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Analog ica l  T rans fe r  b y Const ra in t  Satisfactio n 

Eri c R .  Mel z Keit h J .  Holyoa k 
Dcparimcn t  o f  Psycholog y 

Universit y o f  California ,  Lo s Angeles ,  C A 9002 4 

Abs t rac t 

The robustnes s o f  analogica l  transfe r  base d o n th e A C M E 
modelin g o f  mappin g b y constrain t  satisfactio n (Holyoa k 
& Thagard ,  1989 )  wa s investigate d i n a  serie s o f 
computationa l  experiment s usin g Hinton' s (1986 ) 
"famil y tree "  problem .  Proposition s wer e delete d 
randoml y fro m th e ful l  representation s o f  eithe r  bot h 
analog s (description s o f  a n Englis h an d a n Italia n family ) 
or  jus t  th e target ,  an d afte r  mappin g a  "cop y wit h 
substitutions "  procedur e wa s use d t o generat e transfe r 
proposition s intende d t o restor e th e ful l  representationa l 
structures .  I f  a s man y a s 5 0 % o f  th e proposition s i n th e 
targe t  analo g wer e deleted ,  th e syste m wa s abl e t o recreat e 
al l  o f  th e missin g informatio n withou t  error ;  significan t 
recover y wa s obtaine d eve n i f  a s man y a s 8 0 % o f  th e 
targe t  proposition s wer e deleted .  Robustnes s wa s onl y 
slightl y reduce d whe n th e tw o analog s lacke d an y simila r 
predicates ,  s o tha t  mappin g depende d solel y o n structura l 
constraints .  Transfe r  wa s muc h mor e impaire d whe n 
deletion s wer e mad e fro m bot h analogs ,  rathe r  tha n jus t 
th e target .  Th e result s indicat e tha t  fo r  isomorphi c 
representations ,  analogica l  transfe r  b y constrain t 
satisfactio n ca n excee d th e regenerativ e capacit y o f 
genera l  learnin g algorithms ,  suc h a s back-propagation . 

Introduction 

Theoretica l  account s o f  analogica l  transfe r  distinguis h 
variou s componen t  processes ,  o f  whic h m a p p i n g i s 
considere d central .  Mapp in g entail s establishin g 
systemati c correspondence s betwee n th e object s an d 
relation s o f  a  sourc e analo g an d a  targe t  analog .  Bu t  i n 
additio n t o mapping ,  analogica l  U-ansfe r  depend s o n post -
mappin g processe s i n whic h n e w inference s ar c draw n 
usin g th e correspondence s establishe d b y th e mapping ,  i n 
conjunctio n wit h th e structur e o f  th e analogs .  Suc h 
procedure s ca n effectivel y fil l  i n gap s o f  missin g 
informatio n whe n knowledg e fro m a  well-understoo d 
domai n i s  transferre d t o a n analogou s bu t  les s well -
understoo d domain .  B y analog y t o perceptua l  mechanism s 
fo r  "fillin g in "  missin g information ,  w e wil l  refe r  t o th e 
generatio n o f  inference s base d o n analogica l  mappin g a s 
analogica l  patter n completion .  Th e simples t  basi c 
mechanis m fo r  analogica l  patter n completio n i s copyin g 
wit h substitutio n ( C W S ) ,  whic h i n som e for m ha s bee n 
include d i n al l  computationa l  model s o f  post-mappin g 
analogica l  transfe r  (e.g. ,  Carbonell ,  1983 ;  Falkenhainer , 
Forbu s &  Centner ,  1989 ;  Winston ,  1980) .  Th e basi c ide a 
of  C W S i s simple :  fo r  a  k n o w n propositio n abou t  th e 
source ,  construc t  a n inferenc e abou t  th e targe t  b y 

substitutin g th e correspondin g predicat e an d argument(s ) 

i n th e targe t  fo r  thos e i n th e sourc e proposition . 
Althoug h severa l  model s o f  analogica l  transfe r  tha t 

includ e th e C W S principl e hav e bee n proposed ,  n o 
systemati c test s o f  robustnes s hav e bee n reporte d fo r 
model s o f  eithe r  mappin g o r  post-mappin g transfe r 
processes .  Mappin g model s hav e typicall y bee n applie d t o 
representation s tha t  ar e nearl y isomorphic ;  i t  i s  unclea r 
h o w wel l  th e system s coul d m a p les s orderl y 

representations .  Naturalisti c us e o f  analog y typicall y 
involve s situation s i n whic h a t  leas t  on e o f  th e analog s -
th e nove l  targe t  -  i s  imperfectl y understood .  A  mode l  o f 
human analogica l  transfe r  mus t  b e sufficentl y robus t  a s t o 
be abl e t o identif y systemati c correspondence s betwee n 
analog s despit e gap s i n th e initia l  representations ,  an d the n 
procee d t o generat e plausibl e inference s t o fill  thos e gaps . 
I n thi s pape r  w e examin e th e inferentia l  powe r  o f  a  C W S 
mechanis m a s a n extensio n o f  A C M E ,  a n mode l  o f 

analogica l  mappin g b y constrain t  satisfactio n (Holyoa k & 
Thagard ,  1989) . 

Learning Family Trees by Back-Propagation 

Hinto n (1986 )  describe s a  back-propagatio n networ k whic h 
he traine d o n propositiona l  representation s o f  famil y trees . 
Th e primar y purpos e o f  Hinton' s stud y wa s t o determin e i f 
th e hidde n unit s o f  th e networ k coul d develo p intuitivel y 
meaningfu l  representation s o f  abstrac t  feature s o f  a  corpu s 
of  propositions .  Th e basi c famil y tree s tha t  th e networ k 
learned ,  als o use d i n th e presen t  study ,  ar e depicte d i n 
Figur e 1 .  A s i s  visuall y apparent ,  thes e Englis h an d 
Italia n familie s hav e a n isomorphi c structur e (e.g. , 
Christophe r  enter s int o th e sam e patter n o f  kinshi p 
relation s a s doe s Roberto) .  Usin g 1 2 c o m m o n relationa l 
term s (father ,  mother ,  husband ,  wife ,  son ,  daughter , 
brother ,  sister ,  uncle ,  aunt ,  nephe w an d niece) ,  eac h famil y 

ca n b e describe d b y a  se t  o f  5 6 proposition s abou t 
relationship s amon g th e 1 2 individuals . 

I n Hinton' s project ,  proposition s o f  th e for m (person l 
relatio n person2 )  (e.g. ,  (Emili o has_fathe r  Roberto) )  wer e 
translate d int o a  localis t  connectionis t  representatio n an d 
presente d t o a  multi-laye r  network .  Usin g back -
propagation ,  th e hidde n unit s wer e abl e t o abstrac t  usefu l 
features ,  suc h a s nationalit y an d generation ,  fro m th e 
trainin g set .  W h e n teste d o n it s abilit y  t o complet e th e 4 % 
of  th e proposition s tha t  ha d no t  bee n use d i n training ,  th e 
networ k wa s correc t  o n 1 0 0 % o f  thes e i n on e ru n an d 7 5 % 
i n a  secon d run . 

Thi s researc h wa s supporte d b y Contrac t  M D A 903-89-K -
017 9 fro m th e Arm y Researc h Institute ,  NS F Biologica l 
Facilitie s Awar d B B S 87-1420 ,  an d a  gran t  fro m th e Kec k 
Foundatio n t o th e U C L A Cognitiv e Scienc e Researc h 
Program . 
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Chiilophc r  =  Penelop e Andre w =  Chrulir r 

MvgAict = Arthur Vicioru = Juncj Jennifer = Oiarlei 

Cdin Qurlouc 

Robert o =  Miri a Ptcrr o =  Pruiccic A 

Gsu=Emilio Luua = Marco Aji^U = Iiniiami 

Aifcxuo Suplua 

Figure 1: Two isomorphic family Irccs. The symbol "=" means 
"married lo". (From Hinion. 1986) 

Analogica l  Mappin g an d Patter n 
Completio n i n A C M E 

Mappin g 

Holyoa k an d Thagar d (1989 )  fram e ih c proble m o f 
analogica l  mappin g i n term s o f  paralle l  satisfactio n o f 
multipl e constraint s tha t  jointl y determin e th e optima l 
correspondence s betwee n element s o f  th e sourc e an d targe t 
analogs .  Thei r  A C M E (Analogica l  Constrain t  Mappin g 
Engine )  mode l  receive s a s inpu t  a  sourc e analo g an d a 
targe t  analo g represente d i n predicate-calculu s notation . 
Each analo g consist s o f  a  se t  o f  propositions ,  wher e eac h 
propositio n consist s o f  a n /j-plac e predicate ,  a  lis t  o f 
constituen t  argument s o f  th e predicate ,  an d a  propositio n 
label .  Fo r  example ,  th e fac t  tha t  Emilio' s fathe r  i s Robert o 
woul d b e represente d b y th e propositio n 

(hasjathe r  (Emili o Roberto )  II) . 

The ful l  representation s o f  eac h famil y woul d consis t  o f  5 6 
propositions ,  eac h involvin g a  2-plac e relation . 

A C ME construct s a  networ k o f  unit s representin g 
potentia l  elementa l  correspondence s betwee n th e tw o 
analogs .  Th e constrain t  tha t  goo d analogie s shoul d ten d t o 
be isomorphi c i s  enforce d b y installin g excitator y link s 
betwee n consisten t  mappin g hypothese s an d inhibitor y 
link s betwee n inconsisten t  hypotheses .  Unit s representin g 
mapping s o f  semanticall y simila r  predicate s ar e linke d t o a 
"semanti c unit" ,  th e activatio n o f  whic h i s clampe d t o a 
m a x i m u m activatio n valu e o f  1 .  I n th e experiment s 
reporte d i n thi s paper ,  onl y mapping s o f  identica l  predicate s 
hav e connection s t o th e semanti c unit .  Unit s representin g 
correspondence s presume d o n th e basi s o f  prio r  knowledg e 
ar e linke d t o a  specia l  "pragmati c unit" .  Th e networ k i s 
the n allowe d t o settl e usin g a  relaxatio n algorith m (se e 
Holyoa k &  Thagard ,  1989) .  Th e updatin g algorith m i s 
implemente d i n *L1S P o n a  C M 2 Connectio n Machine . 

Pattern Completion 

Once a  se t  o f  mapping s fo r  objects ,  predicates ,  an d 
proposition s hav e bee n obtaine d b y relaxin g th e system , 
we invok e a  simpl e C W S procedur e t o generat e candidat e 
inference s base d o n th e mapping s an d th e structur e o f  th e 
analogs .  Th e intuitio n behin d thi s procedur e i s  tha t  i n 
analogica l  transfer ,  ther e i s a  pressur e fo r  proposition s i n 
th e sourc e t o hav e correspondin g proposition s i n th e target , 
and vic e versa .  I f  som e propositio n exist s i n on e analog , 
but  ha s n o correspondin g propositio n i n th e th e other ,  ye t 

al l  o f  th e constituen t  element s o f  th e existin g propositio n 

m ap t o element s i n th e othe r  analog ,  w e m a y reasonabl y 

conjectur e a  ne w proposition .  Formally ,  th e procedur e w e 

use t o generat e proposition s i n th e aftermat h o f  mappin g i s 
as follows : 

•  I f  a  propositio n P  consistin g o f  relatio n r  an d object s 
Oi ,  02,...,o „  (notate d P:r(oi,0 2 o j )  exist s bu t  doe s 

not  m a p t o an y correspondin g proposition ,  an d 
•  ifP' s relatio n an d object s hav e th e mapping s 

r->r ' 

Or>Oi '  (fori=l...n ) 

•  the n creat e th e ne w propositio n P':r'(oj',02',...,o„') . 

The criteri a fo r  generaieing a propositio n ar e tha t  (a )  th e 
bes t  mappin g o f  P  mus t  hav e a n activatio n belo w som e 
threshol d value ,  an d (b )  th e relatio n an d object s o f  P  mus t 
hav e activation s abov e th e threshold .  Fo r  al l  th e 
experiment s reporte d i n thi s paper ,  thi s threshol d wa s 
chose n t o b e .2 .  Not e tha t  th e abov e procedur e fo r  inferenc e 
generatio n i s inherentl y symmetrical :  th e n e w propositio n 
can b e adde d t o eithe r  th e sourc e o r  th e targe t  analog . 

Transfer Tests 

The family-u-e e proble m ha s severa l  virtue s a s th e basi s fo r 
computationa l  test s o f  a n analogica l  transfe r  model .  First , 
th e tw o complet e famil y structure s ar e i n fac t  isomorphic , 
so analogica l  mappin g shoul d b e possible .  Second ,  th e 
ful l  representation s ar e a  well-specifie d se t  o f  propositions , 
so w e ca n quantif y th e degre e t o whic h analog s hav e bee n 
corrupte d b y eliminatin g proposition s fro m th e inpu t 
representations .  B y deletin g proposition s fro m th e inputs , 
we ca n systematicall y reduc e th e degre e t o whic h th e input s 
ar e actuall y isomorphic ,  an d henc e examin e th e robustnes s 
of  th e mappin g an d patter n completio n mechanisms . 

Mapping the Intact Family Trees 

The firs t  requiremen t  wa s t o demonstrat e tha t  A C M E coul d 
i n fac t  m a p th e tw o analog s i f  th e complet e representation s 
(i.e. ,  5 6 proposition s fo r  eac h family )  wer e provide d a s 
inputs .  Thi s i s  a  non-trivia l  computationa l  proble m 
simpl y becaus e th e mappin g networ k forme d i s ver y larg e 
(342 4 mappin g unit s interconnecte d b y 38122 4 
symmetrica l  links) ,  du e t o th e fac t  tha t  al l  proposition s 
involv e 2-plac e relation s (s o tha t  an y propositio n i n on e 
analo g coul d potentiall y m a p t o an y propositio n i n th e 
other) .  Th e majo r  paramete r  value s use d wer e .00 5 fo r 
decay ,  excitation ,  an d similarit y o f  identica l  predicates ,  an d 
-.1 6 fo r  inhibition .  Th e networ k settle d int o a  stabl e 
asymptoti c stat e afte r  19 6 cycle s o f  activatio n updating , 
producin g a  complet e an d correc t  se t  o f  correspondence s 
betwee n element s o f  th e tw o structures .  Al l  th e correc t 
mapping s ha d asymptoti c activation s clos e t o th e 
m a x i m u m possibl e valu e o f  1 . 

Reconstruction of Damaged Analogs With 
Identica l  Predicate s 

Havin g establishe d tha t  A C M E ca n m a p th e intac t  analogs , 
we nex t  performe d a  serie s o f  computationa l  experiment s i n 
whic h w e randoml y delete d proposition s fro m th e family -
tre e rcprescniation s provide d a s input s t o A C M E ,  mappe d 
th e damage d representations ,  an d the n applie d th e C W S 
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pattern-completio n mechanis m t o attemp t  t o reconstruc t 

th e complet e analogs .  T h e result s o f  a  scrie s o f 
experiment s o n analo g reconstructio n ar c presente d i n 

Figure s 2  an d 4 . 

Pr u dalaUo o fro m bol h >i<ala| i 

ddcdo a from  a  ilnt U analo i 

100 - I rtMUicU 4 dcktio a fro m bol h uialog l 

codb: ! 

F i g u r e 2 :  R o b u s t n e s s o f  transfe r  (identica l  predicates ) 

In our first experiment, we randomly deleted 
proposition s fro m bot h analogs ,  an d observe d th e 
proportio n o f  delete d proposition s tha t  wer e correctl y o r 
incorrectl y create d b y th e C W S mechanism .  Th e result s o f 
thi s experimen t  ar e show n i n Figur e 2A .  Th e absciss a 
represent s th e proportio n o f  proposition s tha t  wer e delete d 
fro m th e entir e se t  o f  proposition s i n th e tw o analogs .  Th e 
ordinat e represent s th e proportio n o f  th e delete d 
proposition s tha t  wer e eithe r  create d correctl y (labele d 
"correct") ,  a s wel l  a s th e frequenc y wit h whic h incorrec t 
proposition s (labele d "commissio n error" )  wer e generated , 
als o expresse d a s a  percentag e o n th e deletion s i n th e 
inputs .  Eac h dat a poin t  o n thi s an d subsequen t  graph s 
represent s th e averag e o f  th e result s o f  tw o runs .  A C M E 
was abl e t o reconstruc t  1(X) % o f  th e missin g proposition s 
when 4 % ha d bee n deleted ,  an d 5 3 % o f  thos e missin g whe n 
1 0 % ha d bee n deleted ,  withou t  makin g an y commissio n 

errors .  Correc t  restoration s diminishe d t o 2 3 % whe n th e 

deletio n rat e wa s increase d t o 20-30% ,  an d a t  highe r  level s 

of  deletio n correc t  inference s wer e essentiall y  eliminated . 

Commissio n error s wer e ver y infrequen t  eve n a t  th e highes t 

level s o f  damag e t o th e analogs . 
Th e abov e experimen t  involve d symmetrica l  damag e t o 

th e tw o analogs ,  wit h bidirectiona l  transfe r  betwee n th e 
tw o analogs .  I n contrast ,  naturalisti c analogica l  transfe r 

typicall y involve s asymmetri c transfe r  fro m a  well -
understoo d sourc e t o a  poorly-understoo d target .  T o mor e 
closel y approximat e th e naturalisti c asymmetr y o f 
analogica l  transfer ,  w e ra n a  secon d experimen t  i n whic h 
we restricte d propositio n deletion s t o onl y a  singl e analo g 
(i n thi s case ,  i t  happene d t o b e th e Italia n family) .  A s th e 
result s i n Figur e 2 B clearl y indicate ,  transfe r  wa s fa r  bette r 

tha n i n th e previou s experiment .  Ful l  recover y o f  delete d 
proposition s wa s possibl e a t  deletio n rate s o f  u p t o 5 0 % , 
and eve n a t  a  deletio n rat e o f  8 0 % A C M E wa s abl e t o 
recove r  2 4 % o f  th e missin g propositions . 

Th e differenc e i n robustnes s betwee n th e tw o deletio n 
procedure s i s extrem e indeed .  Fo r  example ,  deletin g 6 0 % 
of  th e proposition s i n on e analo g produce s th e sam e 
quantit y o f  missin g informatio n a s doe s deletin g 3 0 % o f 
th e proposition s acros s bot h analogs .  Ye t  th e forme r 
procedur e yield s almos t  perfec t  recover y (Figur e 2 B ) , 
wherea s th e latte r  procedur e allow s recover y o f  les s tha n 
1/ 4 o f  th e missin g informatio n (Figur e 2 A ) .  W e nex t 
explore d potentia l  structura l  explanation s fo r  thi s differenc e 
i n robustnes s a s a  functio n o f  whethe r  deletion s wer e mad e 
fro m on e o r  tw o analogs . 

One possibl e explanatio n i s tha t  whe n rando m deletion s 
occu r  acros s bot h analogs ,  i t  i s possibl e tha t  correspondin g 
proposition s (e.g. .  E l  an d II )  m a y bol h b e deleted ,  i n 
whic h cas e th e C W S mechanis m i s guarantee d t o fai l 

(becaus e ther e wil l  b e n o propositio n fro m whic h t o 
generat e a n analogou s inference) .  (Th e proportio n o f  delete d 
proposition s fo r  whic h w e ca n expec t  suc h a n even t  t o 

occu r  i s 1  -  ( 1 p )  '̂ ,  wher e p  i s th e proportio n o f  th e tota l 
proposition s tha t  ar e deleted ,  an d d  i s th e numbe r  o f 
proposition s tha t  ar e deleted. )  I n contrast ,  i f  on e analo g i s 
lef t  intact ,  i t  i s  guarantee d tha t  on e m e m b er  o f  eac h 
propositio n pai r  i s  availabl e (namely ,  th e propositio n i n 
th e source) .  T o tes t  th e effec t  o f  thi s structura l  advantag e 
fo r  th e latte r  procedure ,  w e introduce d a  thir d deletio n 
scheme tha t  allowe d proposition s t o b e delete d fro m bot h 
analogs ,  wit h th e restrictio n tha t  a t  mos t  on e propositio n 
fro m eac h pai r  o f  correspondin g proposition s coul d b e 

deleted .  Th e results ,  show n i n Figur e 2C ,  indicat e tha t 
althoug h thi s procedur e produce s somewha t  mor e robus t 
transfe r  tha n doe s fre e deletio n fro m bot h analog s (Figur e 
2 A ) ,  i t  remain s m u c h wors e tha n whe n deletion s ar e 
performe d fro m onl y a  singl e analo g (Figur e 2B) .  Thes e 
result s indicat e tha t  som e othe r  structura l  facto r  mus t 
accoun t  fo r  th e greate r  robusuies s o f  transfe r  whe n deletion s 

ar e restricte d t o a  singl e analog . 
Anothe r  structura l  facto r  tha t  varie s whe n deletion s ar e 

made fro m on e versu s tw o analog s involve d difference s i n 
th e potentia l  fo r  generatin g incorrec t  propositio n 
mappings ,  a s illustrate d i n Figur e 3 .  I n th e cas e wher e 
deletio n i s restricte d t o a  singl e structur e (Figur e 3a) ,  fo r 
any propositio n suc h a s 1 5 i n th e targe t  structur e tha t  i s 
deleted ,  th e stronges t  mappin g o f  it s correspondin g sourc e 
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proposition ,  suc h a s £ 5 = 1 1 0 ,  wil l  b e inhibite d b y th e 
correc t  mapp in g unit ,  her e £ 1 0 = 1 1 0 .  Sinc e £ 1 0 = 1 1 0 
represent s th e mapp in g o f  correspondin g propositions ,  i t 
wil l  hav e a  hig h activation ,  an d driv e th e mappin g £ 5 = 1 1 0 
wel l  belo w th e threshol d require d fo r  generatin g transfe r 
candidates .  Hence ,  propositio n E 5 i n th e sourc e wil l  b e 
lef t  unmapped ,  makin g i t  a  candidat e fo r  generatio n o f  a n 
inferenc e abou t  th e targe t  b y C W S. 

I n contrast ,  w h e n propositio n deletion s occu r  i n bot h 

analog s (Figur e 3b) ,  incorrec t  propositio n mapping s d o no t 
necessaril y  experienc e th e devastatin g inhibitio n describe d 
above .  Fo r  examp le ,  conside r  th e cas e i n whic h 
propositio n E l O i s delete d fro m th e sourc e an d 1 5 i s delete d 
fro m th e targe t  I f  E l O an d 1 5 shar e a  c o m m o n relatio n o r 
object ,  the y m a y produc e a  reasonabl y stron g mapping . 
Sinc e neithe r  £ 1 0 = 1 1 0 no r  £ 5 = 1 5 exists ,  th e mappin g 

£ 5 = 1 1 0 face s n o seriou s competition ,  an d thu s i s abl e t o 
produc e a n activatio n leve l  abov e th e transfe r  threshold , 
preventin g subsequen t  transfe r  fro m E 5 .  T h e greate r 
potentia l  fo r  erroneou s propositio n mapping s t o emerg e 
when deletion s ar e m a d e fro m tw o analog s rathe r  tha n on e 
appear s l o b e th e mai n reaso n fo r  th e reduce d robustnes s o f 
transfe r  fo r  th e forme r  case . 
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icpfcscnic d b y cidcje s i n th e Uni t  Activalio n tables .  Activatio n level s o f  th e projxisitia n 
mappin g uni u coiumn=ro w aj e indicate d b y th e siz e o f  th e circles .  Mappin g unit s o n 
th e diagonal ,  whic h represent  correc t  mappings ,  strongl y inhibi t  th e unit s i n thei r  ro w 
and column .  HeiK C i n (a) ,  th e uni t  E5=11 0 i s strongl y inhibite d b y E10=110 ,  s o tJia t  11 5 
ia lef t  unmapped ,  an d henc e a  candidaf c fo r  generatin g a n inference .  I n contrast ,  i n (b ) 
th e uni t  E5=I1 0 doe s no t  encounte r  an y suc h inhibition ,  an d henc e it s activatio n i s abtiv e 
th e threshol d require d fo r  inferenc e candidacy . 

Reconstructio n o f  D a m a g e d Ana log s W i t h o u t 
Identica l  Predicate s 

Th e previou s thre e experiment s hav e show n tha t  missin g 
informatio n ca n b e reconstructe d unde r  a  variet y o f  deletio n 
conditions .  Suc h transfe r  i s criticall y dependen t  o n th e 
qualit y o f  mapping s A C M E produces .  A s previousl y 
discussed ,  th e mappin g proces s i s influence d b y boi h 
structura l  an d semanti c pressures .  Sinc e i n thi s proble m 
we ar e mappin g tw o isomorphi c structures ,  th e semanti c 
pressur e generate d b y th e identica l  predicate s i n th e tw o 
analog s (e.g. ,  hasjalher=hasjaiher )  migh t  b e regarde d a s 
superfluous ,  o r  a s undul y "settin g up "  th e mapping . 

100 - I 

% iklctloi i 

dclcUo n (To m a  sin|l c anaJo t 100 - 1 

rrttrklr d ddcUo n fro m bot h analos s 

cnmmiKio o erro r 

» dclclloi i 

F igur e 4 :  R o b u s t n e s s o f  transfe r  ( n o identica l  predicates) . 

In order to eliminate the semantic pressure, we 
translate d al l  th e relatio n name s i n th e Italia n famil y tre e 
int o thei r  Italia n equivalents .  Fo r  example ,  th e relatio n 
"has_father "  becam e "ha_padre" .  Sinc e A C M E onl y create s 
a stron g lin k betwee n th e semanti c uni t  an d a  predicat e 
mappin g unit s i f  th e m a p p e d predicate s hav e th e s a m e 
name,  thi s modificatio n prevent s an y usefu l  semanti c link s 
fro m bein g created .  I n addition ,  sinc e th e Englis h famil y 
tre e ca n b e consistentl y mappe d t o eithe r  th e Italia n famil y 
tre e show n i n Figur e 1  o r  a  vertica l  mirro r  imag e o f  th e 

Italia n famil y u-ee ^  (e.g. ,  Christophe r  m a p s t o Francesca , 
etc.) ,  w e weakl y "presumed "  on e o f  th e appropriat e 
mapping s (b y givin g i t  a  weigh t  o f  .00 5 o n it s lin k fro m 
th e pragmati c unit )  i n orde r  t o provid e a  minima l  impetu s 
toward s th e "correct "  se t  o f  mappings . 

1 We than k E d Stable r  fo r  makin g thi s observation . 
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We nex t  rera n ou r  thre e basi c deletio n experiments , 
eliminatin g semanti c pressure .  Th e results ,  displaye d i n 

Figur e 4A-C ,  represen t  a  qualitativ e replicatio n o f  th e 
previou s pattern s o f  transfer ,  wit h som e degradatio n i n th e 

amount  o f  transfer .  Thi s degradatio n i s expecte d fo r  tw o 
reasons .  First ,  th e overal l  activation s o f  th e proposition , 
relatio n an d objec t  mappin g unit s ar e weake r  whe n 
semanti c pressure s ar e removed .  Second ,  cluster s o f 
mapping s whic h ar e locall y consisten t  bu t  globall y 
inconsisten t  ca n emerg e unde r  thi s scheme ,  especiall y  whe n 
a significan t  amoun t  o f  relationa l  informatio n ha s bee n 

remove d fro m th e representations . 

Conclusion 

We foun d tha t  transfe r  wa s fa r  mor e robus t  whe n deletion s 
wer e restricte d t o a  singl e analo g tha n i f  deletion s wer e 
made i n both .  Thi s resul t  lead s t o th e predictio n tha t 
transferrin g knowledg e fro m a  well-understoo d sourc e t o a 
poorly-understoo d targe t  wil l  b e easie r  tha n transferrin g 
knowledg e betwee n tw o moderately-understoo d analogs . 
As fa r  a s w e know ,  thi s predictio n ha s no t  ye t  bee n directl y 
teste d fo r  huma n analogica l  transfer . 

I t  woul d b e interestin g t o tes t  th e robustnes s o f  othe r 
model s o f  analogica l  transfe r  usin g th e sam e basi c 
material s use d here .  I t  doe s no t  appea r  likely ,  fo r  example , 

tha t  comparabl e result s coul d b e obtaine d usin g 
Falkenhaine r  e t  al.' s  (1989 )  S M E progra m wit h thei r 
structure-mappin g rules .  A C M E i s abl e t o perfor m wel l 
eve n whe n th e analog s lac k an y simila r  o r  identica l 
predicates ,  wherea s S M E wit h structure-mappin g rule s 

require s tha t  mappe d relation s b e identical . 
I t  i s o f  interes t  t o compar e th e performanc e o f  A C M E 

wit h Hinton' s (1986 )  learnin g b y back-propagatio n a s 
applie d t o th e family-tre e problem .  Ou r  syste m appear s 
bette r  abl e t o recove r  implici t  missin g informatio n fo r  th e 
famil y tre e problem ;  however ,  obviou s an d significan t 
difference s exis t  betwee n th e tw o systems .  O n on e hand , 
A C ME require s tha t  th e proposition s abou t  th e tw o 
familie s b e explicitl y  separate d int o targe t  an d sourc e 
analogs ,  wherea s Hinton' s syste m receive d al l  proposition s 
intermixed ,  an d i n fac t  learne d tha t  th e distinctio n betwee n 
Englis h an d Italia n peopl e wa s a n importan t  regularity .  O n 
th e othe r  hand ,  Hinton' s generalizatio n tas k involve d 
givin g th e syste m th e firs t  argumen t  an d relatio n an d 
askin g i t  t o generat e th e secon d argument ,  wherea s A C ME 
was aske d t o generat e entir e ne w proposition s withou t  an y 
explici t  partia l  cues .  I n additio n t o thes e difference s i n th e 
transfe r  task s performe d b y th e tw o systems ,  th e genera l 
aim s o f  eac h syste m ar e quit e different .  Hinton' s syste m i s 
primaril y intende d t o abstrac t  genera l  feature s fro m a  bod y 
of  propositions .  A C M E,  o n th e othe r  hand ,  ha s n o suc h 
generalizatio n capability ,  bu t  rathe r  conjecture s th e 
existenc e o f  unstate d informatio n base d solel y o n structura l 
correspondence s betwee n tw o set s o f  propositions . 

The presen t  versio n o f  A C M E ha s a  numbe r  o f 
significan t  limitation s a s a  mode l  o f  th e post-mappin g 

processe s involve d i n analogica l  û ansfer .  Th e succes s o f 
th e C WS procedur e depend s upo n th e model' s taci t 
assumptio n tha t  th e sourc e an d targe t  situations ,  despit e 
any apparen t  "gaps' "  i n thei r  representations ,  ar c i n fac t 
isomorphic .  I f  th e sourc e include s proposition s tha t 

actuall y lac k parallel s i n th e targe t  situation ,  commissio n 
error s (i.e. ,  erroneou s inference s abou t  th e target )  ar e likel y 

t o result .  Successfu l  transfe r  betwee n non-isomorphi c 

analog s wil l  depen d upo n additiona l  pragmati c informatio n 
tha t  eithe r  prevent s erroneou s inference s fro m bein g 
generated ,  o r  weed s the m ou t  afte r  the y ar e generated .  I n 
addition ,  post-mappin g u-ansfe r  processe s mus t  als o dea l 
wit h case s i n whic h som e usefu l  sourc e proposition s ar e 
base d o n predicate s o r  object s tha t  ar e initiall y  lef t 
unmapped (i n contras t  t o C W S,  whic h ca n appl y t o a 
propositio n onl y i f  al l  it s  element s hav e bee n mapped) . 

Finally ,  a  ful l  mode l  o f  analogica l  transfe r  betwee n non -

isomorphi c situation s wil l  requir e processe s o f  adaptatio n 
(Novic k &  Holyoak ,  1991 )  tha t  modif y th e inference s 
generate d b y analogica l  patter n completio n i n orde r  t o tak e 
accoun t  o f  uniqu e requirement s o f  th e target .  Fo r  example , 
an analogica l  solutio n t o a  targe t  proble m ma y hav e t o b e 
adapte d t o incorporat e extr a constraint s require d i n th e targe t 
but  no t  th e source ,  o r  t o accommodat e variation s i n whic h 
proble m element s ar e specifie d a s unknow n b y th e goa l 
descriptio n (Carbonell ,  1983) .  W e vie w th e presen t 
extensio n o f  A C M E a s onl y a  modes t  initia l  ste p towar d 
accountin g fo r  th e ful l  rang e o f  transfe r  processe s tha t 
depen d upon ,  bu t  potentiall y  g o fa r  beyond ,  th e 
informatio n provide d b y analogica l  mapping . 
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