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A n o m a l y D e t e c t i o n Strategie s Fo r  S c h e m a - B a s e d Stor y U n d e r s t a n d i n g 

David B. Leake 

Departmen t  o f  Compute r  Science ,  Yal e Universit y 

ABSTRACT 

Schema-base d stor y understandin g allow s sys -

tem s t o proces s routin e storie s efficiently .  How -

ever ,  a  syste m tha t  blindl y applie s activ e schema s 

may faa l  t o recogniz e an d understzui d nove l  events . 

To dea l  eflfectivel y wit h novelty ,  a  stor y under -

stande r  need s t o b e abl e t o recogniz e whe n ne w 

informatio n conflict s wit h it s mode l  o f  a  situation . 

Thus i t  need s t o b e abl e t o d o anomal y detection . 

Anomsdy detectio n i s th e proces s tha t  identifie s 

when ne w informatio n i s inconsisten t  wit h curren t 

belief s an d expectations .  Checkin g fo r  aJ l  possi -

bl e inconsistencie s woul d b e a n explosiv e inferenc e 

problem :  i t  woul d requir e comparin g al l  th e ram -

ification s o f  a  ne w faw; t  t o al l  th e ramification s o f 

th e fact s i n memory .  W e argu e tha t  thi s inferenc e 

proble m ca n b e controlle d b y selectiv e consistenc y 

checking :  A n initia l  se t  o f  inexpensiv e test s ca n 

be applie d t o detec t  potentia l  problems ,  an d mor e 

thoroug h test s use d onl y whe n a  likel y proble m i s 

found . 

We describ e a  se t  o f  stereotype-base d basi c be -

lievabilit y  checks ,  designe d t o identif y potentia l 

problem s wit h minima l  inference ,  an d fine-grained 

test s tha t  ca n b e use d t o diagnos e th e problem s 

tha t  basi c believabilit y  check s detect .  Thes e test s 

ar e implemente d i n th e stor y understandin g pro -

gra m A C C E P T E R. 

I N T R O D U C T I ON 

An importan t  issu e i n stor y understandin g i s 

ho w t o infe r  th e connection s betwee n events .  T o 

contro l  inferences ,  man y system s rel y o n schema -

base d approache s (e.g. ,  [Schan k an d Abelson , 

1977] ,  [Charniak ,  1977] ,  [Cullingford ,  1978] ,  [De -

Jong ,  1979] ,  an d [Lebowitz ,  1980]) .  A s lon g a s a n 

appropriat e schem a i s available ,  a  schema^base d 

syste m need s onl y t o follo w th e schema' s guidanc e 

i n orde r  t o generat e th e appropriat e inferences . 

However ,  n o syste m dealin g wit h real-worl d sit -

uation s ca n hav e pre-store d knowledg e abou t  ev -

er y possibl e eventuality .  Eve n i f  th e system' s se t 

of  schema s wer e complete ,  th e syste m woul d ofte n 

hav e t o selec t  whic h schem a t o appl y o n th e basi s 

of  partia l  information — i t  stil l  woul d no t  b e as -

sure d o f  activatin g th e appropriat e schema .  Ye t 

schema-base d system s seldo m hav e an y capabilit y 

t o recogniz e whe n they'v e gon e astray :  the y can -

not  detec t  contradictio n o f  a n activ e schema . 

I n orde r  t o correc t  erroneou s expectations ,  sys -

tem s nee d t o decid e whethe r  ne w informatio n i s 

consisten t  wit h aw:tiv e expectation s an d beliefs . 

Inconsistencie s signa l  th e nee d t o revis e belief s 

and expectations .  Unfortunately ,  complet e con -

sistenc y checkin g i s unfeasible .  Th e onl y wa y t o 

catc h ever y conflic t  i s  t o compar e al l  th e ramifica -

tion s o f  ne w informatio n t o al l  th e ramification s o f 

th e activ e knowledge ,  whic h woul d b e a n explosiv e 

inferenc e task .  Fo r  anomad y detectio n t o b e fea -

sible ,  w e nee d way s t o limi t  th e effor t  expended , 

eve n thoug h suc h limit s wil l  necessaril y  mea n tha t 

some inconsistencie s remai n unnoticed . 

I n thi s pape r  I  argu e fo r  a  multi-phas e approŝ J i 

t o anomal y detection .  Th e first  phas e check s 

whethe r  a  fac t  i s  expecte d o r  alread y known ;  i f 

so,  th e fac t  i s  accepted .  Otherwise ,  th e fac t  i s 

compare d wit h stereotypes ;  conflict s ar e consid -

ere d anomalous .  Thes e comparison s wit h stereo -

type s constitut e basi c believabilit y  checks ,  whic h 

ar e efficien t  enoug h t o b e applie d t o eac h input , 
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but  ar e als o likel y t o detec t  a  larg e proportio n o f 

problems .  Whe n stereotyp e conflict s ar e found , 

fine  graine d check s ar e use d t o decid e th e severit y 

of  th e problem ,  an d t o characteriz e th e difficult y 

i n mor e detail . 

The followin g section s discus s a  se t  o f  basi c be -

lievabilit y  checks ,  an d fine-graine d test s tha t  ca n 

be applie d whe n th e basi c check s detec t  prob -

lems .  Bot h set s o f  check s ar e implemente d i n 

A C C E P T E R,  a  stor y understandin g progra m tha t 

detect s anomalou s event s i n storie s an d evaluate s 

candidat e explanation s fo r  the m ([Leake ,  1988a] , 

[Leake ,  1988b] ,  [Kas s an d Leake ,  1988]) . 

A C C E P T ER 

A C C E P T ER i s a  stor y understandin g progra m 

tha t  detect s anomalie s an d evaluate s candidat e ex -

planation s fo r  them .  It s domai n i s incident s o f 

deat h an d destruction ;  th e storie s i t  processe s in -

clud e th e prematur e deat h o f  th e racehors e Swale , 

th e deat h o f  basketbal l  sta r  Le n Bias ,  an d th e ex -

plosio n o f  th e spac e shuttl e Challenger . 

A C C E P T ER understand s routin e event s i n 

term s o f  expectation s give n b y prestore d schemas ; 

it s understandin g proces s i s loosel y modele d o n 

tha t  o f  S A M [Cullingford ,  1978] .  However ,  i t  sup -

plement s tha t  understandin g proces s wit h th e fol -

lowin g three-ste p anomal y detectio n procedure : 

1.  C o m p a r e inpu t  t o expectation s an d 

prio r  beliefs .  I f  the y match ,  n o furthe r 

check s ar e needed ;  conflict s ar e anomalous . 

2.  D o basi c believabilit y  checks .  Thes e 

check s ar e coarse-graine d test s tha t  compar e 

aspect s o f  a n actio n agains t  standar d pat -

terns .  Th e basi c check s identif y potentia l 

problems ,  whil e requirin g minima l  inference . 

3.  I f  standar d pattern s ar e no t  consisten t 

wit h a n event ,  us e fine-graine d tests . 

More detaile d test s ca n focu s o n th e cispect s 

of  th e even t  tha t  conflicte d wit h th e pattern , 

i n orde r  t o diagnos e th e proble m further . 

The section s belo w examin e phase s 2  an d 3  o f  thi s 

process .  Compariso n o f  fact s t o expectation s i s 

describe d i n [Leake ,  1988a] . 

BASI C BELIEVABILIT Y C H E C KS 

The ide a underlyin g A C C E P T E R ' S routin e ver -

ificatio n leve l  i s analogou s t o th e ide a o f  basi c leve l 

categorie s [Rosc h e t  al. ,  1976] :  tha t  ther e i s a 

leve l  a t  whic h anomal y detectio n maximize s th e 

amount  o f  retur n pe r  uni t  o f  effort .  I  cal l  test s a t 

thi s leve l  basi c believabilit y  checks .  Althoug h finer-

graine d check s migh t  detec t  additiona l  anomalies , 

the y giv e proportionatel y les s return ,  sinc e the y 

need t o chec k specialize d aspect s o f  th e situatio n 

tha t  ar e irrelevan t  t o man y situations . 

I n orde r  t o detec t  problem s efficiently ,  AC -

C E P T ER relie s o n comparison s wit h stereotype d 

patterns .  Suc h pattern s ar e usuall y onl y viewe d 

as way s t o characteriz e routin e object s o r  situa -

tions .  (Fo r  example ,  knowledg e structure s suc h a s 

Memory Organizatio n Packet s (MOPs )  ca n orga -

niz e standar d even t  sequence s i n memor y [Schank , 

1982] ,  [Kolodner ,  1984]. )  However ,  seein g ho w 

wel l  input s agre e wit h stereotype s i s als o usefu l 

fo r  monitorin g th e expectation s guidin g under -

standing .  Conflict s wit h stereotype s sugges t  tha t 

th e wron g knowledg e structure s ar e bein g use d 

t o understan d a n event ;  similarit y t o stereotype s 

suggest s tha t  th e activ e knowledg e structure s ar e 

reasonable. ^ 

Usin g pattern s fo r  anomal y detectio n raise s tw o 

questions :  wha t  type s o f  pattern s ar e importan t  t o 

check ? an d ho w ar e th e relevan t  pattern s accesse d 

and applied? .  W e answe r  thes e question s i n con -

tex t  o f  basi c verificatio n i n A C C E P T E R. 

Whic h Pattern s t o Chec k 

A C C E P T ER finds  potentia l  anomalie s b y com -

parin g event s t o fou r  kind s o f  stereotypes : 

Even t  sequenc e patterns :  A C C E P T ER use s 

M O Ps t o represen t  stereotype d expectation s fo r 

'Thi s i s simila r  t o th e representativenes s heuristi c 

discusse d i n [Kahnema n e t  al. ,  1982] .  Peopl e ar e likel y 

t o accep t  statement s o f  categor y membership ,  i f  ob -

servabl e feature s o f  th e objec t  matc h th e stereotype s 

fo r  categor y members . 
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th e event s tha t  occu r  i n a  give n context .  Fo r  ex -

eunple ,  th e M O P fo r  dinin g i n a  restauran t  in -

clude s knowledg e abou t  th e norma l  sequenc e o f 

event s i n a  restauran t  mea l  (th e custome r  enters , 

i s  seated ,  orders ,  eats ,  etc.) ,  an d abou t  th e norma l 

tempora l  separatio n betwee n thes e events .  Con -

flicts  suc h a s prematur e event s (e.g. ,  bein g give n 

foo d withou t  bein g seated )  ar e anomalous ,  jui d 

may sho w tha t  th e restaursm t  M O P doe s no t  ap -

ply .  Fo r  example ,  th e custome r  ma y b e pickin g u p 

a tjJce-ou t  order ,  rathe r  tha n eatin g there . 

Normative role-filler types: For each role in 

it s  M O P s,  A C C E P T ER mainteiin s informatio n o n 

th e type s o f  object s tha t  usuaJl y fil l  th e role .  Fo r 

exsmaple ,  th e role s i n th e restauran t  M O P includ e 

th e diner ,  th e waiter ,  an d th e customer' s order . 

Normally ,  th e custome r  an d wzdte r  ar e bot h hu -

mzin ,  an d th e orde r  i s fo r  food .  (Thes e type s ar e 

onl y normative :  th e waite r  migh t  actuzdl y b e a 

robot ,  o r  th e dine r  coul d b e a  pampere d pet. )  AC -

C E P T ER check s eac h role-fille r  i n a  ne w actio n t o 

see i f  i t  i s  a  nove l  typ e o f  filler .  I f  not ,  a n anomal y 

i s noted . 

Again ,  explainin g th e anomal y ma y sho w tha t 

th e wron g M O P i s bein g applied .  Fo r  exEunple , 

i f  someon e enter s a  fas t  foo d restaurant ,  w e nor -

mall y assum e tha t  he'l l  ea t  there .  Bu t  i f  h e buy s 

a pac k o f  cigarette s instea d o f  food ,  we'l l  retrac t 

our  assumptio n tha t  h e entere d fo r  a  meal . 

Class limitations: Objects of a subclass may 

hav e feature s o r  functiona l  limitation s tha t  ar e un -

usual ,  compare d t o mos t  member s o f  th e clas s t o 

whic h the y belong .  Fo r  example ,  i f  ou r  stereo -

type d vie w o f  expensiv e sport s car s i s tha t  the y 

ar e fas t  an d handl e well ,  bu t  w e find  tha t  car s o f 

bran d X  hav e ba d handling ,  thi s deficienc y make s 

i t  anomalou s fo r  th e ca r  t o b e use d i n a  situatio n 

wher e handlin g i s ver y importan t  (suc h a s a  presti -

giou s race) .  Noticin g th e limitatio n proble m ma y 

make u s chang e ou r  expectations .  Fo r  example ,  i f 

we expecte d th e ca r  t o wi n becaus e i t  ha d a  goo d 

driver ,  w e migh t  wan t  t o chang e th e assumptio n 

i n vie w o f  th e ca r  he' s using . 

Decisio n patterns ;  A C C E P T ER represent s 

knowledg e abou t  th e type s o f  action s tha t  a n acto r 

favors ,  an d avoids .  Fo r  example ,  fraternit y mem-

ber s see k ou t  wil d parties ;  athlete s i n trainin g ar e 

suppose d t o avoi d them .  I f  a n acto r  participate s i n 

an unusua l  action — fo r  example ,  a n athlet e goe s 

t o a  part y th e nigh t  befor e a  bi g g a m e — hi s be -

havio r  i s  anomalous ,  an d relate d expectation s ma y 

need t o b e chauaged . 

H ow th e Pattern s ar e Organize d an d Accesse d 

i n Memor y 

a c c e p t e r ' s memor y i s organize d i n a n ab -

stractio n net .  Fo r  example ,  abstraction s o f  th e 

M OP fo r  runnin g i n a  rac e includ e athleti c com -

petitio n an d exercise ;  abstraction s o f  racehors e in -

clud e horse s (whic h hav e th e abstractio n o f  livin g 

things )  ain d valuabl e objects .  Pattern s ar e indexe d 

unde r  node s i n thi s hierarchy . 

The scene s o f  a  M O P ar e store d unde r  th e mem-

or y nod e associate d wit h tha t  M O P,  a s ar e norma -

tiv e filler  type s fo r  th e MOP' s roles .  (Bot h ca n b e 

inherite d fro m abstractions ,  i f  n o informatio n i s in -

dexe d unde r  th e specifi c  MOP. )  Decisio n pattern s 

ar e indexe d unde r  actor s the y involve .  Whe n AC -

C E P T ER retrieve s pattern s t o apply ,  i t  attempt s 

t o retriev e th e mos t  specifi c  relevan t  patterns . 

The pattern s ar e applie d a s follows .  Give n a n 

actio n tha t  i s  hypothesize d t o fit  withi n a  M O P 

or  plan ,  A C C E P T ER matche s th e actio n agains t 

th e packagin g structure' s expectations ,  i n orde r  t o 

identif y problem s suc h a s prematur e events ,  de -

laye d events ,  o r  missin g events .  Restriction s o n 

role-fille r  type s ar e retrieve d fro m th e M O P o r  it s 

abstractions ,  an d th e syste m compare s hypothe -

size d role-filler s t o them .  Mor e specifically : 

Applyin g normative-fille r  information :  Fo r 

eac h rol e i n th e input ,  A C C E P T ER retrieve s role -

filler  pattern s fo r  tha t  role .  Thes e pattern s ar e 

store d i n memor y unde r  th e action ,  indexe d b y 

th e role .  I f  A C C E P T ER fail s t o find a  patter n 

unde r  th e curren t  action ,  i t  doe s a  breadth-firs t 

searc h u p th e hierarch y o f  abstraction s fo r  th e ac -

tion ,  checkin g eac h t o se e i f  a  relevan t  patter n i s 
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indexe d unde r  it . 

Applying class limitations: Normative types 

fo r  a  role-fille r  ar e als o use d t o guid e th e searc h 

fo r  limitation s o f  particula r  object s tha t  migh t  in -

terfer e wit h thei r  abilit y  t o fill  a  role .  Guidin g 

th e searc h fo r  limitation s i s important ,  sinc e an y 

objec t  ca n hav e man y abstractions ,  an d ca n hav e 

limitation s compare d t o an y o f  it s  abstractions . 

To restric t  it s  consideratio n t o feature s tha t  ar e 

relevan t  i n th e curren t  context ,  A C C E P T ER onl y 

consider s limitation s o f  th e filler  compare d t o th e 

normativ e role-filler .  Fo r  example ,  i f  a  hypothe -

size d ca r  thef t  i s  bein g evaluated ,  th e normativ e 

role-fille r  typ e fo r  th e objec t  o f  th e thef t  i s  valu -

abl e object .  Compare d t o othe r  valuabl e objects , 

a bran d X  sport s ca r  migh t  hav e n o limitations , 

so th e thef t  woul d hav e n o basic-leve l  problems . 

However ,  i f  a  hypothesize d automobil e rac e wer e 

bein g checke d fo r  anomalies ,  an d sport s car s wer e 

th e normativ e filler  typ e fo r  vehicle s involved ,  a 

differen t  limitation — tha t  car s o f  bran d X  ha d ba d 

handling ,  compare d t o othe r  sport s cars — migh t 

be retrieved .  Thi s limitatio n woul d b e flagged 

as somethin g t o chec k wit h fine-grained  tests — 

woul d th e ba d handlin g mak e i t  unabl e t o perfor m 

i n th e race ? 

Applying decision patterns: For each ewrtor 

involve d i n a n action ,  th e syste m trie s t o retriev e 

acto r  decisio n pattern s tha t  ar e relevan t  t o th e ac -

tor' s involvement .  Thes e pattern s ma y b e indexe d 

unde r  th e acto r  (e.g. ,  w e kno w tha t  Joh n love s 

eatin g a t  MacDonalds) ,  o r  unde r  th e actor' s ab -

straction s (e.g. ,  Joh n i s a  tax i  driver ,  an d w e kno w 

tha t  teoc i  driver s ofte n ea t  a t  MacDonalds) .  I t  i s 

sometime s necessar y t o abstrac t  bot h th e acto r 

and th e actio n involved :  w e migh t  kno w tha t  tax i 

driver s ofte n ea t  a t  fast-foo d restaurants .  Thes e 

pattern s ca n sho w tha t  a  decisio n i s believable . 

(When retrievin g decisio n patterns ,  A C C E P T ER 

does a  breadth-firs t  searc h ove r  abstraction s o f  th e 

acto r  an d action ,  t o tr y t o find  th e mos t  specifi c 

patter n tha t  i s  relevan t  t o a n actor' s decision. ) 

F INE-GRAINE D C H E C KS 

Basic-leve l  check s giv e littl e informatio n abou t 

th e reason s fo r  problems :  the y simpl y identif y 

tha t  somethin g i s unusual .  W h e n A C C E P T ER 

encounter s a  potentia l  problem ,  i t  diagnose s th e 

proble m mor e specificall y b y applyin g fine-grained 

checks .  Thes e check s giv e a  mor e specifi c  proble m 

characterization ,  whic h point s t o specifi c  informs ^ 

tio n tha t  a n explanatio n mus t  address . 

A C C E P T ER use s thre e type s o f  fine-grained 

checks .  The y ar e basi c actio n decomposition , 

whic h evaluate s a  role-filler' s  abilit y  t o perfor m 

i n a  role ,  an d tw o motivationa l  checks :  exam -

inatio n o f  direc t  effects ,  whic h i s use d t o chec k 

whethe r  a n actio n i s consisten t  wit h acto r  goals , 

and pla n choic e checks ,  whic h se e i f  th e actor' s 

pla n choic e conflict s wit h ou r  mode l  o f  hi s pla n 

preferences .  Thu s whe n a n actio n i s unusua l  fo r  a n 

actor ,  A C C E P T ER check s thre e things :  whethe r 

th e acto r  probabl y coul d hav e performe d th e ac -

tion ,  whethe r  th e actio n wa s consisten t  wit h hi s 

goals ,  an d whethe r  th e actio n wa s consisten t  wit h 

hi s plannin g style .  Althoug h thes e check s ar e mor e 

expensiv e t o appl y tha n pattern-base d checks ,  th e 

inferencin g the y involv e i s stil l  limited . 

Basi c Actio n Decompositio n 

The primar y purpos e o f  basic-actio n decompo -

sitio n i s identifyin g causa l  problem s tha t  migh t  re -

sul t  fro m a n unusua l  action ,  makin g i t  eve n mor e 

anomalous .  Basi c actio n decompositio n take s 

a composit e action ,  decompose s i t  int o it s con -

stituen t  parts ,  an d check s an y restriction s asso -

ciate d wit h thos e part s tha t  ar e relevan t  t o th e 

unusua l  role-filler . 

For  example ,  anyon e wh o participate s i n jog -

gin g i s usuall y human .  Eithe r  a  fish,  o r  a  mon -

key ,  woul d violat e thi s stereotype ,  s o a  hypothesi s 

tha t  eithe r  on e wa s joggin g woul d b e anomalous . 

However ,  ther e i s a  differenc e i n th e seriousnes s 

of  th e problem .  There' s n o reaso n wh y a  monke y 

couldn' t  perfor m th e action s o f  a  jogger ;  basic -

actio n decompositio n show s tha t  th e onl y proble m 
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woul d b e tha t  a  monke y wouldn' t  hav e th e norma l 

goad o f  physice d fitness  tha t  drive s joggers .  Con -

sequently ,  a n explanatio n woul d hav e t o sho w a n 

alternativ e goa d bein g served — perhap s th e mon -

key wa s owne d b y someon e wh o gav e hi m a  ba -

nan a ever y tim e h e jogge d a  quarte r  mile .  Basi c 

actio n decompositio n show s mor e sever e problem s 

fo r  th e fish:  fo r  example ,  sinc e i t  doesn' t  hav e legs , 

i t  couldn' t  eve n perfor m th e action s involved . 

I n additio n t o showin g th e severit y o f  a  prob -

lem ,  basic-actio n decompositio n help s focu s expla -

nation :  i f  causa l  problem s sur e found ,  explanatio n 

shoul d focu s o n ho w the y migh t  hav e bee n over -

come.  Fo r  example ,  w e migh t  hav e th e stereotyp e 

tha t  peopl e wh o fly  first  clas s ax e usuall y business -

men.  I f  a  non-businessmsu i  flies first  class ,  basi c 

believabilit y  check s detec t  th e stereotyp e conflict . 

However ,  th e characterizatio n " a non-businessma n 

flying  first  class "  isn' t  ver y helpfu l  i n finding  a n 

explanation .  I f  w e loo k a t  th e detaile d require -

ment s fo r  flying  first  class ,  w e ca n identif y mor e 

specifi c  problems ,  whic h ca n the n b e addresse d b y 

an explanation .  Fo r  example ,  on e specifi c  require -

ment  i s payin g fo r  a n expensiv e ticket .  I f  w e find 

tha t  th e perso n flying  didn' t  hav e muc h money , 

we ca n describ e th e anomal y mor e specificall y a s 

"ho w coul d h e d o somethin g h e couldn' t  aff'ord? " 

Thi s characterizatio n give s mor e guidanc e t o th e 

explanatio n process .  Fo r  example ,  b y lookin g fo r 

ways h e coul d hav e recentl y obtaine d money ,  w e 

migh t  find  tha t  he' d jus t  wo n a  lottery ,  o r  receive d 

a substantia l  raise . 

Examination of Direct Effects 

Examination of direct effects tests whether the 

unusue d actio n i s consisten t  wit h a n actor' s goals . 

I f  a n actio n doesn' t  fit  a n actor' s usua l  behavio r 

patterns ,  w e ca n as k whethe r  th e actio n ha s ba d 

effects .  I f  so ,  explanatio n shoul d sho w ho w othe r 

goal s too k precedenc e ove r  th e norma l  reason s fo r 

avoidin g th e ax;tion . 

However ,  w e canno t  hop e t o detec t  al l  possi -

bl e hau l  effect s o f  a n au:tion :  fo r  an y action ,  ther e 

woul d b e infinitely-man y effect s t o check .  Never -

theless ,  simpl y checkin g a n action' s direc t  effect s 

can giv e a n indicatio n o f  whethe r  th e actio n un -

dermine s th e actor' s goals .  Fo r  example ,  direc t  ef -

fect s o f  buyin g a  ca r  includ e havin g possessio n o f 

th e car ,  aui d havin g les s money. '  I f  w e kno w tha t 

someone i s avoidin g buyin g a  car ,  an d h e buy s i t 

anyway ,  w e ca n compar e hi s goal s t o th e direc t 

effect s o f  buyin g th e car .  I f  he' s tryin g t o sav e 

money fo r  college ,  w e ca n reformulat e th e anomal y 

as spendin g money ,  whic h conflict s wit h hi s goa l 

t o sav e money .  Ou r  explanatio n woul d the n focu s 

on th e tradeof f  betwee n havin g th e ca r  o r  havin g 

savings . 

A C C E P T ER identifie s goa l  problem s b y check -

in g action s tha t  conflic t  wit h thei r  actor' s behavio r 

patterns ,  t o se e i f  th e actions '  direc t  effect s under -

min e th e actor' s goal s (eithe r  specificall y know n 

fo r  th e actor ,  o r  inherite d fro m abstractions) .  Fo r 

example ,  whe n th e syste m evaluate s th e expla -

natio n tha t  th e racehors e Swal e wa s poisone d b y 

hi s owner ,  basi c check s sho w tha t  th e poisonin g i s 

somethin g hi s owne r  woul d hav e bee n expecte d t o 

avoid ,  sinc e it' s  illegal .  Thi s prompt s A C C E P T ER 

t o chec k th e direc t  effect s o f  th e action ,  t o se e 

i f  the y accoun t  fo r  th e poisoning .  Th e onl y di -

rec t  effec t  i t  finds  i s tha t  th e owner' s propert y i s 

destroyed ,  whic h conflict s wit h th e businessman' s 

them e goa l  o f  increasin g wealth ,  s o th e poisonin g 

i s anomalous . 

Pla n Choic e Check s 

Pla n choic e check s compar e a n unusua l  pla n 

wit h th e type s o f  plan s tha t  ar e typica l  fo r  th e 

actor ,  i n orde r  t o se e i f  th e pla n i s consisten t  wit h 

hi s plannin g patterns .  I n generaJ ,  i t  coul d b e ver y 

difficul t  t o decid e i f  a  pla n matche s th e pleinner' s 

plannin g patterns ,  simpl y becaus e i t  i s  har d t o pre -

dic t  a  plan' s possibl e ramifications .  However ,  ac -

tor s ofte n us e stamdar d plans ,  fo r  whic h relativ e 

advantage s an d disadvantage s ar e know n i n ad -

^  ACCEPTER' S characterizatio n o f  direc t  effect s i s 

quit e arbitrary :  i t  consider s direc t  effect s t o b e th e 

effect s tha t  ar e reache d b y shor t  inferenc e chain s (i n 

th e curren t  implementation ,  chain s o f  lengt h 4  o r  less) . 

494 



LEAKE 

vance . 

When w e us e standar d plans ,  o r  observ e other s 

usin g them ,  w e gathe r  comparativ e informatio n 

abou t  alternativ e way s o f  accomplishin g a  goal . 

For  example ,  w e lear n th e likel y cos t  o f  th e plan , 

whethe r  th e pla n i s likel y t o fail ,  an d ho w efficien t 

i t  i s  compare d t o plan s w e hav e use d before .  W e 

can us e thi s knowledg e t o decid e betwee n plans . 

For  example ,  suppos e bu s servic e i s a  chea p bu t 

unreliabl e wa y t o travel ,  an d tauci s ar e mor e expen -

sive ,  bu t  mor e efficien t  an d reliabl e a s well .  I f  w e 

lac k mone y an d punctualit y i s  unimportant ,  we'l l 

choos e th e bus ;  otherwis e we'l l  prefe r  taxis . 

Knowledg e o f  pla n characteristic s als o help s u s 

predic t  th e action s o f  others .  I f  w e kno w th e goa l 

ordering s o f  differen t  actors ,  w e ca n anticipat e 

thei r  priorities ,  an d expec t  thei r  plan s t o reflec t 

thei r  priorities — bot h i n th e goal s fo r  whic h the y 

pla n [Carbonell ,  1979] ,  an d i n th e plan s tha t  the y 

selec t  fo r  a  give n goal .  Fo r  example ,  a n impatien t 

executiv e put s a  lo w priorit y o n money ,  bu t  a  hig h 

priorit y o n savin g time .  Fro m this ,  w e migh t  ex -

pect  hi m t o fly  o n th e Concord e whe n h e goe s t o 

Europe . 

To reaso n abou t  pla n selection ,  w e nee d t o b e 

abl e t o characteriz e plan s alon g th e dimension s 

tha t  affec t  people' s pla n choices .  On e wa y t o star t 

i s  t o loo k a t  stereotype s abou t  priorities ,  an d t o 

translat e the m int o parameter s fo r  characterizin g 

plans .  Fo r  example ,  th e stereotyp e o f  a  mise r  di -

rect s th e choic e o f  th e lowest-cos t  plan s possible . 

To kno w whic h plan s a  mise r  i s likel y t o pick ,  w e 

need t o hav e a n estimat e o f  thei r  relativ e mone -

tar y costs .  Peopl e wh o ar e impatien t  giv e tim e 

a hig h priority ;  thu s relativ e spee d o f  a  pla n i s 

important .  Cautiou s peopl e avoi d risk ;  thu s ris k 

must  b e represente d also .  Onc e th e dimension s 

ar e specified ,  w e ca n represen t  bot h genera l  prefer -

ences ,  an d thos e tha t  onl y appl y i n particula r  do -

mains .  Fo r  example ,  someon e migh t  avoi d ris k i n 

relationships ,  bu t  b e indifferen t  t o financial  risks . 

The mos t  importan t  difference s betwee n plan s ca n 

be characterize d alon g fou r  basi c dimensions : 

•  Reliabilit y  o f  a  pla n fo r  accomplishin g goal . 

Reliabilit y  ca n b e eithe r  absolut e (e.g. ,  thi s 

pla n alway s works )  o r  relativ e t o othe r  plan s 

fo r  th e goa l  (e.g. ,  thi s treatmen t  ha s onl y a 

50 percen t  succes s rate ,  bu t  it' s  stil l  th e bes t 

way w e kno w o f  t o dea l  wit h cancer. ) 

•  Risk s o f  usin g th e plan . 

Thi s i s a  characterizatio n o f  th e possibl e ba d 

sid e effect s o f  th e plan . 

•  Cos t  compare d t o othe r  plan s fo r  th e sam e 

goal . 

Thi s ca n b e characterize d alon g standar d di -

mensions ,  suc h a s thos e describe d i n [Wilen -

sky ,  1978] :  time ,  consumabl e functiona l  ob -

ject s (lik e money) ,  nonconsumabl e functiona l 

object s (lik e a  stove) ,  an d abilities . 

•  Yiel d compare d t o othe r  plan s fo r  th e sam e 

goal . 

I f  th e effect s o f  a  pla n ca n b e measure d alon g 

a scale ,  yiel d ca n b e use d t o compar e th e ef -

fectivenes s o f  th e plan .  Fo r  example ,  havin g a 

pape r  rout e an d bein g a  lawye r  ar e bot h plan s 

fo r  makin g money ,  bu t  th e yiel d o f  th e pape r 

rout e i s low ,  whil e th e yiel d o f  la w i s high . 

Yiel d coul d als o b e balance d agains t  costs ,  t o 

determin e a  plan' s efficiency . 

Tabl e 1  show s ho w thes e dimension s ca n b e use d 

t o characteriz e ban k robber y an d medica l  schoo l 

as plan s fo r  gettin g money . 

I n orde r  t o decid e i f  th e typ e o f  pla n i s anoma -

lous ,  A C C E P T ER compare s th e plan' s dimension s 

t o th e value s tha t  th e acto r  usueill y  favors .  I t  de -

termine s th e pla n parameter s b y retrievin g an d 

applyin g a  procedur e fo r  generatin g th e pla n di -

mension s o f  an y instantiatio n o f  th e plan .  (Th e 

procedur e i s indexe d unde r  th e plan ,  o r  on e o f 

it s  abstractions ,  i n A C C E P T E R ' S memory. )  A 

questio n fo r  futur e researc h i s ho w a  syste m migh t 

lear n th e parameter s fo r  a  plan ,  base d o n observa -

tio n o f  us e o f  tha t  pla n an d alternativ e ones . 

A P R O G R AM E X A M P LE 

The outpu t  belo w i s a n edite d trac e o f  AC -

CEPTER applyin g pla n choic e checks .  Th e sys -
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Bank robber y a s a  pla n fo r  A-wealt h 

Dimensio n 

Reliabilit y 

Risk s 

Cost 

Yiel d 

Valu e 

L OW 

HIGH 

L OW 

HIGH 

Medica l  schoo l  a s a  pla n fo r  A-wealt h 

Dimensio n 

Reliabilit y 

Risk s 

Cost 

Yiel d 

Valu e 

NORMAL 

L OW 

HIGH 

HIGH 

Tabl e 1 :  Pla n choic e dimension s o f  tw o plans . 

tem has previously processed the explosion of the 

spac e shuttl e ChaJlenger ,  ain d i s give n a s inpu t  th e 

conjectur e tha t  Russi a sabotage d it . 

Sabotag e doesn' t  fit  steindar d pattern s fo r  Rus -

sia ,  s o A C C E P T ER doe s fine-grained  checks .  I t 

finds  n o problem s wit h basic-actio n decomposi -

tion ,  an d th e effec t  o f  th e plan — harmin g th e 

U.S. — i s consisten t  wit h it s pictur e o f  Russia' s 

goals .  T o find  i f  th e typ e o f  pla n matche s Russia' s 

policies ,  i t  check s th e pla n parameter s o f  sabotage . 

I t  determine s tha t  sabotag e agains t  th e U.S .  i s 

risky ,  becaus e o f  possibl e retaliation .  Sinc e Rus -

si a i s no t  especiall y pron e t o risk y plans ,  sabotag e 

seems unlikely . 

Checking if "RUSSIA'S SABOTAGE" is believable. 

Searchin g fo r  pla n dimensio n generato r  fo r  RUSSIA' S 

SABOTAGE 

.. .  N o generato r  store d unde r  SABOTAGE. 

Searchin g fo r  pla n dimensio n generato r  unde r 

abstraction s o f  SABOTAGE. 

.. .  Generato r  foun d unde r  abstractio n 

VIOLENT-ACTION. 

Applyin g generato r  t o chec k RIS K o f  RUSSIA' S 

SABOTAGE.  Descriptio n o f  test : 

"  Ris k o f  VIOLENT-ACTIO N depend s o n 

comparativ e PHYSICAL-STRENGTH o f  acto r 

and victim. " 

For  countries .  PHYSICAL-STRENGTH specifie s t o 

MILITARY-STRENGTH.  Comparing.. . 

RUSSIA inherit s HIG H a s it s 

MILITARY-STRENGTH,  fro m abstractio n 

INDUSTRIALIZED-COUNTRY. 

USA inherit s HIG H a s it s 

MILITARY-STRENGTH,  fro m abstractio n 

INDUSTRIALIZED-COUNTRY. 

.. .  STRENGTH i s th e same . 

.. .  Ris k i s HIGH . 

Comparin g t o plannin g tendencie s fo r  RUSSIA . 

PLAN-SELECTION problem :  "RUSSIA' S SABOTAGE" 

CONFLICTS-WITH plannin g tendencie s fo r  RUSSIA , 

due t o HIG H RISK . 

When ACCEPTER evaluates the explanation 

tha t  Challenge r  wa s sabotage d b y Libya ,  AC -

C E P T ER consider s tha t  explanatio n mor e likely , 

becaus e Liby a ofte n use s risk y plans . 

CONCLUSION 

I n orde r  t o maintai n a n accurat e pictur e o f  th e 

world ,  an d t o b e abl e t o lear n fro m nove l  situzi -

tions ,  stor y understsuider s nee d t o b e abl e t o de -

tec t  anomalies .  Sinc e anomalie s coul d aris e a t  an y 

poin t  i n a  story ,  anomal y detectio n need s t o b e 

applie d a s a  routin e par t  o f  understanding .  Con -

sequently ,  th e anomal y detectio n proces s mus t  b e 

efficient . 

A C C E P T ER reduce s th e cos t  o f  anomal y de -

tectio n b y havin g tw o level s o f  test s fo r  ho w wel l 

ne w informatio n fits  prio r  beliefs .  Comparativel y 

inexpensiv e test s ar e applie d t o al l  inputs .  Thes e 

basi c believabilit y  check s wil l  no t  detec t  al l  prob -

lems ,  no r  wil l  th e problem s the y identif y alway s 

be significant ,  bu t  the y detec t  man y o f  th e situa -

tion s tha t  sir e likel y t o nee d explanation .  Whe n 

basi c believabilit y  check s detec t  potentia l  prob -

lems ,  fine-grained  test s ax e use d t o d o mor e carefu l 

analysis . 

By first  comparin g a n inpu t  t o specifi c  beliefi s 

i n memor y an d activ e expectations ,  an d the n ver -

ifyin g i n term s o f  th e pattern s describe d above , 

A C C E P T ER ca n ofte n detec t  potentia l  problem s 

withou t  doin g extensiv e inference .  Onl y whe n po -

tentia l  problem s ar e detecte d doe s i t  appl y mor e 

costl y checks . 
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A topi c fo r  futur e researc h i s ho w verificatio n 

shoul d chang e t o reflec t  th e importanc e o f  cer -

taint y i n a  give n situation :  th e effor t  expende d o n 

verificatio n shoul d depen d o n a n estimat e o f  it s 

valu e t o th e system .  Thi s migh t  depen d o n fac -

tor s suc h a s th e potentia l  consequence s o f  missin g 

an anomaly ,  o r  th e availabilit y  o f  resource s neede d 

fo r  verification . 
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