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R e c o g n i z i n g N o v e l  U s e s fo r  Fami l ia r  P l a n s 

Bet h Adelson ^ 

Dept .  o f  Compute r  Scienc e 

Tuft s Universit y 

Medford ,  M A 0215 5 

adelsonfitufts.cs.ed u 

A b s t r a c t 

Analogica l  desig n an d inventio n i s a  centra l  tas k i n huma n cognition .  Ofte n durin g th e 

proces s th e designer/invento r  get s stuck ;  back s of f  fro m th e problem ;  an d onl y later ,  afte r 

havin g pu t  th e proble m aside ,  discover s tha t  som e famiha r  pla n ca n b e use d i n a  nove l  wa y 

t o solv e th e problem .  W e describ e a  syste m whic h use s a  causa l  cas e memor y t o chec k th e 

sid e effects ,  preconditions ,  etc .  o f  incomin g event s i n orde r  t o mode l  thi s phenomenon . 

The metho d use d make s thi s wor k relevan t  t o case-ba^e d reasonin g a s wel l  a s design .  I t  als o 

form s a  companio n issu e t o execution-tim e planning . 

1 M o t i v a t i o n 

Analogical design/invention is a task which arises continually. Sometimes the task occurs in 

a for m s o simpl e a s t o pas s almos t  unnoticed ,  a s whe n picnicker s fin d the y hav e forgottte n 

thei r  knives .  Sometime s th e tas k require s intens e an d extende d effort ,  a s whe n compute r 

engineer s fin d the y mus t  develo p a  ne w architecture .  Difficult y notwithstanding ,  th e scenari o 

ofte n run s a s follows :  th e designe r  find s tha t  th e tac k h e ha s bee n takin g i s no t  producin g 

th e desire d solution ;  findin g h e i s stuck ,  h e put s th e proble m aside ;  h e the n recognize s i n 

some late r  situation ,  tha t  a  famiha r  device ,  instrumen t  o r  pla n ca n b e use d i n a  nove l  wa y 

t o solv e th e problem . 

Proble m Statement : 

Thi s scenari o o f  th e desig n proces s imphes  tha t  cognitivel y base d desig n system s nee d a 

mechanis m tha t  allow s th e recognitio n o f  situation s tha t  ca n contribut e t o th e attainmen t 

of  goal s whic h previousl y coul d no t  b e fulfilled . 

The proble m w e ar e addressin g i s relate d t o th e proble m o f  execution-tim e planning ,  i n whic h 

a plannin g syste m need s t o b e abl e t o recogniz e condition s tha t  unbloc k previousl y blocke d 

goal s eve n thoug h th e syste m canno t  predic t  whe n thos e condition s wil l  occu r  (Hammond . 

1989;  Alterman ,  1988 ;  Firby ,  1987 ;  Georgef F k  Lansky ,  1987 ;  Simmon s &  Davis ,  1987) . 

Hammond describe s suc h a  syste m i n hi s wor k o n opportunisti c memor y (1989) :  Hi s syste m 

'Thi s wor k wa s funde d b y Carnegie-Mellon' s NS F funde d EDRC an d b y a  gran t  fro m NSF' s Engineerin g 
Directorate . 
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contain s a  detaile d taxonom y o f  th e condition s unde r  whic h goal s whic h wer e blocke d fo r 

variou s reason s migh t  late r  b e fulfilled .  A s a  result ,  unde r  Hammond' s mode l  whe n a  goa l 

i s  blocke d i t  i s  suspende d an d memor y i s tagge d fo r  th e condition s whic h migh t  allo w it s 

satisfaction .  W h e n thes e condition s ar e late r  encountered ,  becuais e o f  th e tag s place d i n 

memory,  the y ar e recognize d a s unblockin g condition s an d th e goa l  i s reactivated ^  an d the n 

pursued . 

Desig n system s fac e a  somewha t  differen t  problem .  The y nee d t o recogniz e condition s tha t 

wil l  contribut e t o goa l  satisfactio n eve n thoug h the y ca n predic t  neithe r  whe n th e condition s 

wil l  occur ,  no r  wha t  th e condition s wil l  be .  I n thi s pape r  w e describ e th e mechanis m w e hav e 

develope d fo r  addressin g thi s recognitio n problem .  Th e mechanis m i s on e tha t  consider s th e 

implication s (sid e effects ,  etc. )  o f  well-know n plan s i n orde r  t o discove r  thei r  relevanc e t o 

blocke d goals .  Th e effec t  o f  th e mechanis m i s tha t  th e syste m i s abl e t o recogniz e nove l  use s 

fo r  familia r  plans . 

2 The Need for Recognizing Plans During Design 

2.1 Previous work: Debugging analogically acquired plans 

We are developing our recognition mechanism in the context of our work on analogical 

learnin g an d analogica l  design .  W e bega n b y concentratin g o n analogica l  debugging .  Thi s 

wor k the n le d u s t o ou r  curren t  concer n wit h recognition . 

Our  initia l  syste m (Adelson ,  1989a.^b )  wa s develope d t o acquir e plan s fo r  programmin g 

operation s suc h a s pop ,  pus h an d sort .  Th e plan s too k th e for m o f  executabl e models . 

Thi s allowe d th e plan s t o b e use d i n eithe r  o f  tw o ways :  The y coul d b e ru n fo r  purpose s 

of  debugging ;  o r  the y coul d driv e a  modul e tha t  generate d bot h cod e an d box-and-arro w 

drawing s (Adelson ,  1989a&b ;  Burstei n &  Adelson ,  1987 ;  Burstei n an d Adelson ,  i n press) . 

As describe d o n pag e 3 ,  whe n th e plan s wer e bein g use d fo r  debuggin g the y wer e passe d t o 

a mechanis m that ,  vi a simulation ,  identifie d functionall y analogou s pla n entitie s i n th e mor e 

and les s famiUa r  bas e an d targe t  domains .  Thi s entaile d addressing :  1 .  Th e rol e o f  causa l 

reasoning ;  an d 2 .  Th e us e o f  targe t  domai n knowledg e i n analogica l  learning . 

W h en th e plan s wer e bein g use d fo r  debuggin g the y wer e passe d t o a  mechanis m that , 

vi a simulation ,  identifie d entitie s i n th e targe t  domai n tha t  wer e functionall y analogou s t o 

entitie s i n th e origina l  bais e domai n plan"̂ .  Thi s entaile d addressing :  1 .  Th e rol e o f  causa l 

reasoning ;  an d 2 .  Th e us e o f  targe t  domai n knowledg e i n analogica l  learning . 

I n additio n t o producin g programmin g plans ,  th e syste m ha s modele d Edison' s descriptio n 

of  modifyin g th e phonograp h t o produc e th e kinetoscop e an d Morse' s accoun t  o f  developin g 

^Hanrunond' s mode l  ha s th e advantag e o f  allowin g goal s t o b e quiescen t  durin g thei r  suspension .  Addi -

tionally ,  becaus e o f  it s detail ,  Hammond ' s indexin g schem e result s i n bot h a  hig h rat e fo r  hits ,  an d a  lo w 

rat e fo r  fals e alarms . 

•'Th e bas e an d targe t  domain s ar e th e mor e an d les s familia r  domains .  Th e reaso n fo r  identifyin g func -

tionall y analogou s entitie s i s tha t  on e purpos e o f  analogica l  debuggin g i s t o find  targe t  domai n entitie s tha t 

shoul d replac e bas e domai n entitie s i n orde r  t o produc e a  mode l  appropriat e t o th e targe t  domain . 
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telegraphi c rela y station s (Brian ,  1926 ;  Okagak i  k  Koslowski ,  1987)^ . 

Example :  Morse' s telegraphi c rela y statio n 

The debuggin g behavio r  w e hav e previousl y focusse d o n an d th e recognitio n behavio r  w e 

tur n t o her e ar e illustrate d b y th e followin g exampl e (Okagak i  &  Koslowski ,  1987) : 

Initially, in trying to transmit telegraphic signals across significant distances 

Mors e trie d th e strateg y o f  buildin g successivel y stronge r  generators .  H e foun d 

however ,  tha t  th e signal s stil l  degrade d wit h distance .  Th e solutio n t o th e prob -

le m cam e t o hi m i n th e followin g way .  Whil e ridin g o n a  train ,  h e happene d t o 

loo k ou t  o f  th e windo w an d notic e a  Pon y Expres s depot ,  a t  whic h horse s wer e 

bein g fe d an d watered .  Mors e realize d tha t  th e rela y statio n strateg y constitute d 

a solutio n t o th e telegrap h proble m a s well . 

There are two interesting pieces of reasoning in this example, recognizing that the Pony Ex-

pres s offer s a  usefu l  analogica l  model ;  an d the n modifyin g th e Pon y Expres s mode l  t o fit  th e 

telegraph y domain .  Firs t  w e describ e th e modificatio n performe d b y ou r  system' s debugge r 

(Adelson ,  1989 a &  i n press )  an d the n w e g o o n t o describ e ou r  recognitio n mechanism . 

The debugge r 

I n modifyin g th e Pon y Expres s mode l  t o fit  th e telegraph y domain ,  th e syste m determines , 

vi a simulatio n (Schan k k  Riesbeck ,  1989 ;  Falkenhainer ,  Forbu s &  Centner ,  1988 ;  Hammond, 

1989a ;  Simmon s Sz Davis ,  1987) ,  th e causa l  effect s produce d b y th e us e o f  horse s travelin g 

betwee n rela y station s (th e informatio n i n th e messag e ca n successfull y b e sen t  a  lon g distanc e 

as a  resul t  o f  th e mediu m o f  conveyanc e bein g repeatedl y refreshe d a t  eac h le g o f  th e journey) . 

I n a n attemp t  t o construc t  a  mechanis m tha t  wil l  reproduc e thi s effec t  i n th e targe t  domain ^ 

th e syste m agai n use s simulatio n t o identif y alread y existin g appropriat e piece s o f  mechanis m 

i n th e targe t  domain ;  one s tha t  coul d b e use d i n a  large r  schem a fo r  repeatedl y refreshin g 

and sendin g informatio n shor t  distances .  Thi s result s i n th e syste m producin g a  mode l  i n 

whic h th e existin g generator s ar e arrange d i n serie s a t  appropriat e intervals . 

3 R e c o g n i z i n g t h e a n a l o g y 

As mentioned above, in order to produce the model of generators arranged in series, Morse 

must  first  recogniz e tha t  th e rela y statio n strateg y employe d b y hi s competitor s ca n serv e 

as a  mode l  fo r  th e telegrap h problem .  W e propos e a  mechanis m tha t  account s fo r  thi s clas s 

of  recognitio n phenomenon ,  i n whic h i t  i s  notice d tha t  a  familia r  cas e i n memory ;  a  plan , 

operatio n o r  device ,  ca n serv e a  purpos e tha t  i s radicall y differen t  fro m thos e whic h i t  ha s 

previousl y served .  I n essence ,  th e mechanis m i s on e i n whic h th e changin g environmen t  i s 

examine d fo r  opportunitie s whic h allo w th e fulfillmen t  o f  blocke d goal s (Birnbau m &c Collins , 

1984;  Birnbau m &  Selfridge ,  1981) .  I n thi s scheme ,  a  blocke d goa l  i s  place d o n a  lis t  wit h 

othe r  goal s tha t  hav e als o bee n suspende d becaus e the y wer e blocked .  Th e syste m the n set s 

abou t  t o pars e an y incomin g pla n i n orde r  t o determin e i f  th e pla n ca n unbloc k it̂ . 

''Althoug h thes e m a y no t  b e completel y ju;curat e account s o f  particula r  discoveries ,  the y persis t  becaus e 
the y ar e accurat e account s o f  ou r  experienc e o f  th e discover y process . 

^Alon g wit h other s an y other s alread y o n thi s list . 
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At  a  ver y genera l  level ,  unde r  thi s mode l  Mors e realize s tha t  th e rela y statio n strateg y wil l 

meet  hi s nee d becaus e a s h e back s of f  fro m hi s pla n o f  buildin g stronge r  generator s h e start s 

lookin g a t  th e feature s o f  othe r  plan s an d assessin g thei r  utilit y  i n unblockin g hi s goal .  Tha t 

is ,  whe n h e encounter s th e Pon y Expres s statio n h e notice s tha t  i t  ha s th e effec t  o f  sendin g 

messages lon g distance s an d s o recognize s i t  a s a  pla n tha t  meet s hi s goal . 

Th e nex t  sectio n provide s a  detaile d descriptio n o f  ho w thi s phenomeno n i s capture d i n ou r 

system .  W e begi n wit h a n overvie w o f  th e system' s function . 

4 The Recognition Mechanism 

4.1 System Function 

Our system is designed to monitor the environment for plans which will be useful in satisfying 

blocke d goals .  I n doin g s o th e syste m take s th e followin g steps : 

1. Detecting and saving blocked goals: 

W h en th e syste m i s unsuccessfu l  i n meetin g a  goal ,  th e goa l  i s  place d o n a  BLOCKED 

GOAL LIST . 

2. Monitoring the environment for opportunities: 

Th e syste m the n begin s t o evaluat e event s i n th e environment ^  i n term s o f  thei r  rel -

evanc e t o th e blocke d goal .  I n orde r  t o d o s o th e syste m use s a n EVENT LEXICO N 

whic h ca n b e though t  o f  a s a  memor y fo r  causa l  relations .  Th e EVENT LEXICO N store s 

feature s o f  previousl y encountere d event s suc h a s intende d effects ,  sid e effects ,  etc . 

Becaus e th e syste m i s lookin g a t  thes e effect s t o se e i f  the y fulfil l  a  blocke d goal ,  an d 

therefor e shoul d b e reproduced ,  eac h effec t  ha s a  pointe r  t o a  pla n whic h i f  ru n woul d 

giv e ris e t o th e effect .  Tha t  is ,  a n even t  ma y produc e a  sid e effec t  whic h matche s th e 

desire d effec t  o f  th e blocke d goa l  an d i f  i t  doe s th e syste m ca n reproduc e th e sid e effec t 

i n orde r  t o mee t  th e blocke d goal . 

Th e monitoriin g proces s ha s tw o parts : 

(a) Parsing incoming events: 

W h en a n even t  occurs ,  th e syste m retreive s th e representatio n o f  tha t  even t  fro m 

th e EVENT LEXICON ,  instantiate s i t  an d place s th e instantiate d representatio n i n 

th e system' s shor t  ter m memory . 

(b )  Testin g potentia l  opportunities : 

Th e syste m no w matche s th e feature s o f  th e retrieve d even t  representatio n agains t 

th e blocke d goa l  i n orde r  t o se e i f  som e featur e o f  th e even t  wil l  hel p i n unblockin g 

th e goa l  (Hammond ,  1989) .  I f  a  matc h i s found ,  th e pla n indexe d unde r  th e featur e 

i s re t  reived . 

^Event s ar e provide d a s inpu t  t o th e system . 
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3.  Seizin g th e opportunities : 

At  thi s poin t  th e goa l  i s  remove d fro m th e BLOCKED GOAL LIST .  Th e pla n satisfyin g 

th e goa l  ca n no w b e instantiate d an d run .  I f  th e plan ,  whe n run ,  meet s th e goa l  i t  wil l 

be indexe d unde r  th e goa l  i n th e system' s PLA N M E M O R Y. 

4.2 The Morse Example 

In the Morse example this translates into the following steps: 

1. Detecting and saving blocked goals: 

The syste m i s give n th e goa l  show n jus t  below ,  o f  sendin g a  telegrap h messag e ove r  a 

lon g distance : 

(GOAL: send 

(OBJECT:  messag e 

(TYPE:  telegrap h signal) ) 

(DISTANCE:  >1,00 0 mi.) ) 

The system finds that the goal cannot be satisfied by any of the existing plans in the 

system' s PLA N MEMORY.  Th e goa l  i s  therefor e place d o n th e BLOCKED GOAL LIST . 

2. Monitoring the environment for opportunities: 

The syste m i s the n give n a  se t  o f  input s representin g th e object s an d event s Mors e en -

counter s durin g th e trai n ride :  Th e indifferen t  dinne r  i n th e dinin g car ,  th e elaboratel y 

feathere d bonne t  o f  hi s compartmen t  mate ,  an d th e Pon y Expres s rela y statio n whic h 

he see s a s h e look s ou t  th e window^. 

(a) Parsing incoming events: 

The syste m retreive s it s representatio n o f  th e event s fro m it s EVENT LEXICON . 

The representation s ar e instantiate d an d place d i n th e system' s shor t  ter m mem-

ory . 

(b )  Testin g potentia l  opportunities : 

The syste m the n finds  tha t  S I D E E F F E C T l  i n th e representatio n fo r  th e Pon y 

Expres s matche s th e blocke d goal . 

Representation for Pony Express: 

(EVENT: Pony Express 

(GOAL:  delive r  mail ) 

(PRECONDITIONS:  (...)..-(...) ) 

(SID E EFFECTS: 

(SID E EFFECTl :  sen d 

(OBJECT:  messag e 

^Not  al l  input s ar e give n equa l  attention .  W e discus s th e difference s i n attentio n give n t o differen t  input s 

i n th e contex t  o f  th e system' s attentio n mechanis m i n Sectio n 4. 3 below . 
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(TYPE:  mail) ) 

(DISTANCE:  >1,00 0 mi. ) 

(CAUSED-BY-PLAN:  rela y stations)) ) 

(INTENDED EFFECTS:  (...)...(...)) ) 

That is, looking at thesbove EVENT LEXICON representation of the Pony Express, 

th e syste m determine s tha t  throug h th e us e o f  rela y stations ,  th e Pon y Expres s 

has th e efTec t  o f  sendin g message s acros s lon g distances . 

3. Seizing the opportunities: 

The syste m retreive s th e RELA Y STATIO N pla n indexe d unde r  SID E EFFECTl  an d passe s 

i t  t o th e syste m t o b e run* .  Th e pla n i s foun d t o satisf y th e goa l  an d s o i t  i s  indexe d 

unde r  th e goa l  i n th e system' s PLA N MEMORY. 

4.2.1 Range of Examples: Einstellung and Archimedes 

Our system has also been used to model a result representative of the results obtained in 

th e classi c gestal t  einstellun g experiments . 

The exampl e i s a s follow s (Meyer ,  1977) : 

Experimenta l  Situation :  A  subjec t  i s  show n int o a n otherwis e bar e laboratory , 

i n whic h tw o cord s ar e suspende d fro m a  ceilin g an d a  hammer  ha s bee n lef t  o n 

th e windowsill .  Th e subjec t  i s  aske d t o ti e th e end s o f  th e tw o cord s together , 

howeve r  th e distanc e betwee n th e cord s i s grea t  enoug h tha t  th e end s o f  th e cord s 

canno t  b e brough t  togethe r  oimpl y b y graspin g th e first  on e an d walkin g toward s 

th e second . 

Result :  Th e proble m ca n b e solve d b y tyin g th e hammer  t o th e en d o f  th e first 

strin g an d the n usin g th e hammer  a s a  pendulu m t o swin g th e first  strin g toward s 

th e second . 

Ofte n subject s d o no t  hi t  upo n tli e solutio n themselves ,  I n thes e instance s tli e 

experimente r  walk s b y on e o f  th e string s an d 'accidentally '  set s i t  i n motion .  Thi s 

hin t  invariabl y allow s th e subjec t  t o solv e th e problem . 

I t 

Our  noticin g mechanism ,  i n modellin g th e abov e result ,  offer s a n accoun t  o f  th e pro(ĉ s<- s 

behin d th e insight s whic h occu r  i n thes e experiments .  Unde r  ou r  model ,  a t  th e outse t  o f 

th e experimen t  n o pla n fo r  tyin g rope s whic h ar e mor e tha n a n arm' s lengt h apar t  i(>si(le s 

i n memory .  Th e subjec t  get s stuc k an d th e goa l  i s  place d o n th e BLOCKED GOAL LIST . 

W h en th e rop e swin g occur s a n underlyin g representatio n o f  th e even t  i s retreivcd .  Thi s i s 

wher e th e insigh t  occurs ;  th e representatio n o f  th e rop e swin g contain s bringin g th e lop* ^ 

togethe r  a s a  sid e eflcct .  Becaus e thi s sid e efTec t  matche s th e desire d effec t  th e ropc ^  swini ; 

i s  perceive d a s a  solutio n t o th e problem .  Th e retrieve d representatio n als o point s t o tli e 

^Becaus e th e retreive d pla n i s a n analo g t o th e on e actuall y bein g sough t  i t  wil l  b e niodifio l  b y lii c 
system' s debugge r  befor e i t  i s  run . 
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'pendulu m plan '  whic h ca n reproduc e th e effect .  W h e n th e pla n i s retreived ,  th e hammer  i s 

seen a s a n appropriat e weigh t  fo r  th e pendulum . 

Thi s accoun t  include s a n explanatio n o f  ho w i n thes e situation s problem-solver s com e t o se e 

th e environmen t  differentl y afte r  the y hav e backe d of f  fro m th e problem-solvin g (Gic k k 

Holyoak ,  1980 ,  1983) . 

As a  thir d example ,  an d on e whic h als o illustrate s th e issu e o f  attention ,  ou r  syste m model s 

Archimedes '  reaUzatio n tha t  h e coul d calculat e th e volum e o f  th e king' s irregularl y shape d 

crow n b y submergin g i t  i n water .  Initially ,  becaus e th e syste m onl y ha s plan s fo r  calculatin g 

volume s o f  regularl y shape d objects ,  th e syste m place s th e goa l  o f  'calculatin g th e volum e 

of  th e irregularl y shape d crown '  o n th e BLOCKED GOAL LIST .  Th e syste m i s the n give n 

'Archimedes '  bath '  a s a n inpu t  event .  Non e o f  th e sid e effect s o f  bathing :  th e coolin g o f 

th e water ,  th e increas e i n th e volum e o f  th e tub' s contents ,  etc. ,  matc h th e blocke d goa l 

of  'calculatin g th e volum e o f  th e irregularl y shape d crown' .  However ,  th e sid e effec t  o f  th e 

increas e i n th e volum e o f  th e tub' s content s i s treate d a s promisin g becaus e i t  i s  relevan t 

t o th e blocke d goal' s concer n wit h volume .  Th e syste m therefor e pay s mor e attentio n t o i t 

i n th e for m o f  furthe r  processing :  Th e syste m look s i n EVENT M E M O RY fo r  th e effect s o f 

increasin g th e volum e o f  th e tub' s contents .  I t  finds  tha t  on e sid e effec t  i s  tha t  th e volum e 

of  th e objec t  tha t  cause s th e increas e ca n b e obtaine d b y calculatin g th e differenc e betwee n 

th e ne w volum e an d th e original .  Thi s sid e effec t  matche s th e blocke d goa l  an d i s treate d a s 

a solutio n t o th e problem . 

4.3 The attention mechanism 

What attentional phenomena do we want a discovery system to capture and how should 

we implemen t  th e mechanism s givin g ris e t o them ? W e hav e addresse d thi s proble m t o a 

limite d extent .  A t  minimu m w e woul d woul d wan t  t o explain :  W h y Orvill e Wrigh t  bu t  no t 

Samuel  Mors e woul d notic e a  feathere d bonnet ;  an d wh y Mors e certainl y an d Wrigh t  onl y 

perhap s woul d notic e th e Pon y Express^ .  Althoug h i t  i s  fo r  a  differen t  reason ,  w e als o wan t 

t o explai n wh y Archimede s woul d notic e th e implication s o f  th e ris e i n wate r  leve l  bu t  woul d 

not  bothe r  t o trac e th e imphcation s o f  th e wate r  coohng .  I n summary ,  w e wan t  t o explai n 

th e fac t  tha t  thing s whic h ar e eithe r  psychologicall y charge d o r  conceptuall y relevan t  ma y 

receiv e mor e attention . 

I n orde r  t o mode l  thes e effect s w e hav e implemente d th e syste m s o tha t  i t  doe s mor e retrieva l 

i f  a n even t  look s relevan t  t o a  blocke d goa l  i n eithe r  o f  thes e ways .  Tha t  is ,  i f  a n even t 

mention s a  competito r  o r  a  mento r  th e feature s no t  onl y o f  th e event ,  bu t  also ,  i f  needed ,  o f 

th e event' s effect s wil l  b e retrieve d fro m memor y an d examine d b y th e system .  Additionally , 

as illustrate d i n th e Archimede s example ,  i f  a  featur e o f  a n even t  i s  conceptuall y relevan t  t o 

th e blocke d goa l  th e feature s o f  th e featur e wil l  b e retrieve d an d examined .  A s a  result ,  w e 

hav e mad e a  first  pas s a t  attentiona l  issues . 

^At  th e tim e th e Pon y Expres s wci s Morse' s competition . 
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5 S u m m a r y a n d R e l e v a n c e t o o t h e r  R e s e a r c h 

Analogical design auid invention is a central task in human cognition. In our system a causal 

cas e memor y i s use d t o chec k th e sid e effects ,  preconditions ,  etc .  o f  incomin g events ,  thi s 

allow s th e syste m t o pu t  familia r  plan s t o us e i n nove l  ways .  Thi s ca n accoun t  fo r  th e 

reasonin g tha t  ofte n i s neede d i n analogica l  desig n an d invention . 

I n additio n t o th e relevanc e o f  ou r  wor k t o case-base d reasoning ,  ou r  desig n tas k i s a  compan -

io n tas k t o executio n time-planning .  I n execution-tim e planning ,  a  plannin g syste m need s t o 

be abl e t o recogniz e condition s tha t  unbloc k previousl y blocke d goal s eve n thoug h th e syste m 

canno t  predic t  whe n thos e condition s wil l  occu r  (Hammond ,  1989 ;  Hammond,  Converse ,  &c 

Marks ,  1988 ;  Kolodner ,  Simpson ,  Sz Sycara-Cyranski ,  1985) .  Desig n system s nee d t o recog -

niz e condition s tha t  wil l  contribut e t o goa l  satisfactio n eve n thoug h the y ca n predic t  neithe r 

when th e condition s wil l  occur ,  no r  wha t  th e condition s wil l  be .  I t  i s  ou r  hop e tha t  th e 

mutua l  relevanc e o f  thes e task s wil l  motivat e wor k o n th e integratio n o f  design ,  cased-base d 

reasonin g an d plannin g systems . 

6 References 

Adelson, Beth. Cognitive modeling: Uncovering how designers design. TKe Journal of Engineenng Design.. Vol 1,1. 1989. 

Adelson ,  B .  Th e rol e o f  model-base d refisonin g i n an&logica l  learning .  Proceeding s o f  th e IJCAI-8 9 Worktko p o n Model-Base d 
Reasoning . 

Adelson ,  B .  Characterizin g th e natur e o f  analogice J reasoning .  I n Desig n Theor y an d Methodology .  M .  Waldro n (E>1.) . 
Springer-Verlag .  N Y .  I n press . 

Alterman ,  R .  Adaptiv e planning .  Cognitiv e Science ,  Winter ,  1988 . 

B imbaum,  L .  sin d Selfridge ,  M .  I n Insid e Compute r  Understanding .  1981 .  Erlbaum ,  Hillsdale:NJ . 

B imbaum,  L .  an d Collins ,  G .  Opportunisti c Plannin g «Ln d Freudia n Slips . 

Brian ,  George .  Edison :  Th e m a n an d ki s work .  Knopf :  Garde n City ,  N Y .  192 6 

Burstein ,  M .  an d Adelson ,  B .  Mappin g an d Integratin g Partia l  Mente d Models .  Proceeding s o f  th e Tent h Annua l  Meetin g o f 
th e Cognitiv e Scienc e Society ,  1987 . 

Burstein ,  .M .  an d Adelson ,  B .  Analogica l  Reasonin g fo r  Learning ,  i n Application s o f  Artificia l  Intelligenc e t o Educationa l 
Testing .  K .  Freedl e (Ed. )  I n press .  Erlbaum :  Hillsdale ,  NJ . 

Firby ,  R.J .  A n investigatio n int o reactiv e plannin g i n comple x domains .  In :  Proceeding s o f  th e Sixt h Nationa l  Conferenc e o n 
Artificia l  Intelligence ,  Seattle ,  Washington ,  Jul y 1987 . 

Georgeflr ,  M.P. & Lans)iy ,  A.L .  Reactiv e reasonin g an d planning .  In ;  Proceeding s o f  th e Sixt h Nationa l  Conferenc e o n Artificia l 
Intelligence ,  Seattle ,  Washington ,  Jul y 1987 . 

H a m m o n d,  K .  Opportunisti c Memory .  Proceeding s o f  th e Machin e Learnin g Workshop ,  1989 . 

H a m m o n d,  K .  Case-base d planning :  Vieu/in g plannin g a s a  memor y task .  Academi c Press ,  Cambridge ,  Massachusetts ,  1989 . 

Haunmond,  K. ,  Converse ,  T. ,  i i  Marks ,  M .  Learnin g fro m opportuiuties :  Storin g eui d reusin g execution-tim e optimizations .  In : 
Proceeding s o f  th e Sevent h Nationa l  Conferenc e o n Artificia l  Intelligence ,  St .  Paul ,  Minnesota ,  Augus t  1988 . 

Kolodner ,  J .  I n Proceeding s o f  th e Sevent h Annua l  Conferenc e o f  th e Cognitiv e Scienc e Society .  Boulder ,  C O :  Cognitiv e Scienc e 
Society ,  1985 . 

Kolodner ,  J.L. ,  Simpson ,  R.L. ,  k  Sycara-Cyranski ,  K .  A  proces s mode l  o f  caae-base d reasonin g i n proble m solving .  In :  Pro -
ceeding s o f  th e Nint h Internationa l  Join t  Conferenc e o n Artificia l  Intelligence ,  Lo s Angeles ,  California ,  Augus t  1985 . 

Okagaki ,  L .  an d Koslowski ,  B .  Anothe r  loo k a t  analogie s an d problem-solving .  Journa l  o f  Creativ e Behavior ,  1987 ,  SI ,  1 . 

Schank ,  R .  an d Riesbeck ,  C .  Insid e Compute r  Understanding .  Erlbaum :  Hillsdale ,  NJ .  1981 . 

Simmons ,  R. ,  L .  Davis ,  R .  Generate ,  test ,  an d debug :  Combinin g associationa l  rule s an d causj J models .  I n Proceeding s o f  th e 
Tent h Internationa l  Join t  Conferenc e o n Artificia l  Intelligence ,  Milan ,  Italy ,  Augus t  1987 . 

260 


	cogsci_1990_253-260



