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T h e Z o o Keeper' s Pa rado x 
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Inconsisten t  Commonsens e Belief s 
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Memph i s Stat e Universit y 

Memphis .  T N 3815 2 

U.S.A . 
chand@hennes.msci.memsLed u 

A b s t r a c t 

Default reasoning is a mode of commonsense reas(Miing 
whic h let s u s jum p t o plausibl e conclusion s whe n ther e 
i s n o contrar y information .  A  crucia l  operatio n o f 
defaul t  reasonin g system s i s th e checkin g an d maintain -
in g o f  consistency .  However ,  i t  ha s bee n argue d tha t 
defaul t  reasonin g i s  inconsistent :  A n y rationa l  agen t 
wil l  believ e tha t  i t  ha s som e fals e beliefs .  B y doin g so . 
th e agen t  guarantee s itsel f  a n inconsisten t  belie f  se t 
(Israel ,  1980) .  Perli s  (1986 )  develop s Israel' s argumen t 
int o a n argumen t  fo r  th e inconsist^c y o f  recoUectiv e 
Socrati c defaul t  reasonin g systems .  Th e Zo o Keeper' s 
Parado x ha s bee n offere d a s a  concret e exampl e t o dem -
onstrat e th e inconsistenc y o f  commonsens e beliefs . 

I n thi s paper ,  w e sho w tha t  Israe l  an d Perils '  argu -
ment s ar e no t  wel l  founded .  A  rational  agen t  onl y need s 
t o believ e tha t  som e o f  it s belief s ar e possibl y o r  proba -
bl y false .  Thi s requiremen t  doe s no t  impl y tha t  th e 
belief s o f  rationa l  agent s ar e necessaril y  inconsisten t 
Decisio n theor y i s use d t o sho w tha t  concret e example s 
of  seemingl y inconsisten t  beliefs ,  suc h a s th e Zo o 
Keeper' s Paradox ,  ca n b e rationa l  a s wel l  a s consistent . 
Thes e example s sho w tha t  analyse s o f  commonsens e 
belief s ca n b e ver y misleadin g whe n utilit y  i s  ignored . 
We als o examin e th e justification s o f  th e explorator y 
and incredulou s approache s i n defaul t  reasoning ,  deci -
sio n theoreti c consideration s favo r  th e explorator y 
approach . 

Defaul t  R e a s o n i n g 

The goal of artificial intelligence is to build electronic 
agent s whic h ca n us e knowledg e t o solv e problems .  A 
larg e par t  o f  wha t  w e kno w i s commonsens e knowledg e 
consistin g o f  genera l  laws/rule s whic h ar e almos t 
alway s true ,  wit h a  fe w exception s (Reiter ,  1980) . 

Exampl e 1 : 

(Rl )  W e ca n star t  a  ca r  b y turnin g th e ke y whil e step -
pin g slowl y o n th e ga s pedal . 

Rl  i s a  genera l  rul e whic h i s almos t  alway s true .  Ther e 
ar e exception s t o th e rule ,  suc h as ,  "th e ga s tan k i s 
empty "  an d "th e batter y i s  low. "  However ,  usuall y w e d o 
not  chec k t o m a k e sur e tha t  everythin g i s normal .  W e 
jus t  assum e b y defaul t  tha t  th e ca r  i s i n workin g condi -
ti(xi ,  unles s tho e i s informatio n t o th e contrary .  Say ,  i f 
we notic e tha t  th e ignitio n switc h i s lyin g o n th e floor 
wit h a  loos e wire ,  the n w e conclud e tha t  th e ca r  i s  ou t  o f 
orde r  an d i t  wil l  no t  star t  Suc h reasonin g i s no t  deduc -
tive ,  an d ha s bee n calle d defaul t  reasonin g i n th e 
literature . 

Exampl e 1  illustrate s th e non-monotonicit y o f  defaul t 
reasoning :  A  sentenc e A  whic h i s derivabl e Cro m a  the -
or y T  m a y no t  b e derivabl e fro m a  superse t  o f  T . 
Becaus e o f  thi s property ,  formalization s o f  defaul t  rea -
sonin g hav e bee n calle d non-monotoni c logics .  I n thi s 
pape r  w e wil l  us e "non-monotoni c logics "  a s a  genera l 
ter m covoin g al l  formalization s o f  defaul t  reasonin g 
wit h th e propert y o f  non-monotonicity. ^ 

T h e C o n s i s t e n c y o f  De fau l t  R e a s o n i n g 

A number of authors have worried about the integrity 
and consistenc y o f  commonsense/defaul t  reasoning . 
Israe l  (1980 )  claim s tha t  non-monotoni c logic s ar e no t 
wel l  motivated ,  becaus e the y res t  o n th e confusio n o f 
proof-theoreti c wit h epistemologica l  issues .  Israe l  als o 
suggest s tha t  commonsens e belief s ar e ver y ofte n 
inconsisten t  Sinc e mos t  non-monotoni c logic s perfor m 

'  Ginsber g (1987b )  contain s origina l  paper s o f  majo r 
w w ks befor e 1987 .  Besnar d (1989 )  i s  a  mor e recen t 
introductio n t o non-monotoni c logics . 
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a consistenc y tes t  befor e makin g a  defaul t  assumption , 

the y woul d b e paralyze d b y inconsisten t  beliefs . 

Peril s  (1986 )  develop s Israel' s argumen t  fo r  th e 
inconsistenc y o f  commonsens e belief s int o a n argumen t 
fo r  th e inconsistenc y o f  non-monotoni c logic s unde r 
some natura l  conditions .  Accordin g t o Perils ,  idea l 
thinker s capabl e o f  appropriat e commonsens e reason -
in g mus t  b e abl e t o reflec t  o n thei r  pas t  e n w s .  The y 
must  b e awar e o f  th e fallibilit y  o f  thei r  us e o f  default s 
(Socratic )  an d abl e t o recal l  wha t  defaul t  assumption s 
the y hav e m a d e (recollective) .  However ,  recoUectiv e 
Socrati c reasonin g i s inconsistent .  Pedi s als o present s 
th e Z o o Keeper' s Parado x a s a  concret e exampl e tha t 
illustrate s th e inconsistenc y o f  commonsens e beliefs . 
Th e performanc e o f  th e majo r  formalizations ,  namely , 
Circumscriptio n (McCarthy ,  1980) ,  Non-monotoni c 
Logi c (McDermot t  &  Doyle ,  1980 )  an d Defaul t  Logi c 
(Reiter ,  1980) ,  i s compromised :  the y d o no t  produc e th e 
intuitivel y correc t  commonsens e defaul t  conclusion s i n 
case s lik e th e Z o o Keeper' s Paradox . 

I n thi s section ,  w e wil l  conside r  briefl y th e genera l 
argument s fo r  th e inconsistenc y o f  commonsens e 
belief s an d defaul t  reasoning .  A  detaile d analysi s i s pre -
sente d i n Cha n (1992) . 

T h e G o a l  o f  N o n - m o n o t o n i c Logic s 

Israel's (1980) major complaint about non-monotonic 
logic s i s tha t  th e motivatio n behin d non-monotoni c log -
ic s i s base d o n a  confusio n o f  proof-theoreti c wit h epis -
temologica l  issues .  Thi s ha s bee n misinterprete d b y 
some author s a s a n issu e o f  terminology :  Logi c is ,  b y it s 
ver y definition ,  monotonic ,  an d th e notio n o f  "non -
monotoni c logic "  i s a  contradictio n i n term s (Ginsberg , 
1987a) .  Suc h misinterpretatio n misse s th e poin t  o f 
Israel' s argumen t  a s wel l  a s th e chanc e t o sho w tha t 
Israe l  i s  mistaken . 

Defaul t  reasonin g make s a  defaul t  assumptio n A  onl y 
i f  ther e i s ther e i s n o informatio n t o th e effec t  tha t  A  i s 
false .  Thi s requiremen t  i s implemente d i n non-mono -
toni c logic s a s a  consistenc y check .  Befor e A  i s con -
clude d b y default ,  th e syste m check s t o se e i f  A  i s 
consisten t  wit h th e se t  o f  curren t  beliefs .  A  i s als o 
require d t o b e consisten t  wit h th e justification s o f 
defaul t  assumption s m a d e previously .  Hence ,  a  defaul t 
assumptio n wil l  remai n consisten t  wit h subsequen t 
defaul t  beliefs .  Thi s consistenc y requirement  i s inter -
prete d b y Israe l  a s follows : 

[T o m a k e a n assumptio n tha t  A  i s t o beUev e 
tha t  A  is ]  bot h compatibl e wit h everythin g 
tha t  a  give n agen t  believe s a t  a  give n tim e 
an d remain s s o whe n th e agent' s belie f  se t 
undergoe s certai n kind s o f  change s unde r  th e 
pressur e o/bot h n e w informatio n an d furthe r 
thought ,  an d wher e thos e change s ar e th e 

resul t  o f  rationa l  epistemi c policie s (Israel , 
1980) . 

Base d o n thi s understandin g Israe l  take s non-monotoni c 
logic s t o b e forma l  system s fo r  genera l  belie f  fixation . 
He the n argue s tha t  ther e i s n o logi c o f  belie f  fixation  an d 
scientifi c  procedure s ar e th e onl y method s fo r  belie f  fix-
ation .  Becaus e ther e ar e n o logic s o f  belie f  fixation,  non -
monotoni c logic s ca n neve r  achiev e thei r  goal . 

Eve n i f  Israe l  i s  correc t  i n claimin g tha t  ther e i s n o 
logi c o f  belie f  fixation,  hi s criticis m o f  non-monotoni c 
logic s i s no t  justified .  Thi s i s becaus e h e ha s misinter -
prete d th e consistenc y requiremen t  an d th e ai m o f  non -
monotoni c logics .  Non-monotoni c logic s d o no t  ai m t o 
be genera l  logic s fo r  belie f  fixation.  A  defaul t  assump -
tio n A'xsno t  require d t o remai n consisten t  whe n w e ad d 
ne w ir^ormation .  Actually ,  th e non-monotoni c natur e o f 
defaul t  reasonin g require s tha t  A  shoul d b e delete d 
when i t  i s  no t  consisten t  wit h ne w information !  Th e 
correc t  intuitiv e understandin g o f  th e consistenc y 
requiremen t  is :  A  ne w defaul t  assumptio n A  shoul d be 
consisten t  wit h curren t  belief s an d shoul d no t  falsif y th e 
justification s o f  defaul t  assumption s previousl y made . 
Hence ,  a  defaul t  assumptio n i s onl y guarantee d t o 
remai n consisten t  wit h subsequen t  defaul t  beliefs .  Non -
monotoni c logic s ar e no t  logic s ic s makin g genera l 
hypotheses .  Tha t  i s th e jo b o f  scientifi c  procedures . 
Non-monotoni c logic s hav e a  rathe r  moderat e aim . 
The y ar e logic s fo r  th e prope r  extension s o f  belief s by , 
an d ord y by ,  defaul t  assumption s supporte d b y defaul t 
rule s suc h a s "Typicall y P' s ar e Q's. " 

T h e Consistenc y o f  C o m m o n s e n s e Belief s 

Israel also argues that the consistency requirement can-
not  b e me t  i n practice ,  becaus e commonsens e belief s 
ar e mostl y inconsisten t  A n y rationa l  agen t  wil l  believ e 
tha t  i t  ha s som e fals e beliefs .  B y doin g so ,  th e agen t 
guarantee s itsel f  a n inconsisten t  belie f  set ;  ther e i s n o 
possibl e interpretatio n unde r  whic h al l  o f  it s belief s ar e 
tru e (Israel ,  1980) . 

I f  bein g rationa l  require s ou r  havin g a n inconsisten t 
set  o f  beliefs ,  thi s notio n o f  rationalit y  i s to o strong ,  an d 
shoul d b e replace d b y a  weake r  notion .  T o b e rationa l 
an agen t  doe s no t  no& d t o believ e tha t  i t  actuall y ha s 
some fals e beliefs .  I t  onl y need s t o believ e tha t  som e o f 
it s belief s ar e possibl y o r  probabl y false .  Suc h belie f 
set s m a y b e consistent .  Henc e commonsens e belief s o f 
a rationa l  agen t  ar e no t  necessaril y  inconsistent . 

Recollectiv e Socrati c Agen t s 

Perils (1986) develops Israel's aipiment for the incon-
sistenc y o f  commonsens e belief s int o a n argumen t  fo r 
th e inconsistenc y o f  defaul t  reasonin g unde r  som e natu -
ra l  conditions . 
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Accordin g t o Perils ,  defaul t  reasonin g consist s o f  a 
sequenc e o f  step s involving ,  i n it s mos t  genera l  form , 
oracles ,  jumps ,  an d fixes.  Sinc e consistenc y chec k i s 
onl y semidecidable ,  w e nee d t o appea l  t o a n oracl e t o 
tel l  u s tha t  a  give n defaul t  assumptio n i s consisten t  wit h 
th e curren t  beliefs .  Becaus e defaul t  reasonin g jump s t o 
conclusions ,  i t  i s error-pron e an d fixes  ar e necessar y t o 
preserv e (o r  re-establish )  consistency .  Fo r  rationa l 
agent s t o b e capabl e o f  appropriat e commonsens e rea -
soning ,  the y mus t  b e abl e t o reflec t  o n thei r  pas t  errors , 
and indeed ,  o n thei r  potentia l  futur e errors .  The y mus t 
be awar e o f  th e fallibilit y  o f  thei r  us e o f  default s 
(Socratic )  an d abl e t o recal l  wha t  defaul t  assumption s 
the y hav e mad e (recollective) .  Peril s (1986 )  show s tha t 
recollectiv e Socrati c agent s ar e inconsisten t 

As i n th e cas e o f  Israel' s  argument .  Perils '  definitio n 
of  Socrati c thinker s i s to o strong .  A  rationa l  agen t  doe s 
not  nee d t o believ e eac h o f  it s defaul t  assumption s an d 
simultaneousl y believe s tha t  som e o f  it s defaul t  belief s 
ar e i n fac t  false .  A  rationa l  agen t  onl y need s th e weake r 
belie f  tha t  som e o f  it s defaul t  belief s ar e possibl y false . 
Such recollectiv e weakl y Socrati c agent s ar e no t  neces -
saril y  inconsistent . 

T h e Z o o K e e p e r ' s P a r a d o x 

In additional to a general argument for the inconsis-
tenc y o f  rationa l  agents .  Peril s  als o offer s th e Zo o 
Keeper' s Paradox  a s a  concret e exampl e o f  inconsisten t 
commonsense beliefs . 

Exampl e 2 :  (th e Zo o Keeper' s Paradox ) 
Bob work s a s a  zo o keepe r  an d keep s a  writte n recor d o f 
th e animal s there .  Te n America n bar e eagle s hav e bee n 
recorde d b y Bo b a s i n goo d healt h (an d s o abl e t o fly) . 
One da y Bo b receive s a  messag e from a  laborator y say -
in g tha t  bloo d sample s from  th e eagle s sho w tha t  som e 
eagle s i n th e zo o ar e infecte d b y viru s (an d a s a  resul t 
canno t  fly) .  However ,  th e laborator y ha s mixe d u p th e 
bloo d samples ,  s o w e canno t  tel l  whic h eagl e i s infected . 
Bob stil l  believe s tha t  eac h individua l  eagl e a t  th e zo o 
can fly ,  tha t  h e i s highl y unwillin g t o leav e an y o f  thei r 
cag e door s open ,  an d tha t  h e i s als o unwillin g t o cal l  an y 
one o f  the m t o th e attentio n o f  th e zo o veterinarian .  Yet , 
he i s als o ver y concerne d a t  th e verterinarian' s failur e t o 
arriv e fo r  wor k a t  th e usua l  hour ,  becaus e h e als o 
believe s tha t  som e (unspecified )  eagle s i n th e zo o ar e 
sic k (an d canno t  fly). ^ 

Ar e Bob' s belief s consistent ? Wha t  conclusion s 
shoul d a  defaul t  reasonin g syste m make ? W e ma y for -
maliz e th e har d fact s i n thi s exampl e a s follows : 

^  Thi s i s a  modifie d versio n o f  th e Zo o Keeper' s Para -
dox i n Perils ,  1986 .  A  simila r  parado x i s th e Lotter y 
Parado x discusse d i n McDermot t  (1982) ,  Shoha m 
(1987 )  &  Pool e (1991) . 

eagle(tfj)A- "  Aeagle(ejo )  (CI ) 

sick(tf, )  V  • •  V  sick(e,o )  (C2 ) 

eagle(jc)Asick(x)->-.fly(x) (C3) 

We hav e th e followin g defaul t  rule : 

Eagle s typicall y fly.  (D ) 

Let  u s conside r  wha t  defaul t  assumption s w e shoul d 
rationall y make .  Fo r  eac h eagl e w e woul d lik e t o con -
clud e tha t  i t  ca n fly  b y default ,  becaus e w e d o no t  hav e 
specifi c  informatio n abou t  an y individua l  eagl e tha t  i t 
canno t  fly.  Ai^lyin g thi s reasaiin g w e conclud e tha t  th e 
first  nin e eagle s (i n som e arbitrar y order )  fly, 

fly(«,) (Al) 

fly(«9) (A9) 

Ther e ar e thre e possibilitie s regardin g th e las t  eagl e e  ̂ q : 

1.  Sinc e w e hav e n o evidenc e t o singl e ou t  e^ Q from 
th e rest ,  w e m a y ^)pl y th e sam e reasonm g an d 
conclud e b y defaul t  tha t  ei Q ca n fly.  However ,  th e 
additio n o f  thi s las t  defaul t  conclusio n result s i n a 
set  o f  inconsisten t  beliefs .  Accordin g t o Peril s  thi s 

i s wha t  Bo b believes . 

2.  W e m a y deduc e from  C 1 - C 3 an d A 1 - A 9 tha t  <»j o 
doe s no t  fly.  Sinc e ther e ar e te n way s t o pic k thi s 
las t  eagle ,  ther e ar e te n possibl e extensions ,  eac h 
as goo d a s th e other .  A n explorator y syste m 
(ReitCT ,  1980 )  woul d pic k a n arbitrar y extension . 

3. An incredulous system (McCarthy, 1980; McDer-
mot t  &  Doyle ,  1980 )  woul d conside r  a s defaul t 
conclusion s onl y thos e share d b y al l  extensions : 

Nin e o f  th e eagle s fly.  (Gl ) 

One o f  th e eagle s doe s no t  fly.  (G2 ) 

I n th e res t  o f  thi s sectio n w e wil l  conside r  th e consis -
tenc y o f  Bob' s beliefs .  Th e explorator y an d incredulou s 
approache s wil l  b e examine d i n th e nex t  section . 

Ar e Bob' s belief s inconsistent ? Firs t  o f  all ,  ho w d o 
we kno w wha t  Bob' s belief s are ? Peril s  propose s a 
behavioa l  criterio n o f  use-belief . 

Definitio n 1 :  (use-belief ) 
An agen t  believe s a  propositio n p  i f  i t  trust s an d use s p 
i n plannin g an d acting ,  "a s i f  i t  wer e true. "  Th e agen t 
shoul d b e willin g t o recogniz e p  a s theorem s an d ignor e 
th e possibilit y  that p ma y b e false .  I f  th e agen t  als o doe s 
somethin g tha t  i s appropriat e onl y i f  p  i s  false ,  the n th e 
agen t  onl y believe s tha t  i t  i s  highl y probabl e tha t  th e 
propositio n i s tru e (Perils ,  1986) . 

Thi s definitio n trie s t o identif y a n agent' s belief s b y it s 
acticms .  However ,  action s ar e no t  determine d onl y b y 
beliefs .  Th e rationalit y o f  a n actio n als o depend s o n it s 
utility .  I n wha t  follows ,  w e wil l  iqipl y decisio n theor y 
(Savage ,  1972 )  t o find  ou t  i f  Bob' s belie^behavio r  i s 
rational . 
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Suppos e B o b believe s wit h probabilit y p  tha t  a n 
eagl e e  i s sick .  Bein g a  zo o keeper ,  B o b i s responsibl e 
fo r  keepin g e  health y a s wel l  a s keepin g e  i n th e zoo . 
Le t  u s represen t  th e utilit y o f  diflferen t  possibilitie s a s 
follows : 

Event 

Utilit y 

escap e 

0 

sta y 

1 

dead 

0 

sic k 

V 

health y 

u 

Tabl e 1 .  Utilit y  o f  event s fo r  B o b 

We will consider the decision trees for closing/opening 
th e cag e doo r  i n tw o scenarios . 

Scenari o 1 :  Closin g th e cag e doo r  doe s no t  m a k e th e 
conditio n o f  a  sic k eagl e worse . 

1+v 
clos e doo r 

sic k 

-.sic k 

sta y &  sic k 

sta y &  health y 

sic k 

ope n doo r 

sta y &  sic k 

nsic k 
escap e &  health y 

1+M 

1+v 

0 +  u 

Actio n Even t  Resul t  Utilit y 

Figure 1. Decision tree for Scenario 1 

The expected utility of closing the cage door is greater 
tha n th e expecte d utilit y o f  openin g th e cag e doo r  b y 
(1-p )  (=p( l  +  v )  +  (l-p)( l  +  u )  -p( l  +  v )  -
( 1 -  p )  u) .  A s lon g a s B o b i s no t  absolutel y certai n tha t 

e i s sic k ( p <  1) ,  h e bette r  keep s th e doc« -  closed .  I f  p  =  1 , 
the n i t  make s n o differenc e i f  th e doo r  i s close d o r  open . 
Hence ,  i n Scenari o 1  B o b shoul d clos e th e cag e doo r  n o 
matte r  whethe r  h e believe s tha t  e  i s sic k o r  not .  B o b i s 
probabl y i n thi s situatio n i n Exampl e 2 .  Thi s show s th e 
possibilit y o f  interpretin g Bob' s behavio r  a s rationa l 
withou t  attributin g a n inconsisten t  se t  o f  belief s t o him . 

W h at  h e doe s i s rationa l  an d i s consisten t  wit h hi s belie f 

tha t  on e o f  th e eagl e i s sick . 

Scenari o 2 :  A  sic k eagl e wil l  di e i f  th e cag e doo r  i s 
closed . 

clos e doo r 

sic k 

-isic k 

1 

ope n doo r 

SICK 

-isic k 

sta y &  dea d 

sta y &  health y 

sta y &  health y 

escap e &  health y 

1+ 0 

1+M 

1+K 

0 +  « 

Actio n Even t  Resul t  Utilit y 

Figur e 2 .  Decisio n tre e fo r  Scenari o 2 

Th e expecte d utilit y  o f  closin g th e cag e doo r  i s greate r 
tha n th e expecte d utilit y o f  openin g th e cag e doo r  b y 
(l-p)-p « (= p +  (l-p)( l  +  « )  -p( l  +  « )  -
(l-p)u) .  Th e value s o f  £  {/(clos e )- £ {/(open )  fo r 

some representative  value s o f  p  an d u  ar e show n i n Tabl e 
2.  I n thi s scenari o B o b ha s t o mak e a  choic e betwee n 
openin g o r  closin g th e cag e door .  W h a t  h e shoul d d o 
depend s o n p  a s wel l  a s u .  I f  keq)in g th e eagl e i n th e zo o 
i s a s importan t  a s keepin g th e eagl e health y ( u »  1 ) . 
the n B o b shoul d kee p th e cag e doo r  close d i f  h e believe s 
dia t  probabl y th e eagl e i s healthy ,  bu t  h e shoul d ope n th e 
cag e doo r  i f  h e beUeve s tha t  probabl y th e eagl e i s sick . 
However ,  i f  th e eagl e i s a n endangere d specie s an d i t  i s 
ver y importan t  t o kee p i t  health y ( u »  1 ) ,  h e shoul d 
ope n th e cag e doo r  eve n i f  h e believe s tha t  probabl y th e 
eagle s ar e no t  sic k ( p ̂  O.S) .  Becaus e th e penalt y fo r 
mistak e i s s o high ,  i t  i s  rationa l  fo r  B o b t o conside r  a n 
unlikel y propositio n (sick(e) )  t o b e tru e b y defaul t 

Scenari o 2  i s a  specia l  cas e i n whic h tw o goal s com -
pet e fo r  a n action .  Keepin g th e cag e doo r  close d 
achieve s th e goa l  o f  keepin g th e eagl e i n th e zoo ,  bu t 
violate s th e goa l  o f  keepin g th e eagl e healthy .  Accord -
in g t o th e polic y o f  minimizin g expecte d loss ,  i t  i s  ratio -
nal  t o perfor m th e actio n ^propriat e t o th e unlikel y 
even t  i f  th e penalt y o f  ova-lookin g th e even t  i s  to o 

EU{c\Qse ) 
-  EU(open ) 

P 

.1 

.5 

.9 

u 

.0 1 

.89 9 

.49 5 

.09 1 

.1 1 

.88 9 

.44 5 

0 

.5 

.8 5 

.2 5 

-0.3 5 

1 

.8 

0 

-0. 8 

5 

.4 

- 2 

-4. 4 

9 

0 

- 4 

- 8 

10 

-0. 1 

-4. 5 

-8. 9 

20 

-1. 1 

-9. 5 

-17. 9 

Tabl e 2 .  Th e valu e o f  EU(close )  -  EU(open )  fo r  difTeren t  p  an d u . 
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great .  I n othe r  scenarios ,  th e require d remedy/preven -
tiv e actio n fo r  a n unlikel y even t  m a y no t  compet e wit h 
th e norma l  actio n appropriat e t o th e mor e likel y even L 
For  example ,  th e probabilit y  p  o f  havin g a  ca r  collisio n 
i s low .  However ,  th e penall y o f  no t  wearin g a  sea t  bel l 
i s  ver y hig h i f  a  ca r  collisio n doe s occur .  Fortunately , 
th e preventiv e measur e o f  wearin g a  sea t  bel t  ca n b e 
performe d simultaneousl y wit h othe r  action s appropri -
at e fo r  th e muc h mor e likel y even t  o f  n o ca r  collision . 

I n suc h case s w e usuall y entertai n tw o belie f  sets ,  belie f 
set  S I  i s consisten t  wit h th e occurrenc e o f  a  norma l 
even t  E ,  wherea s beUe f  se t  S 2 i s consisten t  wit h th e 
unlikel y possibilit y  o f  —>E.  Action s appropriat e t o S I 
ar e p ^ o r m e d i f  the y d o no t  compet e wit h remed y o r 
preventiv e action s appropriat e t o -i£ . 

The Zo o Keeper' s Parado x illustrate s tha t  i t  i s  highl y 
misleadin g t o conside r  rationa l  behavio r  withou t  takin g 
utilit y  int o account .  Give n a  belie f  set ,  rationa l  behavio r 
i s  determine d b y utility^nalty .  I t  i s  rationa l  t o mak e a 
defaul t  assumptio n onl y i f  th e penalt y fo r  makin g a  mis -
tak e i s (very )  low .  I f  th e penalt y i s grea t  enough ,  eve n 
an unlikel y propositio n shoul d b e considere d t o b e tru e 
by default :  preventiv e measure s o r  remedie s ar e imple -
mente d a s i f  th e unlikel y even t  wil l  occu r  ot  ha s 
occurred . 

Exp lo ra to r y vs .  I n c r e d u l o u s A p p r o a c h e s 

Can we apply decision theory in the context of non-
monotoni c logics ? Althoug h probabilit y  an d utilit y  ar e 
not  considere d witH n non-monotoni c logics ,  th e prac -
tic e o f  defaul t  reasonin g i s justifie d b y decisio n theo -
reti c considerations .  Unde r  th e norma l  operatin g 
condition s o f  defaul t  reasoning ,  eac h defaul t  rul e ha s a 
hig h probabilit y  o f  bein g true ,  i t  i s  desirabl e t o dra w th e 
defaul t  conclusion s an d th e penalt y fo r  drawin g a  fals e 
conclusio n i s low .  I n thi s sectio n w e wil l  consid ^  th e 
decisio n theoreti c justification s o f  th e explorator y an d 
incredulou s approache s i n defaul t  reasonin g whe n thes e 
norma l  operatin g condition s ar e satisfied . 

Let  u s tak e a  detou r  an d conside r  Bob' s belief s 
befor e h e receive d th e messag e from  th e laboratory .  A t 
tha t  tim e Bo b wa s presumabl y justifie d b y th e defaul t 
rul e D  t o conclud e tha t  al l  te n eagle s ca n fly.  Suppos e 
tha t  th e actua l  worl d i s a  maximall y typica l  worl d i n 
whic h al l  individual s no t  know n t o b e atypica l  ar e 
indee d typical ,  the n al l  te n eagle s ca n fly.  O f  course ,  th e 
actua l  worl d i s no t  maximall y typical .  However , 
becaus e exception s ar e rare ,  mos t  o f  ou r  defaul t  conclu -
sion s ar e true .  Th e successfu l  rat e depend s o n h o w typ -

ica l  th e worl d is .  Althoug h w e m a y mak e mistakes  fro m 
tim e t o time ,  tha t  i s  accq)table .  becaus e th e penalt y fo r 
suc h mistake s ar e lo w an d i n th e lon g ru n tru e defaul t 
assumption s ou t  numbe r  mistake n defaul t  assumptions . 

N o w,  conside r  agai n th e origina l  versio n o f  th e Z o o 
Keeper' s Parado x i n whic h B o b know s tha t  a t  leas t  on e 
of  th e eagle s i s sick .  Sinc e consistenc y chec k i s a n 
essentia l  ste p i n th e norma l  operatio n o f  non-monotoni c 
logics ,  th e inconsisten t  belie f  se t  acknowledgin g te n 
health y eagle s canno t  b e tolerated .  Ther e ar e te n differ -
ent  consisten t  (maximal )  extension s o f  th e cor e beliefs . 
A n incredulou s non-monotoni c logi c doe s no t  commi t 
itsel f  t o an y on e o f  th e competin g extensions .  Onl y 
defaul t  c(Miclusion s share d b y al l  consisten t  maxima l 
extension s ar e made .  Suc h share d conclusion s ar e tru e 
i n al l  maximall y typica l  worl d wit h on e sic k eagle ,  an d 
we ca n £^pea l  t o th e sam e statistica l  justificatio n fo r 
thi s conservativ e approach . 

Shoul d w e commi t  ourselve s t o an y on e o f  th e te n 
extensions ? I f  w e hav e som e empirica l  evidenc e tha t 
makes on e o f  eagle ,  sa y e j ,  th e prim e suspect ,  the n w e 
shoul d prefe r  a n extensio n i n whic h g ,  t o ̂ j q ca n fly. 
Otherwise ,  al l  te n ext^sion s ar e equml y justifie d an d 
we hav e n o reaso n t o pref w on e rather  tha n another . 

Suppos e B o b know s tha t  exactl y on e o f  th e eagle s i s 
sic k an d h e use s a n explorator y non-monotoni c logi c t o 
pic k on e o f  th e te n extensions .  D o w e hav e an y statisti -
cal  justificatio n fo r  suc h a  practice ? Ther e ar e te n exten -
sions ,  s o th e chanc e o f  gettin g al l  te n defaul t 
conclusion s right  i s onl y 1 0 % .  Thi s i s a  lo w percentage . 
Howevo- ,  le t  u s comput e th e expecte d numbe r  o f  cor -
rec t  conclusions .  Le t  p -  b e th e probabilit y  tha t  exten -
sio n i  i s  correc t  an d N -  b e th e numbe r  o f  correc t 
conclusion s i f  extensio n i  i s  correc t  Th e expecte d num -
ber  o f  correc t  conclusion s i s 

10 

5;N, .xp .  =  10x0 .1 -1 -9x8x0 . 1 =  8.2 . 

i = 1 

Th e expecte d numbe r  o f  correc t  conclusion s i s s u m m a -
rize d i n Tabl e 3 . 

Suppos e B o b know s tha t  a t  leas t  on e eagl e i s sick . 
Usin g a n exploratt ^  defaul t  logic ,  h e woul d pic k a n 
extensio n wit h onl y on e eagl e bein g sick .  I f  th e worl d i s 
a maximall y typica l  world ,  the n onl y on e eagl e i s sic k 
and th e expecte d numbe r  o f  correc t  defaul t  conclusion s 
i s th e sam e a s th e previou s cas e (8.2) .  However ,  i f  eac h 
eagl e ha s a  5 0 % chanc e o f  bein g sick ,  the n th e expecte d 
number  o f  correc t  defaul t  conclusion s i s reduce d t o 
onl y 4.6 .  I n genera l  i f  th e defaul t  rul e i n questio n i s ver y 
stron g wit h a  ver y hig h percentag e o f  typica l  members . 

No.  o f  eagle s know n t o b e sic k 

Expecte d no .  o f  correc t  conclusion s 

1 

8. 2 

2 

6. 8 

3 

5. 8 

4 

5. 2 

5 

5 

6 

5. 2 

7 

5. 8 

8 

6. 8 

9 

8. 2 

Tabl e 3 .  Expecte d n u m b e r  o f  correc t  defaul t  conclusion s 
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the n th e expecte d numbe r  o f  correc t  defaul t  conclusion s 
woul d b e ver y clos e t o 8.2 .  Althoug h ther e i s n o empiri -
cal  reaso n t o prefe r  on e extensio n t o another ,  an y on e o f 
th e extension s woul d serv e jus t  a s well .  Usin g a n 
explorator y defaul t  logic ,  w e ca n alway s backtrac k an d 
tr y anothe r  extensio n whe n w e find  ou t  late r  tha t  w e 
hav e picke d th e wron g one . 

Fro m thi s example ,  w e ca n se e tha t  a n explorator y 
defaul t  logi c m a y b e justifie d eve n whe n w e d o no t  hav e 
any empirica l  evidenc e t o prefe r  on e extensio n ove r 
another .  Moreover ,  unde r  th e norma l  operatin g condi -
tion s o f  non-monotoni c logics ,  eac h defaul t  rul e ha s a 
hig h probabilit y  o f  bein g tru e an d incur s a  ver y lo w 
penalt y fo r  fals e conclusions .  Usin g a n explorator y sys -
te m w e ca n mak e mor e defaul t  assumption s withou t 
incurrin g heav y penalty .  I n th e lon g ru n th e advantage s 
of  makin g mor e correc t  assumption s wil l  outweig h th e 
smal l  penalt y incurre d b y occasiona l  fals e conclusions . 
On th e othe r  hand ,  w e wil l  mis s th e chanc e t o mak e 
many usefu l  defaul t  assumption s i f  w e follo w th e 
incredulou s approach . 

I n specia l  case s wher e th e norma l  operatin g condi -
tion s o f  defaul t  reasonin g ar e no t  satisfied ,  neithe r  th e 
explorator y no r  th e incredulou s approac h woul d wor k 
as such .  W e nee d a  mor e powerfu l  mod e o f  reasonin g 
whic h ca n entertai n competin g belie f  set s an d ac t  o n th e 
basi s o f  bot h sets .  I t  i s  interestin g t o se e h o w w e ca n 
exten d curren t  non-monotoni c logic s o r  develo p ne w 
system s t o handl e default s wit h heav y penalty . 

Conc lus i on s 

In this p^)er. we have proposed that a rational agent 
onl y need s t o believ e tha t  som e o f  it s  belief s ar e possi -
bl y o r  probabl y false .  Thi s requiremen t  doe s no t  impl y 
tha t  th e belief s o f  rationa l  agent s ar e necessaril y  incon -
sistent .  Decisio n theor y i s use d her e t o sho w tha t  con -
cret e example s o f  seemingl y inconsisten t  belief s ca n b e 
rationa l  a s wel l  a s consisten t  Suc h example s sho w tha t 
analysi s o f  commonsens e belief s ca n b e ver y mislead -
in g whe n utilit y  i s  ignored .  Justification s o f  th e explor -
ata y an d incredulou s approache s i n defaul t  reasonin g 
ar e examine d an d decisio n theoretica l  consideration s 
favo r  th e explorator y approach . 

The us e o f  decisio n theoreti c analysi s i n defaul t  rea -
sonin g solve s som e ol d issue s bu t  als o present s som e 
ne w challenges .  I n particular ,  ther e ar e tw o type s o f 
defaul t  assumptions :  (i )  S o m e proposition s ar e assume d 
t o b e tru e b y defaul t  becaus e the y ar e probable ,  (ii ) 
Othe r  proposition s ar e assume d t o b e tru e b y defaul t 
becaus e i t  i s  to o risky  t o assum e tha t  the y ar e false . 
Defaul t  assumption s o f  th e secon d typ e ar e numerou s i n 
practica l  application s an d w e nee d t o exten d existin g 
system s o r  develo p ne w system s t o incorporat e thi s 
overlooke d typ e o f  defaul t  reasoning . 
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