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ApsT^Acr 

Non-monotonic logics have been used recently for a variety of A.I. purposes, 
includin g belie f  revisio n an d defaul t  reasonin g i n question-answerin g an d exper t 
systems .  Thi s pape r  argue s tha t  b y thei r  nature ,  suc h system s discar d informatio n 
whic h ha s a  rol e i n huma n belie f  systems .  I n particular ,  system s v^ic h us e 
non-monotoni c reasonin g los e th e distinctio n betwee i  full y  justifie d inference s an d 
reasonabl e presunptions ,  i n th e proces s losin g th e abilit y  t o recor d faile d 
expectation s a s such ,  a n abilit y  whic h provide s a  usefu l  measur e o f  salienc e fo r 
A.I .  systems . 

INIRQDUCTIQN 

Many A.I. systems deal less with knowledge than with beliefs v^ich are 
incomplete ,  whic h change ,  an d whic h frequentl y includ e generalization s whic h ar e know n 
sometime s t o fail .  Consequently ,  i t  sanetime s seem s no t  onl y desirabl e bu t  necessar y 
t o dra w conclusion s whic h ar e no t  strictl y entaile d b y th e informatio n i n th e syste m 
and whic h furthe r  informatio n migh t  counterindicate .  I n traditiona l  logics ,  i f  a  se t 
of  premise s permit s a  conclusio n t o b e inferred ,  an y large r  se t  containin g th e 
origina l  premise s permit s th e sam e inference .  Logic s havin g thi s propert y ar e calle d 
monotonic .  Becaus e reasonin g fro m belief s seem s no t  t o shar e thi s property , 
researcher s hav e devise d non-monotoni c logic s fo r  us e i n variou s A.I .  systems . 

Non-monotonic logics have generally been founded either on principles from modal 
logi c (se e e.g .  [McDermot t  an d Doyl e 1980 ]  an d [McDermot t  1982] )  o r  o n Zadeh' s wor k 
[Zade h 1965 ;  Zade h 1968 ]  o n fuzz y set s an d fuzz y logi c (se e e.g .  [Aronson ,  Jacob s an d 
Minker ,  1980]) .  A  substantia l  technica l  literatur e no w provide s mode l  theorie s fo r 
and prove s theorem s abou t  suc h logic s (se e e.g .  [Le e 1972 ]  an d [Reite r  1980]) ,  an d 
severa l  A.I .  system s hav e inplemente d som e degre e o f  non-monotoni c reasoning ,  wit h o r 
withou t  som e additiona l  reasonin g schem e (se e e.g .  iDuda ,  Hart ,  Nilsso n an d Sutherlan d 
1978]) .  No t  al l  response s hav e bee n favorable .  Nai-raonotoni c logic s hav e bee n 
criticize d bot h fo r  technica l  shortcoming s (e.g .  [Davi s 1980] )  an d o n mor e genera l 
E*iilosophica l  grounds ,  whic h questio n usin g logi c t o gover n inference s whic h involv e 
comple x judgement s o f  causa l  connection s an d th e lik e (se e e.g .  Israe l  1980]) . 

The criticisms I want to put forward here fall into neither of these categories. 
Instea d the y hav e t o d o wit h th e precis e rol e suc h logic s pla y i n A.I .  system s whe n 
the y ar e use d t o mode l  reasonin g fro m defaul t  generalizations .  I  wil l  argu e tha t 
non-monotoni c logic s d o no t  an d i n principl e canno t  accuratel y reflec t  suc h reasoning . 
Obviously ,  thi s criticis m depend s strongl y o n wha t  i s t o b e modeled .  Henc e th e firs t 
ste p i s t o ge t  clea r  abou t  wha t  use s o f  non-monotoni c logi c I  a m criticizing .  Th e 
secon d sectio n discusse s thi s issue .  I n th e thir d section ,  I  tak e u p th e particula r 
aspect s o f  knowledg e an d informatio n base d o n defaul t  reasonin g whic h I  clai m 
non-monotoni c logic s b y thei r  natur e canno t  reflect . 
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THE PHE^PMEI ^ 

It is not always iirmediately clear what a proposed system is intended to model. 
Fuzz y logi c i n particula r  ha s bee n associate d wit h man y differen t  purposes :  modellin g 
inferenc e patterns ,  associatin g probabilit y  measure s wit h event s o r  confidenc e 
measure s wit h proposition s (neithe r  o f  whic h i s th e sam e a s modellin g inferenc e 
patterns) /  measurin g clas s membershi p ("T o wha t  exten t  ca n w e cal l  a  bacteriopiiag e a n 
animal?") ,  an d almos t  anythin g els e whic h saneon e migh t  wan t  t o measur e usin g number s 
betwee n zer o an d one .  Eac h o f  thes e use s raise s question s o f  appropriateness ; 
certainl y I  don' t  mea n t o tak e the m al l  o n here . 

I am interested specifically in the use of non-monotonic logics to inplement 
inferenc e i n system s whic h ar e intende d eithe r  t o mode l  som e belie f  spac e o r  t o 
perfor m a s esqjer t  syston s wit h extende d capacitie s tha t  woul d include ,  fo r  instance , 
formulatin g description s o f  thing s the y kno w abou t  (includin g fact s the y learn) , 
explainin g wha t  make s sem e objec t  o r  even t  unusual ,  an d s o on .  Th e sort s o f  system s I 
am talkin g abou t  ca n receiv e ne w information ,  stor e representation s o f  it ,  perfor m 
inference s usin g ne w information ,  an d repor t  th e result s o f  al l  thes e operation s i n 
some reasonabl e fashion .  The y als o perfor m reasonin g base d o n generalization s i n 
situation s o f  incomplet e informatio n ("defaul t  reasoning") .  A t  leas t  i n principle , 
the y ca n represen t  an y informatio n i n thei r  domain s i n whic h a  huma n migh t  b e 
interested ,  an d ca n for m proposition s ejqjressin g tha t  informatio n (thoug h o f  cours e 
no t  necessaril y  th e sam e sentence s tha t  a  huma n agen t  woul d use) .  B y "i n principle "  I 
mean tha t  whil e the y ma y currentl y lac k thes e abilities ,  th e abilitie s ar e desirable , 
and i t  i s  anticipate d tha t  the y coul d b e adde d t o th e system ,  althoug h i t  migh t  tak e 
some researc h t o fin d ou t  exactl y how . 

Such systens could in principle use non-monotonic logic many different ways. 
Thi s pape r  deal s wit h usin g non-monotoni c logi c a s th e basi c inferentia l  mechanis m fo r 
suc h systems ,  r ^  clai m i s this :  non-monotoni c logic s canno t  su j^ r t  th e capabilitie s 
liste d above .  Moreover ,  thi s inabilit y  doe s no t  ste m fro m an y technica l  featur e o f 
existin g non-monotoni c logics .  Rathe r  i t  result s directl y fro m non-monotonicit y 
itsel f  whe n applie d t o defaul t  reasoning . 

THE SHORTOOMINGS 

1. Their identity. Suppose we start in out in situation S, with information 
(includin g unqualifie d belief s an d generalizations )  supportin g bu t  no t  strictl y 
entailin g conclusio n C .  Fo r  instance ,  w e kno w wha t  bird s are ,  an d w e kno w tha t  Roge r 
i s a  livin g unplucke d bird .  Thi s informatio n support s th e conclusio n tha t  Roge r 
flies ,  bu t  w e kno w thi s migh t  fail .  No w suppos e tha t  w e lear n somethin g vAiic h 
contradict s ou r  previousl y suf^rte d conclusion .  I n ou r  example ,  w e migh t  lear n tha t 
Roger  i s a  kiwi .  Cal l  th e ne w situatio n S* .  Accordin g t o non-monotoni c logic ,  S 
entail s C ,  S  doe s no t  entai l  not-C ,  S *  entail s not-C ,  an d S *  doe s no t  entai l  C .  Thi s 
se t  o f  entailmen t  relation s provide s a  consisten t  basi s fo r  statin g whethe r  o r  not ,  t o 
th e bes t  o f  ou r  currei t  knowledge ,  Roge r  flies .  Bu t  i t  i s  no t  a  sufficien t  basi s fo r 
al l  o f  ou r  relevan t  knowledg e i n eithe r  S  o r  S* . 

In situation S, a careful speaker would not say "Roger flies," but something like 
"I t  i s  reasonabl e t o suppos e tha t  Roge r  flies. "  Thi s qualificatio n woul d no t  b e 
place d o n al l  conclusion s abou t  Roger :  "Roge r  ha s feathers "  i s justifie d absolutel y 
by ou r  belief s i n S .  We ma y b e mistake n tha t  Roge r  i s a  liv e unplucke d bird ,  bu t  i f 
we ar e righ t  abou t  that ,  w e mus t  b e righ t  abou t  hi s havin g feathers ,  sinc e b y th e 
biologica l  definitio n o f  birds ,  the y al l  withou t  exceptio n hav e a  geneti c dispositio n 
t o produc e feathers . 
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The relationship betweai our knowledge and the conclusion that Roger has feathers 
i s fundamentall y differen t  fro m th e relationshi p betwee n ou r  knowledg e an d th e 
conclusio n tha t  Roge r  flies .  Furthermore ,  peopl e ar e frequentl y intereste d i n thi s 
kin d o f  difference :  question s lik e "Ar e yo u sure? "  woul d no t  otherwis e b e s o common. 
Ther e i s a n iitportan t  distinctio n betwee n eructation s an d knowledge .  Bu t 
non-monotoni c logi c treat s th e relationshi p i n bot h case s a s entailment .  Worse ,  i t 
produce s exactl y th e sam e conclusio n i n situatio n S  a s i t  woul d i n situatio n S** , 
wher e w e ad d th e informatio n tha t  Roge r  i s a  matur e parrot ,  uncripple d an d i n norma l 
health .  Bu t  w e kno w tha t  Roger-the-parro t  flies ,  wherea s w e onl y suspec t  tha t 
Roger-the-bir d flies .  We alread y kno w i n situatio n S  tha t  thi s uncertaint y exists . 
Thi s i s th e firs t  shortcomin g o f  non-monotoni c logic :  i t  lose s th e distinction , 
presen t  i n th e "rea l  life "  situation ,  betweo i  justifie d belief s an d justifie d 
assumptions .  (Fo r  mor e o n thi s distinction ,  se e [Nutte r  1982]. ) 

In situation S*, more information is lost. When we learn that Roger is a kiwi, 
we don' t  jus t  kno w tha t  h e doesn' t  fly .  We kno w tha t  (a )  Roge r  i s a  bird ;  s o (b ) 
ther e i s  reaso n t o believ e tha t  Roge r  flies ;  bu t  i n fac t  (c )  Roge r  i s a  kiwi ,  s o (d ) 
he doesn' t  fl y  afte r  all .  Take n together ,  (b )  an d (d )  contai n substantia l 
information :  the y tel l  u s tha t  a n expectatio n ha s failed .  Non-monotoni c logi c force s 
th e differenc e betwee n justifie d belie f  an d justifie d assumptio n int o th e logic ,  s o 
tha t  "Ther e i s  reaso n t o suppos e tha t  Roge r  flies "  become s th e sam e propositio n a s 
"Roge r  flies" ;  thu s viewed ,  (b )  an d (d )  represen t  a n out-and-ou t  contradiction .  T o 
maintai n consistency ,  (b )  mus t  b e rejected :  a s state d above ,  S *  entail s not- C ("Roge r 
does no t  fly" )  an d doe s no t  entai l  C  ("Roge r  flies "  — i n thi s system ,  th e sam e a s 
"Ther e i s  reaso n t o suppos e tha t  Roge r  flies") . 

So in situation S*, non-monotonic logics can not support inferring "There is / 

/ reaso n t o suppos e C ,  bu t  no t  C" .  Thi s i s  informatio n i n whic h a  huma n migh t  b e 
interested .  Notic e tiia t  thi s proble m arise s explicitl y  fro m non-monotonicity .  Th e 
informatio n los t  i n S *  i s  precisel y v*ia t  i s  know n i n S .  Unles s tha t  informatio n i s 
lost ,  addin g pranise s canno t  caus e conclusion s t o b e rejected ,  an d th e logi c i s b y 
definitio n monotonic . 

Hence we have two kinds of information v*iich non-monotonic logics fail to 
support .  First ,  the y los e th e distinctio n a t  th e prepositiona l  leve l  betweo i 
knowledg e an d supposition .  Associatin g a  measur e instea d o f  a  trut h valu e wit h 
proposition s canno t  d o th e wor k neede d here ,  especiall y i f  th e metri c i s  take n a s 
measurin g probabilit y o r  confidence :  th e probabilit y  tha t  a  singl e fai r  tos s o f  a n " ^ 
unbiase d coi n wil l  lan d head s i s 0.5 ;  an d o f  tha t  fac t  w e ar e completel y certain . 
Knowledg e o f  probabilitie s i s  itsel f  knowledg e whic h ma y b e eithe r  justifie d b y othe r 
knowledg e o r  onl y suggested .  Furthermore ,  defaul t  generalization s ar e no t  statistica l 
[Nutte r  1983] .  Second ,  becaus e non-monotoni c logic s fai l  t o suppor t  th e distinctio n 
betwee n knowledg e an d supposition ,  the y als o fai l  t o suppor t  report s o f  faile3~ ~ 
expectations .  .  ! 

2. Their importance; identifying saliencet Consider the following two ^ 
description s o f  birds . 

(a) Felix is a bird who lives in North America. He is under four feet 
tall ,  h e flies ,  an d h e travel s slowl y o n th e ground . 

(b) Oscar is a bird who lives in Africa. He is over four feet tall, 
he can' t  fly ,  bu t  h e travel s ver y rapidl y o n th e ground . 

l^ich of these birds do we know more about? Felix could be almost any North American 
bird ,  excep t  a  roa d runner .  Osca r  i s a n ostrich ,  an d couldn' t  b e anythin g else .  Ye t 
i n bot h cases ,  I  hav e sirnpl y give n th e continen t  the y liv e on ,  thei r  heigh t  (i n vagu e 
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J:enns) / whether they fly, and their speed on the ground. How do we come to have so 
much mor e informatio n abou t  Osca r  tha n abou t  Felix ? 

When generalizations hold, they don't tell us much. But when they fail, their 
failur e convey s information .  Oscar' s height ,  flightlessness ,  an d groun d spee d ar e al l 
unusual ;  togethe r  wit h hi s Africa n origins ,  the y pi n dow n hi s species .  (I f  h e wer e 
Australian ,  he' d b e a n emu. ) 

Salience has been called the key to a major natural language generation problem: 
what  an d ho w muc h t o sa y (se e e.g .  [Conkli n an d McDonal d 1982]) .  Mos t  technique s fo r 
determinin g salienc e depen d o n eithe r  markin g particula r  propertie s fo r  a  clas s o f 

^object s o r  determinin g difference s betwee n a  pai r  o f  object s (se e th e above ,  [McCo y 
1982 ]  an d [McKeow n 1982]) .  Neithe r  o f  thes e tectinique s wil l  le t  a  syste n produc e 
paragraj ^  (b )  whe n aske d t o describ e Osca r  bu t  produc e onl y th e firs t  sentenc e o f 
paragrap h (a )  whe n aske d t o describ e Felix .  However ,  conside r  th e followin g rule :  i f 
X belong s t o kin d K ,  an d member s o f  kin d K  typicall y hav e propert y P  bu t  X  doe s not , 
tha t  i s  interestin g an d shoul d b e reported .  A  representatio n an d underlyin g logi c 
whic h distinguishe s "Ther e i s reaso n t o suppos e tha t  P "  fro m "P "  an d allow s deducin g 
"No t  P ,  an d ther e i s reaso n t o suppos e tha t  P "  wil l  suppor t  thi s rul e fo r  determinin g 
salience .  Bu t  th e logi c o f  suc h a  systo n wil l  b e monotonic . 

Non-monotoni c logic s hav e bee n motivate d largel y b y th e belie f  tha t  reasonin g 
fro m defaul t  generalization s involve s denyin g ol d conclusion s o n th e basi s o f  ne w 
evidenc e consisten t  wit h al l  previou s premises .  I  hav e argue d her e tha t  thi s belie f 
arise s frcx n failin g t o distinguis h betwee n guarde d statement s o f  th e for m "Ther e i s 
reaso n t o suppos e tha t  P "  an d statement s o f  th e for m "P" .  Give n thi s distinction , 
"Ther e i s reaso n t o suppos e tha t  P "  an d "no t  P "  d o no t  contradic t  on e another ,  s o o n 
learnin g th e secon d w e nee d no t  rejec t  th e first .  Henc e a  monotoni c logi c providin g 
thi s distinctio n ca n dea l  wit h defaul t  reasoning .  Furthermore ,  failin g t o distinguis h 
betwee n thes e classe s o f  statement s cause s informatio n t o b e lost .  I n particular ,  tw o 
specifi c  gap s appear :  (a )  th e syste m wil l  no t  kno w an d b e abl e t o repor t  th e 
differenc e betwee n thos e conclusion s whic h it s premise s warran t  withou t  reservatio n 
and thos e conclusion s whic h it s premise s onl y suggest ,  an d (b )  becaus e th e systa n wil l 
los e acces s t o th e reasonabl e assuirption s whe n specifi c  informatio n override s them ,  i t 
wil l  b e unabl e t o detec t  an d stat e tha t  a  reasonabl e expectatio n ha s failed . 
Consequently ,  adoptin g non-monotoni c logic s ma y den y A.I ,  system s acces s t o a  simpl e 
and usefu l  rul e fo r  determinin g saliency .  i  jp /  .  k 
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