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Abstrac t 

This paper describes a model of belief systems called 
belie f  relativit y  (BR) ,  whic h addresse s th e relation -
ship s an d structur e o f  knowledg e hel d b y multipl e in -
teractin g agents .  Thi s paradig m use s belie f  referenc e 
frame s (b-frames )  a s th e mai n uni t  o f  belie f  spaces , 
withi n whic h a n agent' s belief s ar e stored .  B R i s con -
cerne d wit h ho w belief s ar e create d an d revised ,  ho w 
the y influenc e eac h othe r  withi n o r  betwee n b-frames , 
and ho w on e searche s fo r  b-frame s tha t  ar e usefu l  (e.g. , 
tha t  remov e contradictions) .  B R als o deal s wit h de -
gree s o f  belief ,  propagate d alon g th e influence s tha t 
relat e belief s an d b-frame s t o eac h other .  B R attempt s 
t o combin e th e bes t  feature s o f  thes e ideji s int o a  uni -
fied,  synergisti c framework . 

Introduction 

Thi s pape r  present s a  mode l  o f  belie f  system s calle d belie f 
relativit y  (BR) .  Th e mode l  consist s o f  tw o mai n interactin g 
elements .  Firs t  i s  th e notio n o f  belie f  referenc e frame s (b -
frames) ,  withi n whic h a n agent' s belief s resid e alon g wit h 
thei r  influence s -  i.e. ,  supportin g beliefs ,  an d an y othe r 
more indirec t  evidence .  Thi s are a o f  B R i s concerne d wit h 
ho w belief s ar e create d an d revised ,  ho w the y influenc e eac h 
othe r  withi n o r  betwee n b-frames ,  an d ho w on e searche s 
fo r  usefu l  b-frame s (e.g. ,  tha t  remov e contradictions) .  Thi s 
are a ha s bee n studie d i n researc h o n TMS-base d system s 
(Doyl e 1979 )  a s wel l  a s system s relate d t o A T M S (d e Klee r 
1984 ;  Ros e &c Langle y 1986) .  Th e secon d notio n i s degree s 
of  belief ,  propagate d alon g th e aforementione d influence s 
betwee n beliefs .  Thi s are a o f  B R i s concerne d wit h ho w 
one ca n utiliz e variou s type s o f  rule s t o infe r  th e degre e 
t o whic h a  belie f  fits  int o a  give n propert y clsiss .  Thi s ha s 
been addresse d b y wor k i n fuzz y system s (Zade h 1965) , 
as wel l  a s othe r  method s fo r  mathematica l  computatio n o f 
evidenc e (Shafe r  1976) .  B R attempt s t o combin e som e o f 
th e bes t  feature s o f  thes e existin g belie f  model s -  a s wel l 
as ne w idea s -  int o a  unified ,  synergisti c framework ,  on e 
whic h ca n hopefull y appl y t o a  wide r  clas s o f  problems ,  o r 
off"e r  insight s int o ho w the y m a y eventuall y b e addressed . 

Beliefs and Reference Frames 

One o f  th e basi c premise s o f  B R i s tha t  th e reasonin g o f 
intelligen t  agent s shoul d b e modelle d & s reasonin g wit h sev -
era l  type s o f  beliefs ,  al l  o f  whic h ca n b e groupe d int o refer -
enc e frame s (b-frames) .  I n B R ,  belief s ar e generall y repre -
sente d a s follows : 

<proper t y P > (  < b - f r a m e > ,  <assertio n A > )  = 
<degre e tha t  P  hold s fo r  A > . 

Th e B R mode l  assume s tha t  a n assertio n i s an y uni t  o f 
knowledg e tha t  ca n b e attache d t o a  property ;  fo r  instance , 
agent s ca n attac h th e propert y "relevance "  t o a n assertion . 
Belief s ca n i n tur n ac t  a s assertion s t o b e acte d upo n b y 
othe r  beliefs ,  a s discusse d later .  I n suc h neste d beliefs , 
al l  b-frame s ar e tha t  o f  th e outermos t  belief ,  unles s state d 
otherwise .  B R allow s agent s t o adop t  man y b-frame s ove r 
time ,  dependin g o n th e stat e o f  one' s reasonin g (e.g. ,  whe n 
explorin g hypothese s withi n a  temporar y b-fram e tha t  ca n 
be deactivate d a t  a  late r  time) . 

Th e mos t  basi c fram e concern s belie f  influenc e (i.e. ,  th e 
fram e tha t  indicate s causes ,  o r  inferentif d support ,  o r  evi -
dence) .  A  lin k fro m a  belie f  X  t o anothe r  belie f  Y  indicate s 
tha t  X  influence s Y  i n som e fashion ;  belie f  X  m a y no t  di -
rectl y lea d t o th e inferenc e o f  Y ,  ye t  i t  m a y stil l  influenc e 
Y i s som e othe r  indirec t  manner .  Th e lin k fro m X  t o Y  ca n 
carr y a  degre e o f  influence ,  dependin g o n th e rule s tha t  ar e 
use d b y a n agen t  t o perfor m inferencing .  Set s o f  beliefs , 
and link s tha t  represen t  th e degre e o f  influence ,  for m net -
works ,  whic h hav e bee n propose d an d analyze d elsewher e 
(influenc e diagram s (Howar d &  Matheso n 1984 )  an d be -
lie f  network s (Pear l  1988)) .  Fo r  example ,  th e b-fram e o f  a 
nonsmoke r  N S migh t  comput e tha t  smokin g highl y aff"ect s 
cance r  rate s -  i.e. ,  influence (  N S ,  (smoking,cancer )  ) 
= 0.8 ,  wherea s th e b-fram e o f  a  smoke r  S  migh t  fee l  th e 
influenc e i s les s -  i.e. ,  influence (  S ,  (smoking,cancer )  ) 
= 0.4 . 

Not e tha t  thes e example s o f  causa l  influenc e belief s d o 
not  indicat e inferentia l  support ,  onl y causa l  support .  Th e 
specia l  cas e wher e influence s hav e onl y 0  an d 1  a s possibl e 
strengt h value s (i.e. ,  degree s o f  influenc e ar e eithe r  al l  o r 
none) ,  an d th e influence s indicat e direc t  inferentia l  suppor t 
(i.e. ,  ca n b e viewe d a s inferenc e histories )  i s analogou s t o 
a numbe r  o f  system s fo r  automate d reasonin g -  e.g. ,  T M S , 
A T MS o r  R E V O L V ER (Ros e 1989) .  Example s o f  suppor t 
influenc e belief s migh t  be :  influence (  N S ,  (B l ,B2 )  )  = 
0.7 ,  an d influence (  S ,  (B l ,B2 )  )  =  0.4 ,  wher e B l  an d 
B2 ar e othe r  beliefs .  B l  migh t  b e influence (  surgeon -
general ,  (smoking,cancer )  )  =  0. 9 an d B 2 migh t  b e 
influence (  N S ,  (smoking,cancer )  )  =  0.9 .  I n othe r 
words ,  NS' s believe d influenc e o f  smokin g o n cance r  i s it -
sel f  influence d b y (e.g. ,  inferre d from )  th e surgeon-general' s 
belie f  i n thi s smoking-cance r  connection ,  an d N S believe s 
thi s suppor t  wit h strengt h 0.7 .  S  doe s no t  hol d thi s B1-B 2 
suppor t  a s strongl y (onl y 0.4) ;  perhap s S  feel s th e surgeon -
genered' s belie f  onl y partl y influence s NS' s stanc e o n th e 
smoking-cance r  connection .  Late r  evidenc e m a y prov e S 
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righ t  (e.g. ,  influence s tha t  neithe r  S  no r  N S immediatel y 
recognized ,  suc h a s ol d experientia l  influence s tha t  ove r 
tim e hav e los t  nearl y al l  thei r  relevanc e t o mor e curren t 
beliefs) .  Als o not e tha t  B l  an d B 2 nee d no t  b e influenc e 
beliefs ,  bu t  ca n als o b e othe r  types ,  suc h a s relevance ;  thes e 
ne w belief s ar e discusse d below .  I n general ,  th e nestin g o f 
belief s withi n beliefs ,  an d th e interpla y betwee n belief s o f 
multipl e agents ,  ar e tw o o f  th e stronges t  characteristic s an d 
advantage s o f  th e B R framework . 

Althoug h influenc e network s ar e usefu l  tools ,  th e frame -
wor k propose d i n thi s pape r  doe s no t  limi t  belief s t o influ -
ences .  A  secon d typ e o f  belie f  woul d concer n th e degre e o f 
certaint y i n th e belief s o f  th e influenc e b-frame .  Fo r  exam -
ple ,  th e smoke r  S  abov e migh t  fee l  highl y certai n abou t  hi s 
belie f  i n th e lo w influenc e o f  smokin g o n cancer .  Thi s coul d 
be represente d as : 

certainty (  S ,  influence (  S ,  (sinoking,cancer )  )  = 
0. 4 )  =  0.99 . 

However ,  S  migh t  als o fee l  highl y certai n abou t  ho w N S 
feel s abou t  th e influenc e o f  smokin g o n cancer- ,  i.e. , 

certainty (  S ,  influence (  N S ,  (smoking,cancer )  )  = 
0. 8 )  =  0.9 . 

T h e thir d mai n belie f  typ e i n ou r  framewor k deal s wit h 
relevance .  A s a n example ,  N S ,  bein g a  nonsmoker ,  migh t 
hardl y eve r  thin k abou t  smokin g issues ,  an d henc e no t  fin d 
S' s belief e ver y relevant ;  e.g. , 

relevance (  N S ,  (influence (  S ,  (smoking,cancer )  ) 
= 0. 4 )  =  0.1 .  I n fact ,  NS' s ow n belief s o n th e subjec t 
m ay als o hav e littl e relevanc e t o N S : 

relevance (  N S ,  (influence (  N S ,  (smoking,cancer ) 
)  =  0. 8 )  =  0.1 . 

However ,  lik e th e othe r  belie f  types ,  th e degre e o f  rel -
evanc e migh t  chang e a s ne w belief s becom e par t  o f  one' s 
curren t  b-frame .  A  goo d exampl e i s th e inclusio n o f  goa l 
beliefs .  Goal s ca n b e use d t o increas e th e degre e o f  rel -
evanc e o f  othe r  beliefs .  Fo r  example ,  th e nee d t o debat e 
a smoke r  migh t  increas e NS' s relevanc e fo r  hi s belief s per -
tainin g t o smokin g issues . 

O ne o f  th e interestin g Eispect s o f  includin g relevanc e an d 
certaint y i n th e representatio n o f  agent' s belie f  system s i s 
tha t  the y ar e likel y t o b e intricatel y intertwined .  I n general , 
th e degre e o f  belie f  i n certai n assertion s m a y lea d t o infer -
ence s regardin g thei r  relevance ,  an d th e degre e o f  relevanc e 
ca n hel p driv e whic h degree s o f  belie f  ge t  propagate d an d 
when.  Le t  u s loo k a t  additiona l  example s whic h hopefull y 
illustrat e thes e ideas .  First ,  not e tha t  relevanc e m a y ris e 
i f  one' s degre e o f  certjiint y rises .  Fo r  example ,  th e mor e I 
believ e I  hav e a  cold ,  th e mor e relevan t  "cold "  assertion s 
m ay ge t  (e.g. ,  remedies ;  rule s fo r  gettin g well) .  Alterna -
tively ,  relevanc e m a y declin e i f  degre e o f  belie f  rises .  Fo r 
example ,  th e mor e a  M o m believe s he r  so n i s safe ,  th e les s 
she migh t  worr y abou t  he r  son' s safety .  A  thir d cas e coul d 
aris e where ,  fo r  instance ,  a n agen t  Y  finds  agen t  X' s lo w 
degre e o f  belie f  (sa y i n Y' s abilities )  a  ver y relevan t  issue . 

Not e tha t  relevanc e i s a  relativ e quality ,  dependin g o n 
one' s b-frame .  A s anothe r  example ,  a n agen t  X' s assertion s 
(an d degree s o f  cert2iint y i n thei r  causa l  connections )  ma y 
make a  fram e F  ver y relevan t  t o X ,  bu t  agen t  Y' s sissertion s 
an d belief s m a y mak e i t  irrelevan t  t o Y .  Mor e specifically , 
suppos e a n influenc e fram e consist s o f  al l  belief s an d causa l 
influenc e link s regardin g th e Kenned y murde r  conspirac y 
theor y T ,  an d suppos e a n autho r  A  creates ,  updates ,  an d 
strongl y believe s T .  T' s  assertion s ar e thu s highl y relevan t 
t o A ,  an d ar e almos t  alway s active .  A  ki d K  migh t  kno w 

of  T  bu t  no t  believ e i t  much ;  henc e T' s assertion s hav e lo w 
relevanc e t o K ,  an d ar e almos t  alway s inactive .  Lastly ,  a 
hippi e H  migh t  believ e T' s  assertion s a s highl y a s A ,  bu t 
hav e n o veste d interes t  i n T .  Henc e T' s assertion s hav e lo w 
relevanc e t o H ,  an d ar e almos t  alway s inactive . 

Havin g differen t  belie f  type s m a y als o allo w mor e ac -
curat e modellin g o f  cognitiv e phenomena .  Fo r  example , 
non-increasin g relevanc e i n on e par t  o f  th e influenc e b -
frame' s assertion s m a y graduall y lea d t o th e virtua l  dele -
tion/forgettin g o f  thes e assertions .  Tha t  is ,  i t  m a y be -
come las t  o n th e lis t  o f  thing s t o thin k about .  Thi s be -
havio r  migh t  prov e quit e valuable .  Fo r  instance ,  i f  on e i s 
dealin g i n limited-memor y scenario s (e.g. ,  a n autonomou s 
long-ter m learnin g syste m withou t  hardwar e expandability , 
suc h a s i n spac e domains) ,  on e coul d implemen t  a  Least -
Recently-Used-typ e strategy ;  thi s metho d woul d explicitl y 
delet e thos e assertion s tha t  ar e eithe r  leas t  relevan t  o r  leas t 
believed ,  takin g int o accoun t  i n ho w lon g suc h a  statu s held . 

I n summary ,  utilizin g thes e an d othe r  type s o f  interactin g 
belie f  type s shoul d provid e a  mor e powerfu l  framewor k fo r 
modellin g comple x belie f  reasonin g phenomena .  B y mod -
ellin g no t  onl y ho w highl y on e believe s a n influence ,  bu t 
als o th e relevanc e o f  tha t  influenc e t o on e o r  mor e agents , 
th e B R mode l  impose s a  usefu l  structur e o n a n agent' s 
belie f  space ,  whic h woul d hopefull y enabl e improve d infer -
encin g an d revisio n performance . 

Propagating Degrees of Belief 

I n a  genera l  implementatio n o f  th e B R model ,  an y belie f 
coul d b e use d a s inpu t  t o th e degree-of-belie f  rul e o f  an y 
propert y (e.g. ,  attractiveness ;  tallness ;  relevance) .  Fo r  ex -
ample ,  on e ca n hav e a  rul e relatin g th e weigh t  oi f  someon e 
(input )  t o th e certaint y tha t  tha t  weigh t  i s a  member  o f 
th e propert y clas s heav y (output) .  (Note ,  however ,  tha t 
relevanc e i s currentl y th e onl y propert y tha t  ca n appl y t o 
any belief. )  Thes e "degree-of-property "  belief e ca n the n 
be describe d b y othe r  properties ,  t o an y leve l  o f  desire d 
nesting .  A n advantag e o f  B R i s  tha t  degree-of-propert y 
inferenc e rule s ar e independen t  o f  th e influence s tha t  de -
termin e whic h belief e appl y t o eac h other ,  an d ca n b e o f 
any typ e (e.g. ,  fuzzy/probabilisti c  membershi p functions ; 
qualitativ e ranges ;  binar y decisio n rules) . 

For  example ,  a  qualitativ e rul e migh t  m a p belief e t o qual -
itativ e value s (e.g. ,  i f  height(X )  > = 6'4'' ,  the n teillnes s = 
very-tall ;  els e i f  height(X )  >= = 5'8" ,  the n tal l  =  tall ;  els e 
tallnes s =  short) .  Fuzz y membershi p function s migh t  m a p 
belief s t o a  poin t  o n alon g a  continuou s curv e (e.g. ,  tall -
ness (  height(X )  =  6'4 "  )  =  0.9) .  Not e tha t  th e belie f  bein g 
inpu t  ca n itsel f  represen t  a  degre e o f  belief .  Tha t  is ,  ever y 
applicatio n o f  a  belie f  strengt h rul e b y a  b-fram e result s i n 
a ne w belief ,  whic h ca n potentiall y  becom e a  ne w inpu t  t o 
any othe r  b-fram e (e.g. ,  a  ne w domai n valu e i n som e othe r 
membershi p function) .  Fo r  instance ,  a n agen t  X  migh t  no t 
find  th e tallnes s o f  anybod y tha t  relevant ;  e.g. , 

relevance (  X ,  taUness (  X ,  height(Z )  =  6'4 "  )  = 
0. 9 )  =  0. 2 ) . 

I n general ,  th e sam e belie f  ca n b e processe d b y differ -
ent  b-frame s (i.e. ,  differen t  agents ,  o r  differen t  hypothetica l 
view s b y th e sam e user) ,  an d thes e differen t  b-frame s ma y 
emplo y differen t  rule s fo r  determinin g degree-of-belie f  fo r 
differen t  properties .  Thus ,  i f  X  worke d fo r  th e Guinnes s 
Book o f  Worl d Records ,  an d Y  tol d X  abou t  a n extremel y 
tal l  person ,  X  migh t  fee l  thi s quit e relevant ;  e.g. : 



relevance (  X ,  tallnes8 (  Y ,  height(Z )  =  ?  )  = 
0.9999 9 )  =  0. 9 ) . 

Not e tha t  i t  i s Y' s tallnes s belie f  tha t  excit< M X ,  no t  Z' a 
actua l  height ;  X' s relevanc e belie f  tepresent H th e vie w fro m 
X' s curren t  b-frame ,  wher e exac t  knowledg e o f  Z' s  numer -
ica l  heigh t  i s no t  know n ye t  (onl y exist s i n Y' s  b-frame) . 
Once X  see s Z  directl y (height(Z )  =  6'6") ,  X  stil l  think s Z 
i s tal l  (e.g. ,  tallness (  X ,  height(Z )  =  6'6" )  =  0.9) ,  bu t  thi s 
i s a  lesse r  degre e o f  tallnes s tha n Y  believes .  N o w usin g he r 
own tallnes s judgemen t  -  th e tallnes s belie f  abou t  Z  fro m 
her  o w n b-fram e -  X  revise s he r  excitemen t  downward ;  e.g. : 

relevance (  X ,  taUness (  X ,  height(Z )  =  6'6 "  )  = 
0. 9 )  =  0. 3 ) . 

Let  u s no w loo k a t  a  mor e comple x example ,  wher e 
agent s Jac k an d Kell y eac h us e a  b-fram e (cal l  thes e J  an d 
K ) .  K  ha s tw o fuzz y membershi p functions :  on e fo r  deter -
minin g he r  certaint y i n th e heavines s o f  someone ,  anothe r 
fo r  determinin g th e relevanc e o f  heavines s t o her .  W e wil l 
eissum e J  ha s onl y on e membershi p function ,  a  fuzz y vie w o f 
K' s heaviness-relevanc e belie f  abou t  him .  Tha t  is ,  J' s rele -
vanc e functio n determine s th e relevanc e o f  ho w strongl y K 
finds  J' s weigh t  relevan t  t o her .  A  chai n o f  influence s ha s 
bee n constructe d -  fro m J' s weigh t  (belie f  W ) ,  t o K' s belie f 
i n W' s degre e o f  heavines s (belie f  X ) ,  t o K' s belie f  tha t  X 
i s relevan t  t o he r  (belie f  Y ) ,  t o J' s belie f  tha t  Y  i s relevan t 
t o hi m (belie f  Z ) . 

Th e resultan t  computation s o f  degree s o f  belie f  fo r  W ,  X , 
Y an d Z  ca n b e summarize d a s follows .  I f  J  i s  19 0 pounds , 
le t  u s suppos e K' s functio n finds  hi m quit e heav y (leve l  0.9) . 
Thi s leve l  the n become s th e basi s t o comput e th e relevanc e 
of  thi s heavines s leve l  t o her ;  le t  u s suppos e he r  relevanc e 
functio n indicate s he r  attractio n t o m e n ove r  17 0 pound s 
decrease s fjist ;  a t  19 0 he r  attractio n leve l  i s  0. 3 (henc e he r 
degre e o f  attractio n t o J  i s  0.3) .  Finally ,  thi s degre e o f 
attractio n tha t  K  feel s fo r  J  i s inpu t  fo r  J' s functio n fo r 
determinin g hi s attractio n fo r  K .  Sinc e K  feel s attractio n 
fo r  J  o f  onl y 0.3 ,  J  feel s attractio n fo r  K  (assumin g a  linea r 
function )  a t  th e sam e lo w leve l  (0.3) . 

I f  w e wer e modellin g heigh t  instea d o f  weight ,  th e in -
fluences  woul d remai n stati c ove r  time ,  sinc e heigh t  i s no t 
changeable .  However ,  modellin g weigh t  2Jlow s change s t o 
be m a d e an d propagate d throug h th e membershi p func -
tions .  I f  J' s weigh t  increases ,  K  increase s he r  certziint y i n 
J' s heaviness .  Thi s belie f  the n cause s a  decreas e i n he r  at -
tractio n t o J .  Finally ,  thi s lowe r  degre e o f  attractio n tha t 
K feel s fo r  J  cause s J  t o decreas e hi s attractio n fo r  K . 

Not e tha t  J' s choic e o f  usin g a n attraction-for- K rul e tha t 
use s K's-attraction-for- J a s it s sol e influenc e set s J  u p fo r 
th e effect s o f  cognitiv e dissonanc e (Festinge r  1957) .  Tha t 
is ,  J  essentiall y  like s K  i f  sh e like s hi m back ,  bu t  onc e he r 
interes t  falls ,  hi s doe s too .  Th e richnes s o f  allowin g mul -
tipl e interactin g b-frames ,  wit h interactin g degree-of-belie f 
rules ,  a t  user-controlle d level s o f  nesting ,  wil l  hopefull y al -
lo w agent s t o mode l  (and ,  i f  desired ,  perform )  m a n y quali -
tativ e classe s o f  cognitiv e behavior .  A n eve n harde r  prob -
le m i s ho w a n agen t  migh t  decid e a  belie f  propagatio n rul e 
i s yieldin g nonoptima l  results ,  the n begi n a  searc h fo r  dif -
feren t  influence s (i.e. ,  chang e b-frames ,  an d henc e chang e 
belie f  propagatio n rules) .  Th e idea s i n thi s pape r  shoul d 
provid e a  startin g poin t  fro m whic h t o buil d suc h capabil -
itie s int o futur e systems . 

Revisio n i n B -F rame s 

Severa l  method s currentl y exis t  fo r  doin g belie f  revisio n 
on influenc e networks ,  suc h a s i n representation s wher e 
premis e belief s suppor t  othe r  inferre d belief s (e.g. ,  T M S , 
A T M S,  R E V O L V E R ) .  However ,  thes e revisio n method s 
tackl e onl y on e par t  o f  th e b-fram e propose d above :  rea -
sonin g withi n on e b-frame ,  an d doin g s o onl y o n influenc e 
belief s an d links .  A  mor e genera l  metho d o f  belie f  revi -
sio n woul d enabl e operation s tha t  involv e multipl e b-frame s 
(e.g. ,  h o w t o chang e fro m on e t o another ,  an d when) ,  a s 
wel l  a s certaint y an d relevanc e belief s an d thei r  eissociate d 
links .  Possibl e revisio n operator s migh t  be :  ad d o r  delet e a 
belie f  (essentiall y  th e operator s o f  R E V O L V E R ) ;  modif y a 
belie f  propert y (e.g. ,  increcis e o r  decreas e certaint y o r  rele -
vance) ;  chang e b-frame s (e.g. ,  adop t  a  large r  o r  smalle r  se t 
of  belief s an d links) . 

O ne issu e involve s th e triggerin g o f  a  chang e o f  frames . 
For  example ,  a n agen t  migh t  dee m a  particula r  degre e o f 
belie f  t o b e to o neutra l  (i.e. ,  a t  o r  nea r  0.5) .  T h e agen t  m a y 
the n decid e t o for m a n opinio n abou t  thi s link ,  on e wa y o r 
th e other .  Similarly ,  a n agen t  m a y wan t  t o for m a n opin -
io n base d o n belief s (o r  degree s o f  belief )  hel d b y othe r 
observers ;  tha t  is ,  on e migh t  analyz e belief s fro m othe r 
agents '  b-frame s t o influenc e th e belief s o r  link s o f  one' s 
o wn b-frame . 

To accomplis h thes e revisio n goals ,  on e migh t  adop t  a 
large r  (wide r  scope )  b-frame ,  i n th e hop e o f  obtainin g mor e 
evidenc e abou t  ne w belief s an d usin g thi s knowledg e t o re -
vis e th e belief s (o r  belie f  properties )  o f  one' s ol d b-frame . 
O ne metho d fo r  revisin g one' s b-fram e t o a  large r  belie f  se t 
migh t  b e t o increas e th e relevanc e o f  othe r  belief e -  i n thi s 
case ,  thos e observe d t o b e presen t  i n othe r  agent' s b-frames . 
O ne coul d begi n b y increasin g th e relevanc e o f  thos e exter -
nal  belief s whos e propertie s hav e th e highes t  vadue s i n th e 
othe r  agents '  b-frames .  Thi s embodie s th e intuitiv e heuris -
tic :  "pa y mor e attentio n t o th e stronges t  outsid e opinions " 
(al l  othe r  factor s bein g equed) . 

I n general ,  on e migh t  vie w belie f  revisio n Ji s a  searc h 
throug h th e spac e o f  b-frames ,  usin g th e operator s propose d 
earlier .  I n mos t  domains ,  ther e shoul d als o exis t  constraint s 
one ca n us e t o hel p contro l  thi s search .  Fo r  example ,  on e 
migh t  utiliz e constraint s o n wha t  evidenc e i s neede d t o re -
solv e a  curren t  conflict .  Th e nee d t o resolv e a  conflic t  be -
twee n belief s X  an d Y  shoul d lea d a n agen t  t o limi t  revisio n 
searc h t o frame s involvin g bot h X  an d Y ;  th e goa l  b-fram e 
i s on e wher e th e X - Y conflic t  i s  resolved .  A  mor e comple x 
scenari o woul d b e t o perfor m th e abov e search ,  bu t  d o i t  s o 
tha t  anothe r  agent' s conflict s ar e resolved ;  i.e. ,  pu t  onesel f 
int o another' s hea d t o hel p resolv e a  conflict .  Ther e ar e 
severa l  state s tha t  changin g one' s b-fram e ca n resul t  in .  I n 
general ,  ne w type s o f  beliefs ,  ne w degree s o f  belief ,  o r  both , 
ca n b e create d o r  inferre d du e t o a  chang e i n b-frame . 

Not e tha t  allowin g degree s o f  belie f  o n link s mean s a 
reworkin g o f  th e concep t  o f  contradiction .  I n th e specia l 
cas e wher e al l  degree s o f  belie f  ar e eithe r  zer o o r  one ,  a 
belie f  B  i s eithe r  hel d o r  not ;  holdin g bot h B  an d not(B ) 
woul d b e a  clea r  contradiction .  However ,  contradiction s ar e 
mor e "fuzzy "  i f  belief s ar e hel d i n degrees .  Fo r  example ,  on e 
migh t  hol d B  wit h certaint y 0. 3 an d not(B )  wit h certaint y 
0.4 ;  shoul d a  pai r  o f  belief s wit h thes e certaint y level s b e 
deemed a  contradiction ? 

To addres s this ,  a n interestin g revisio n strateg y migh t  b e 
t o us e th e degre e o f  differenc e betwee n tw o beliefs '  certeiint y 
level s t o influenc e th e degre e o f  relevanc e o f  thi s difi"erence . 
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That  is ,  a s th e differenc e i n certaintie s betwee n tw o con -
flicting  assertion s become s close r  t o th e standar d definitio n 
of  contradictio n (holdin g B  an d not(B )  wit h certaint y 1.0) , 
thi s chang e ca n b e use d t o increas e th e relevanc e o f  thi s 
difference ;  thi s act s lik e a n attentio n mechanism ,  graduall y 
increasin g th e importanc e o f  thi s par t  o f  a n agent' s b-frame . 
Once thi s relevanc e passe s a  threshold ,  whic h ca n b e indi -
cate d b y anothe r  belie f  (perhap s uniqu e t o thi s b-frame) , 
belie f  revisio n woul d begin .  I n short ,  w e hav e a  strikin g 
exampl e o f  ho w on e ca n utiliz e th e integratio n o f  influence , 
certaint y an d relevance ;  a  differenc e i n certaintie s ca n use d 
t o influenc e th e relevanc e o f  thi s difference ,  whic h i n tur n 
can b e use d t o trigge r  revisio n o f  an y on e o f  thes e thre e 
properties . 

A brie f  exampl e ca n illustrat e th e abov e strategy .  A  b -
fram e containin g th e belief s certainty(agent,B )  =  0. 5 an d 
certainty(agent,not(B) )  =  0. 5 woul d hav e a  relevanc e to o 
lo w t o trigge r  belie f  revision .  Intuitively ,  th e abov e situa -
tio n indicate s a  lac k o f  a n opinio n abou t  eithe r  belief .  A 
differen t  b-fram e migh t  hav e certaintie s o f  0. 8 an d 0.2 ,  re -
spectively ;  thes e ne w numbers ,  lik e th e previou s ones ,  su m 
t o 1. 0 an d henc e migh t  b e considere d non-contradictory , 
even thoug h ther e isn' t  tota l  suppor t  fo r  eithe r  one .  Not e 
tha t  thi s secon d b-fram e migh t  resul t  afte r  ne w evidenc e 
arrive d an d le d t o revisio n o f  th e tw o beliefs '  certainties . 
A thir d b-fram e migh t  hav e certaintie s o f  0. 8 an d 0.8 ;  thi s 
i s gettin g to o dos e t o th e standar d contradictio n scenari o 
(i.e. ,  1. 0 an d 1.0) ,  an d henc e migh t  trigge r  belie f  revision . 

Thes e thre e b-frame s hin t  tha t  on e informa l  rul e o f 
thum b migh t  b e t o begi n increasin g th e relevanc e o f  a  be -
lie f  pai r  X  an d not(X )  i f  thei r  tota l  certaintie s deviat e fro m 
1.  However ,  thi s rul e migh t  b e fine  fo r  on e agen t  (i.e. ,  on e 
b-frame )  bu t  replace d b y a  relate d ye t  differen t  rul e fo r 
anothe r  agen t  (i.e. ,  a  differen t  b-frame) .  Thi s i s on e illus -
tratio n o f  th e natur e o f  belie f  relativity :  tha t  b-frame s ar e 
best  viewe d a s relativ e states ,  usefu l  fo r  adoptin g point s o f 
vie w an d explorin g th e consequence s o f  suc h views . 

A G e n e r a l  V i e w o f  Belie f  Relativit y 

A wide r  vie w o f  B R lead s t o severa l  interestin g issues ; 
specifically ,  on e ca n produc e certai n claim s base d o n a n 
analog y betwee n B R an d th e relativit y theor y (Einstei n 
1905)  o f  th e physica l  worl d (cal l  i t  PR) . 

First ,  jus t  a s ther e i s n o absolut e physic2 d fram e o f  refer -
ence fro m whic h measurement s ca n b e mad e wit h complet e 
certainty ,  i n B R ther e i s n o absolut e b-fram e fro m whic h t o 
perfor m belie f  computation s wit h complet e certainty .  Fo r 
instance ,  jus t  a s velocit y i s  a  relativ e concep t  i n PR ,  depen -
dent  o n th e fram e on e i s observin g from ,  th e B R vie w i s 
tha t  degre e o f  belie f  i s  relative ,  dependin g o n wha t  b-fram e 
one i s believin g from .  I n PR ,  ther e exist s th e relativit y 
of  motion ;  drive r  A  ma y clai m "I' m travellin g forwar d a t 
5 mph ;  ca r  B  i s still" ,  whereei s drive r  B  ma y clai m "I' m 
travellin g backwar d a t  5  mph ;  ca r  A  i s still" .  Bot h ar e 
correct ,  becaus e constructin g a n answe r  i s relative ,  an d de -
pends o n th e fram e o f  referenc e fro m whic h on e i s viewin g 
th e situation . 

An analogou s exampl e i n B R i s th e cas e wher e on e as -
sertio n ca n b e caus e differen t  degree s o f  belie f  t o b e com -
pute d i n differen t  b-frame s -  e.g. ,  belongin g t o tw o differen t 
agents .  Fo r  example ,  suppos e a n optimis t  O  an d a  pes -
simis t  P  vie w th e sam e belie f  X  representin g th e outcom e 
of  a  mutua l  frien d M' s test :  X  =  (grad e (M ,  test )  =  79) .  O 

may happ y abou t  this :  happiness (  O ,  X  )  =  0.8 ,  perhap s 
becaus e thi s show s progres s b y M .  P  ma y no t  b e a s happ y 
about  th e outcome :  happines8 (  P ,  X  )  =  0.5 ,  perhap s be -
caus e P  think s M' s parent s wil l  b e upse t  tha t  M didn' t  ac e 
th e test .  W h o i s right ? Both ,  becaus e th e answe r  i s rela -
tive ;  multipl e b-frames ,  eve n i f  the y ar e constructin g belief s 
about  th e sam e property ,  ca n proces s th e sam e belie f  wit h 
equal  validity .  Tha t  is ,  differen t  b-frame s ca n hav e differ -
ent  view s o f  th e sam e situatio n withou t  contradictin g eac h 
other .  I n thi s case ,  bot h happines s level s ar e "correct" , 
dependin g o n wha t  b-fram e on e i s in . 

Not e tha t  th e qualitativ e reason s cite d abov e fo r  O' s 
and P' s happines s level s migh t  b e base d o n othe r  belief s 
i n thei r  respectiv e b-frame s (i.e. ,  previou s experienc e con -
cernin g M' s life) .  I n general ,  B R provide s a  mode l  fo r  ho w 
one processe s a  belie f  a  certai n wa y (e.g. ,  lik e a n optimis t  o r 
pessimist )  base d o n th e influenc e o f  othe r  belief s i n one' s fa-
frame .  Th e sam e agen t  ca n eve n ac t  lik e eithe r  a n optimis t 
or  a  pessimist ,  dependin g o n wha t  belief s ar e use d t o com -
put e degree s o f  certaint y fo r  a  ne w belie f  (i.e. ,  wha t  b-fram e 
one choose s t o vie w a  situatio n from) .  Finsdly ,  wherea s thi s 
exampl e deal t  wit h ho w differen t  b-frame s vie w th e sam e 
propert y (happiness) ,  earlie r  example s showe d ho w differ -
ent  b-frame s applie d t o a  belie f  ca n als o utiliz e differen t 
propert y rule s (e.g. ,  tallnes s an d relevance) . 

The secon d majo r  clai m i s tha t  adoptin g a  higher-leve l 
fram e ca n resolv e conflict s an d increas e certainty ,  bu t  i t  ca n 
als o hav e th e opposit e effect .  I n PR ,  decidin g whic h o f  tw o 
motion s ar e relativ e ca n onl y b e don e b y comparin g the m 
t o object s i n a  large r  frame .  I n th e previou s P R example , 
an observe r  usin g a  highe r  (mor e omniscient )  fram e ma y 
decid e tha t  ca r  A  reall y wa s movin g forwar d relativ e t o ca r 
B,  an d tha t  th e revers e doe s no t  hold ,  becaus e A  i s movin g 
forwar d relativ e t o othe r  object s i n th e highe r  fram e whil e B 
i s standin g stil l  relativ e t o them .  Similarly ,  th e previou s B R 
exampl e migh t  chang e b y adoptin g a  highe r  fram e whic h 
include s M' s statemen t  tha t  h e i s a s happ y abou t  hi s grad e 
as O  clndmed ;  thi s resolve s th e relativ e view s o f  O  an d P  i n 
favo r  o f  O .  However ,  adoptin g stil l  wide r  frame s ca n agai n 
lea d t o belie f  revision .  A  highe r  fram e i n th e ca r  exampl e 
migh t  find  tha t  th e objec t  a  believe r  use d a s a  referenc e 
t o compar e t o A  an d B  (e.g. ,  a  train )  i s  ttse//moving ,  an d 
doin g s o wit h th e sam e directio n an d spee d a s B ;  i n th e vie w 
of  thi s highe r  b-frame ,  wher e th e ne w referenc e objec t  i s  th e 
ground ,  A  i s no w stil l  whil e B  an d th e trai n ar e moving , 
thu s contradictin g th e earlie r  b-fram e belief .  Similarly ,  a 
wide r  b-fram e i n th e B R exampl e ma y find  tha t  M i s lyin g 
about  hi s happines s t o hid e hi s parents '  unhappiness ;  thi s 
now resolve s th e 0- P conflic t  i n favo r  o f  P . 

I n summary ,  B R theor y propose s tha t  on e ca n achiev e 
loca l  certainty ,  bu t  thi s i s th e bes t  on e ca n do .  Absolut e cer -
taint y i s unattainable ,  becaus e ther e i s alway s th e potentia l 
of  finding  anothe r  fram e tha t  invalidate s one' s "omniscient " 
poin t  o f  view .  I n short ,  on e canno t  attai n permanen t  globa l 
absolut e certainty ,  sinc e ther e i s n o b-fram e provabl e t o 
be absolut e ove r  al l  belief s fo r  al l  time .  However ,  finding 
temporar y locs J certaint y amon g one' s belief s i s a  usefu l 
goal ,  suc h a s t o resolv e apparen t  contradiction s b y goin g t o 
highe r  b-frame .  I n general ,  a n optima l  agen t  mus t  b e abl e 
t o find  b-frame s tha t  provid e relativ e certainty ,  whil e sds o 
bein g smar t  enoug h t o kno w whe n t o searc h fo r  mor e use -
fu l  b-frame s (eithe r  t o supplan t  existin g ones ,  o r  ad d ne w 
b-frame s t o one' s repertoire) .  B R ca n hopefull y provid e a 
framewor k t o mode l  an d improv e suc h behaviors . 
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Relate d W o r k 
I n BR ,  generatin g ne w assertion s i s performe d insiil c a  b -
frame ,  an d evidenc e fo r  thes e belief s i s  als o niaiutaiue d 
there .  I n thi s sense ,  B R i s directl y relate d t o system s suc h 
as T M S ,  A T M S ,  an d R E V O L V E R.  I f  on e use s B R onl y 
t o infe r  ne w assertion s fro m ol d vi a rules ,  an d al l  degree s 
of  certaint y ar e eithe r  zer o o r  one ,  an d relevanc e i s no t 
represented ,  the n B R i s essentiall y  reduce d t o thes e frame -
works .  Lik e ATMS-base d systems ,  B R system s settl e fo r 
loca l  coherenc e o r  certaint y ove r  global ,  an d ca n op t  t o kee p 
non-currently-activ e belie f  group s i n memory .  I f  on e aug -
ment s ATMS-base d system s wit h a  metho d fo r  propagatin g 
fractionz d certaint y levels ,  thi s typ e o f  syste m resemble s in -
fluenc e diagrams ,  o r  belie f  networks .  Further ,  i f  on e use s 
hillclimbin g searc h fo r  consisten t  belie f  sets ,  thi s typ e o f 
syste m woul d no w resembl e system s suc h a s R E V O L V E R. 

However ,  B R i s  designe d t o improv e upo n th e abov e 
method s whe n reasonin g abou t  ho w differen t  agent s pro -
cess beliefs ,  an d ho w on e agen t  ca n adop t  differen t  point s 
of  view .  Tha t  is ,  B R provide s a  bette r  mechanis m fo r  rea -
sonin g abou t  multipl e b-frames .  Fo r  example ,  B R provide s 
a stronge r  framewor k fo r  dealin g wit h neste d belief s -  be -
lief s abou t  th e belief s o f  others .  Eve n othe r  b-frame s ca n 
be th e focu s o f  suc h neste d belie f  (e.g. ,  th e degre e o f  cer -
taint y agen t  X  ha s i n agen t  Y' s belief e abou t  som e topic) . 
BR als o ca n utiliz e a  mor e complet e se t  o f  revisio n oper -
ator s tha n system s suc h a s R E V O L V E R;  th e latte r  coul d 
searc h fo r  an d generat e ne w premis e beliefs ,  bu t  B R als o 
deal s wit h creatin g ne w b-frames ,  a s wel l  a s ne w influence s 
among them . 

Finally ,  B R utilize s a n explici t  notio n o f  belie f  relevanc e 
tha t  th e system s mentione d abov e d o not .  Thi s adde d 
concep t  enable s relevanc e an d certaint y level s t o influenc e 
eac h othe r  t o produc e interestin g behavior s (e.g. ,  b y nest -
in g thes e concept s withi n on e belief) .  However ,  degre e o f 
relevanc e ca n als o b e use d t o comput e a  degre e o f  active -
ness ;  tha t  is ,  relevanc e ca n b e use d t o focu s syste m at -
tentio n o n th e mos t  interestin g assertions .  A n agen t  ca n 
use suc h knowledg e t o contro l  th e propagatio n o f  certaint y 
degree s (e.g. ,  perfor m suc h propagatio n onl y o n thos e most -
interestin g assertions) .  I n short ,  jus t  a s othe r  area s o f  A I 
utiliz e knowledg e t o contro l  search ,  s o to o ca n on e us e rel -
evanc e informatio n t o contro l  th e searc h fo r  usefu l  belief s 
(i.e. ,  thos e tha t  ar e relevan t  t o curren t  goals) ,  th e belief s 
the y influence ,  an d th e certaint y level s o f  eJ I  suc h belie f  fam -
ilies .  Th e abov e poin t  i s  eve n mor e importan t  du e t o th e 
oft-cite d problem s T M S an d A T M S system s hav e regard -
in g excessiv e computatio n require d t o proces s eve n smal l 
set s o f  premises ,  du e t o storag e o f  al l  inferre d belief s i n 
memory.  T M S an d A T M S system s giv e belief s a  statu s 
of  eithe r  activ e o r  inactive ;  T M S an d A T M S ca n thu s b e 
viewe d a s a s a  specis J cas e o f  B R wher e al l  relevanc e level s 
ar e eithe r  zer o o r  one .  B y substitutin g degre e o f  relevanc e 
fo r  active/deactiv e status ,  B R belief s ca n b e prioritize d fo r 
processing ,  whic h shoul d lea d t o mor e efficien t  systems .  A s 
i s th e cas e fo r  certaint y levels ,  relevanc e level s ca n b e calcu -
late d usin g a  metho d (suc h a s tha t  o f  Thagar d an d Kund a 
(1987) )  tha t  wil l  b e independen t  o f  th e method s use d t o 
maintai n th e influenc e networks . 

The secon d usefu l  compariso n i s t o fuzz y system s (Zade h 
1965) .  W e hav e see n ho w agent s i n B R ca n propagat e de -
gree s o f  certaint y an d relevanc e b y usin g fuzz y membershi p 
functions .  I n addition ,  lik e fuzz y logic ,  B R ca n dea l  wit h 
th e notio n tha t  a n entit y ca n "have "  propert y P  a s wel l  a s 

not(P) .  Fo r  example ,  on e agen t  X  ca n believ e tha t  anothe r 
agen t  M i s bot h happ y an d no t  happ y i n B R (wher e X  i s 
viewin g M fro m a  b-fram e tha t  encompasse s thos e o f  tw o 
othe r  agent s observin g M ) .  However ,  unlik e fuzz y logic ,  B R 
can dea l  wit h reasonin g o n th e mor e abstrac t  b-fram e level , 
suc h a s ATMS-typ e operation s (e.g. ,  maintainin g chain s o f 
inferenc e support) ,  an d modellin g differen t  point s o f  vie w 
as wel l  a s wha t  migh t  trigge r  suc h changes . 

C o n c l u s i o n 

I  hav e presente d a  mode l  cjJle d belie f  relativity ,  a  mode l 
fo r  reasonin g abou t  th e structur e o f  belie f  systems ,  an d ho w 
degree s o f  certsdnt y an d relevanc e ar e inferred .  B R provide s 
a unifie d framewor k fo r  idea ^  fro m previou s research ,  suc h 
as influence/belie f  networks ,  T M S an d A T M S systems ,  an d 
hillclimbin g system s fo r  belie f  creatio n an d revision . 

An importan t  advantag e o f  B R i s tha t  influences ,  a s wel l 
as th e rule s fo r  propagatin g certaint y an d relevanc e value s 
among them ,  ca n b e represente d an d processe d indepen -
dent  o f  eac h other .  Tha t  is ,  B R belie f  system s ca n per -
for m b-fram e leve l  task s (keepin g trac k o f  influences ,  try -
in g ou t  ne w set s o f  beliefs ,  creatin g ne w influences )  ye t  als o 
perfor m task s complementar y t o thos e concernin g b-frame s 
(e.g. ,  usin g membershi p function s t o determin e degree s o f 
belief ,  an d propagatin g the m alon g th e influence s se t  u p 
by b-fram e resisoning) .  I n short ,  B R shoul d allo w th e bes t 
feature s fro m ATMS-styl e system s an d fuzzy/probabilisti c 
system s t o b e utilize d i n a  synergisti c manner . 
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