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I nva r ianc e H ie ra rch ie s 

in Metaphor Interpretation 

Jaime G. Carbonell 
Carnegi e Mello n Universit y 

Pitlsburgh ,  P A 1521 3 

Abstract 

Interpreting metaptiors is an integral and inescapable process in 
human understandin g o f  natura l  language .  Th e curren t 
investigatio n analyze s analogica l  mapping s underlyin g metaphor s 
and thei r  implication s fo r  inferenc e an d memor y organization . 
Regularitie s hav e bee n observe d indicatin g tha t  certai n type s o f 
conceptua l  relation s ar e muc h mor e ap t  t o remai n invarian t  i n 
analogica l  mapping s tha n othe r  relations ,  resultin g i n a n induce d 
invarianc e hierarchy .  Th e centra !  thesi s  i s tha t  huma n inferenc e 
processe s ar e governe d b y th e sam e analogica l  mapping s 
manifes t  a s metaphor s i n language . 

1. Introduction 

fvletapho r  i s a  pervasiv e phenomeno n i n almos t  al l  huma n 
writte n an d spoke n languag e [7,9.6 ]  Recently ,  I  propose d a 
model  o f  metapho r  comprehensio n base d o n th e identificatio n o f 
genera l  metapho r  mapping s an d subsequen t  recognitio n o ( 
metaphor s a s instance s o f  previousl y encountere d generalize d 
mapping s [3) .  Thi s metho d wa s mean t  t o b e a  computationally -
effectiv e mean s o f  interpretin g "common "  o r  "mundane " 
metaphor s A s such ,  i t  di d no t  addres s issue s o f  ho w th e 
underlyin g analogica l  mapping s structur e inferenc e processes ; 
nor  di d i t  conside r  th e mor e difficul t  tas k o f  understandin g trul y 
nove l  metaphor s Here ,  I  investigat e th e inferenc e processe s 
underlyin g novel-metapho r  comprehensio n an d thei r  implication s 
fo r  memor y organization . 
Recognition  and initial interpretation of metaphors in written or 
spoke n languag e represent s onl y th e ti p o f  th e proverbia l  iceberg . 
fvletaphor s i n narratives ,  dialog s an d informativ e tex t  ar e th e 
observabl e linguisti c manifestation s o f  a  central ,  underlyin g 
cognitiv e proces s M y thesi s i s tha t  cognitio n i s dominate d b y 
analogica l  reasonin g (4) ,  i n contras t  t o mor e rigi d reasonin g 
model s base d o n "sounder" -  principle s o f  forma l  logi c (eg. , 
deduction ,  resolution ,  etc.) .  tvletapho r  i s  th e reflection ,  o n th e 
languag e m e d i u m ,  o f  analogica l  though t  processes ;  a s suc h I t 
provide s essentia l  clue s o f  th e inne r  functionin g o l  h u m a n 
inferenc e processe s Thi s pape r  discusse s th e utilit y  o l  metapho r 
as a  too l  t o investigat e variou s cognitiv e processes . 

2. Two Metaphors are Better Than One 

Conside r  th e metapho r  inllatio n i s  wa r .  a s discusse d b y 
Lakoff .  Newscaster s tal k o f  "lightin g inllation" ,  "worker s takin g a 
beatin g fro m inflation" ,  "Carte r  loosin g anothe r  roun d t o 
inllation'' ,  "inflatio n overrunnin g ou r  e c o n o m y " ,  "saving s bein g 
attacke d b y inflation" ,  et c O f  wha t  possibl e us e i s thi s metapho r 
t o th e reade r  (o r  th e writer) ? Inflatio n i s a n economi c 
p h e n o m e n o n w h o s e causes ,  implications ,  an d me thod s o f  control 
ar e no t  understoo d b y th e publi c a t  larg e (Indeed ,  s o m e woul d 
sa y tha t  inflatio n i s poorl y understoo d b y politicians ,  economist s 
an d busines s m e n alike. )  Therefore ,  th e metapho r  help s t o enric h 
th e know ledg e brough t  t o bea r  i n th e comprehens io n proces s b y 
transferin g correspondin g appropriat e informatio n fro m th e m o r e 
familia r  adversary-conflic t  situation .  T h e necessit y t o enric h an d 

Thi s lesc.ltc h v.Of i  sponsorp d i n pai t  b y th e OHiC P o (  N.iv.-i l  npsparc h (ONf* ) 
iirxJe r  gian t  numb<? f  MCXWM 7 9 C-0CG1 .  an d i n p.ir t  b y Ih o OrlRn-.f *  AfJv.-jnce d 
Rpsnafc h Project s A'lrnc y (OOO) .  Oute r  tJ o 3597 ,  mnrntoic d b y tti e Ai r  Forc e 
Avionic s L.lboiatoi y iiihI<' i  Contnc t  F33G1 5 7 0 C  l̂" )  1  Tii e view s an d 
conrliifiion s conl.atn-' d i n tin s i)ociinv-n t  ai e Itin ,  f  {; !  tt» > .-mlttoi .  aiu )  r.hoiil d no t  li e 
int'.rpr'M''i t  .'»M''pnr.'-nt»n n tti o olticia t  pclici*̂' .  cillio i  ĉ piP'.'.f O o t  iinpliQd .  n t  Hi e 
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elaborat e upo n concept s i n th e understandin g proces s ha s bee n 
ampl y demonstrate d b y Bransfor d an d Johnso n (2) ,  Anderso n [1 ] 
an d others .  Th e onl y feasibl e w a y t o brin g knowledg e t o bea r  o n 
an ill-understoo d doma i n i s t o construc t  a  metapho r  suggestin g a 
usefu l  transfe r  mapp in g o f  factua l  informatio n an d inferenc e rule s 
fro m a  belter-understoo d domain . 

Given the general notion that metaphors transfer knowledge 
fro m wel l  understoo d t o m o r e il l  structure d domains ,  thre e 
question s arise : 

1. How can the transfered knowledge be used? (i.e., what does 
th e metapho r  provid e tha t  a  litera l  descriptio n m a y lack? ) 

2.  H o w doe s th e transfe r  o f  knowledg e actuall y tak e place ? (i.e. , 
what  woul d constitut e a  computationall y viabl e mechan ism? ) 

3 W h a t  implication s doe s th e utilit y an d pervasivenes s o f 
metapho r  hav e o n cognitiv e processe s suc h a s  m e m o r y 
organization ,  inference ,  an d learning ? 

We consider each question in turn. 

3. Why Metaphor? 

T h e knowledg e transfere d fro m a  riche r  domai n t o a  mor e 
impoverishe d on e vi a a n analogica l  mapping ,  triggere d b y th e us e 
of  linguisti c metnphor ,  play s a  ke y rol e i n inferenc e processes .  Le t 
us retur n t o th e Inllatio n i s W n r  metapho r  I I  a  newspape r  articl e 
open s wit h thi s metaphor ,  th e entir e tex t  ca n b e organize d aroun d 
it .  Equatin g inflatio n wit h a  personifie d " e n e m y "  enable s o n e t o 
d ra w upo n th e knowledg e organize d unde r  "adversar y conflict "  t o 
sugges t  course s o t  actio n (i n term s o f  th e organizin g metaphor)^ . 
For  instance ,  w e ca n n o w understan d tha t  i n orde r  t o "vanquis h 
inflation" ,  w e clearl y must :  "formulat e a  battle.plan" ,  "marsha l 
ou r  forces" ,  "lak e th e initiative" ,  "g o o n Ih e ollcnsive" ,  an d 
" m a k e a  determine d nttnc k o n infl.ilion "  i n orde r  t o "stam p i t  ou t 
of  ou r  society "  an d remai n o n th e aler t  fo r  "futur e bouf.' ;  wit h 
inflation .  I n short ,  w e mus t  "whi p inllatio n nov i  (WIN) "  a s 
Presiden t  For d sai d w h e n h e "launche d hi s campa ig n agains t 
inflation "  W h e n th e metapho r  ha s bee n drawn ,  i t  i s  reasonabl y 
eas y t o formulnl e subgoal s base d o n th e belte r  understoo d 
sourc e domain .  Thi s i s  th e firs t  ste p i n plannin g purposiv e 
behavior . 
The inferences one can draw on how to deal with inflation are 
al l  structure d b y th e initia l  metaphor .  Differen t  metaphor s wil l  yiel d 
markedl y dilleren t  set s o f  inferences .  I n orde r  t o illustrat e tha t 
ther e i s  nothin g inherentl y special  abou t  th e inllntio n i s w a r 
metaphor ,  conside r  anothe r  metapho r  use d t o discus s inflation , 
encountere d frequentl y i n th e Spanis h press ,  bu t  easil y 
understoo d onc e stated :  Inflatio n i s a  disease .  Here ,  th e 
e c o n o m y i s th e patient ,  inllatio n i s th e infectin g organis m tha t 
must  b e drive n ou t  o l  th e patien t  wit h Ih e hel p o f  th e physicia n (th e 
economis t  w h o set s nationa l  economi c policy).' '  Hence ,  o n e ca n 
"tak e th e puls e o f  th e e c o n o m y " ,  "diagnos e th e caus e (alway s 
placin g th e b lam e o n externa l  force s jus t  a s diseas e organism s 
ar e a n externa l  caus e o f  illness)" ,  "prescrib e Ireatment" ,  "pu t  th e 
e c o n o m y o n a  fea n diet" ,  " m a k e th e medicin e palatabl e t o th e 
poor" ,  "wai t  fo r  privat e enterpris e t o recuperate" ,  "perfor m 
radica l  surgery ,  cuttin g swolle n budgets" ,  "trea t  th e s y m p t o m s 
whil e th e inflatio n continue s t o ravage" ,  an d "reliev e th e pai n b y 
subsidizin g th e pric e o f  necessities " 

Thi s (eatirntio n i s du e t o L  at-of f 
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Th e mora l  tha t  ca n tj e draw n fro m thes e tw o example s i s 
twofold : 

1. Inference and planning are directly structured by the 
analogica l  m a p p i n g underlyin g a  dominat in g metaphor . 
Th e firs t  inflatio n metapho r  suggeste d laciic s agains t  inflation , 
wherea s Ih e secon d suggeste d cure s lo r  inflatio n Therefore , 
th e inferenc e mechanis m consist s o l  mappin g correspondin g 
solution s fro m Ih e sourc e t o th e targe t  domains .  Hence ,  th e 
metapho r  mus t  equat e tw o problems ,  on e o l  whic h i s bello r 
understoo d an d therefor e suggest s inference s an d plan s 
presume d applicabl e i n solvin g th e secon d problem .  (Se e [4 ] 
lo r  a  detaile d discussio n o l  analogica l  proble m solvin g ) 

2.  Solution s t o p r o b l e m s generate d b y m e t a p h o r s ar e 
O N LY usefu l  a s heuristi c problem-solvin g advice .  N o 
detaile d solution s i n w n r  o r  curin g discns e ca n b e applie d 
directl y t o inllation .  H o w woul d on e "shoo t  bullet s a t  inllation " 
or  "ge t  inflatio n t o sig n th e Genev a convention" ? Similarly , 
on e canno t  "inter n th e econom y i n a  hospital "  o r  "giv e i t  a n 
intravenou s penicilli n injection "  Clearly ,  th e underlyin g 
analog y doe s no t  exten d t o th e objec t  level .  However ,  th e 
plannin g leve l  provide s usefu l  information .  Therefor e th e 
intention s o f  th e actor s ar e preserve d i n th e mapping ,  a s i s 
th e causa l  structur e o f  th e events ,  bu t  th e instantiation s o f 
th e event s themselve s ar e los t  i n th e analogy .  Thi s observatio n 
accord s wit h Winston' s analog y mapping s base d o n 
preservatio n o f  causa l  structur e (12 )  an d Centner' s discussio n 
ol  analog y i n scientifi c  theor y [5] . 

4. How Metaphors Structure Inference 
Processe s 

As we discussed in the preceding section, metaphors can 
establis h a n expectatio n settin g fo r  comprehendin g larg e portion s 
ol  text .  Thi s expectatio n settin g i s generate d b y transferin g 
inference s fro m th e sourc e t o Ih e targe t  domain ,  includin g th e 
goal s an d plan s tha t  actor s i n th e targe t  domai n ar e expecte d t o 
pursu e (I t  i s  importan t  t o realiz e tha t  Ih e goal s o f  "defeating "  o r 
"curing "  inflatio n c o m e fro m th e respectiv e metaphor s • •  no t  fro m 
th e concep t  o f  inflatio n itself .  Therefor e a  languag e understandin g 
syste m mus t  ta p th e metapho r  t o comprehen d exactl y wha t 
problem s ar e cause d b y inflation ,  an d wha t  thei r  respectiv e 
solutio n strategie s ough t  t o be. ) 
Let us define creative metaphors to be the linguistic realizations 
ol  larg e scal e analogica l  mapping s tha t  ca n structur e entir e 
plannin g episode s Creativ e metaphor s includ e th e tw o inflatio n 
example s above .  Centner' s scientifi c  theor y metaphor s (5) ,  an d 
eac h o f  th e roughl y 5 0 generalize d metaphor s discusse d i n [3] . 
N on creativ e metaphor s ar e froze n metapho r  instance s wit h fixe d 
meanings ,  o r  figure s o l  speec h (suc h a s "kic k th e bucket" )  whos e 
metaphorica l  root s ca n onl y b e trace d throug h thei r  etymology . 
Non creativ e metaphor s d o no t  m a p inferences ,  a s thei r  sourc e 
domai n ha s bee n los t  i n thei r  history ,  an d therefor e i s no t  availabl e 
t o th e understander .  I n short ,  i l  a  metapho r  enable s on e t o brin g 
knowledg e t o bea r  fro m a n existin g domai n t o a  new ,  les s 
understoo d domain ,  w e delin e i t  a s a  creativ e metaphor .  Th e 
discussio n belo w center s o n th e proces s tha t  bring s knowledg e t o 
bea r  i n understandin g n e w domains . 
In order extract information from an existing domain to a new 
domai n vi a a  metaphor ,  i t  i s  crucia l  t o kno w wha t  aspect s o l  th e 
existin g domai n shoul d remai n invarian t  i n th e mapping ,  whic h 
shoul d b e lianslornied ,  an d whic h shoul d b e ignored .  A s w e sa w 
i n th e previou s section ,  object s ar e seldom ,  i l  ever ,  preserve d i n a 
mel.iphorica l  mapping ,  wherea s plannin g structure s ar e mappe d 
invarian t  t o th e n e w domai n i n fac t  i l  i s  precisel y becaus e 
plannin g structur e an d inlcrence s ca n b e preserve d b y analogica l 
mapping s tha t  metaphor s ar o powerfu l  m(;rin s o f  hefpin g a n 
undci'itando r  formulat e renson:ibl e behavior  i n uncharte d 
domains . 
An analysis of some two hundred creative metaphors yields the 
followin g empirica l  observatio n Ther e i s a  wel l  define d invarianc e 
hiorarcli y  a m o n g th e aspect s o l  a  situatio n tha t  ar e mappe d b y a 
metaphor .  Thi s perceive d regularit y i s remarkabl y consisten t 
acros s metaphor s i n clilleren t  domain s I n fact ,  metaphor s tha t  ar e 
rate d a s "ba d metaphors "  olte n violat e th e invananc e hierarch y 

presente d below .  Hence ,  a  plausibl e hypothesi s i s i n tha t  peopl e 
expec t  certai n aspect s o f  th e sourc e domai n t o remai n invarian t 
an d othe r  aspect s t o b e coerce d int o correspondin g entitie s i n th e 
n e w domai n Thes e expectation s ca n focu s th e searc h fo r 
metapho r  interpretations .  Th e regularitie s observe d ove r  a  larg e 
number  o l  metaphor s ar e summarize d b y th e normativ e invarianc e 
hierarch y presente d tielo w Th e conceptua l  relation s i n th e 
hierarch y ar e liste d i n decreasin g orde r  o f  expecte d invariance : 

• A goal expectation setting lor the animate actors involved (il 
any) .  Goals ,  i l  presen t  i n th e sourc e domain ,  ar e almos t 
alway s m a p p e d invarian t  int o correspondin g entitie s i n th e 

,  targe t  domai n I f  th e sourc e domai n contain s animat e actor s 
an d th e targe t  doe s not ,  the n th e goal s o l  th e actor s wil l  b e 
attribute d t o th e correspondin g personifie d entitie s i n th e 
targe t  domai n E.g. ,  inflatio n become s a n anthropomorphize d 
mafevolen t  agen t  i n inllatio n i s war ,  therefor e th e (h e goal s 
or  a  natio n a t  wa r  ar e m a p p e d invarian t  i n tha t  inflatio n mus t 
be lough t  an d delealed . 

•  Plannin g an d counterplannin g strategie s a m o n g competin g o r 
cooperatin g actors .  Thes e strategies ,  almos t  alway s 
preserve d intac t  b y a n analogy ,  provid e a  priorit y orderin g 
a m o ng th e goal s an d suggest s possibl e m e a n s fo r  pursuin g 
eac h goal .  Ollen ,  th e mos t  usefu l  aspec t  o f  a  metapho r  i s t o 
enabl e purposiv e plannin g i n wha t  previousl y wa s to o ill -
structure d a  domain . 

•  Causa l  Structure s • •  W h e n th e causa l  structur e o l  th e sourc e 
domai n i s explicit ,  i t  wil l  typicall y b e preserve d b y th e mapping . 
E.g. ,  medicin e cure s disease :  therefor e economi c measure s 
wil l  "cure "  inllation .  I n Reddy' s condui t  metapho r  fo r  h o w 
peopl e tal k o l  languag e [9] ,  causa l  structur e abounds .  E.g. ,  a 
blocke d condui t  prevent s physica l  transfer :  therelor e pres s 
censorshi p wil l  als o bloc k disseminatio n o f  ideas . 

•  Functiona l  Attributes .  • •  Th e functio n t o whic h a n objec t  i n Ih e 
sourc e domai n i s typicall y applie d wil l  ofte n b e coerce d ont o 
an analogou s functio n fo r  th e correspondin g objec t  i n th e 
targe t  domain . 

•  Tempora l  Orderings .  Normativ e plannin g sequence s i n Ih e 
sourc e domai n m a p int o potentiall y  applicabl e plannin g 
sequence s (instantiate d dilferently )  i n th e targe t  domain ,  olte n 
preservin g tempora l  relations . 

*  Natura l  tendencies .  - •  I n th e celebrate d analog y betwee n 
electri c circuit s an d an d hydrauli c system s (use d t o explai n 
Ohm' s Law) ,  wate r  "tends "  t o g o d o w n hill ,  therefor e 
electricit y "tends "  t o g o toward s th e voltag e "drop " 
Moreover ,  thi n pipe s resis t  th e flo w o f  water ,  therelor e thi n 
wire s "resist "  th e "How "  o f  electricity . 

» Socia l  rolfs .  • •  Socia l  relation s ar e sometime s preserve d an d 
sometime s not .  I n a  battl e ther e ar e general s an d loot-soldiers ; 
therelore ,  th e wa r  agains t  inllatio n mus t  b e lough t  b y m a n y 
wage-earner s (soldiers )  unde r  th e directio n o l  economi c 
planner s (generals) .  Sinc e doctor s cur e th e diseas e directly , 
th e economi c planne r  mus t  shoulde r  th e entir e burden ,  an d 
wage earner s (patients )  ar e essentiall y  powerles s wit h respec t 
t o takin g a n activ e rol e i n th e cur e Bot h mapping s preserv e 
th e inference s associate d wit h th e socia l  role s i n th e sourc e 
domain .  However ,  th e mor e specili c  role s o f  "spy "  an d 
"submarin e commander" ,  ar e no t  preserve d b y th e inllatio n 
i s w a r  metaphor . 

•  Structura l  relations .  • •  Occasionall y structura l  relation s remai n 
invarian t  i n a n analogy ,  bu t  olte n the y ar e transforme d o r 
suppresse d Fo r  instance ,  i n th e Rutherfor d sola r  syste m 
model  o l  th e atom ,  physica l  relation s betwee n th e electron s 
(planets )  an d nucleu s (sun )  ar e remai n invariant .  (I n bot h cas e 
ther e t s a n orbi t  relatio n a s a  lunctio n o l  a n invers e squar e 
centripeta l  force) .  However ,  Sayin g "Joh n i s a t  th e hea d o f  hi s 
clas s "  doe s no t  preserv e th e physica l  structur e normall y foun d 
betwee n a  bod y an d a  hea d (th e latte r  bein g connecte d t o an d 
nourishe d b y th e lormer) . 

» Descriptiv e Properties .  Thes e ar e th e leas t  likel y propertie s 
t o b e preserve d i n a  metapho r  Wire s an d pipe s ar e bot h lon g 
and narro w (i n th e hydraulic s metaphor )  However ,  General s 

Thi s ob'f̂ ivalio n i s b.iso d o n (l,il. i  coll.xl'̂ d b y LaVolf .  CiGnlnnr ,  Ofton y ,in d 
olli»'i s 

Electricity IS ,ictually not a flow of pir-ciions. bul we always think ol it that way 
br̂caiis e ih e hydiautic s meIapl>o r  peivade s ou r  discussion s o l  electrica l 
phf-nomen a 
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ar e militar y m e n ,  e c o n o m i c planner s ar e usuall y academics . 
T h e su n i s yellow-orange ,  ver y larg e an d ha s sunspols ,  bu t  a s 
Gentne r  point s out ,  n o n e o l  thes e m o n a d i c descriptor s appl y 
t o th e nucleu s o f  th e Rutherfor d atom . 

•  Ob;ec f  identit y Object s i n th e sourc e d o m a i n ar e almos t 
neve r  m a p p e d ont o object s o f  identica l  typ e i n th e targe t 
d o m a i n Therefore ,  ther e ar e n o tanks ,  bullets ,  fvtlS's ,  attac k 
submar ines ,  uniforms ,  o r  fiel d hospital s i n th e battl e agains t 
inflation . 

5. Analogical Mappings in Problem 
Solvin g 

Our discussion suggests that metaphors are a useful means of 
indexin g mapping s betwee n goals ,  plannin g structures ,  causa l 
connections ,  tendencies ,  relations ,  an d description s (i n 
decreasin g orde r  o f  invarianc e an d significance) .  No t  al l 
component s ar e presen t  i n ever y metaphor .  Th e preferred -
invarianc e orderin g help s u s understan d ho w metaphor s ma y b e 
use d t o facilitat e reasonin g processe s i n ne w domains ,  namely: ' 

1 Establish the invariant components of the mapping 

2.  Establis h initia l  correspondence s amon g th e entitie s i n th e 
sourc e an d targe t  domains .  (Thi s i s  a  ver y partia l 
correspondenc e • •  onl y entiliP S tha t  ar e reference d b y a n 
invarian t  componen t  i n th e explici t  mappin g ca n b e directl y 
relate d ) 

3 Goa l  correspondenc e identifie s th e problem s tha t  mus t  b e 
solve d i n th e targe t  domai n (Wha t  shoul d on e d o abou t 
inflation '  Th e diseas e metapho r  metapho r  slate s tha t  I t 
shoul d b e eradicated .  Th e wa r  metapho r  suggest s 
subjugatin g i t  A  compariso n o l  inflatio n wit h a n overindulgin g 
gourni.m d woul d yiel d th e goa l  o f  trimmin g i t  dow n an d 
controlin g it s  scope ,  bu t  no t  eliminatin g it )  Therefore , 
metapho r  actuall y determine s th e goal s tha t  on e ough t  t o 
pursu e i n th e targe t  domain .  Withou t  knowledg e o f  goal s lilll e 
purposiv e actio n ca n tak e plac e ( i  e ,  proble m solvin g 
become s meaningless ,  a s ther e ar e n o goa l  state s i n th e 
proble m space. ) 

4 Plannin g strategie s invarian t  unde r  a  metaphorica l  mappin g 
transfe r  operator s fro m th e sourc e t o th e targe t  domain ,  henc e 
establishin g a  proble m spac e (8 )  an d suggestin g potentiall y 
troublesom e interaction s amon g operato r  preconditions .  Th e 
inflatio n i s a  diseas e metapho r  suggest s tha t  sinc e 
administerin g medicin e i s a  usefu l  operato r  i n th e medica l 
domain ,  a  correlat e operato r  ough t  t o b e usefu l  i n th e 
economi c domai n (vioreover .  medicin e i s  usuall y a n 
unpleasan t  experience ,  therefor e th e inferenc e i s mad e tha t  it s 
economi c correlat e woul d b e unpleasan t  a s wel l  Hence ,  w e 
spea k o f  givin g th e econom y a  stron g dos e o f  ant i  inflationar y 
monetar y restraints ,  an d makin g th e polic y palatabl e t o 
workers .  ^" ' l 

5 Causa l  connection s classif y operator s i n th e targe t  domai n b y 
th e difference s the y reduc e (analogize d fro m th e sourc e 
domain )  "Th e pressur e o f  th e wate r  i s determine d b y th e 
produc t  o f  th e rat e o l  flo w an d th e cros s sectio n o f  th e pipe " 
suggest s tha t  i n orde r  t o kno w th e voltage ,  on e ca n measur e 
th e curren t  an d resistance .  Therefor e a  wa y o f  reducin g th e 
K N O W -V goa l  i s t o appl y th e multiply(l ,  R )  oper.itor ,  reducin g 
th e K N O WV goa l  t o th e subgoal s K N O W -R an d K N O W I . 

6 Natura l  tendencies ,  socia l  role s an d structura l  relation s 
provid e informatio n abou t  th e applicabilit y  condition s o f 
operator s ( E g. .  w h o ca n administe r  medicin e (decid e 
economi c policy)?) ,  an d provid e heuristi c guidanc e t o 
pinnnin g processe s i n th e ne w domai n [ E g  ,  War s ar e costl y 
an d peopl e mus t  mak e persona l  sacrilicris ;  therefor e I n 
batliin g inflatio n th e cos t  shoul d b e take n int o account ,  an d 
th e planne r  shoul d b e war e o l  potenlin i  problem s cause d b y 
thos e wh o ar e unwillingl y calle d upo n t o mak e th e sacrifices ] 

7.  Tempora l  progression s stigges l  macr o operator s (typicall y 
uselu l  seguence s o l  operators )  I n treatin g a  diseas e w e firs t 
must  identif y th e cause ,  the n prescrib e medicin e the n wai t 
patientl y lo r  i t  t o tak e cllec l  I n wa r  w e marsha l  ou r  force s (n o 
searchin g fo r  a  suitabl e th e enem y i s needed ,  a s th e enem y i s 

llf.'i o I  ,ldop l  NnwPl I  ,'jn» l  Simon' s Mf'an s Cnd s An-jlyGi S (nnvwoi k In r  prolilc m 
r,olvio g [8 )  Thr ^  fc.ifle r  I' ,  rfloirc d l o \A ]  lo r  a  Miot p drl.nil'T l  tli-.ru'-.'.io n o f 
,in.lIo')p '  i l  prnlji'.-r n f̂nlvin g 

k n o w n a t  th e star t  o l  hostilities) ,  the n attac k (n o waitin g to r  th e 
attac k t o tak e effec t  i s  necessary) .  Therefor e w e se e tw o ver y 
dilfercn l  genera l  plan s suggeste d b y th e tw o metaphors . 
However ,  recal l  tha t  th e metaphor s share d th e s a m e genera l 
goal .  I t  i s  typicall y th e cas e tha t  mos t  metaphor s use d t o 
explai n a  particula r  il l  dcline d situatio n wil l  shar e c o m m o n 
goal s an d diverg e increasingl y a s o n e traverse s d o w n th e 
invarianc e hierarchy . 

Reiterating the central theme ol this section: metaphors 
provid e a  proble m space ,  includin g a  goa l  state ,  operator s 
Indexe d b y dillcrence s the y m a y reduce ,  an d normativ e plan s tha t 
m ay prov e useful .  I n essence ,  the y m a k e proble m solvin g possibl e 
i n wha t  m a y previousl y hav e bee n to o il l  structure d a  situatio n t o 
m a ke an y progres s l\/letaphor s d o nof ,  however ,  provid e an y 
c a n n e d solution s applicabl e directl y t o n e w problem s suc h 
vuoul d b e a n unreasonabl e expectation . 

6. Exploiting the Invariance Hierarchy 

The invarianc e hierarch y provide s a  first-pas s solutio n l o a n 
apparentl y simpl e phenomeno n tha t  ha d perplexe d som e 
investigators ,  includin g thi s writer .  When w e hea r  tha t  "Joh n i s a 
fox "  w e interpre t  i t  t o mea n "Joh n I s sly" ,  no t  "Joh n ha s pointe d 
ear s an d a  bush y tai l  "  Similarly ,  w e interpre t  "Joh n i s a  pig "  a s a 
remar k o n hi s persona l  habit s o r  hi s obesity ,  rathe r  tha n a 
statemen t  tha t  Joh n live s i n a  far m an d ha s a  curl y tail .  A  partia l 
answe r  t o thi s proble m lie s i n knowin g th e mos t  salien t  featur e o f 
th e anima l  t o w h o m a  perso n i s  compared .  However ,  a  m o r e 
complet e answe r  i s  provide d b y exploitin g th e invarianc e 
hierarch y i n th e followin g manner ;  Conside r  th e anima l  (sourc e 
doma in )  an d sca n d o w n th e hierarch y sloppin g a t  th e firs t  entr y 
lo r  whic h w e hav e a  c o m m o n l y k n o w n fact .  Fo r  foxe s w e sto p a t 
planning/counterplannin g • -  fol k w i s d o m tell s u s tha t  foxe s ar e 
ver y adep t  a t  deviou s counterplannin g behavior .  H e n c e ,  w e neve r 
reac h th e physica l  descriptor s o f  a  fox .  Fo r  pig s w e m a y sto p a t 
eithe r  "natura l  tendency "  (i f  w e believ e tha t  pig s ten d t o ge t  fat )  o r 
at  "socia l  role "  -  fol k w i s d o m assert s tha t  pig s pla y a  distinc t  rol e 
i n th e anima l  k ingdo m a s th e leas t  hygienica l  o f  al l  animals .  I f  w e 
hear d "Joh n i s a  Giraffe" ,  w e fin d n o c o m m o n knowledg e 
anywher e i n th e hierarch y unti l  w e reac h physica l  attributes .  Her e 
we pic k th e mos t  salien t  one s (eg. ,  heigh t  and/o r  lengt h o f  neck) , 
t o understan d th e metaphor .  T h e ke y t o th e proces s i s  tha t 
compar ison s alon g th e highe r  invarianc e entrie s i n th e hierarch y 
ar e preferre d O n c e a  hig h invarian t  propert y i s  lound ,  n o lowe r 
one s ar e considered .  Thi s i s  crucia l  t o understan d "Joh n i s a n 
elephant "  a s a  remar k o n th e lengt h o f  hi s m e m o r y (o r  hi s capacit y 
fo r  work) ,  no t  th e lengt h o f  hi s nos e (trunk) ,  althoug h th e latte r  i s 
perhap s th e singl e mos t  salien t  featur e o f  elephants .  Physica l 
descriptors ,  however ,  ar e ranke d lo w i n th e hierarchy . 
7. Implications for Memory Organization 

We hav e outline d ho w reasonin g base d o n metaphor s may 
procee d Now,  conside r  anothe r  aspec t  o l  metaphorica l 
reasoning :  H o w ar e metaphor s lorme d i n tt w lirs i  place' '  Give n 
th e ubiquit y o f  metaphor ,  i t  b e c o m e s strikingl y apparen t  tha t 
h u m a n s generat e metaphor s a s readil y a s the y understan d them , 
occasionall y unconsciou s o f  th e fac t  tha t  the y ar e creatin g (o r 
m o r e ofte n instantiating )  metaphors .  T h e questio n tha t  mus t  b e 
pose d i s m o r e specific :  Wha t  m e m o r y organizatio n coul d enable , 
lacitital e an d encourag e th e continuou s creatio n o l  metaphors ? 
If we assume that the invariance hierarchy is roughly correct, it 
provide s a  bes t  firs t  criterio n fo r  searchin g a  conten t  addresse d 
episodi c m e m o r y ,  organize d alon g th e gennra l  line s o f  Schank' s 
M O PS (11,10) .  I n investigatin g remindin g an d inferenc e 
p h e n o m e n a ,  S c h a n k asseit s tha t  detectin g similaritie s a t  ever y 
leve l  o f  abstractio n i s th e ke y t o h u m a n m e m o r y organizatio n 
Acceptin g thi s notio n require s o n e t o hav e a  m e a n s o f  comput in g 
similaritie s a m o n g larg e n u m b e r s o f  potentiall y  relevan t  episodi c 
traces ,  bot h lo r  m e m o r y acces s an d updat e T h e hierarch y abov e 
suggest s tha t  goa l  similaritie s ar e crucial ,  plannin g leve l 
similaritie s ar e almos t  a s important ,  an d similaritie s acros s othe r 
dimension s ar e o f  progressivel y lowe r  importance .  H e n c e ,  i f 
m e m o ry w e r e organize d accordin g t o th e computationa l  criteri a 
require d fo r  metapho r  comprehens ion ,  i t  follow s tha t  a 
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hierarchica l  structur e woul d result ,  wher e th e categorie s (orme d 
ar e largel y determine d b y grouping s alon g th e entrie s i n th e 
invarianc e hierarchy ,  th e mor e invarian t  entrie s correspondin g t o 
mor e globa l  organizin g categories .  Th e actua l  conten t  o (  th e 
hierarchica l  memor y i s determine d primaril y b y th e idiosyncrati c 
experienc e o f  th e individual .  Therefore ,  memor y searcher s lo r 
"goo d metaphors "  (thos e preservin g hig h invarianc e properties ) 
requir e les s wor k (eithe r  t o generat e o r  comprehend )  an d ma y 
prov e mor e rewardin g fo r  th e understande r  a s the v inde x relevan t 
memory mor e readily . 
Metaphor is a linguistic realization of an inference 
phenomenon .  A s such ,  i t  shoul d reflec t  underlyin g memor y 
structure ,  a s wel l  a s sugges t  th e type s o l  inference s peopl e ca n 
perfor m mos t  readil y i f  w e as k w h y creativ e metaphor s ar e used , 
th e mos t  logica l  answe r  appear s t o b e tha t  th e write r  i s  tryin g t o 
induc e th e reade r  t o perfor m th e necessar y inference s require d t o 
comprehen d th e ne w material .  Metapho r  serve s a s a  vehicl e t o 
sugges t  a  fruitfu l  domai n fro m whic h th e relevan t  inference s ca n 
be mappe d ont o th e ne w domain .  Hence ,  whe n Senato r  Jo e 
McCarth y refere d t o Communis m a s a  "dreade d plague" ,  h e wa s 
inducing ,  i n th e mind s o f  hi s listeners ,  th e inferenc e tha t 
communis m mus t  b e activel y "eradicated "  o r  i t  wil l  spread .  Th e 
metapho r  i s effectiv e onl y becaus e th e appropriat e inferenc e 
structur e wa s alread y i n existenc e i n th e sourc e domain ,  an d 
McCarth y kne w thi s a t  th e tim e h e create d th e metaphor . 
An interesting avenue of future research is automating 
metapho r  generation .  I f  th e mode l  discusse d her e i s essentiall y 
correct ,  metapho r  generatio n require s tha t  th e write r  hav e a 
model  o f  th e knowledg e stat e (includin g goals ,  strategies ,  beliefs , 
etc. )  o f  hi s reader ,  a s wel l  a s a n integrate d episodi c memor y 
wher e th e compute d similarit y metri c incorporate s th e invarianc e 
hierarchy .  (I. e ,  tw o domain s ar e considere d simila r  i f  th e sam e 
type s o f  problem s an d inferenc e processe s ar e presen t  i n 
plannin g effectiv e behavio r  i n bot h domains. ) 
In order to clear possible misconceptions, I emphasize that no 
distinct ,  localized ,  "conscious "  existenc e fo r  th e invarianc e 
hierarch y i s postulate d a s par t  o f  a  huma n memor y model .  M y 
hypothesi s i s tha t  th e regularitie s manilesle d i n th e hierarch y ar e 
epiphcnomena l  rellection s o l  huma n memor y orgar)izalio n an d 
inlerenc e mechanisms .  A s such ,  th e invarianc e hierarch y 
summarize s a  phenomeno n tha t  mus t  b e explaine d b y 
comprehensiv e memor y organizatio n models ,  an d henc e i t  ough t 
t o b e take n int o accoun t  i n th e mode l  formulatio n process . 
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