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Thi s pape r  discusse s defaul t  reasoning , 
distinguishin g generalization s associate d vdt h 
default s fro m bot h universal s an d statistica l 
generalizations .  I  argu e tha t  conclusion s base d o n 
default s shoul d b e reporte d differentl y frc m 
conclusion s whic h d o no t  involv e defaul t  reasoning , 
and tha t  howeve r  w e represen t  than ,  th e relate d 
inferenc e syste m mus t  distinguis h defaul t  claim s 
fro m othe r  proposition s an d trea t  tha n differently . 
IV o existin g analyse s o f  defaul t  reascxun g ar e 
briefl y criticize d i n ligh t  o f  th e distinction s 
presented . 

1.  intcoductian . 
A grea t  dea l  o f  knowledg e seem s t o tak e th e for m 

of  generalizations :  neithe r  genuin e universals , 
tru e o f  al l  thing s i n thei r  understoo d domains ,  no r 
simpl e statistica l  claim s o f  "mor e tha n half" ,  bu t 
claim s which ,  althoug h understoo d sometime s t o 
fail ,  nevertheles s warran t  presumption s i n th e 
absenc e o f  conflictin g information .  Suc h 
generalization s ar e usuall y represente d b y 
defaults .  Ihi s pape r  examine s defaul t 
generalizations ,  distinguishin g the m fro m 
universal s an d statistica l  claims ,  an d pointin g ou t 
some pitfall s  thei r  implementatio n presents . 
Especially ,  i t  behove s u s t o realiz e tha t  answer s 
base d o n defaul t  reasonin g represen t  educate d 
gueses ;  an d howeve r  usefu l  the y may be ,  guesse s 
canno t  safel y o r  honestl y b e hande d ou t  a s facts . 2.  gsneraliation a vs .  universa l  an d atatistica l 

In English, "all" rarely means "every single 
thin g withou t  exception" ,  an d failin g t o not e thi s 
can produc e unfortunat e result s  [2] .  T b us e 
Btachman' s example ,  i f  w e sa y tha t  al l  elephant s 
ar e four-legge d gra y mamnals ,  an d i f  w e trea t  "all " 
as indicatin g genuin e universality ,  the n w e hav e n o 
way t o tal k abou t  Clyd e th e unfortunat e ampute e 
elephan t  wit h onl y thre e legs .  Bu t  suppos e w e 
alway s trea t  "all "  a s indicatin g a  generalizatio n 
Qyde th e three-legge d elephant ,  bu t  unfortunatel y 
we ca n tal k wit h equa l  eas e abou t  Clyd e th e 
non-mammalia n elefdiant ,  o r  eve n abou t  Clyd e th e 
non-elephan t  India n ele{*iant . 

Generalization s canno t  b e treate d lik e 
statistica l  claim s either ,  althoug h th e differenc e 
her e i s mor e subtle .  Mos t  peopl e realiz e tha t  ove r 
hal f  th e populatio n i s female .  Ye t  i n th e absenc e 
of  informatio n concernin g a  person' s sex ,  on e doe s 
not  typicall y presun e tha t  th e perso n i n questio n 
i s femal e (indeed ,  th e presumptio n tend s t o g o th e 
othe r  way!) .  B y contrast ,  th e nimbe r  o f  flightles s 
bird s (emus ,  ostriches ,  kiwis ,  penguins ,  bab y 
birds ,  etc. )  i s  hardl y negligible .  Ye t  w e fee l 
justifie d i n assumin g o f  bird s i n genera l  tha t  the y 
fly . 

Generalization s usuall y represen t  causa l  claims , 
albei t  maske d an d incomplet e ones .  Mos t  bird s fly , 
becaus e th e feature s whic h distinguis h somethin g a s 
a bir d evolve d t o facilitat e flight .  B y contrast , 
statistica l  claim s ar e pvidenc e for ,  rathe r  tha n 

embody,  causa l  claims .  Furthermore ,  w e accep t 
statistica l  evidenc e a s supportin g causa l  claim s 
onl y whe n ther e i s independen t  reaso n t o suppos e 
tha t  th e phenomen a involve d ar e relevan t  t o on e 
another . 

For  example ,  I  recal l  readin g sanewher e tha t  fo r 
many years ,  th e manbershi p roll s o f  a  baker' s unio n 
i n Ne w Yor k Cit y precisel y parallele d th e birth s 
and death s i n a  tow n i n India .  Whethe r  thi s 
actuall y happene d i s no t  importan t  here ;  my poin t 
is ,  i t  coul d wel l  happen ,  an d i f  i t  did ,  n o 
reasonabl e perso n woul d tak e i t  a s anythin g mor e 
tha n a  strikin g (an d somewha t  humorous ) 
coincidence . 

The transitivit y o f  inference s base d o n 
generalization s agai n distinguishe s the m fro m 
statistica l  claims .  Presumabilit y  ca n b e inherite d 
throug h truth- f  motiona l  inferences ;  bu t 
statistica l  relationship s ar e fa r  mor e complex ,  an d 
statistica l  inferaice s follo w utterl y differen t 
rules . 

For  instance ,  conside r  th e resul t  o f  conjoinin g 
tw o statistica l  claim s S  an d fil.  Sa y th e 
probabilit y  o f  fi  i s  i ,  an d tha t  o f  5 i  i s  x .  No w 
what  i s th e probabilit y  o f  S  &  S' ? Well ,  let' s 
loo k a t  sem e examples . 

Suppos e th e subjec t  i s  coi n tossing .  Sa y £  say s 
"TOSS 1  wil l  b e heads, "  an d S L say s "TOs s 2  wil l  b e 
tails. "  Tha i  i  =  y  =  .5 ,  an d th e probabilit y  o f 
"Tbs s 1  wil l  b e head s an d tos s 2  wil l  b e tails "  w e 
kno w t o b e .25 ,  o r  x^ .  Bu t  i s thi s alvay s th e 
case ? Qearl y not .  Le t  a  b e a s before ,  an d le t  S L 
be "Tos s 1  wil l  b e tails. "  No w th e jxobabilit y  o f  S 
& S '  i s  0 .  I f  a  i s th e sam e a s SL ,  the n th e 
probabilit y  o f  th e conjunctio n i s th e sam e a s th e 
probabilit y  o f  a . 

Furthermore ,  statistica l  analyse s ten d t o b e 
applie d t o tw o fundamentall y differen t  sort s o f 
situation .  I n th e firs t  kind ,  th e variou s event s 
ar e r» x hypnt-.hes i  independen t  o f  on e another .  We 
assume tha t  th e resul t  o f  tos s 1  doe s no t  affec t 
th e resul t  o f  tos s 2 .  I n th e second ,  a  causa l 
relationshi p i s bein g sough t  o r  presumed .  A t  thi s 
point ,  probabilitie s becom e inextricabl y linke d t o 
th e theoretica l  context ,  an d i n som e sens e tak e o n 
a differen t  meaning .  Give n on e se t  o f  result s fi, 
th e probabilit y  o f  fi  wil l  diffe r  dependin g o n th e 
hypothesi s relativ e t o whic h i t  i s  computed .  Mor e 
importantly ,  wha t  change s tend s t o b e no t  th e 
probabilitie s o f  individua l  occurrences ,  bu t 
precisel y th e probabilitie s o f  cooccurrences :  tha t 
is ,  th e probabilit y  o f  conjunction s changes , 
withou t  tha t  o f  th e conjunct s changing .  S o n o 
genera l  rul e capture s th e wa y th e probabilit y  o f  a 
conjunctio n relate s t o th e probabilit y  o f  th e 
conjuncts . 

3.  ExamplPf i  o f  defaul t  assumptions . 
Suppos e w e ar e designin g a  "trave l  agent "  system . 

Ih e classica l  exampl e o f  a  defaul t  rul e i n thi s 
contex t  i s  th e assumptio n that ,  al l  els e bein g 
equal ,  al l  trip s originat e whereve r  th e custome r 
currentl y is .  Thi s seem s reasonabl e enough ,  bu t 
th e syste m nee d hardl y assum e it ,  sinc e i t  ca n 
reques t  tha t  informatio n wit h n o grea t  los s o f 
convenience . 
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But  conside r  th e followin g "rule" :  withi n th e 
departur e tim e limit s th e custome r  supplies ,  mor e 
direc t  connection s cir e t o b e preferre d ove r  les s 
direc t  ones .  I f  someon e says ,  "I' d lik e a  roun d 
tri p t o Ne w York, "  fo r  th e syste m the n t o ask , 
"Wher e ar e yo u leavin g frcm? "  seem s reasonable ; 
fo r  i t  t o ask ,  "Woul d yo u rathe r  ge t  ther e i n on e 
hour  o r  ninetee n an d a  half? "  doe s not . 

Furthermore ,  imagin e a  syste m whic h mindlessl y 
produce d ever y se t  o f  connection s fra n Buffal o t o 
New Yor k — direct ,  vi a Albany ,  vi a (Houston ,  vi a 
Seattle ,  vi a London ,  vi a Bueno s Aires... .  Whil e 
th e lis t  migh t  no t  g o o n forever ,  i t  wil l  surel y g o 
on lon g enoug h t o prov e inconvenient .  Some 
presunptio n mus t  b e mad e t o orde r  th e alternative s 
so tha t  reasonabl e one s ge t  liste d early . 

Yet  w e canno t  simpl y ad d a  universa l  rul e tha t 
direc t  route s ar e t o b e preferre d ove r  indirec t 
ones ,  becaus e i t  isn' t  alway s true .  Fo e exan^e , 
some peopl e refus e t o us e certai n airline s o r 
airport s unde r  an y circumstances .  Other s wil l  wan t 
t o sto p ove r  fo r  a  fe w hour s i n sem e intermediat e 
city . 

Ther e i s als o a  mor e genera l  problem .  Al l  els e 
bein g equal ,  th e cheape r  o f  tw o route s i s usuall y 
preferre d ove r  th e mor e expensive .  Whil e th e mor e 
direc t  rout e i s usuall y als o th e cheaper,  i t  i s  no t 
alway s so .  On e ca n currentl y fl y  fro m Buffal o 
direc t  t o Albany ,  tAiic h i s shorte r  an d mor e direc t 
tha n changin g flight s i n Ne w Yor k City .  Bu t  i t 
turn s ou t  tha t  flyin g vi a Ne w Yor k i s cheaper . 
Whethe r  th e custome r  want s t o fl y  direc t  o r  vi a Ne w 
Yor k Cit y wil l  no w depen d o n whic h i s mor e 
importan t  t o th e custaner ,  convenien t  tim e 
schedulin g o r  lo w price . 

Hence th e syste m canno t  presun e absolutel y eithe r 
tha t  th e mor e direc t  rout e i s pre£ecred ,  o r  tha t 
th e cheape r  rout e is .  A  guarde d answe r  whid i 
presune s either ,  bu t  wit h explici t  reservations , 
wil l  prov e mor e usefu l  tha n eithe r  a  fla t 
presunptio n whic h canno t  b e overrule d ( a universal ) 
or  a  failur e t o mak e an y presunptio n a t  all . 

Othe r  exasple s abound .  I f  a  custome r  ask s t o 
trave l  fro m Ne w Yor k t o Cincinnat i  vi a Athens ,  w e 
want  th e syste m t o recogniz e tha t  th e custcme r 
probabl y mean s Athens ,  Ohio ,  an d no t  Athens , 
Greece ,  o r  eve n Athens ,  Georgia .  A t  th e sam e time , 
thi s assunptio n shoul d someho w b e reflecte d i n th e 
system' s response ,  les t  traveller s wh o mea n t o g o 
t o Athens ,  Georgi a lear n o f  Athens ,  Oii o b y findin g 
themselve s there . 

4.  Problffln s default s raise . 
Perhap s th e mos t  common kin d o f  defaul t  take s th e 

form ,  "I n th e absenc e evidenc e tha t  "p ,  yo u may 
infe r  p "  [7,8] .  When th e syste m i s aske d "p? "  an d 
find s th e defaul t  rule ,  i t  attaint s t o deriv e 'p . 
I f  i t  fail s  t o d o so ,  i t  return s p  a s th e answer . 
Hence systan s augmente d b y thi s kin d o f  rul e ca n 
tak e advantag e o f  generalization s o f  th e kin d 
above .  S o far ,  s o good . 

But  thi s procedur e onl y look s reasonabl e s o lon g 
as w e dea l  wit h question s lik e "Ca n Poge r  th e bir d 
fly? "  Then ,  sayin g "O f  course ,  he' s a  bird, "  sean s 
unobjectionabl e — bu t  onl y becaus e nothin g depend s 
on th e answer .  Notic e tha t  i f  w e don' t  car e wha t 
th e answer s t o ou r  question s are ,  ther e i s littl e 
reaso n t o implemen t  defaults .  Afte r  all ,  i f  w e 
don' t  care ,  w e ca n a s wel l  sa y " I  don' t  know "  a s 
eithe r  ye s o r  no . 

But  suppos e tha t  w e d o car e wha t  answe r  w e get . 
For  instance ,  conside r  a  medica l  diagnosti c an d 
treatment-reoomnendin g system .  Suppos e tha t  fo r  a 
particula r  se t  o f  symptoms ,  treatmen t  J i  i s 
generall y ver y beneficial ,  bu t  tha t  i n th e 
exceptiona l  case s treatmen t  &  invariabl y kills . 
Now i f  A  has  th e symptom s i n question ,  surel y w e d o 

not  wan t  t o recommen d treatmen t  i  solel y o n th e 
ground s tha t  w e don' t  ye t  kno w tha t  A  i s 
exceptional .  O n th e othe r  hand ,  i f  th e symptom s i n 
questio n ca n themselve s prov e fatal ,  no r  d o w e wan t 
t o sa y w e don' t  knc M anythin g abou t  wha t  t o d o fo r 
h. 

I n thi s kin d o f  case ,  w e woul d lik e th e syste m t o 
say somethin g like ,  "Treatmen t  x  naiMii y helps, "  o r 
"Prpfiimabl y treatmen t  ; i  helps. "  Eve n bette r  woul d 
be a n answe r  whic h directl y tell s  th e use r  wha t  th e 
counterindication s are ;  bu t  a t  th e ver y least ,  a 
responsibl e syste m shoul d war n th e use r  tha t  th e 
informatio n result s fra n a  prpaimpfinn .  an d no t  a n 
inference .  Onc e th e systa n ha s issue d th e warning , 
th e use r  ca n the n pursu e i t  i n furthe r  questions . 

A furthe r  difficult y wit h default s lie s i n 
decidin g wha t  i t  mean s fo r  tha n t o b e tru e o r 
false .  Qearl y "I f  Roge r  i s a  bird ,  the n 
presumabl y Roge r  ca n fly "  ca n b e tru e eve n i f  Roge r 
i s a  bird ,  bu t  Roge r  ca n no t  fly .  Indeed , 
"Presumabl y Roge r  ca n fly "  ca n b e true ,  eve n thoug h 
"Roge r  ca n fly "  i s  false .  Tha t  i s th e whol e poin t 
of  sayin g 'presunably' :  i t  protect s th e speake r 
fro m sayin g somethin g fals e whe n th e fact s g o th e 
"wrong "  way .  Tha t  i s wha t  i t  mean s t o giv e a 
guarde d response . 

Hence th e trut h valu e o f  default s canno t  b e a 
simpl e functio n o f  th e trut h value s o f  thei r 
component  propositions :  defaul t  operator s ar e no t 
trut h fiActu.onal .  Furthermore ,  default s mak e sens e 
becaus e the y reflec t  causa l  (an d heno e non-logical ) 
connection s amon g thei r  constituents .  Th e missin g 
informatio n Tiarani-t̂ a tha t  thei r  conten t  canno t  b e 
a simpl e functio n o f  th e content s o f  th e 
components .  Bu t  the n w e shoul d no t  expec t  t o b e 
abl e t o giv e a  purel y logica l  accoun t  o f  default s 
[41 . 

5.  Prtablan a wit h tw o goBPse d solutions . 
Severa l  approache s t o default s hav e bes i 

suggested .  Some researcher s trea t  default s a s 
modalize d [6,7,8] .  Severa l  problem s wit h thi s 
approac h hav e bee n pointe d ou t  alread y (se e e.g . 
[3]) .  I n addition ,  thi s approac h interpret s "I n 
general ,  bird s fly "  a s somethin g lik e "I f  ̂  i s  a 
bir d an d i t  i s  ocmpatibl e wit h wha t  w e kno w tha t  x 
flies ,  the n x .  flies "  [7] .  Bu t  thi s i s onl y tru e i f 
ever y singl e bir d withou t  exceptio n whic h w e d o no t 
kno w t o b e flightles s doe s i n fac t  fly .  Tha t  is , 
i f  McOermott' s  versio n o f  th e generalizatio n i s 
true ,  i t  ca n neve r  b e th e cas e tha t  sem e bir d doe s 
not  fl y  an d w e ca n no t  prov e tha t  i t  doesn't .  Bu t 
thi s i s surel y no t  wha t  th e generalizatio n means . 

The fuzz y logi c approac h [1,5,9,10 ]  use s a 
continuu m o f  trut h value s i n th e close d rang e <0,1 > 
instea d o f  sijipl y "true "  an d "false" .  Severa l 
question s imnediatel y arise .  First ,  ever y 
"assertion "  i n th e dat a bas e mus t  hav e a n 
associatie d trut h value ;  wher e ar e w e t o ge t  thes e 
from ? Second ,  ho w ar e th e tjrut h value s o f 
proposition s relate d t o thos e o f  thei r  components , 
and ho w ar e th e trut h value s o f  conclusion s relate d 
t o thos e o f  th e premise s o f  th e demonstratio n i n 
question ? Preliminar y result s [1 ]  boi l  dow n t o th e 
msurprisin g clai m tha t  th e conclusion s ar e n o 
bette r  tha n th e pranises ,  bu t  als o o n th e whol e n o 
wors e (wher e "better "  i s  interprete d a s numerica l 
"greate r  than") .  I t  i s  significan t  tha t  thi s i s 
alread y non-trivia l  t o establish .  Third ,  ho w d o w e 
dea l  wit h th e apparen t  resul t  tha t  differen t 
demonstration s o f  th e sam e propositio n "establish " 
differen t  trut h values ? 

But  th e larges t  problem ,  i n my opinion ,  lie s i n 
th e irresistibl e temptatio n t o vie w thes e fuzz y 
trut h value s a s probabilities .  Thi s tendenc y i s 
encourage d b y th e nee d t o assig n what ,  i n context , 
loo k muc h lik e Bayesia n prio r  probabilitie s t o th e 
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proposition s i n th e dat a base .  Son e kin d o f 
Bayesia n analysi s ma y prov e usefu l  i n A.I .  systenis ; 
but  ther e i s n o "cut-rate "  wa y o f  doin g it . 
Neithe r  fuzz y logi c no r  defaul t  reasonin g 
adequatel y analyze s probability .  Unde r  th e 
circumstances ,  i t  seem s bes t  t o avoi d a  syste m 
whic h mislecxt e t o thi s extent . 

6.  Conci,uaion . 
We woul d lik e som e wa y t o dea l  wit h th e "fmny ' 

trut h statu s o f  defaul t  rule s an d o f  conclusion s 
draw n o n th e basi s o f  defaul t  asstmptions ;  bu t 
neithe r  modalit y no r  fuzz y trut h value s seem s t o 
captur e th e desire d effect .  Furthermore ,  ther e 
seems goo d reaso n t o siqjpos e tha t  n o purel y logica l 
analysi s could . 

But  thi s doe s no t  rul e ou t  th e possibilit y  tha t 
logica l  restriction s o n default s an d thei r 
consequence s ca n b e foun d an d described ,  o n th e 
basi s o f  whic h a  syste m o f  inference s allowin g 
defaul t  reasonin g ca n b e developed .  We ar e 
currentl y developin g a  semantic s fo r  defaul t 
reasonin g whic h treat s default s a s propositiona l 
operator s an d whic h w e hop e wil l  provid e suc h a 
basis .  Onc e thi s ha s bee n done ,  w e ca n hop e t o 
deal  wit h default s i n a  reasonabl e an d usefu l  way . 

Hence a n A .  I .  syste m whic h deal s wit h default s 
successfull y mus t  als o hav e a t  leas t  tw o propertie s 
whic h existin g proposal s lack .  First ,  i t  mus t 
delineat e th e logica l  restriction s o n default s an d 
thei r  consequence s withou t  rulin g ou t  th e existenc e 
of  genuin e exceptions ,  i.e. ,  recognizin g tha t 
defaul t  reasonin g scmetime s give s th e wron g answer . 
I n doin g so ,  i t  shoul d b e carefu l  t o distinguis h 
defaul t  generalization s bot h fro m genuin e 
universal s an d fro m statistica l  generalizations . 
And second ,  whe n th e syste m give s answer s whic h eir e 
base d o n defaul t  reascming ,  i t  shoul d aokni t  thi s 
weaknes s b y issuin g warning s wit h them .  Fo r 
withou t  suc h warnings ,  defaul t  reasonin g b y an y 
scheme i s no t  onl y unsound :  i t  i s  als o unsafe . 
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