightforward . 

Conside r  Figur e 1 .  L1.L 2 ar e tw o first  orde r  language s 
(thin k o f  the m a s th e language s associate d wit h tw o context s 
j- i  an d C2) .  Th e circle s labelle d M i ,  M 2 a t  th e botto m o f  th e 
figure  ar e th e clas s o f  al l  first  orde r  model s fo r  th e language s 
Li,L 2 take n i n isolation .  Eac h m G  M ,  (fo r  i  =  1,2 )  i s 
calle d a  loca l  mode l  fo r  Lj .  Th e basi c ide a o f  L M S i s tha t 
ther e m a y exis t  som e constraint s o n th e loca l  model s o f  a  lan -
guag e whe n thi s languag e i s "embedded "  i n a  M C System . 
Thes e constraint s (calle d compatibilit y  relations )  ar e th e se -
mantica l  counterpar t  o f  bridg e rules .  Syntactically ,  a  bridg e 
rul e allow s u s t o deriv e i n a  context s mor e formula e tha n w e 
woul d deriv e usin g onl y loca l  inferenc e rules .  Semantically , 
thi s mean s tha t  th e se t  o f  (admissible )  loca l  model s i s smalle r 
tha n i t  woul d b e withou t  an y bridg e rule .  Therefor e th e se -
mantica l  effec t  o f  a  bridg e rul e i s t o cu t  awa y loca l  model s o f 
a language .  A  contex t  -  fro m a  semantica l  poin t  o f  vie w -  i s 
though t  o f  a s th e se t  o f  loca l  model s whic h no t  onl y satisf y 
a se t  o f  loca l  axiom s (th e Q  o f  th e definition) ,  bu t  als o a  se t 
of  furthe r  constraint s whic h depen d o n th e relation s wit h th e 
loca l  model s o f  othe r  languages .  I n Figur e 1 ,  th e tw o gre y 
area s withi n th e circle s labelle d M i , M 2 (respectivel y Ci,C2 ) 
represent s tw o contexts ,  namel y th e resul t  o f  restrictin g th e 
set s M l ,  M 2 (i.e .  th e model s o f  th e tw o language s take n i n 
isolation )  t o th e se t  o f  model s tha t  "survived "  th e furthe r  con -
straints . 

Formally ,  le t  m i  C  M i  an d Wi- z C  M 2 b e tw o set s o f  loca l 
model s fo r  L i  an d L2 .  Th e pai r  (m i ,  m 2 )  i s calle d a  compati -
bilit y  pair .  A  compatibilit y  relatio n C  i s a  se t  o f  compatibilit y 
pairs ,  namely : 

C C  2^ .  X  2^^ ' 

A model for a MC System is a non-empty compatibility re-
latio n suc h tha t  th e pai r  (0 ,  0 )  doe s no t  belon g t o th e relatio n 
(thi s i s fo r  technica l  reason s tha t  w e d o no t  nee d t o discus s 
here) .  W e sa y tha t  a  se t  o f  loca l  model s m ,  locall y satifie s 

a formul a c ,  :  $  (i n symbols ,  m ,  |=j, ^  i  :  $ )  i f  an d onl y i f 
V m e  m,(7 N 1=̂^ ^  (f )  (\~. ^  i s th e symbo l  fo r  classica l  satis -
faction) .  A  mode l  C  satisfie s a  formul a r ,  :  ̂  i f  an d onl y i f 
foran y compatibilit y  pai r  ( m i , m ; )  €  C ,  m i  |=ĵ̂ ^  r- |  :  4 > (fo r 

i  — I )  an d 777 2 K, t  ''' ^  '  ̂  (̂"•' '  =  2) . 
Proof-theoretically ,  localit y i s capture d b y th e applicatio n 

of  th e rule s A ,  associate d wit h a  contex t  r, ,  an d compati -
bilit y  i s  capture d b y th e applicatio n o f  bridg e rules .  Model -
theoretically ,  localit y i s  capture d b y th e fac t  tha t  th e notio n o f 
satisfiabilit y  i s  loca l  (th e satisfiabilit y  o f  a  (labelled )  formul a 
i s give n i n term s o f  th e loca l  satisfiabilit y  o f  th e formul a wit h 
respec t  t o it s  context ,  an d th e structure s w e conside r  t o tes t  lo -
cal  satisfiabilit y  ar e local :  context s hav e thei r  own ,  generall y 
different ,  domain s o f  interpretation ,  set s o f  relations ,  an d set s 
of  functions) ;  compatibilit y  i s  capture d b y th e ide a o f  forcin g 
relation s ove r  th e se t  o f  loca l  model s definin g eac h contex t 
(i n som e sense ,  w e forc e loca l  model s t o agre e u p t o a  certai n 
extent) . 

Let  u s reconside r  th e first  exampl e w e gav e a t  th e en d o f 
th e sectio n o n localit y an d compatibility ,  c i  wa s mean t  t o 
describ e John' s belief s o n Januar y 31,199 8 an d c- z t o describ e 
John' s belief s o n Februar y 1st ,  1998 .  Th e intuitiv e relatio n 
betwee n th e tw o context s c i  an d 0 2 ca n b e formalize d i n a 
M C syste m a s follows : 

• proof-theoretically, we can provide a bridge rule of the 
form : 

ci  :  ^Today ] 

0-2 :  ^[Yesterday ] 

(where $[i] stands for any formula whose truth is relafive 
t o a  tim e t) .  I t  allow s u s t o infe r  Sunn y (Yesterday )  i n c ? 
wheneve r  w e ca n infe r  Sunny(Today )  i n ci ; 

• model-theoretically, we impose the following con.straint 
ove r  loca l  model s o f  Ci  an d C2 :  tw o loca l  model s ni ]  an d 
m2 (o f  c i  an d 0 2 respectively )  ar e compatibl e if f  wheneve r 
th e first  locall y satisfie s a  sentenc e o f  th e for m ^[Today] , 
the n th e secon d locall y satisfie s a  sentenc e o f  th e for m 
^[Yesterday] . 

Contexts in Mental Representation 

Our  intuitio n i s tha t  man y importan t  mechanism s whic h wer e 
propose d i n menta l  representio n ca n b e quit e directl y mappe d 
ont o th e principle s o f  localit y an d compatibility ,  an d therefor e 
formalize d a s a  suitabl e clas s o f  M C systems .  Her e w e con -
side r  thre e o f  thes e mechanisms :  th e existenc e o f  a  (logical ) 
structur e i n a n agent' s menta l  contents ,  th e (dynamic )  gen -
eratio n o f  reasonin g space s wher e problem s ar e solved ,  an d 
th e capabilit y  t o carr y o n reasonin g processe s tha t  cu t  acro.s s 
differen t  reasonin g spaces . 

Structuring mental contents 

M a ny author s believ e tha t  menta l  content s o f  a n agen t  ar e 
bette r  though t  o f  a s a  collectio n o f  relativel y smal l  .set s o f 
fact s rathe r  tha n a s a  unique ,  hug e an d unstructure d repos -
itory .  Th e reaso n fo r  suc h a  structurin g o f  menta l  content s 
i s tha t  i t  provide s a n economica l  an d intuitiv e explanatio n 
of  man y reasonin g processe s whic h ar e no t  easil y accounte d 
fo r  i n a  differen t  conceptua l  framework .  Thes e set s o f  fact s 
hav e bee n give n differen t  names :  menta l  space s (Fauconnier . 
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1985) .  space s (Dinsmore ,  1991) ,  micro-theorie s (Lena t  & 
Guha.  1990 ;  Guha .  1991) .  context s (Guha ,  1991 ;  McCarthy , 
1993) .  Dinsmor e write s tha t  "eac h spac e represent s som e log -
icall y coheren t  situatio n o r  potentia l  reality ,  i n whic h variou s 
proposition s ar e treate d a s true ,  object s ar e assume d t o exist , 
and relation s betwee n object s ar e suppose d t o hold" .  G u h a 
define s a  micro-theor y a s " a theor y o f  som e topic ,  e.g .  a  the -
or y o t  mechanics ,  a  theor y o f  th e weathe r  i n th e winter ,  a 
theor y o f  wha t  t o loo k fo r  whe n buyin g cars ,  etc. "  W e be -
liev e tha t  th e notio n o f  contex t  w e propose d i n th e previou s 
section s ca n b e use d t o formaliz e al l  thes e intuitions ,  sinc e 
eac h spac e (menta l  space ,  micro-theory,... )  ca n b e though t 
of  a s a  partia l  an d approximat e theor y {i.e .  a s a  context) . 

Reasoning spaces 

Ther e i s muc h evidenc e tha t  m a n y reasonin g processe s ar e 
highl y contextual .  Th e underlyin g intuitio n i s tha t  rea l  agent s 
do no t  us e al l  the y kno w i n orde r  t o solv e a  problem ,  bu t 
rathe r  a  smal l  subse t  o f  it .  Fo r  instance ,  whe n playin g chess , 
we ar e unlikel y t o conside r  wha t  w e k n o w abou t  th e Italia n 
cuisin e o r  abou t  Sherloc k Holmes ,  unles s w e hav e goo d rea -
son s t o believ e tha t  thes e topic s ar e relevan t  i n orde r  t o wi n 
th e game .  I n proble m solving ,  w e us e onl y a  subse t  o f  th e 
fact s tha t  ar e potentiall y  availabl e (bot h fro m ou r  m e m o r y an d 
fro m th e externa l  environment) ,  i.e. ,  th e se t  o f  fact s tha t  w e 
assume t o b e relevan t  t o solv e th e proble m a t  hand^ .  Sper -
ber  an d Wilson ,  i n thei r  well-know n boo k abou t  relevanc e 
(Sperbe r  &  Wilson ,  1986) ,  discus s a  lo t  o f  nic e example s t o 
sho w tha t  th e interpretatio n o f  a  speaker' s utteranc e happen s 
i n a  context .  I n thei r  terminology ,  a  contex t  i s  a  collectio n 
of  sentence s expressin g "expectation s abou t  th e future ,  sci -
entifi c  hypothese s o r  religiou s beliefs ,  anecdota l  memories , 
genera l  cultura l  assumptions ,  belief s abou t  th e menta l  stat e 
of  th e speaker" .  I t  i s  als o wort h mentionin g tha t  ther e ar e 
philosopher s w h o adop t  a  simila r  perspective ;  her e w e onl y 
cit e Davidson' s explanatio n o f  th e communicatio n proces s i n 
(Davidson ,  1986) .  (Dinsmore ,  1991 )  call s "parochia l  reason -
ing "  an y for m o f  reasonin g whic h involve s onl y th e resourc e 
availabl e i n a  give n space .  (Guha .  1991 ;  McCarthy ,  1993 ; 
Buva c &  Mason ,  1993 )  us e th e metapho r  o f  "entering "  a  con -
tex t  t o sa y tha t  reasonin g ca n b e circumscribe d onl y t o th e se t 
of  fact s whic h ar e tru e i n a  context .  Behin d al l  thes e concepts , 
th e unifyin g ide a seem s t o b e tha t  reasonin g i s ofte n localize d 
t o a  portio n o f  a n agent' s globa l  state .  A s such ,  a  reasonin g 
spac e ca n b e though t  o f  a s a  contex t  wher e onl y loca l  fact s 
and rule s ar e used . 

Reasoning across different spaces 

Ther e ar e man y sense s i n whic h reasonin g processe s m a y in -
volv e informatio n belongin g t o differen t  (mental )  spaces .  A 
first  possibilit y  i s  tha t  a  fac t  ( a se t  o f  facts )  i s importe d fro m a 
contex t  t o anothe r  on e i n orde r  t o solv e a  problem .  A  nic e ex -
ampl e i s th e Glasgow-London-Mosco w proble m (McCarthy , 
1991) .  Suppos e a n agen t  i s plannin g a  tri p fro m Glasgo w t o 
M o s c o w vi a London .  Th e pla n wil l  includ e fligh t  schedules , 
airtickets .  airports ,  an d s o on .  N o w suppos e w e as k th e agent : 

"What  i f  you r  pant s ar e stole n a t  th e airpor t  toilet' "  Gen -
erall y a  h u m a n bein g ha s n o proble m t o recogniz e tha t  thi s 
i s a n (unexpected )  obstacl e t o hi s plan .  McCarthy' s poin t  i s 
tha t  i t  i s  unreasonabl e t o assum e tha t  fact s abou t  clothe s an d 
socia l  norm s ar e b y defaul t  include d i n a  contenx t  concern -
in g ai r  travelling .  Therefor e hi s conclusio n i s tha t  the y mus t 
be lifte d fro m anothe r  contex t  o n th e basi s o f  som e relatio n 
of  generalit y ove r  context s (e.g .  th e contex t  o f  .socia l  rule s 
i s mor e genera l  tha n th e contex t  o f  ai r  travellin g becaus e th e 
secon d i s a  specia l  cas e o f  a  socia l  action) ^  Th e ide a tha t 
th e content s o f  on e spac e ca n b e inherite d b y anothe r  spac e i s 
discusse d als o i n Dinsmore' s wor k o n partitione d representa -
tions . 

Inheritanc e i s jus t  on e possibl e relatio n betwee n context s 
(spaces ,  micro-theories) .  Othe r  importan t  relation s ar e .spe -
cializatio n (th e content s o f  a  spac e m a y specializ e th e con -
tent s o f  anothe r  contex t  t o a  particula r  place ,  time ,  agent ,  etc. ) 
and reflectio n ( a spac e ca n b e a  sor t  o f  meta-leve l  descriptio n 
of  th e content s o f  anothe r  space) .  T h e genera l  mechanis m 
whic h link s th e content s o f  a  spac e t o th e content s o f  anothe r 
spac e i s analyze d i n differen t  terms .  (Guha ,  1991 ;  McCarthy . 
1993 )  cal l  i t  liftin g an d defin e i t  a s follows ;  "Give n a  pai r  o f 
context s C i  an d C 2 an d a  formul a F i  i n C ]  w e woul d lik e 
t o determin e wha t  a n equivalen t  formul a i n C- > woul d be :  i.e. . 
we ar e intereste d i n computin g a  formul a F t  whic h i n C j 
woul d 'stat e th e sam e thing '  i n C 2 a s F i  i n C i "  (thi s defi -
nitio n emphasize s th e fac t  tha t  liftin g a  fac t  froi n a  contex t 
t o anothe r  i n genera l  require s a  "translation "  i n orde r  t o pre -
serv e it s intende d meaning) .  I n th e logi c o f  PR .  Dinsmor e 
introduce s tw o notion s o f  contex t  t o explai n th e relatio n be -
twee n differen t  spaces .  O n on e side ,  primar y context s ar e 
define d a s "representation s o f  function s tha t  m a p th e satis -
factio n o f  a  propositio n i n on e spac e ont o th e satisfactio n o f 
a (mor e complex )  propositio n int o anothe r  space"" *  O n th e 
othe r  side ,  secondar y context s ar e define d a s " a kin d o f  map -
pin g fro m th e conten t  o f  on e spac e t o th e content s o f  anothe r 
tha t  i s  consequenc e o f  th e semantic s o f  th e primar y context s 
involved" .  Th e ide a i s tha t  th e mappin g strictl y depend s upo n 
th e intuitiv e meanin g o f  th e content s o f  th e spaces . 

I n ou r  approach ,  al l  thes e example s ca n b e give n a  simpl e 
interpretatio n i n term s o f  bridg e rule s (semantically ,  i n term s 
of  compatibilit y  relations) .  A n y possibl e relatio n betwee n 
context s (inheritance ,  specialization ,  reflection ,  ... )  corre -
spond s t o a  differen t  (se t  of )  bridg e rule(s) .  Fo r  instance ,  a 
simpl e for m o f  inheritanc e ca n b e expresse d vi a th e bridg e 
rule : 

61 : P 
6-2 :  P 

Th e intuitiv e meanin g i s that ,  fo r  an y Li-formul a P  tha t 
ca n b e prove d i n Ci ,  ther e i s a  Lj-formul a P  tha t  ca n b e 
prove d i n C2 ^  Reflectio n ca n b e expresse d vi a th e followin g 

Ml  goe s withou t  sayin g tha t  thi s proces s o f  "focussing '  ha s ev -
iden t  efficienc y advantages ,  bu t  als o tha t  i t  ca n b e use d t o explai n 
many reasonin g failure s (sinc e som e relevan t  fact s ca n b e disre -
garded) . 

"" a differen t  approach ,  base d o n M C Systems ,  ca n b e foun d i n 
(Bouque t  &  Giunchiglia .  1995) . 

Î n short ,  th e ide a i s th e following .  Suppo.s e a  spac e S I  repre -
sent s John' s belief s an d contain s th e sentenc e "Mar y i s nice "  The n 
th e statemen t  "Joh n believe s tha t  [[SI]] "  i s  th e primar y contex t  o f 
SI .  Fro m "Mar y i s nice "  i n SI ,  th e primar y contex t  allow s u s t o in -
fe r  th e (mor e complex )  sentenc e "Joh n believe s tha t  Mar y i s nice " 

^Notic e that ,  becaus e o f  locality ,  w e canno t  sa y tha t  th e formul a 
P i s tru e i n bot h contexts ,  sinc e P  i n L i  an d P  i n L 2 ar e no t  th e sam e 
formula .  W e wil l  com e bac k t o thi s proble m i n th e nex t  .section . 
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Figur e 2 :  SiinLilati\ e reasoning :  i n belie f  context s 

tw o rule s (calle d reflectio n u p an d dow n respectively) : 

C l - P 

C2 : .(F) 

c-2 :  * (P ) 

cr-. P 

wher e th e symbo l  • "  represent s an y possibl e predicat e o n 
whic h w e operat e th e reflectio n ( commo n example s are :  T h 
-  i s  a  theorem ;  Piv v -  i s  provable ;  fi, -  i s  a  belie f  o f  th e 
agen t  i) .  Figur e 2  show s a n applicatio n o f  reflectio n rule s i n 
orde r  t o perfor m simulativ e reasonin g o n beliefs .  Th e circl e 
labelle d wit h "John "  o n th e lef t  represent s som e o f  th e belief s 
tha t  Joh n ascribe s t o Mary .  I n orde r  t o simulat e Mary' s rea -
sonin g o n he r  beliefs ,  Joh n first  reflect s the m dow n i n a  belie f 
contex t  (th e circl e labelle d "Mary "  i n th e picture )  represent -
in g Mary' s belief s fro m John' s perspective ;  second ,  perform s 
loca l  reasonin g withi n thi s contex t  (basically ,  a  trivia l  appli -
catio n o f  M o d u s Ponens) ;  finally  reflect s u p th e resul t  i n hi s 
o wn belie f  context̂ .  Notic e tha t  th e formul a B m { Q )  > s de -
rive d i n th e contex t  "John "  becaus e o f  th e compatibilit y  rela -
tio n formalize d b y th e tw o reflectio n rules .  I n othe r  words ,  al l 
loca l  model s o f  th e contex t  "John "  whic h satisf y th e formu -
la e B,n{P )  an d B m { P - ^  Q )  an d d o no t  satisf y th e formul a 
B m i Q )  ar e no t  compatibl e wit h th e loca l  model s o f  th e con -
tex t  "Mary "  whic h satisf y th e formula e P  an d P  - > Q . 

Comparisons with other frameworks 

The goa l  o f  thi s conclusiv e sectio n i s t o emphasiz e th e differ -
ence s wit h othe r  propose d framework s bot h fro m a n intuitiv e 
and a  technica l  poin t  o f  view . 

An importan t  featur e o f  M C System s i s tha t  the y hav e a 
flat  architecture .  Metaphorically ,  the y ca n b e viewe d a s a 
flat  collectio n o f  theorie s possibl y linke d vi a a  se t  o f  logi -
cal  constraints .  Thi s i s ver y differen t  fro m wha t  happen s wit h 
Dinsmore' s logi c o f  P R an d wit h McCarthy' s logi c o f  con -
text .  I n th e first  case ,  w e hav e a  to p dow n architecture ,  a t 
th e botto m o f  whic h ther e i s a  specia l  spac e calle d base .  Th e 
ide a i s tha t  th e asserttion s o f  an y spac e ca n b e give n a  con -
ten t  i f  an d onl y i f  the y ca n b e "translated "  int o a n assertio n 
of  th e spac e bas e vi a th e rul e o f  contex t  climbing ;  otherwise , 
PR doesn' t  provid e a n interpretatio n fo r  th e content s o f  tha t 

''Th e tw o circle s labelle d "John "  ar e no t  tw o differen t  belie f  con -
texts ,  bu t  th e sam e contex t  afte r  som e reasonin g ha s bee n performed . 
Analogousl y fo r  th e contex t  "Mary " 

space .  McCarthy' s logi c o f  contex t  ha s a  bottoni-u p architec -
ture ,  namel y i t  ha s th e structur e o f  a  onio n (actually ,  severei l 
onions )  wit h infinitel y man y layers .  Th e ide a i s tha t  an y con -
tex t  ca n b e alway s transcende d vi a th e operatio n o f  leavin g a 

context :  i f  th e formul a 4 > i s tru e i n th e contex t  r ,  the n ther e i s 
alway s a  contex t  r i  suc h tha t  th e formul a i.st{c.\ ,  $ )  i s tru e i n 
it ;  an d thi s ca n g o o n indefinitely .  Th e intuitio n i s that ,  sinc e 
we ca n neve r  mak e a  complet e lis t  o f  th e implici t  assump -

tion s o f  a  context ,  ther e i s alway s a  mor e genera l  contex t  i n 
whic h som e ne w assumptio n i s take n int o account .  Th e prob -
le m wit h thes e tw o approache s i s tha t  the y d o no t  lespec t  th e 
principl e o f  locality :  Dinsiiior e reduce s th e trut h o f  a n as -
sertio n i n a  spac e t o th e trut h o f  a  (inor e complex )  assertio n 
i n anothe r  spac e (i.e .  th e spac e base) ;  McCarthy' s logi c o f 
contex t  (a t  leas t  i n th e for m i t  i s formalize d i n (Buva c &  Ma -
son ,  1993) )  introduce s moda l  formula e who,s e trut h valu e (i n 
a context )  depend s o n th e trut h valu e o f  anothe r  formul a i n 
a differen t  contex t  (an d therefor e ther e i s no t  a  clea r  notio n 
of  loca l  satisfiability) .  I t  i s  wort h noting ,  however ,  tha t  M C 
system s allo w u s t o "simulate "  th e hierarchica l  structur e o f 
McCarthy' s logic .  Indeed ,  w e ca n defin e a  M C syste m whos e 
bridg e rule s ar e reflectio n rule s o f  th e form : 

cr.P 

c,+ i  :  ist(c,,P ) 

whose intuitiv e meanin g i s tha t  fo r  an y inde x / ,  th e formul a 
ist(Ct,P )  i s derivabl e i n Cj+ i  if f  th e formul a P  i s derivabl e 
i n Ci .  Th e mai n differenc e i s tha t  thi s hierarch y o f  embed -
ded context s i s "hardwired "  i n McCarthy' s logic ,  wheiea s i n 
our  framewor k i t  i s jus t  on e possibl e architectur e whic h rep -
resent s a  specia l  cas e o f  compatibilit y  involvin g a n infinit e 
chai n o f  context s suc h tha t  th e contex t  Cj+ i  i s a  sor t  o f  meta -
theor y o f  th e contex t  Cj . 

As fa r  a s w e know ,  M C system s ar e th e onl y forma l  frame -
wor k tha t  explicitl y  allow s fo r  multipl e distinc t  languages . 
Dinsmore ,  Guha ,  McCarthy ,  Buva c al l  introduc e man y ex -
ample s whic h see m t o requir e suc h a  feature .  However ,  whe n 
the y tur n fro m th e example s t o th e forma l  systems ,  thing s 
ar e different .  Dinsmore' s logi c o f  P R an d Buvac' s logi c o f 
contex t  explicitl y  star t  wit h a  singl e language ,  s o tha t  th e se t 
of  well-forme d formula e i s th e sam e i n ever y spac e (context) . 
Cuba' s logi c  i s th e onl y exception ,  bu t  hi s distinctio n betwee n 
grammaticalit y an d meaningfulnes s result s i n a  definifio n o f 
languag e (startin g fro m a  singl e vocabulary )  tha t  i s quit e cum -
bersome .  Besid e th e localizatio n o f  expressiveness ,  th e con -
ceptua l  advantag e o f  havin g multipl e language s i s tha t  w e d o 
not  hav e th e proble m o f  definin g th e differen t  meaning s o f 
th e sam e symbo l  i n differen t  context s (single-languag e ap -
proach) ,  bu t  w e ca n jus t  specif y th e relation s betwee n th e in -
terpretatio n o f  symbol s belongin g t o th e languag e o f  differen t 
contexts .  I n othe r  words ,  th e fac t  tha t  tw o formula e belongin g 
t o th e language s o f  differen t  context s happe n t o hav e th e sain e 
syntacti c for m doe s no t  mea n i n principl e tha t  thei r  meanin g 
i s relate d i n an y way .  I f  suc h a  relatio n exists ,  the n w e mus t 
stat e i t  explicitl y  b y addin g a  suitabl e bridg e rul e (o r  axiom ) 
i n th e system . 

M C System s ar e th e onl y context-base d framewor k whic h 
allow s fo r  differen t  logic s i n differen t  contexts .  I n al l  othe r 
propose d frameworks ,  th e logi c o f  th e syste m i s global . 
namel y w e canno t  us e differen t  set s o f  rule s i n differen t  con -
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texts .  W e hav e alread y discusse d th e exampl e o f  ai r  travellin g 
vs .  lookin g to r  a  phon e number .  Anothe r  exampl e concern s 
simulativ e reasoning .  Conside r  agai n Figur e 2 .  I f  Joh n ha d 
good reason s t o assum e tha t  Mar y canno t  us e Modu s Poncns , 
the n suc h a  rul e woul d no t  b e include d amon g th e iiiffrcnc e 
rule s o f  th e contex t  "Mary "  (th e contex t  wher e Joh n simulate s 
Mary' s reasonin g process) .  I n ou r  opinion ,  thi s shoul d b e a n 
essentia l  featur e o t  an y framewor k fo r  menta l  representation . 

Compatibilit y  allow s u s t o mode l  mos t  o f  th e example s 
of  liftin g propose d b y Guha ,  McCarth y an d hi s group ,  an d 
th e example s o f  partitione d reasonin g propose d b y Dinsmore . 
We stres s th e fac t  tha t  compatibilit y  i s  conceptuall y ver y dif -
feren t  fro m "lifting "  a s define d b y Guh a an d McCarthy .  I n 
MC systems ,  w e d o no t  hav e th e notio n o f  "sayin g th e sam e 
thing "  i n tw o differen t  contexts .  I t  i s  interestin g t o notic e 
tha t  thi s notio n seem s i n contraddictio n wit h th e intuition s 
tha t  Guh a an d McCarth y themselve s describ e i n thei r  work , 
namel y tha t  w e ca n neve r  hav e complet e knowledg e o f  a  con -
text .  I f  so ,  i t  i s  no t  clea r  ho w w e coul d the n kno w tha t  tw o 
sentence s i n differen t  contex t  expres s th e "same "  content ,  i f 
not  fo r  trivia l  cases .  Compatibilit y  i s  a  wa y ou t  o f  thi s diffi -
culty ,  sinc e w e onl y requir e tha t  th e intende d meanin g o f  tw o 
formul e $  an d ̂  belongin g t o context s c i  an d C 2 respectivel y 
i s suc h tha t  i f  $  i s locall y satisfie d b y a  se t  o f  loca l  model s 
nil ,  the n *  mus t  b e locall y satisfie d b y al l  th e set s o f  loca l 
model s m- i  whic h stand s i n a  compatibilit y  relatio n wit h m i . 
We believ e thi s i s  th e bes t  tha t  w e ca n d o wit h contextua l  in -
formatio n a s fa r  a s w e accep t  tha t  context s ar e onl y partiall y 
known . 
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