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ABSTRACT 

We describe a system that learns new schemas by modifying old ones, in order to understand 
anomalou s event s i n storie s tha t  i t  reads .  W e discus s ho w thes e schema s (calle d Explanatio n Pattern s 

[Schan k 86] )  ar e structure d i n orde r  t o mak e the m modifiable ,  an d ho w th e understandin g proces s 

applie s an d modifie s them .  Thi s mode l  bridge s th e ga p betwee n tw o previou s model s o f  understanding , 

whic h wer e base d o n eithe r  applicatio n o f  prestore d schema s o r  understanding-tim e inferenc e chaining . 

By employin g modifiabl e schemzis ,  ou r  mode l  i s  mor e flexibl e tha n th e forme r  an d mor e efficien t  tha n 

th e latter . 

In t roduct io n 

The crucial problem in story-understanding is infer-

ence .  Inferenc e i s needed ,  amon g othe r  things ,  t o ti e 

differen t  sentence s together ,  t o fil l  i n ellipses ,  an d t o 

resolv e ambiguity .  Th e story-understandin g literatur e 

contain s severa l  model s o f  th e inferenc e process ,  bu t 

fo r  th e purpose s o f  thi s pape r  w e ca n divid e thes e 

model s int o tw o principa l  categories :  On e grou p op -
erate s vi a th e applicatio n o f  prestore d schemas ;  th e 

othe r  build s inferenc e chain s fro m scratc h a t  under -

standin g time .  Bot h model s hav e somethin g t o offer , 

but  eac h ha s seriou s drawback s a s well .  I n thi s pa -

per  w e argu e tha t  i n orde r  fo r  a  syste m t o overcom e 

thes e drawback s i t  mus t  b e abl e t o adap t  it s schema s 

t o ne w situations .  W e discus s a  ne w mode l  (imple -

mente d i n a  compute r  progra m calle d SWALE)  tha t  i s 

base d o n modifiabl e schemas ,  calle d Explanatio n Pat -

tern s (hencefort h XPs) . 

Previou s W o r k — Inferenc e Chainin g 

an d S c h e m a Applicatio n 

The inference-chaining approach to story understand-
in g i s exemplifie d b y Rieger' s Conceptua l  Infer -

encer  (Riege r  75 ]  an d Wilensky' s P A M [Wilensk y 78] . 

•Thi s wor k i s supporte d i n par t  b y tli e Ai r  Forc e Offic e o f 
Systems Researc h unde r  contrac t  85-034 3 

Rieger' s syste m wa s completel y botto m up ;  hi s pro -

gra m chaine d forwar d fro m eac h inpu t  sentenc e an d 

notice d wher e th e chain s intereected .  Althoug h thi s 

simpl e mode l  wa s abl e t o generat e man y usefu l  infer -

ence s i t  wa s to o unconstrained .  Th e combinatoria l 

explosio n o f  inference s cause d th e irrelevan t  t o over -

whel m th e useful .  Wilensk y wa s abl e t o constrai n 

thing s somewha t  b y havin g knowledg e o f  plan s an d 

goal s guid e th e inferenc e process .  P A M woul d at -

temp t  t o matc h input s t o know n goal s o f  th e actor , 

and t o backwar d chai n t o thos e goal s i f  the y couldn' t 

be matche d directly .  Guidin g th e inferenc e proces s i n 

thi s wa y help s matter s considerabl y bu t  i t  remain s th e 

cas e tha t  P A M ha d t o d o a  lo t  o f  wor k t o understan d 

each story .  Furthermore ,  becaus e i t  didn' t  stor e th e 

inferenc e chain s i t  built ,  i t  ha d t o d o a s muc h wor k t o 

understan d a  stor y i t  ha d see n a  hundre d time s a s i t 

di d t o understan d i t  th e first  time . 

A respons e t o th e inference-chainin g schoo l  i s  th e 

schema-applicatio n approach ,  a s practiced ,  fo r  exam -

ple ,  b y Charniak' s Ms .  Malapro p [Charnia k 72] ,  an d 

Cullingford' s S A M [Cullingfor d 78] .  Thes e program s 

avoi d mos t  understanding-tim e inferenc e b y usin g pre -

store d schema s tha t  contai n th e expectation s neede d 

t o understan d th e story .  Fo r  thes e programs ,  th e in -

ferenc e proces s i s reduce d t o matchin g inpu t  fro m th e 

stor y agains t  a  schem a i n memory .  The y ar e therefor e 

ver y efficien t  a t  handlin g storie s tha t  closel y matc h 

thei r  schemas ,  bu t  fai l  badl y unles s ther e i s a  ver y 

clos e match . 
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O ur  A p p r o a c h — S c h e m a Modificatio n S o m e o f  S W A L E ' s X P s 

Give n tha t  schema-base d program s ten d t o b e brit -
tl e bu t  efficient ,  whil e th e inference-chainer s ar e mor e 

flexible  bu t  les s efficient ,  on e migh t  b e tempte d t o 

propos e tha t  ther e ar e tw o differen t  mode s o f  story -

understanding ;  tha t  a  complet e mode l  woul d combin e 

S AM an d P A M ,  usin g script s whe n the y wer e appli -

cable ,  an d resortin g t o inference-chainin g whe n neces -

sary .  Suc h a n eithe r  o r  syste m woul d b e a  goo d ide a i f 

storie s wer e generall y totall y nove l  o r  totall y old-hat . 

The fac t  i s  tha t  mos t  ar e neither ;  interestin g storie s 

we rea d ar e usuall y reminiscen t  o f  thing s w e under -

stan d well ,  bu t  no t  exactl y lik e the m — the y ar e nea r 

misse s an d w e don' t  wan t  ou r  mode l  t o hav e t o un -

derstan d thes e fro m scratch .  Rather ,  w e wan t  t o b e 

abl e t o twea k ou r  ol d schema s t o mak e the m applica -

ble .  Thi s wa y th e understande r  learn s ne w schema s 

incrementall y whe n ol d one s fail .  Ol d schema s serv e 

as th e startin g point s fo r  creatin g th e new ,  an d th e 

wheel  doe s no t  nee d t o b e reinvente d i n orde r  t o buil d 

a slightl y differen t  schema .  SAM-lik e scripts ,  how -

ever ,  ar e no t  goo d candidate s fo r  modificatio n becaus e 

the y don' t  encod e enoug h o f  th e causa l  reasonin g tha t 

went  int o buildin g the m t o mak e i t  clea r  t o a  tweak -

in g mechanis m wha t  modification s ar e reasonabl e t o 

make.  I n orde r  t o mak e th e tweakin g ide a work ,  w e 

need t o specif y wha t  thes e modifiabl e schema s shoul d 

loo k lik e an d wha t  th e proces s wil l  b e tha t  modifie s 

and applie s them .  Thes e ar e exactl y th e goal s o f  th e 

SWALE project ,  whic h w e wil l  spen d th e res t  o f  thi s 

pape r  describing . 

X Ps — Modifiabl e Schema s 

XPs differ from scripts in that scripts are meant to pro-

vid e a n overal l  vie w o f  som e grou p o f  event s (suc h a s a 

doctor' s visi t  o r  a  mea l  a t  a  restaurant )  whil e XP s ar e 

designe d t o b e a  detaile d trac e o f  th e reasonin g tha t 

was use d t o resolv e a  particula r  proble m tha t  coul d 

aris e i n suc h a  grou p o f  event s (suc h a s th e waite r  no t 

bringin g you r  food) .  A n X P i s a  se t  o f  belief s an d a 

set  o f  belief-suppor t  relation s whic h lin k th e belief s 

togethe r  i n a n inferenc e network .  Th e belief-suppor t 

link s specif y whic h belief s depen d o n whic h others ,  an d 

what  th e typ e o f  th e dependenc y is .  Thi s i s  wha t 

makes XP s modifiable .  Th e belie f  support s indicat e 

why a  give n belie f  i s i n th e XP .  Thi s tell s th e modifi -

catio n proces s wha t  th e effec t  o f  deletin g o r  changin g 

belief s wil l  be . 
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The bes t  wa y t o giv e a  fee l  fo r  wha t  XP s ar e lik e i s t o 

describ e som e th e XP s w e hav e equippe d th e SWALE 

progra m with .  Conside r  th e followin g story :  "Swale ,  a 

successfu l  3-yea r  ol d rac e horse ,  wa s foun d dea d i n hi s 

stal l  a  wee k afte r  winnin g th e Belmon t  Stake s race. " 

Most  peopl e wh o rea d thi s stor y find  th e deat h t o b e a n 

anomalou s event ,  whic h the y fee l  th e nee d t o explain . 

What  follow s ar e som e death-relate d XP s tha t  w e hav e 

buil t  int o SWALE,  Som e o f  thes e XP s ar e clearl y rele -

van t  t o Swale' s deat h whil e other s ar e connecte d onl y 

i n a  mor e fancifu l  way .  Ou r  goa l  i s  t o hav e SWALE 

propos e a s man y interestin g explanation s a s possibl e 

by applyin g th e XP s w e hav e indexe d i n it s X P librar y 

and tweakin g the m t o creat e ne w variation s o f  thes e 

XPs;  w e ar e muc h mor e intereste d i n havin g th e syste m 

develo p interestin g hypothese s tha n i n havin g i t  avoi d 

bad ones . 

T h e Ji m Fix x X P :  Jogger s jo g a  lot .  Joggin g re -

sult s i n physica l  exhaustio n becaus e joggin g i s a  kin d 

of  exertio n an d exertio n result s i n exhaustion .  Phys -

ica l  exhaustio n couple d wit h a  hear t  defec t  ca n caus e 

a hear t  attack .  A  hear t  attac k ca n caus e death . 

T h e Jani s Jopli n X P :  Bein g a  sta r  performe r  ca n 

resul t  i n stres s becaus e i t  i s  lonel y a t  th e top .  Bein g 

stressed-ou t  ca n resul t  i n a  nee d t o escap e an d relax . 

Needin g t o escap e an d rela x ca n resul t  i n takin g recre -

ationa l  drugs .  Takin g recreationa l  drug s ca n resul t  i n 

an overdose .  A  dru g overdos e ca n resul t  i n death . 

To o M u c h Se x X P :  To o muc h se x ca n kil l  you . 

Preoccupatio n X P :  Bein g preoccupie d abou t  some -

thin g ca n caus e yo u t o b e inattentive .  Bein g inatten -

tiv e ca n resul t  i n walkin g int o traffic .  Walkin g int o 

traffi c ca n resul t  i n yo u bein g hi t  b y a  vehicle .  Bein g 

hi t  b y a  vehicl e ca n caus e death . 

Desponden t  Suicid e X P :  Thinkin g abou t  some -

thin g yo u wan t  bu t  tha t  yo u don' t  hav e ca n mak e yo u 

despondent .  Bein g desponden t  ca n resul t  i n suicide . 

The ide a i s tha t  whe n a n anomal y i s encountere d whil e 

readin g a  stor y o r  havin g a n experienc e i n th e rea l 

world ,  th e understande r  use s feature s o f  th e anomal y 

t o retriev e XP s tha t  migh t  explai n th e anomaly .  Fo r 

any anomal y a n understande r  encounters ,  ther e ar e 

fou r  possibl e state s o f  readines s it s X P librar y migh t 

be in : 

1. An XP can be retrieved from memory that appHes 

perfectl y t o th e anomaly .  I n thi s cas e i t  i s  eas y 
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t o explai n th e anomaly . 

schema-application . 

I t  i s  a  simpl e cas e of 
S W A LE Modul e Interconnectio n Diagra m 

tifu t  kct i 

2.  N o n e of  th e X P s retrieve d f ro m m e m o r y appl y di -

rectly ,  bu t  s o m e relevan t  X P s ca n b e modifie d (w e 

cal l  thi s tweaking )  t o creat e n e w X P s tha t  ar e ap -

plicable .  Thi s cas e i s  trickier ,  bu t  i t  i s  als o m o r e 

important ,  since ,  a t  th e en d o f  th e proces s th e 

syste m ha s create d an d learne d a  n e w X P . 

3. No XP is retrieved that can be tweaked to ap-

ply .  A n X P mus t  b e buil t  f ro m scratc h ou t  of  th e 

primitiv e inferenc e rules .  Thi s  i s th e kin d of  situa -

tio n fo r  whic h P A M w a s designed .  U n d e r  ou r  cur -

ren t  mode l ,  understander s ofte n giv e u p o n prob -

lem s fo r  whic h the y ar e s o unprepare d unles s th e 

anomal y i s quit e important .  Al thoug h a  complet e 

model  shoul d includ e a  c o m p o n e n t  t o handl e thi s 

case ,  th e S W A LE p rog ra m currentl y doe s not . 

4. The system does not even have the inference rules 

t o allo w i t  t o buil d a n appropriat e X P .  I n thi s cas e 

th e syste m simpl y i s no t  equippe d t o understan d 

th e anomalou s experience . 

The SWALE Process Model 

My claim is that most interesting experiences fall into 

categor y 2 ;  w e understan d the m b y retrievin g a n ex -

istin g X P an d modifyin g i t  t o fit  th e ne w situation . 

Thi s i s wha t  th e SWALE progra m does .  Thu s SWALE 

i s bot h a n understandin g progra m an d a  learnin g pro -

gram.  It s action s ar e drive n b y th e goa l  o f  discoverin g 

an explanatio n tha t  wil l  hel p i t  understan d a n anoma -

lou s event ,  an d i n doin g s o i t  learn s ne w explanations , 

and store s the m fo r  futur e use .  Afte r  a n anomal y i s 

detecte d th e algorith m involve s th e following : 

X P S E A R C H:  Searc h th e X P librar y fo r  a n X P tha t 

may appl y t o th e anomaly . 

XP EVALUATION: Attempt to apply XPs. If suc-

cessfu l  the n ski p t o X P I N T E G R A T I O N . 

X P T W E A K I N G:  I f  unabl e t o appl y XP s directly , 

attemp t  t o twea k the m int o XP s tha t  migh t  appl y bet -

ter .  I f  successfu l  sen d tweake d XP s bac k t o X P EVAL -

UATION. 

X P I N T E G R A T I O N :  I f  result s accepted ,  integrat e 

int o memor y makin g appropriat e generalizations . 

The progra m i s divide d int o thre e modules .  Th e mai n 

drive r  i s calle d th e Accepte r  an d i s responsibl e fo r  de -

Oirtpu l  nylanttlen i 

f  Ommtl ] 

Tweake r 

LIkrtr y 

Explore r 

^ » l»r.ry ^ 

Figur e 1 :  S W A L E M o d u l e Interconnectio n d iagra m 

tecting anomalies, evaluating explanations, and gener-

alization .  O n e sub-syste m i s devote d t o retrievin g X P s 

an d anothe r  t o tweakin g them .  Dav i d Leak e i s  work -

in g o n th e Accepter ,  Chri s O w e n s o n th e Retriever , 

an d I  a m workin g o n th e Tweaker .  Figur e 1  present s 

a simpl e descriptio n o f  th e S W A LE architecture . 

Unfortunately, there isn't enough room here to de-

scrib e th e entir e S W A LE program .  Ther e are ,  o f  course , 

importan t  issue s tha t  aris e throughou t  th e processin g 

of  th e story .  Fo r  example ,  th e reade r  migh t  wonde r 

h o w S W A LE notice s anomalies ,  h o w i t  searche s fo r  rel -

evan t  X P s an d h o w i t  evaluate s explanations .  Thes e 

ar e al l  interestin g issue s tha t  w e simpl y don' t  hav e 

r o o m t o touc h o n her e — thi s pape r  i s  reall y onl y 

abou t  h o w X P s tha t  hav e bee n retrieve d an d evalu -

ate d a s nea r  misse s ca n b e modified .  S o m e o f  th e 

othe r  issue s ar e discusse d i n (Leak e an d O w e n s 86) . 

A s o m e w h a t  m o r e detaile d (albei t  ou t  o f  date )  dis -

cussio n o f  th e entir e S W A LE p rog ra m appear s i n 

[Kass ,  Leak e an d O w e n s 86] . 

Tweaking XPs to Make Them Fit 

When the Accepter rejects an XP as a near miss it 
passe s th e X P an d th e reaso n fo r  rejectio n t o th e 

Tweaker .  T h e goa l  of  th e T w e a k e r  i s  t o generat e a 

n e w X P (o r  se t  of  XPs )  tha t  migh t  fit  better .  Thes e 

ar e the n sen t  bac k t o th e Accepte r  fo r  re-evaluation . 

The high level control structure of the Tweaker is very 

simple .  Ther e ar e tw o m a i n sub-steps : 

Strategy Retrieval: Retrieve XP REPAIR STRATE-

GIE S f ro m a  librar y of  suc h strategie s maintaine d b y 

th e Tweaker .  Retrieva l  of  a n appropriat e se t  of  X P 
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REPAIR STRATEGIES relie s o n usin g th e X P FAILUR E 
TYPE,  create d durin g th e evaluatio n stage ,  a s a n inde x 

int o th e X P REPAI R STRATEGY library .  Eac h X P RE -

PAI R STRATEGY i s store d i n th e librar y alon g wit h a 

failur e pattern .  Th e retrieva l  ste p essentiall y  involve s 

matchin g th e X P FAILUR E TYPE ,  agains t  thes e pat -

tern s an d collectin g th e strategie s associate d wit h pat -

tern s tha t  successfull y match .  Thes e ar e th e strategie s 

tha t  wil l  b e applie d i n th e applicatio n step . 

Strategy Application: Each strategy is a program 

designe d t o m a p a n X P tha t  suffer s fro m som e proble m 

t o a  se t  o f  modifie d XP s tha t  don' t  suffe r  fro m th e prob -

lem .  Appl y eac h retrieve d strateg y i n turn ,  collectin g 

and returnin g an y resultin g XPs .  O f  course ,  th e de -

tail s o f  wha t  goe s o n durin g thi s phas e o f  processin g i s 

completel y determine d b y th e natur e o f  th e X P REPAI R 

STRATEGY.  Som e o f  th e X P FAILUR E TYPE s generate d 

i n th e curren t  versio n o f  th e program ,  an d som e o f  th e 

associate d X P REPAI R STRATEGIES ar e discusse d be -

low .  Thi s lis t  no t  intende d t o b e exhaustiv e b y an y 

means;  we'v e jus t  begu n t o buil d u p SWALE' s librar y 

of  strategies .  However ,  i t  shoul d conve y th e basi c for m 

tha t  thes e thing s take . 

In a sense, the SWALE Tweaker represents the appli-

catio n t o understandin g o f  th e sam e philosoph y tha t 

Hammond's C H E F progra m [Hammon d 84 ]  applie d t o 

planning .  C H E F use s goal-failur e configuration s t o in -

dex plan-repai r  strategies ;  SWALE use s X P FAILUR E 

TYPES t o inde x X P REPAI R STRATEGIES.  Hammond' s 

theoretica l  goa l  wa s a  content-theor y o f  pla n repair ; 

our s i s a  content-theor y o f  explanatio n repair .  O f 

course ,  th e ide a o f  usin g failure s t o inde x repai r  strate -

gie s trace s bac k a t  leas t  t o H A C K ER [Sussma n 75] . 

S o me X P F A I U R E T Y P E S 

NORMATIVE-FILLER-VIOLATION: This fail-
ur e indicate s tha t  th e explanatio n hypothesize s tha t  a 

rol e i n a n actio n descriptio n b e filled  b y a n acto r  wh o 

i s no t  a  member  o f  th e categorie s tha t  th e Accepte r 

expect s t o fill  th e role . 

When the JIM FIXX XP is retrieved it generates this 

failur e descriptio n becaus e i t  call s fo r  SWALE b e a  jog -

ger ,  bu t  th e progra m expect s jogger s t o b e humans . 

S C R I P T - L I N E - V I O L A T I O N :  Thi s failur e i s sim -

ilar ,  bu t  no t  identica l  t o th e on e above .  I t  indicate s 

tha t  th e explanatio n calle d fo r  a n acto r  t o fill  a  rol e 

i n a  scrip t  tha t  i t  i s  no t  vali d fo r  i t  t o fill  becaus e on e 

of  th e line s i n th e scrip t  i s  a n actio n tha t  th e acto r  i s 

actuall y incapabl e o f  performing . 

When evaluating the JANIS JOPLIN XP this failure 

i s generate d becaus e th e X P hypothesize s tha t  Swal e 

was th e acto r  i n th e recreationa l  drug s script ,  bu t  thi s 

scrip t  involve s injectin g oneself ,  whic h Swal e i s no t 

capabl e of . 

SCHEDULING-VIOLATION: This failure com-

plain s tha t  a n explanatio n hypothesize s tha t  a n ac -

tio n wil l  occu r  a t  a  particula r  tim e bu t  th e progra m 

has reaso n t o believ e tha t  i t  shoul d hav e happene d a t 

a differen t  tim e (earlie r  o r  later )  instead . 

For example, the TOO MUCH SEX XP calls for 

Swal e t o b e havin g se x aroun d th e tim e o f  hi s death . 

The progra m knows ,  however ,  tha t  rac e horse s ar e kep t 

celibat e unti l  sen t  t o stu d afte r  thei r  racin g day s ar e 

over .  I t  therefor e generate s thi s failure . 

UNCONVINCING-SUPPORT-LINK: This fail-
ur e i s quit e differen t  fro m thos e above .  Th e Ac -
cepte r  isn' t  complainin g abou t  an y paritcula r  belief , 

but  rathe r  abou t  th e jum p fro m on e t o another .  Th e 

Accepte r  expect s t o hav e inferenc e rule s t o hac k u p 

eac h lin k i n a n XP .  Whe n a  lin k isn' t  satisfactoril y 

supporte d thi s failur e i s generated . 

S o me X P R E P A I R S T R A T E G I E S 

Associated with each XP FAILURE TYPE is one or more 

XP REPAI R STRATEGIES.  Th e bes t  wa y t o explai n 

thes e i s t o describ e som e examples .  W e giv e som e 

brie f  description s below .  Example s o f  ho w som e ar e 

used appear s i n th e descriptio n o f  th e SWALE ru n nea r 

th e en d o f  th e paper . 

SUBSTITUTE ALTERNATIVE THEME: This 
i s  a  fairl y  genera l  strategy .  I t  i s  a  candidat e fo r  fixing 

any I N V A L I D - A C T I O N failure . 

The notion here is to find out which line (or lines) in 

th e inappropriat e scrip t  wa s actuall y importan t  i n th e 

XP (I'c .  whic h on e support s othe r  belief s i n th e XP) , 

and t o searc h fo r  a  them e associate d wit h th e acto r 

tha t  ca n substitute .  Th e ne w them e mus t  b e on e tha t 

i s appropriat e fo r  th e curren t  2u;tor ,  an d on e whic h 

has th e necessar y line(s )  i n it .  I n othe r  words ,  th e 

XP carrie s withi n i t  th e knowledg e o f  wh y a  particula r 

belie f  i s  importan t  t o th e XP ,  an d thi s strateg y use s 

thi s informatio n t o find  anothe r  them e tha t  ca n fit  i n 

i n a n analogou s way . 
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SUBSTITUTE EQUIVALENT ACTION :  Thi s 
i s  quit e lik e th e abov e strategy ,  an d ca n fix  th e sam e 

set  o f  failures . 

Sometimes there are no themes associated with the ac-

to r  tha t  ca n substitut e fo r  th e actio n tha t  h e Accepte r 

has foun d objectionable .  I n thi s case ,  anothe r  wa y t o 

searc h fo r  a  substitutio n i s t o loo k a t  generalization s 

of  th e objectionabl e action ,  an d the n find  othe r  spec -

ification s o f  thos e generalizations .  An y o f  thes e othe r 

specification s tha t  suppor t  th e inference s supporte d b y 

th e origina l  actio n ar e candidat e substitutions . 

S U B S T I T U TE A N T I C I P A T I O N :  Thi s rathe r 

specialize d strateg y applie s t o som e S C H E D U L I N G-

V I O L A T I O N failure s whe n th e actio n i n questio n wa s 

expecte d t o happe n late r  tha n calle d fo r  i n th e XP . 

When thi s happen s i t  i s  reasonabl e t o entertai n th e no -

tio n tha t  thinkin g abou t  th e futur e even t  migh t  pla y 

a rol e i n th e explanation .  Thu s thi s strateg y substi -

tute s th e belie f  tha t  th e acto r  wa s thinkin g abou t  th e 

even t  fo r  th e belie f  tha t  th e even t  actuall y occurred . 

Sometime s thi s make s sense ,  althoug h ofte n i t  doesn't . 

I t  i s u p t o th e Accepter ,  rathe r  tha n th e Tweaker ,  t o 

decide . 

F I N D C O N N E C T I NG X P :  Thi s provide s a  wa y t o 

fix  U N C O N V I N C I N G - S U P P O R T - L I NK failures . 

I t  attempt s t o repai r  suc h a  proble m b y finding  anothe r 

XP tha t  wil l  connec t  th e tw o belief s i n question .  I t 

work s b y callin g th e Explorer .  I f  n o X P ca n b e foun d t o 

connec t  th e belief s directl y i t  wil l  tr y a  limite d amoun t 

of  causa l  chaining .  Afte r  eac h chainin g ste p i t  wil l  cal l 

itsel f  recursively ,  usin g th e newl y inferre d belief .  Thi s 

i s use d t o find  connection s betwee n thinkin g abou t  se x 

and death . 

A Brie f  Descriptio n o f  a  S W A L E R u n 

SWALE is actually a running computer program. There 
i s n o roo m her e t o presen t  th e actua l  outpu t  fro m th e 

syste m (whic h i s rathe r  verbose) .  Th e followin g i s a 

brie f  paraphras e o f  a  SWALE trac e i n whic h i t  devel -

ops som e variation s o n explanation s containe d i n it s  li -

brar y whe n i t  i s  se t  t o wor k o n th e stor y abou t  Swale' s 

death .  Thi s i s intende d t o giv e th e reade r  a  roug h ide a 

of  th e wa y tha t  SWALE' s processin g proceeds : 

• Use routine search to find XPs concerning pre-

matur e deat h i n animals .  Fin d D E A T H F R O M 

I L L N E S S XP -  Thi s X P can' t  apply ,  sinc e Swal e 

wasn' t  sick .  Becaus e thi s i s a  sever e failur e d o no t 

tr y t o tweak . 

• Look for XPs indexed by unusual features of 

Swale .  Racehorse s ar e i n to p physica l  condition ; 

deat h -I -  to p conditio n retrieve s J I M F I X X X P 

The Evaluato r  reject s F I X X X P becaus e Swal e 

can' t  b e a  jogger . 

• Try to Tweak. The problem was a DEFAULT-

F ILLER-V IOLAT ION ,  s o tr y S U B S T I T U T E 

A L T E R N A T I VE T H E M E.  Swale' s know n theme s 

ar e horse-rac e an d eat-oats .  Th e horse-rac e them e 

i s selecte d becaus e i t  involve s running ,  whic h wa s 

th e aspec t  o f  joggin g playin g a  rol e i n th e XP .  Th e 

tweake d X P is :  Sinc e Swal e ha d a  hear t  defect ,  th e 

exertio n fro m runnin g overtaxe d hi s heart . 

• Evaluate the new XP. It's reasonable, but since 

th e hear t  defec t  can' t  b e confirmed ,  continu e look -

in g fo r  othe r  XPs .  Othe r  strategie s fai l  t o find 

more XPs ,  s o tr y folklori c explanation s o f  death . 

Pul l  u p th e ol d wives '  tal e T O O M U C H S E X 

X P.  Th e evaluato r  notice s tha t  racehorse s aren' t 

allowe d t o hav e se x whil e racing ,  bu t  the y d o hav e 

a lo t  o f  se x whe n the y retir e t o th e stu d farm .  Thi s 
i s  a  SCHEDULING-VIOLATIO N 

• Tweak. The tweaking strategy, SUBSTITUTE 
ANTICIPATIO N applie s t o thi s fault .  Coul d 
Swal e hav e die d jus t  fro m thinkin g abou t  lif e o n 
th e stu d farm ? 

• The new XP is unconvincing. There's no link from 
thinkin g abou t  se x t o death .  Tweak . 

• Fault is UNCONVINCING-SUPPORT-LINK, 
use th e strateg y FIN D C O N N E C T I NG XP . 
Possibl e effect s o f  thinkin g abou t  se x are ,  excite -

ment ,  an d depressio n (i f  you'r e thinkin g abou t  no t 

havin g it) .  Distractio n ca n b e linke d t o deat h b y 

tw o XPs ,  Excitemen t  ca n caus e deat h b y heart -

attack .  Depressio n ca n caus e deat h fro m suicide . 

• Search continues but no more XPs are found. Each 

of  th e ne w explanation s depend s o n condition s 

whic h can' t  b e confirmed .  Sinc e th e Fix x X P wa s 

th e possibilit y  locate d mos t  directl y b y th e Ex -

plorer ,  th e tweake d versio n o f  Fix x i s  accepte d 

as th e mos t  likel y explanation .  Th e causally -

significan t  featur e Fix x an d Swal e share d wa s tha t 

the y di d physica l  exertion .  Th e X P i s generalize d 

t o appl y t o actor s wh o hav e a n exertio n them e 

and thi s i s installe d i n memor y fo r  futur e use . 
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S o me Explanat ion s Create d b y S W A L E Conclusio n 

Th e Ji m Fix x Remindin g Explanation :  Swal e 
had a  congenita l  hear t  defect .  Th e exertio n o f  runnin g 

i n hors e race s straine d hi s hear t  an d brough t  ou t  th e 

laten t  defect .  H e ha d a  hear t  attac k an d died . 

The Drug Overdose Explanation: Swale's owner 

was givin g hi m drug s t o improv e hi s performance .  H e 

accidentall y gav e hi m a n overdose ,  whic h kille d him . 

The Stud Farm Pair 

swale's processing brings it to consider the idea that 

thinkin g abou t  se x to o muc h cause d Swale' s demise . 

I t  the n attempt s t o imagin e way s i n whic h thi s migh t 

hav e occurre d an d develop s th e explanation s tha t  fol -

low : 

The Sexual Excitement Explanation: Swale 

was thinkin g abou t  hi s futur e lif e o n a  stu d farm . 

Sinc e h e wa s a n excitabl e creature ,  thinkin g abou t  th e 

prospect s prove d t o b e to o muc h strai n fo r  hi s heart . 

He ha d a  hear t  attac k an d died . 

The Despondent Suicide Explanation: Swale 

was thinkin g abou t  hi s force d chastit y durin g hi s rac -

in g career .  H e becam e desponden t  an d kille d himself . 

Explanatio n Pattern s represen t  froze n inferenc e chain s 

i n a  wa y tha t  preserve s th e reasonin g patter n use d t o 

develo p them .  Thi s allow s a  mode l  usin g XP s t o bridg e 

th e ga p betwee n schem a applier s an d inferenc e chain -

ers .  SWALE understand s storie s i n term s o f  it s  pre -

establishe d schemas ,  bu t  thos e schema s ar e no t  rigi d 

i n th e wa y tha t  script s are .  Whe n a  schem a i s a  nea r 

miss ,  SWALE i t  i n i n orde r  t o mak e i t  apply .  O f  course , 

th e furthe r  th e stor y stray s th e mor e tweakin g wil l  b e 

needed ,  s o thi s mode l  predict s tha t  ther e wil l  b e a  con -

tinuu m o f  difficulty ,  fro m straigh t  applicatio n throug h 

more an d mor e majo r  tweaking ,  t o buildin g th e expla -

natio n fro m scratch . 

SWALE i s stil l  i n it s formativ e stage s bu t  w e ar e ver y 

excite d b y th e preliminar y results .  Th e progra m pos -

sesse s a n importan t  trai t  tha t  previou s understander s 

di d not :  W h e n it s knowledg e structure s fail ,  th e pro -

gra m attempt s t o buil d ne w hypothese s fo r  under -

standin g th e event s an d the n store s thes e fo r  futur e 

use .  Thi s i s a n importan t  componen t  o f  flexible , 

human-styl e understanding . 

R e f e r e n c e s 

A c k n o w l e d g e m e n t s 

All of the other members of the SWALE team, Roger 
Schank ,  Chri s Riesbeck ,  Davi d Leak e an d Chri s Owens 
helpe d develo p th e idea s i n thi s paper .  Chri s Riesbec k 

and Davi d Greenber g provide d helpfu l  comment s o n 

preliminar y drafts . 

[Charniak 72] Charniak, E., Towards a Model of Children's Story Comprehension, Technical Re-

por t  266 ,  M I T Artificia l  Intelligenc e Lab ,  1972 . 

(Cullingfor d 78 ]  Cullingford ,  R. ,  Scrip t  Application :  Compute r  Understandin g o f  Newspape r  Stories , 

Ph.D .  Thesis ,  Yal e University ,  1978 .  Researc h Repor t  #116 . 

[Hammond 84) Hammond, K., Indexing and Causality: The organization of plans and strategies in 

memory,  Technica l  Repor t  351 ,  Yal e Universit y Departmen t  o f  Compute r  Science , 

December  1984 . 

[Kass, Leake and Owens 86) Kass, A. M. and Leake, D. B. and Owens, C. C, SWALE: A Program that Explains, 

1986 .  I n [Schan k 86) . 

[Leake and Owens 86) Leake, D. B. and Owens, C. C, Oragnizing Memory for Explanation, Proceedings of 

th e Eight h Annua l  Conferenc e o f  th e Cognitiv e Scienc e Society ,  Cognitiv e Scienc e 

Society ,  Lawrenc e Erlbau m Associates ,  1986 . 

[Rieger 75] Rieger, C, Conceptual Memory and Inference, Conceptual Information Processing, 

North-Holland ,  Amsterdam ,  1975 . 

[Schank 86] Schank, R.C., Explanation Patterns: Understanding Mechanically and Creatively, 

1986 .  Boo k i n press . 

[Sussman 75] Sussman, G.J., Artificial Intelligence Series, Volume 1: A computer model of skill 

acquisition ,  America n Elsevier ,  Ne w York ,  1975 . 

[Wilensky 78) Wilensky, R., Understanding Goal-Based Stories, Ph.D. Thesis, Yale University, 

1978 .  Researc h Repor t  #140 . 
69 6 


	cogsci_1986_691-696

