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Abstract 

Thi s pape r  aim s t o provid e a  vie w o f  th e rol e o f  analogica l  mappin g i n th e entir e proces s o f 

analogica l  proble m solving .  I n man y models ,  analogica l  mappin g i s responsibl e fo r  identifyin g 

th e analog y betwee n tw o problem s b y considerin g structura l  an d semanti c similarities .  However , 

give n a  non-trivia l  analog y problem ,  succes s o f  mappin g doe s no t  alway s guarante e successfu l 

transfe r  o f  analogy .  I n fact ,  ther e exis t  man y analog y problems ,  whic h succee d o n analogica l 

mappin g bu t  whic h fa U o n analogica l  transfer .  Whil e a  potentia l  mappin g betwee n problem s ca n 

be generated ,  tha t  mappin g migh t  no t  b e justifiabl e unti l  transfe r  fro m on e proble m t o anothe r 

i s attempted . 

We presen t  ou r  analogica l  mappin g metho d an d show  ho w i t  work s fo r  inter-domai n an d 

intra-domai n analogies .  W e demonstrat e severa l  analog y problem s i n whic h a  mappin g ca n b e 

generate d tha t  canno t  b e transferred .  W e als o compar e ou r  metho d t o tw o genera l  mappin g 

mechanisms ,  S M E an d A C M E,  an d sho w tha t  i t  perform s a t  leas t  a s well ,  an d sometime s bette r 

tha n eithe r  o f  thos e methods . 

Key Words: analogical problem solving, analogical mapping. 

1 Introduction 

This paper aims to provide a view of the role of analogical mapping in the entire process of 

analogica l  proble m solving .  Analogica l  proble m solvin g contain s a t  leas t  th e followin g component s 

Shi88,CM85,HT88] :  retrieva l  o f  a  plausibl y analogou s case ,  analogica l  mapping ,  an d analogica l 

transfer .  Th e ste p o f  analogica l  transfe r  ma y involv e modificatio n o f  a  previou s solutio n an d 

justificatio n o f  th e resul t  obtaine d befor e th e resul t  i s  transferre d [Shi88] . 

I n m a n y models ,  analogica l  mappin g i s responsibl e fo r  identifyin g th e analog y betwee n tw o 

problem s b y considerin g structura l  an d semanti c similarities .  However ,  give n a  non-trivia l  analog y 

problem ,  analogica l  mappin g b y itsel f  doe s no t  alway s guarante e tha t  a n analog y wil l  b e successful . 

Whil e i t  ca n produc e a  potentia l  mappin g betwee n problems ,  a  mappin g migh t  no t  b e justifiabl e 

unti l  transfe r  fro m on e proble m t o anothe r  i s attempted . 

I n thi s paper ,  w e illustrat e th e rol e o f  mappin g i n analogica l  proble m solvin g an d w e presen t  a 

hierarchica l  metho d o f  analogica l  mappin g tha t  i s base d primaril y o n similarit y o f  structures .  Th e 

metho d use s relativel y littl e semanti c information .  Instead ,  i t  relie s o n th e analogica l  transfe r  ste p 

t o determin e th e meri t  o f  a  potentia l  analogica l  mapping . 

We sho w ho w ou r  metho d work s fo r  inter-domai n an d intra-domai n analogies .  W e demonstrat e 

severa l  analog y problem s i n whic h a  mappin g ca n b e generate d tha t  canno t  b e transferred .  W e 

als o compar e ou r  metho d t o tw o genera l  mappin g mechanisms ,  Structure-Mappin g Engin e ( S M E ) 

[FFG86 ]  an d Analogica l  Constrain t  Mappin g Engin e ( A C M E )  [HT88] ,  an d sho w tha t  i t  perform s 

at  leas t  a s well ,  an d sometime s bette r  tha n eithe r  o f  thos e methods . 

'Thi s researc h ha s bee n supporte d i n par t  b y th e Arm y Researc h Institut e unde r  Contrac t  No .  MDA-903-86-C -
173,  i s  currentl y supporte d i n par t  b y NS F unde r  Gran t  No .  IST-8608362 ,  an d i n par t  b y Lockhee d A I  Cente r  unde r 
Gran t  No .  D T D 09-25-87 . 
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2 Analogical Mapping Algorithm 

Before introducing our algorithm, we need to clarify the problem of analogical mapping. Polya 

Pol54 ]  view s "analogy "  a s a  systemati c correspondenc e betwee n tw o system s preservin g certai n 

relations .  Fo r  hi s basi c typ e o f  analogy ,  Poly a define s analog y a s "similarit y o f  relations" ,  wher e 

relation s ar e simila r  i f  the y ar e governe d b y th e sam e laws .  H e illustrate s thi s wit h a n example : 

th e multiplicatio n o f  number s multiply(x,y )  i s  analogou s t o th e additio n o f  number s add(x,y )  i n 

th e sens e tha t  bot h multiplicatio n an d additio n ar e commutative .  I n othe r  words ,  tw o relation s 

multiply(a,b )  an d add(a,b )  ar e simila r  becaus e the y ar e governe d b y th e sam e commutativ e law : 

equals[OP(a,b),OP(b,a)] .  Interpretin g Polya' s definitio n o f  similarit y i n analogica l  proble m solving , 

"similarity "  i n problem s i s wha t  lead s t o simila r  effect s o n thei r  solutions .  Th e proble m her e 

i s that ,  withou t  knowin g beforehan d wha t  th e similarity' s effec t  wil l  b e o n th e solutio n t o th e 

targe t  problem ,  w e mus t  find  tha t  similarit y whic h ca n b e use d i n derivin g th e solution .  Thus , 

what  analogica l  mappin g doe s i s t o find  th e mos t  probabl e similarit y candidate s befor e transfe r  o f 

knowledg e fro m sourc e t o targe t  i s attempted . 

Our  analogica l  mappin g algorith m follow s Centner' s systematicit y principl e ([Gen83] ,  p .  163 ) 

i n tha t  i t  transfer s " a syste m o f  connecte d knowledge ,  no t  a  mer e assortmen t  o f  independen t  facts" . 

I n othe r  words ,  durin g mappin g betwee n structures ,  eve n th e highes t  orde r  predicate s m a y no t  b e 

mapped separatel y fro m thei r  lowe r  leve l  entities . 

I n dealin g wit h similarity ,  however ,  w e d o no t  accep t  Centner' s entir e theor y o f  structur e 

mapping .  I n ou r  mappin g scheme ,  tw o relation s whic h ar e structurall y simila r  (i.e. ,  th e curren t 

partonomic  role s i n bot h structure s ar e th e same )  wil l  no t  b e throw n out .  Fo r  example ,  accordin g 

t o Centner ,  tw o relation s equals[m.ultiply(a,b),multiply(b,a) J an d equals[add(a,b),add(b,a) J ar e no t 

mappabl e t o eac h othe r  becaus e th e highes t  leve l  predicate s ar e identica l  (i.e. ,  equals) ,  bu t  no t 

th e lowe r  leve l  predicate s (i.e. ,  ad d an d m,ultiply) .  O n th e othe r  hand ,  i n ou r  scheme ,  thes e ar e 

mappabl e becaus e thei r  hig h orde r  predicate s ar e th e sam e whil e th e lo w leve l  predicate s "add "  an d 

"multiply "  ar e structurall y simila r  du e t o thei r  simila r  role s i n th e whol e relations .  Burstei n [Bur8 6 

demonstrate s wit h hi s syste m C A R L th e necessit y o f  mappin g betwee n nonidentica l  relations , 

criticizin g Centner' s structur e mappin g whic h fail s o n thi s kin d o f  similarity . 

Anothe r  characteristi c o f  ou r  mappin g schem e i s hierarchica l  mapping .  Thi s i s frequentl y use d 

when problem s ar e represente d i n hierarchica l  structure .  I n fact ,  analog y betwee n problem s usuall y 

exist s a t  a n abstrac t  level .  Thus ,  mappin g start s a t  th e highes t  leve l  first  an d proceed s t o th e nex t 

lowe r  leve l  an d s o o n unti l  analog y break s down . 

I n ou r  scheme ,  th e entir e mappin g proces s i s a  recursiv e applicatio n o f  a  two-ste p hierarchica l 

mapping :  first  m a p th e tw o proble m structure s systematicall y unde r  structura l  similarit y an d the n 

decompos e the m int o th e nex t  lowe r  leve l  structure s (se e Figur e 1) .  Structura l  similarit y i s foun d 

not  onl y i n physica l  structure s bu t  als o i n functiona l  structures .  Functiona l  structure s ar e describe d 

by functiona l  object s an d relation s suc h a s functions ,  purposes ,  goals ,  constraints ,  conditions ,  an d 

states .  Fo r  example ,  a n ai r  conditione r  i s lik e a n electri c fa n becaus e thei r  to p leve l  function s 

ar e th e sam e (i.e. ,  excite-air) .  Anothe r  exampl e o f  analog y i s foun d betwee n societ y an d organis m 

becaus e the y ar e simila r  i n thei r  functiona l  organizations . 

As a  resul t  o f  analogica l  mapping ,  a n analog y m a p i s generate d fo r  tw o case s showin g correspon -

dence s betwee n bot h relation s an d thei r  objects .  A n analog y m a p represent s a  c o m m o n structur e 

betwee n sourc e an d targe t  structure s wit h a  bindin g lis t  betwee n sourc e an d targe t  elements .  Th e 

c o m m on structur e represent s a  c o m m o n proble m schem a whic h i s use d a s a  mediu m o f  transfe r  i n 

analogica l  proble m solvin g [Shi88,CM85] .  Fo r  example ,  analogica l  mappin g betwee n multiply(a,b ) 

and add(a,b )  generate s th e analog y m a p a s a  c o m m o n structur e OP(a,b )  wit h th e bindin g lis t  [(O P 

multipl y add) ]  meanin g tha t  ther e i s on e bindin g O P an d i t  bind s t o multipl y i n th e sourc e an d t o 
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Input :  A  sourc e cas e an d a  targe t  proble m 

Output :  A n analog y ma p ( A M A P ) 

AlgorithxQ : 

Recursiv e applicatio n o f  two-ste p hierarchica l  mapping : 

give n tw o proble m structures , 

1.  M a p the m systematicall y unde r  structura l  similarity : 

identif y component s whos e partonomi c role s i n bot h structure s ar e th e same ; 

map component s a s specificall y a s possibl e unde r  th e curren t  A M A P; 

i f  mappabl e 

the n ad d correspondence s betwee n component s t o A M A P 

els e retur n A M A P 

2.  Hierarchica l  refinement : 

decompos e th e curren t  leve l  int o th e nex t  lowe r  leve l  structures ; 

pai r  the m i n th e sam e partonomi c role s 

Figure 1: Analogical Mapping Algorithm 

add in the target. 

3 Related Work 

Centner's structure mapping theory with its implementation, SME [FFG86], demonstrates the 

importanc e o f  systematicit y i n interpretin g a n analogy .  But ,  i t  i s  ofte n criticize d becaus e o f  it s 

syntacti c approach . 

Many recen t  model s conside r  semanti c an d pragmati c characteristic s o f  analog y a s wel l  a s syn -

tzicti c informatio n t o guid e analogica l  mapping .  Fo r  instance ,  Burstei n [Bur86 ]  introduce s som e top -

down constraint s o n relation s an d primaril y relate s object s i n term s o f  thei r  functiona l  role s i n ana -

logica l  mapping .  Winston' s mappin g i s drive n b y importance-dominate d matchin g [Win80,Win82] ; 

importanc e i s mainl y determine d b y causa l  relation s i n th e situations . 

Holyoa k an d Thagard' s mappin g theor y [HT88 ]  attempt s t o tak e int o accoun t  al l  thre e di -

mension s o f  analogy :  syntax ,  semantic s an d pragmatics .  Thei r  progra m calle d A C M E compute s 

an analogica l  ma p b y mean s o f  constraint-satisfactio n base d o n five  heuristi c constraintŝ :  logica l 

compatibility ,  uniqueness ,  relationa l  consistency ,  semanti c similarity ,  an d rol e identity .  Semanti c 

and pragmati c informatio n hel p t o constrai n th e searc h fo r  th e mos t  plausibl e mapping .  But ,  th e 

proble m wit h thi s approac h i s tha t  ther e exis t  man y analog y problem s o n whic h suc h heuristic s d o 

not  wor k (a n exampl e wil l  b e show n i n Sectio n 5.1) . 

Our  mappin g algorith m i s simila r  t o S M E i n tha t  bot h enforc e systematicit y (a s show n i n th e 

previou s section) ,  bu t  differen t  i n tha t  our s map s predicate s unde r  similarit y b y functiona l  role s 

whil e S M E map s unde r  identity .  Our s i s als o simila r  t o Burstein' s an d A C M E i n tha t  i t  map s 

component s b y considerin g part-whol e relationships .  However ,  unlik e A C M E an d Winston's ,  muc h 

of  th e semanti c informatio n i s no t  explore d durin g mapping .  Rather ,  i t  wil l  b e checke d whe n th e 

knowledg e t o b e transferre d i s justifie d i n th e transfe r  step . 

'Severa l  o f  thes e constraint s wer e rename d i n a  late r  versio n o f  ACME [persona l  communicatio n wit h Keit h J . 
Holyoak ,  Ma y 1988] . 
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4 Applications of Analogical Mapping 

Analogical mapping is a step of predicting a plausible analogy, which will be tried for transfer. 

Durin g th e actua l  transfe r  attempt ,  mappin g result s ar e filtered  considerin g semanti c similarity . 

The followin g appHcation s sho w ho w thes e processe s ar e performed . 

The first  tw o application s o f  ou r  mappin g algorith m rel y o n similarit y i n physica l  structures : 

Sectio n 5. 1 show s analog y example s betwee n differen t  domains ,  whil e Sectio n 5. 2 compare s analogie s 

withi n th e sam e domain .  Thes e example s ar e als o use d t o compar e ou r  algorith m t o tw o genera l 

analogica l  mappin g mechanisms ,  S M E an d A C M E.  I n Sectio n 5.3 ,  a n applicatio n fro m th e JULI A 

projec t  show s a n exampl e i n functiona l  structures . 

4. 1 Inter-Domai n Examp le s 

Applying our analogical mapping algorithm, let's solve the problem ^[sinx - Inx] using the fol-

lowin g case : 

Problem: /[e' + l]di 

Solution :  e *  +  x  +  C 
Reasonin g steps :  Jle "  +  l]d x  ̂  J  e'd x +  J  1  d x = > e "  +  x  +  C 

When the mapping algorithm, in the first cycle, is appUed to the top level structures (i.e., ^^[sinz — 

Inx ]  an d /[e ^  +  l ]  dx) ,  i t  successfull y produce s th e analog y ma p 

r[f{x)OPg{x)] 

with bindings [(7 ^ /) (OP - +) (/(x) sinx e') {g{x) Inx 1)]. Since the first reasoning step of 

th e sourc e cas e predict s th e followin g analog y (i n a n abstrac t  form) : 

7[/(x) OPgix)] = Tifix)] OP nM] 

the target problem reduces as follows: 

d ,  .  .  ,  d  .  d  . 
-T -  s m X  — i n X  =  -; — s m x  r -  i n x 
dx d x d x 

I n th e nex t  cycle ,  th e mappin g betwee n th e nex t  lowe r  leve l  structure s /  e *  d x an d ̂  si n x  succeeds , 
but  analogica l  transfe r  betwee n thes e tw o fails .  Thi s i s th e leve l  wher e th e analog y break s dow n 

and th e mappin g proces s halts .  Thus ,  th e analog y betwee n th e abov e tw o case s reside s onl y a t  th e 

to p level .  Thi s exampl e show s th e utilit y  o f  hierarchica l  mappin g i n identifyin g analogy ,  sinc e th e 

analog y a t  highe r  level s o f  abstractio n ca n b e use d eve n thoug h ther e doe s no t  exis t  a  complet e 

analogy . 

Conside r  anothe r  proble m 
g2x+3 

using the same source case. It is similar to the first example in that mapping predicts 

g2x+3 ̂  g2 x  ̂  g 3 

However, this hypothesis is not correct; the correct transformation is e^*"*"' = e^* * e^. This example 

shows tha t  successfu l  analogica l  mappin g ma y no t  guarante e th e existenc e o f  analog y whe n semanti c 

similarit y i s missing .  Th e semanti c similarit y i s checke d usin g reasoning s simila r  t o thos e o f  th e 

sourc e case .  Thi s i s don e durin g th e proces s o f  analogica l  transfe r  t o justif y th e hypothesize d 

analogy .  (Se e [Shi88 ]  fo r  mor e discussio n o f  th e justificatio n problem. ) 

Let  u s appl y S M E an d A C M E t o th e first  analog y problem : 
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Target: ^[sinx - \nx 

Source :  /[e '  +  l]c/ i 

SME would fail to recognize this analogy because the two high level predicates ^ and / are not 

identical .  Thi s exampl e show s tha t  structura l  mappin g unde r  predicat e identit y i s to o strong .  I n 

A C M E,  th e logica l  compatibilit y  require s th e secon d argument s I n x  an d 1  t o b e th e sam e logica l 

kin d (e.g. ,  n-plac e predicate s t o n-plac e predicates ,  constant s t o constants) .  Becaus e thi s constrain t 

preclude s a  mappin g betwee n th e one-plac e predicat e In i  an d th e constan t  1 ,  A C M E woul d als o 

fai l  o n thi s analogy .  Thi s cas e suggest s tha t  semanti c an d pragmati c informatio n shoul d b e use d 

cautiousl y becaus e o f  thei r  heuristi c nature . 

4.2 Intra-Domain Examples 

Given a problem 

/ 
'  -.̂ y 

conside r  analogica l  mappin g problem s wit h eac h o f  th e followin g thre e cases . 

Case 1: 

Problem: / > ^ , dy 

Solution: sinh~^ v^ "*" ^ 

Case 2: 

Problem: / -^^=f dx 

Solution :  sin~ ^  x  +  C 

Case 3: 

Problem: / ; |_ ^ dz 

Solution :  sin~ ^  ; ^  +  ^ 

All three mappings succeed with our mapping algorithm because the three cases are all structurally 

simila r  t o th e targe t  problem . 

I n th e first  case ,  analog y transfe r  fro m cas e 1  t o th e targe t  proble m i s no t  possibl e (becaus e th e 

previou s reasonin g o f  cas e 1  i s no t  applicabl e t o th e targe t  problem) .  I n th e secon d ceise ,  transfe r 

fro m th e sourc e cas e i s no t  possibl e unti l  som e modificatio n i s performed .  Tha t  is ,  i n orde r  t o appl y 

th e solutio n o f  cas e 2  t o th e targe t  problem ,  th e for m \/ a — z ^  embedde d i n th e targe t  proble m 

need s b e transforme d t o th e for m v l  — i ^  i n cas e 2 .  I n th e thir d case ,  th e sourc e solutio n ca n b e 

transferre d t o th e targe t  domai n s o th e targe t  solutio n wil l  b e sin~ ^  -K -  +  C . 

Th e succes s o f  analogica l  mappin g lead s directl y t o analog y transfe r  i n th e thir d example .  Th e 

first  exampl e shows ,  however ,  tha t  th e succes s o f  mappin g ma y no t  guarante e successfu l  analog y 

transfer .  (I t  onl y predict s a  possibilit y  o f  transfe r  whic h shoul d subsequentl y b e verified. )  Further -

more ,  th e secon d exampl e show s tha t  eve n whe n analogica l  mappin g eventuall y lead s t o analog y 

transfer ,  successfu l  analogica l  mappin g m a y no t  directl y dictat e wha t  i s t o b e transferre d fro m th e 

sourc e cas e t o th e targe t  problem .  (I t  m a y onl y hin t  a t  wha t  i s t o b e transforme d i n orde r  t o reac h 

a transferabl e state. )  So ,  th e rol e o f  analogica l  mappin g i s t o identif y a  plausibl e analog y base d o n 

know n similarit y befor e transfe r  o f  analogica l  knowledg e fro m th e sourc e cas e t o th e ne w proble m 

i s attempte d [Shi88] . 
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Note that SME and ACME are similar to our mapping algorithm in that they will come up with 

successfu l  mapping s wit h al l  thre e cases .  Thi s show s that ,  eve n whe n A C M E consider s semanti c 

and pragmati c accounts ,  i t  i s  no t  abl e t o distinguis h analogie s whic h lea d t o analogica l  transfe r 

(i.e. ,  cas e 3 )  fro m analogie s whic h d o no t  (i.e. ,  case s 1  an d 2) .  I n othe r  words ,  A C M E i s no t  mor e 

powerfu l  tha n S M E an d our s i n dealin g wit h thes e three . 

4.3 An Application in JULIA 

Our analogical mapping mechanism is part of the case-based reasoner [Shi88] in JULIA, an in-

teUigen t  caterer' s advisor y syste m [CK86,Kol87] .  Eac h proble m cas e i n J U L I A ha s proble m an d 

solutio n parts .  Th e proble m par t  describe s it s proble m functionall y i n term s o f  goal s an d constraint s 

whil e th e solutio n par t  contain s a  solutio n pla n an d th e reasonin g history . 

Sinc e proble m case s ar e represente d i n a  hierarchica l  structure ,  J U L I A map s th e to p leve l 

proble m structure s first.  I t  trie s t o identif y similarit y betwee n tw o functiona l  structures .  I n a 

frame-base d representation ,  i t  i s  straightforwar d t o identif y th e sam e functiona l  component s (e.g. , 

goal s an d constraints) .  JUL I A start s mappin g wit h goal s betwee n problems :  i f  th e goal s full y 

match ,  th e mappin g proceed s t o constraints ;  i n cas e o f  a  partia l  match ,  whic h mean s som e goal s 

matc h bu t  other s d o not ,  onl y th e matche d goal s wil l  b e considere d fo r  possibl e transfer ;  otherwise , 

th e mappin g fails .  Mappin g the n proceed s t o constraint s o n onl y th e matche d goal s t o establis h 

correspondence s betwee n them .  Fo r  example ,  J U L I A woul d conside r  tw o cos t  constraint s L O W-

C O ST an d I N E X P E N S I V E ^  similar ,  becaus e the y ar e functionall y th e sam e i n tha t  the y bot h 

constrai n th e cost .  Then ,  shoul d L O W - C O ST an d E X P E N S I V E b e considere d similar ,  too ? J U L I A 

view s tha t  they ,  too ,  ar e functionall y simila r  du e t o th e sam e resison .  However ,  thes e d o no t  hav e 

as muc h i n c o m m o n semanticall y a s L O W - C O ST an d I N E X P E N S I V E . 

Thi s proble m wil l  b e resolve d durin g actua l  transfe r  an d ther e th e degre e o f  semanti c similarit y 

determine s th e degre e o f  learnin g involved .  Suppos e th e sourc e cas e mad e th e followin g inferenc e 

durin g it s proble m solving : 

If c-cost(LOW-COST) 

the n c-ingredient-cost(LOW-COST )  an d c-cooking(LOW-COST ) 

becaus e cos t  o f  dis h i s cos t  o f  ingredient s plu s cookin g cos t 

Then, during analogical transfer, JULIA will try to transfer the previous inference rule with the 

simila r  concep t  I N E X P E N S I V E usin g it s justificatio n ("because" )  clause .  I n othe r  words ,  J U L I A 

hypothesize s a  rul e substitutin g L O W - C O ST i n th e rul e fo r  I N E X P E N S I V E ,  seein g i f  th e justifi -

catio n previousl y use d i s similarl y applicable .  Sinc e th e justificatio n als o hold s fo r  th e targe t  case , 

th e ne w rul e wil l  b e transferred : 

If c-cost(INEXPENSIVE) 

the n c-ingredient-cost(INEXPENSIVE )  an d c-cooking(INEXPENSIVE ) 

becaus e cos t  o f  dis h i s cos t  o f  ingredient s plu s cookin g cos t 

However, if it were EXPENSIVE, the similar inference may not be true because not every ingredient 

need s t o b e expensiv e t o mak e a  dis h expensive . 

'INEXPENSIV E range s fro m lo w cos t  t o moderat e cos t  s o tha t  it s  meanin g i s slightl y broade r  tha n tha t  o f 
LOW-COST. 
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5 Summary and Conclusions 

We have shown that successful mapping may not guarantee successful transfer of analogy. Ana-

logica l  mappin g onl y predict s a  possibilit y  o f  transfe r  whic h shoul d subsequentl y b e verified .  Eve n 

when analogica l  mappin g eventuall y lead s t o analog y transfer ,  successfu l  analogica l  mappin g ma y 

not  directl y dictat e wha t  i s t o b e transferre d fro m th e sourc e cas e t o th e targe t  problem . 

An analogica l  mappin g algorith m ha s bee n introduce d a s a  recursiv e applicatio n o f  two-ste p hi -

erarchica l  mapping :  first  ma p th e tw o proble m structure s systematicall y unde r  structura l  similarit y 

and the n decompos e the m int o th e nex t  lowe r  leve l  structures .  Structura l  similarit y i s identifie d 

durin g thi s mappin g process ,  whil e semanti c similarit y i s  checke d durin g analogica l  transfer .  Thes e 

tw o processe s togethe r  guarante e th e correctnes s o f  analog y transfer . 
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