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A n a l o g i c a l  I n t e r p r e t a t i o n i n C o n t e x t 

Brian Falkenhainer 
Xero x Pal o Alt o Researc h Cente r 

3333 Coyot e Hil l  Road ,  Pal o Alt o C A 9430 4 

Abstract: This paper examines the principles underlying analogical similarity and describes three 

importan t  limitation s wit h traditiona l  views .  I t  describe s contextua l  structure-mapping ,  a  mor e knowl -

edge intensiv e approac h tha t  addresse s thes e limitations .  Th e principl e insigh t  i s tha t  eac h elemen t 

of  a n analogu e descriptio n ha s a n identifiabl e role ,  correspondin g t o th e dependencie s i t  satisfie s o r 

it s relevan t  propertie s i n th e give n context .  Analyzin g rol e informatio n provide s a  powerfu l  frame -

wor k fo r  characterizin g analogica l  similarity ,  relaxin g th e one-to-on e mappin g restrictio n prevalen t  i n 

computationa l  treatment s o f  analogy ,  an d understandin g ho w suc h similaritie s ma y b e use d t o assis t 

proble m solving .  Second ,  i t  provide s a  unifyin g vie w o f  som e o f  th e centra l  intuition s behin d a  numbe r 
of  convergin g effort s i n analog y research . 

1 I n t r o d u c t i o n 

The core of analogy is mapping: the identification of correspondences between two analogues and 

usin g the m t o adap t  a  prio r  experienc e t o a  ne w situation .  T o identif y similarities ,  mos t  approache s 

fin d matchin g pattern s i n th e tw o analogue' s representatio n form ,  seekin g bot h isomorphi c struc -

ture s an d feature s describe d b y th e sam e predicate . 

One suc h syste m i s SME [7] ,  a n analogica l  mappin g progra m originall y develope d t o stud y 

Centner' s (1983 )  Structure-Mappin g theory .  However ,  i n usin g SME fo r  comple x proble m solvin g 

task s [4 ,  5] ,  thre e fundamenta l  problem s wer e foun d wit h traditiona l  view s o f  analogy .  First ,  th e 

restrictio n tha t  matchin g expression s mus t  b e represente d b y th e sam e predicat e i s to o strong , 

and existin g solution s base d o n conceptua l  closenes s (e.g. ,  IS A hierarchies )  ar e to o weak .  Second , 

th e one-to-on e mappin g restrictio n i s to o stron g wheneve r  multipl e function s ar e supporte d b y a 

singl e elemen t  i n on e o f  th e analogue s (e.g. ,  functio n sharing) .  Third ,  th e correspondence s canno t 

alway s b e determine d fro m th e initia l  description s o f  eac h analogu e sinc e thei r  description s m a y 

not  contai n al l  o f  th e relevan t  object s o r  inferences .  Thus ,  additiona l  informatio n m a y hav e t o b e 

inferre d o r  retrieve d durin g th e mappin g computation . 

Thi s pape r  describe s contextua l  structure-mappin g ( C S M ) ,  a n approac h tha t  relaxe s thes e re -

striction s whil e ensurin g meaningfu l  similarit y judgment s an d tractabl e computation .  I t  wa s es -

sentia l  t o th e succes s o f  PHINEA S [4 ,  5] ,  a  progra m tha t  construct s ne w causa l  model s o f  observe d 

phenomena base d o n thei r  similarit y t o understoo d phenomena .  Th e ke y ide a i s explici t  consid -

eratio n o f  th e contextua l  factor s affectin g analogica l  interpretation .  Specifically ,  eac h elemen t  o f 

an analogu e descriptio n ha s a n identifiabl e role ,  correspondin g t o th e dependencie s i t  satisfie s o r 

it s relevan t  propertie s i n th e give n context .  Th e notio n o f  rol e make s tw o importan t  contribu -

tions .  First ,  i t  provide s a  powerfu l  framewor k fo r  characterizin g predicat e "similarity" ,  relaxin g 

th e one-to-on e mappin g restriction ,  an d focusin g proble m solvin g an d memor y retrieva l  aime d a t 

elaboratin g analogu e correspondences .  Second ,  i t  provide s a  unifyin g vie w o f  som e o f  th e intuition s 

behin d derivationa l  repla y [3 ,  11] ,  tweakin g [10] ,  knowledge-base d patter n matchin g [1] . 

We begi n b y briefl y describin g rol e information .  W e the n describ e ho w thi s informatio n i s use d 

t o comput e similarit y correspondence s withi n SME an d adap t  a  prio r  proble m solvin g experienc e t o 

a ne w case .  Finally ,  w e discus s ho w th e concept s presente d her e unif y an d explai n severa l  aspect s 

of  relate d work . 
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2 T h e rol e o f  rol e 

We assume that each analogue is described by a sot of expressions, where an expression may be 

a predicate-calculu s formula ,  a  featur e i n a  featur e vecto r  representation ,  o r  a  nod e o r  lin k i n a 

semanti c network .  Tak e 5  an d T  t o denot e th e set s o f  expression s representin g th e bas e an d targe t 

analogues ,  respectively .  Tak e A. '  t o b e one' s complet e bod y o f  knowledge ,  suc h tha t  B ,  T  C  IC . 

I n general ,  / C wil l  includ e o r  entai l  informatio n abou t  eac h analogu e no t  explici t  i n B  o r  T .  Th e 
genera l  mappin g goa l  i s  t o find  a  se t  o f  correspondence s betwee n th e element s o f  B  an d T .  Some 

correspondence s ma y b e directl y identifiabl e fro m th e bas e an d targe t  descriptions ;  other s aris e a s 
a sid e effec t  o f  adaptin g bas e informatio n t o appl y t o th e targe t  case . 

Most  account s o f  analog y an d case-base d reasonin g establis h similarit y correspondence s b y 
testin g fo r  predicat e o r  featur e identicality ,  bu t  thi s i s to o restrictive .  Th e typica l  solutio n fo r 
allowin g non-identica l  relation s t o matc h i s t o evaluat e similarit y b y measurin g conceptua l  closeness , 
usin g IS A hierarchie s [13 ,  2 ]  o r  a-prior i  similarit y score s [9] .  However ,  thes e approache s ca n produc e 
unmotivate d an d incorrec t  similarit y correspondences .  The y fai l  t o recogniz e a n importan t  point : 
similarit y i s contex t  sensitive .  Havin g som e aspect s i n common i s no t  a n explanatio n fo r  wh y 

tw o predicate s shoul d b e viewe d a s corresponding ;  onl y som e o f  thei r  propertie s ar e relevan t  fo r 
determinin g similarit y i n a  give n context . 

For  example ,  conside r  classifyin g a  cylindrica l  ti n cu p wit h a  handl e a s a  Hot-Cu p (adapte d fro m 
13,  11]) .  I n general ,  a  Hot-Cu p i s somethin g tha t  a  perso n ca n lif t  an d drin k fro m whil e i t  hold s a 

hot  liquid .  Fro m a  previou s styrofoa m cu p (  scup )  example ,  th e followin g sufficien t  condition s wer e 

found : 

Styrofoain(scup) A Open-Conical(scup) A •••^ Hot-Cup(scup) 

In classifying the tin cup via analogy to the styrofoam case, conceptual closeness measures might 
pai r  Open-Conica l  wit h th e ti n cup' s Open-Cylinde r  (bot h ope n concavities )  an d Styrofoa m t o 
Ti n (bot h materials) .  Yet ,  i f  th e origina l  dependencie s satisfie d b y th e Styrofoa m conditio n ar e 
retrieve d (o r  reconstructed) ,  i t  become s clea r  tha t  thi s misse s th e poin t  o f  th e analogy :  th e aspec t 
of  styrofoa m importan t  i n thi s contex t  i s  it s insulatin g characteristics ,  jus t  a s th e ti n cup' s handl e 
i s importan t  becaus e i t  provide s anothe r  for m o f  insulation .  I n thi s context ,  th e propert y styrofoa m 

shoul d ma p t o th e propert y o f  havin g a  handle . 
Most  matcher s requir e one-to-on e mapping s becaus e allowin g many-to-man y mapping s ca n dra -

maticall y increas e th e numbe r  o f  possibilitie s an d lea d t o incoherence .  However ,  i n th e styrofoa m 
cup ,  styrofoa m an d conica l  shap e provid e insulatio n an d a  graspin g area ,  respectively ,  whil e bot h 

function s ar e provide d b y th e ti n cup' s handle .  Here ,  a n isomorphi c mappin g fail s t o full y  captur e 
th e correspondence ;  a  many-to-on e mappin g fro m {  Styrofoam ,  Open-Conical }  t o {  Has-Handle }  i s 
needed .  Similarly ,  conside r  th e dua l  murdere r  /  victi m role s o f  someon e committin g suicide .  Du e 
t o functio n sharing ,  many-to-man y mapping s occu r  i n man y physica l  systems . 

The ke y t o relaxin g thes e constraint s an d determinin g a n expression' s relevan t  aspect s i s a n 
understandin g o f  it s  rol e i n th e analogu e description .  I n CSM,  a n expression' s role s ar e identifie d 
by th e dependencie s i t  satisfies .  Withi n eac h analogue ,  i f  C  i s som e predicatio n whos e trut h i s 
dependen t  o n predicatio n A ,  the n th e rol e o i  A  i s t o satisf y th e dependenc y relationshi p wit h C .  A 
may fill  othe r  role s a s well ,  i n a s muc h a s A  satisfie s othe r  dependencies . 

Correspondence s betwee n tw o analogues '  expression s ar e determine d b y analyzin g thei r  role s 
i n th e contex t  o f  thei r  respectiv e analogues .  Thus ,  i f  th e dependencie s supporte d b y a n expressio n 

Sb ma y b e satisfie d i n a n alternat e manner ,  sa y b y expressio n Et ,  the n Sb an d St  ŝr e considere d 
functionall y analogou s an d ma y b e place d i n correspondence .  W e ma y generaliz e thi s (an d for m a 

recursiv e definition )  b y sayin g tha t  give n tw o correspondin g role s (i.e. ,  no t  necessaril y  identical) , 

thei r  rol e fillers  ma y b e considere d functionall y analogou s an d eligibl e fo r  bein g place d i n correspon -
dence ,  independen t  o f  predicat e (o r  feature )  identicality .  Importantly ,  a  fundamenta l  componen t 
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of  analog y i s knowin g wha t  aspect s o f  a  f;,iv«' n relatio n ar e relevan t  an d henc e b e abl e t o recogniz e 

alternat e way s t o achiev e simila r  functionality .  Fo r  example ,  th e propert y RAINFAL L shoul d m a p 

t o th e propert y IRRIGATIO N i f  th e rol e o f  thes e condition s i s t o ensur e tha t  a  give n cro p receive s 

sufficien t  water .  Not e the y ar e no t  analogou s i n othe r  roles ,  suc h a s washin g a  plant' s leaves . 

Further ,  t o th e exten t  tha t  knowledg e o f  ̂t' s  rol e i s incomplet e an d E t  doe s no t  provid e identica l 

functionality ,  th e functionall y analogou s relatio n i s merel y plausibl e (e.g. ,  th e humidit y associate d 

wit h rainfal l  ma y b e relevant) . 

Role s tak e man y forms .  I n design ,  th e rol e o f  particula r  desig n decision s an d artifac t  component s 

i s th e satisfactio n o f  particula r  desig n specification s an d rationale .  Th e rol e o f  a n agent' s action s 

(a s i n plannin g o r  a  story )  ma y b e i n suppor t  o f  certai n outcomes .  I n physica l  systems ,  th e rol e 

of  a  give n componen t  i s typicall y th e behavio r  i t  contribute s to .  I n deductiv e proof ,  th e rol e o f  a n 

anteceden t  i s t o provid e logica l  suppor t  fo r  it s  consequent .  Ther e ar e severa l  way s t o determin e 

and exploi t  th e rol e a n expressio n i s servicing .  W e discus s tw o o f  thes e next . 

2.1 Explicit dependencies 

When an expression's role is explicit in a given analogue representation, role determination consists 

simpl y o f  consultin g thi s information .  Thi s appear s i n tw o forms .  First ,  th e role s o f  6 ,  an d i j  ma y 

be explici t  i n bot h bas e an d targe t  descriptions .  Fo r  example ,  expression s P  an d R  wil l  b e place d i n 

correspondenc e whe n matchin g IMPLIES(P,Q )  wit h IMPLIES(R,Q) ,  sinc e thei r  respectiv e role s ar e 

t o deductivel y suppor t  Q. 
Second ,  th e rol e o f  6 ,  ma y b e explici t  i n B  bu t  ther e i s no t  enoug h informatio n i n T  t o identif y it s 

correspondent .  I n thi s case ,  th e tas k i s t o tak e th e unmappe d 6j' s  rol e an d searc h fo r  a  correspondin g 
rol e an d rol e fille r  applicabl e t o th e targe t  setting .  Sinc e T  i s generall y a  subse t  o f  al l  availabl e 
knowledg e abou t  th e target ,  thi s cas e wil l  requir e memor y retrieva l  an d inferencin g t o find  th e 
desire d information .  Fo r  example ,  mappin g 

B:  High-Rainfall(regioni )  - ^  Well-Watered(regioni ) 
t o 

T:  IrrigatedCregionT) ,  Arid(region2) ,  Northern-Hemisphere(region2 ) 

requires retrieval of 

IrrigatedCregiono) —• Well-WateredCregiono) 

in order to determine which expression in T corresponds to High-Rainfall in B. 

2.2 Compiled and abstracted knowledge 

Representations that are adequate for traditional approaches to problem solving may not be suit-

abl e fo r  performin g analogica l  reasoning .  A I  system s ten d t o represen t  a  minimalis t  approac h t o 

encodin g knowledge ,  i n whic h detaile d description s o r  intermediat e reasonin g step s ar e avoide d t o 

promot e efficienc y o f  use .  Fo r  example ,  a  physica l  proces s ma y b e modele d a t  som e leve l  o f  ab -

stractio n an d a  desig n pla n ma y no t  contai n th e rational e behin d th e decision s i t  embodies .  Indeed , 

knowledg e compilatio n i s a  centra l  goa l  o f  explanation-base d generalization .  Whil e effectiv e fo r  ac -

celeratin g reasoning ,  a  grea t  dea l  o f  informatio n i s intentionall y removed .  Thi s pose s a  significan t 

proble m fo r  adaptatio n o f  a  give n bas e analogue :  thes e intermediat e o r  second-orde r  justification s 

ar e ofte n neede d t o ascertai n th e requisit e rol e informatio n (Figur e 1) . 

For  example ,  conside r  th e followin g schem a use d t o explai n wh y crop s gro w i n regioni : 

Cro p-Growing(regionj) 
PRECONDITIONS High-Rainfall(regioni )  A  Fertile-Soil(regioni )  A 

Sunny(regioni )  A  .. . 
EFFECTS Growing-Crops(regioni ) 
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Figur e 1 :  Compile d knowledg e problem .  Intermediat e reasonin g step s remove d t o increas e proble m solvin g 

efficienc y ar e ofte n require d whe n considerin g ho w t o elaborat e analogica l  correspondence s an d adap t  a 

solutio n t o unanticipate d cases .  Th e B A S E r(̂ |)r(\sontatio n depict s a  macr o compile d fro m th e inference s 

t o th e right .  A  questio n mar k indicate s a  relevan t  bas e expressio n iiavin g n o know n targe t  corresponden t 

withou t  mor e informatio n abou t  it s rol e i n th e bas e context . 

/ ^ base / 

:  /  7  7 

•  X  * > C /  ; / 

^  / 
•^  TARGET/ 

Compile d hat t  juttificalion i 

Legend : 
P*-»Q  Q dtptnds on P 

Polentia l  corretpondtne t 

W hy i s th e High-Rainfal l  preconditio n there ? Suppos e a  deepe r  explanatio n i s retrievabl e an d 

reveal s tha t  thi s conditio n i s importan t  i n thi s contex t  becaus e i t  ensure s tha t  th e regio n i s wel l 

watered .  Withou t  thi s deepe r  explanation ,  i t  woul d b e impossibl e t o justif y wh y i t  i s  reasonabl e 

t o plac e High-Rainfall(regioni )  i n correspondenc e wit h Irrigated(region2) . 

To addres s th e compile d knowledg e problem ,  w e assum e th e availabilit y  o f  neede d backgroun d 

knowledge ,  eithe r  cache d o r  reconstructable .  Thi s backgroun d knowledg e serve s t o decompos e 

and elaborat e th e reason s underlyin g a  particula r  dependenc y relationship .  Thi s informatio n i s 

consulte d a s neede d durin g th e mappin g computation. ^  I n th e implementation ,  a  CACHE fiel d 

accompanie s al l  compile d rules .  Fo r  example ,  th e cro p growing  schem a shoul d hav e a n adde d CACHE 

fiel d t o stor e compile d reasonin g step s lik e High-Rainfall(regioni )  —> Well-Watered(regioni) . 

3 The Map and Analyze Process 

The mapping process is traditionally depicted as a form of pattern matching between base and target 
descriptions .  However ,  i n realisti c memories ,  mappin g wil l  b e operatin g o n a  subse t  o f  al l  tha t  i s 

inferrabl y know n abou t  th e bas e an d target .  Thus ,  th e proces s o f  elaboratin g correspondence s 

and adaptin g element s o f  th e bas e t o fit  th e targe t  situatio n ofte n require s inferrin g additiona l 

informatio n durin g th e mappin g computatio n i n respons e t o mappin g impasses .  Rathe r  tha n endo w 

th e mappin g mechanis m wit h unlimite d inferencin g power ,  w e decompos e th e proces s t o for m a 

map an d analyz e cycle :  us e simpl e matchin g criteri a t o determin e th e best ,  initia l  mappin g betwee n 

th e analogues ,  analyz e th e result s an d see k additiona l  relevan t  informatio n abou t  unmatche d areas , 

reexamin e th e mappin g t o determin e th e information' s impac t  o n th e mappin g (i.e. ,  extension s o r 

complet e shifts) ,  analyz e th e ne w results ,  etc . 

Th e mappin g phas e i s compute d b y SME [7 ]  a  genera l  mappin g too l  whic h formulate s mapping s 

base d o n user-supplie d matc h rules .  Matc h rule s specif y whic h local ,  pairwis e correspondence s 

(calle d matc h hypotheses )  betwee n expression s an d entitie s ar e possible ,  restriction s o n ho w the y 

m ay b e combined ,  an d preferenc e criteri a fo r  scorin g thes e combinations .  Usin g th e rule s o f  con -

textua l  structure-mappin g form s SHEcsM-  Eac h tim e a  mappin g i s computed ,  on e ou t  o f  th e se t 

of  possibl e mapping s i s selecte d ba.se d o n systematicit y  [8 ,  7 ]  an d relevanc e t o th e curren t  proble m 

solvin g goal s [-5 ,  6] . 

'Includin g al l  backgroun d knowledg e i n tli e origina l  bas e an d targe t  description s woul d b e to o expensive .  Addi -
tionally ,  whic h adde d detail s ar e neede d canno t  b e identifie d unti l  impasse s aris e durin g th e mappin g computation . 
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F igu r e 2 :  Categor iz in g a  ti n c u p b y a n a l o g y t o a  s t y r o f o a m c u p . 

Compiled bate jyutifUatioru 

°::'Can-p(Hir|scup) 
Fla l  botloni(5cup)—•Slible|stup)-.'.' . 

, Open-conca«ily(scup) ;.. ".•.• C»n-grjsp(scup) 
Open-Conkal(scup)̂ ^ 

Grasping-Area(sciip)-:'. .  .. .  .. .  , 
'  '  ..'.-Can-pickuplscup l 

Capacily|scup.lOoi)—•Llgtil-weietit|scup )  .; ' 

Styroroani(scup) —^ Insulaled(scup).:'/' '/.'• -  Can'ingest(scup | 

Ho(-Ciip|sujp ) 

Flat-boltom(sciip ) 
Capacity(suip.l6oi| 

Open-Conical|scup| 
Styroroam(scup ) 

B A S E (styrofoa m cup ) 

Hol-Cup(scup 

Open-Cylmder(lcup ) 
Capa<.ity(lcup.lCoz| 

Tin(tujp ) 

Flal-bottom(tcup ) 
Has-Handle(tcup) Gray(lcup ) 

V 

TARGET (ti n cup ) 

Genera l  domat n knowledg e 

im l̂ic ^  lnsulat«d(tcup ) 

Ha5-Handle(tcup| <^ 

tmpliei Grasping-Aiea(tcup) 

I n th e r ema inde r  o f  thi s section ,  w e illustrat e h o w rol e in format io n i s use d t o prov id e controlle d 

relaxatio n o f  th e s a m e predicat e a n d one-to-on e m a p p i n g restrictions . 

3.1 Relaxing identicality 

Given base and target expressions, what criteria are used to propose a match between them? We 

star t  wit h th e standar d se t  take n fro m Centner' s structure-mappin g theor y [7] .  Th e mai n rul e 

pair s expression s tha t  us e th e sam e predicate .  Additiona l  rule s ar e use d t o suppor t  object s an d 

commutativ e predicates .  However ,  thes e rule s suffe r  fro m a  dependenc e o n identicalit y t o initiat e 

matches .  T o motivat e matche s betwee n expression s usin g differen t  predicates ,  w e ad d a  rul e t o 

suppor t  th e functionall y analogou s criterion : 

Rule 1 (Functionally Analogous) Two expressions are considered functionally analogous and 

m ay m a t c h i f  the y fill  correspondin g role s i n th e contex t  o f  th e structure s bein g m a t c h e d . 

When role information is explicit in the base and target representations, SMEc5A/ uses this rule 

t o m a t c h functionall y ana logou s expressions .  W h e n a  relevan t  bas e expressio n h a s n o discernibl e 

corresponden t  i n th e targe t  case ,  it s rol e i s analyze d i n greate r  dep th . 

T o illustrat e thes e m a t c h criteria ,  w e us e a  simpl e e x a m p l e take n f r o m [13 ,  11 ]  a n d a d a p t e d t o 

illustrat e th e ke y ideas .  T h e tas k i s t o classif y a  give n ti n c u p a s a n instanc e o f  Ho t -Cup .  T h e bas e 

exemp la r  i s a  previousl y classifie d s ty ro foa m cup .  Thei r  description s ar e s h o w n i n F igur e 2 . 

T h e proces s begin s b y c o m p a r i n g th e initia l  description s o f  th e t w o cases .  S M E finds  tha t  th e 

relevan t  F l a t - bo t t o m a n d Capac i t y propertie s ar e share d b y b o t h cups .  I t  als o fail s t o find 

correspondent s fo r  th e s ty ro foa m cup' s othe r  i m p o r t a n t  properties :  O p e n - C o n i c a l  a n d Sty ro foam . 

Du r i n g th e analysi s phase ,  m o r e detai l  i s  retrieve d a b o u t  th e role s o f  thes e t w o propertie s i n 
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th e styrofoa m case' s classificatio n a s a  Hot-Cup .  Fo r  example ,  it s Styroloa m propert y provide s 

insulation .  Th e syste m the n seek s aspect s o f  th e ti n cu p tha t  fill  thes e roles .  Fo r  example ,  th e 

ti n cup' s Has-handl e propert y als o provide s insulation .  W h e n th e mappin g i s reexamined ,  thi s 

adde d informatio n no w enable s a  complet e matc h an d successfu l  classificatio n o f  th e ti n cu p a s a n 

instanc e o f  Hot-Cup . 

3.2 Relaxing one-to-one 

The notion of role provides exactly the right constraint for introducing many to many mappings 

whil e maintainin g coherenc e an d tractability .  I n C S M,  th e one-to-on e restrictio n ma y b e violate d 

by a  singl e bas e o r  targe t  ite m filling  multipl e role s tha t  ar e filled  b y multipl e item s i n th e othe r 

domain .  I n th e cup s example ,  Figur e 2  show s th e dependencie s tha t  motivat e a  many-to-on e 

mappin g fro m Styrofoain(scup )  an d Open-Conical(scup )  t o Has-Handle(tcup) . 

Th e followin g thre e rule s defin e sanctione d many-to-on e mapping s an d enforc e one-to-on e map -

ping s a s th e norma l  defaul t  b y examinin g al l  case s o f  tw o ba.s e item s mappin g t o a  singl e targe t 

item . 

Rule 2 (Direct role-filler) Multiple base items bi and b2, filling roles TZi,\ and TZb2 respectively, 

may m a p t o a  singl e targe t  item ,  <, ,  filling  role s IZ a an d TZa ,  i f  rol e TZb i  correspond s t o rol e TZt i 

and rol e 'JZb 2 correspond s t o rol e TZa -

This rule sanctions match hypotheses that may violate the one-to-one restriction. In the cups 

example ,  i t  pair s th e Has-Handl e predicat e i n th e ti n cu p descriptio n t o bot h Styrofoa m an d 

Open-Conical .  However ,  unles s thi s sanctionin g i s propagate d t o thei r  respectiv e subexpression s 

(e.g. ,  th e predicates '  arguments) ,  a  one-to-on e restrictio n wil l  stil l  b e i n effect . 

Rule 3 (Role-filler sub-expressions) Midtiple base items may map to a single target item if the 

base an d targe t  item s ar e subexpression s o f  a  sanctione d many-to-on e mapping . 

In the cups example, because Styrofoam and Open-Conical apply to the same object, scup, 

onl y a  one-to-on e mappin g fro m scu p t o tcu p i s neede d an d thi s rul e doe s no t  apply . 

Wit h sanctione d violation s o f  one-to-on e identified ,  w e ar e no w read y t o defin e whe n tw o matc h 

hypothese s ar e conflicting .  Du e t o it s non-monotoni c nature ,  impUci t  i n th e followin g rul e i s th e 

assumptio n tha t  al l  sanctione d pairing s ar e know n a t  th e tim e th e rul e i s invoked . 

Rule 4 (One-To-One) Unless explicitly sanctioned, two match hypotheses are conflicting if they 

pai r  multipl e bas e item s t o th e sam e targe t  item . 

Thus, the two match hypotheses ( Styrofoam, Has-Handle) and ( Open-Conical, Has-Heindle) are 

compatibl e i n th e cup s example .  A  symmetri c se t  o f  thre e rule s exis t  fo r  multipl e targe t  item s 

mappin g t o a  singl e bas e item .  Together ,  th e si x rule s identif y sanctione d many-to-man y mapping s 

and enforc e one-to-on e fo r  al l  other ,  unsanctione d cases . 

4 A Unifying View 

The contextual structure-mapping framework provides a unifying view of the basic intuitions behind 

severa l  recentl y develope d method s fo r  computin g similarity .  Derivationa l  repla y mechanism s mak e 

th e observatio n tha t  i t  i s  typicall y easie r  t o reus e th e proble m solvin g proces s o f  a  prio r  episod e 

tha n th e episode' s final  solutio n [3] .  Takin g a  store d proble m solvin g plan ,  a  ne w proble m i s solve d 

by replayin g th e pla n top-down ,  resolvin g subgoal s tha t  n o longe r  appl y i n th e curren t  situation . 

CSM's definitio n o i  functionall y analogou s ex\Aa,\n s th e underlyin g intuitio n behin d replay' s appea l 
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over  mappin g onl y a  final  solution :  th e roo t  prohlo m i n reusin g a  prio r  solutio n i s th e nee d t o 

understan d th e variou s role s o r  fun(tit)n s th e solutio n fulfills .  I n proble m solving ,  adaptin g a  prio r 

solutio n t o a  ne w proble m instanc e i s greatl y simplifie d i f  decisions '  rational e ar e known ,  s o tha t 

thei r  inten t  ca n b e satisfie d withou t  necessaril y  adherin g t o th e sam e decisions .  Top-dow n repla y 

achieve s thi s b y essentiall y  reseekin g eac h rol e filler  i n th e ne w situation .  A n alternat e metho d 

woul d star t  a t  th e solution ,  an d wor k backwards ,  analyzin g rol e informatio n a t  solutio n transfe r 

impasses .  Th e implici t  assumptio n i n repla y mechanism s i s tha t  i t  i s  mor e efficien t  t o wor k forward , 

replayin g th e entir e decision-makin g process ,  tha n t o wor k backward ,  reconsiderin g th e decision s 

(alternat e way s t o achiev e functionality )  wher e needed .  Thi s tradeof f  i s  influence d i n par t  b y th e 

solution' s modularity . 

The Yal e SWALE projec t  [10] ,  Kedar-CabelH' s PE R [11] ,  an d PHINEA S (whic h use s C S M)  [4 ,  5 ]  ar e 

effort s t o us e analog y t o reduc e th e cos t  an d increas e th e creativit y o f  explanatio n building .  Thes e 

system s demonstrat e operation s ver y closel y relate d t o th e notion s o f  rol e an d derivationa l  replay . 

For  example ,  SWALE applie s store d explanatio n pattern s (schemas )  t o ne w situations ,  tweakin g the m 

as neede d t o adap t  t o th e situation' s nove l  aspects .  Lik e Kedar-Cabelli' s  P E R model ,  i t  attempt s 

t o rederiv e portion s o f  a  prio r  explanatio n tha t  d o no t  appl y i n th e ne w situation .  Fo r  th e tweakin g 

operation ,  SWALE use s a  se t  o f  revisio n rules ,  suc h a s substitut e alternat e them e o r  substitut e relate d 

action .  Thes e sugges t  way s t o repai r  inapplicabl e portion s o f  a  recalle d schema .  C S M offer s a  mor e 

genera l  explanatio n o f  thes e tweakin g operations :  determin e th e anomalou s item' s rol e an d see k 

element s o f  th e curren t  situatio n tha t  coul d satisf y tha t  role' s dependencies .  Fo r  example ,  i f  th e 

curren t  acto r  lack s a  requisit e theme ,  substitut e alternat e them e trie s t o find  a n alternat e them e fo r 

th e actor .  I n th e C S M framework ,  thi s correspond s t o a n unsatisfie d dependenc y (i.e. ,  role )  whic h 

eithe r  mus t  b e satisfied ,  assumed ,  o r  conjecture d wit h ne w concepts . 

PROTOS [1 ]  perform s diagnosi s b y relatin g a  ne w cas e t o a  stor e o f  previousl y classifie d exemplars , 

performin g classificatio n b y finding  th e exempla r  tha t  bes t  matche s th e ne w instance .  Knowledge -

base d patter n matchin g compute s a  matc h betwee n a n exempla r  an d a  ne w instanc e b y usin g th e 

domai n knowledg e store d wit h eac h exempla r  t o explai n th e equivalenc e o f  non-identica l  features . 

For  example ,  i n comparin g tw o chairs ,  LEGS an d PEDESTAL ar e equivalen t  becaus e the y bot h provid e 

SEAT-SUPPORT.  I n C S M terms ,  thi s proces s correspond s t o showin g tha t  tw o feature s ar e functionall y 

analogous .  However ,  PROTOS hmit s th e scop e o f  a  matc h t o th e explicitl y  give n feature s o f  th e tw o 

cases .  I t  doe s no t  includ e th e possibilit y  tha t  additiona l  feature s ma y b e derive d o r  retrieve d fro m 

memory i n respons e t o th e need s o f  th e matc h elaboratio n process .  Furthermore ,  i t  use s a  feature -

vecto r  representatio n (i.e. ,  a  se t  o f  attribute-valu e pairs )  whic h i s inadequat e fo r  representin g a 

comple x se t  o f  interrelationship s betwee n a n analogue' s parts . 

5 Discussion 

Analogical mapping for simple representations and tasks, particularly for within-domain compar-

isons ,  i s  a  straightforwar d process .  O n th e othe r  hand ,  ric h representation s an d comple x proble m 

solvin g task s (bot h withi n an d acros s domains )  requir e a  mor e sophisticate d mechanis m fo r  com -

putin g similaritie s tha t  i s  abl e t o compar e syntacticall y differen t  analogue s an d selec t  th e bes t 

mappin g whe n ambiguitie s arise .  Th e utilit y  o f  contextua l  structure-mappin g fo r  suc h setting s ha s 

been demonstrate d i n PHINEA S [4 ,  5] ,  a  progra m tha t  propose s qualitativ e causa l  explanation s o f 

observed ,  time-varyin g phenomen a base d o n thei r  similarit y t o understoo d phenomena .  PHINEA S 

has bee n extensivel y teste d o n ove r  a  doze n examples ,  suc h a s explainin g evaporatio n b y analog y 

t o dissolving ,  hea t  flow  an d osmosi s b y analog y t o liqui d flow,  an d a  variet y o f  mechanica l  an d 

electrica l  harmoni c oscillators . 

Thi s pape r  ha s claime d tha t  analog y require s rol e informatio n t o a t  leas t  plausibl y sugges t 

th e relevanc e an d interrelatednes s o f  eac h analogue' s features .  Th e abilit y  t o lear n thi s relevanc e 

informatio n i s o f  fundamenta l  importance .  On e approac h i s t o us e a  developin g analog y t o motivat e 
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specifi c  question s abou t  th e worl d an d us e directe d experimentatio n t o answe r  the m an d ascertai n 

th e requisit e relevanc e informatio n [5] .  A  secon d approac h i s t o agai n us e a  developin g analog y 

t o motivat e specifi c  questions ,  bu t  plac e th e syste m i n a  learnin g apprentic e settin g an d obtai n 

requisit e relevanc e informatio n fro m th e use r  [1] .  W e ar e currentl y investigatin g a  thir d approach : 

use inductiv e method s t o sugges t  whic h factor s ar e relevan t  t o th e concep t  unde r  study . 
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