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ABSTRACT 

Metaphor is a problem for natural language knowledge acquisition sys-

tems .  Expert s wil l  m a k e utterance s base d upo n domai n metaphor s whic h 

th e acquisitio n syste m m a y no t  possess .  A n approac h i s presente d whic h 

use s knowledg e abou t  previousl y understoo d metaphor s t o proces s ne w uses . 

Thi s approac h i s contraste d wit h severa l  forma l  proposal s fo r  metapho r 

understandin g whic h d o no t  us e explici t  knowledg e abou t  metaphors .  A 

syste m fo r  representin g metaphorica l  knowledge ,  a s par t  o f  a  genera l 

knowledg e representatio n language ,  ha s bee n built .  A  knowledg e acquisi -

tio n system ,  UCTeacher ,  i s  describe d whic h ca n proces s newl y encountere d 

metaphor s usin g knowledg e o f  th e domai n an d explici t  knowledg e abou t 

ho w simila r  metaphor s hav e bee n use d before .  A  detaile d exampl e fro m th e 

syste m i s presented . 

Introductio n 

Metaphor s ar e a  widesprea d phenomen a i n natura l  language .  Th e vas t  majorit y o f 

metaphor s ar e conventiona l  part s o f  th e languag e an d ar e easil y understood .  Explici t 

knowledg e o f  conventiona l  metaphor s i s wha t  make s thes e metaphor s s o eas y t o under -

stand .  Metapho r  become s a  proble m onl y whe n th e heare r  doe s no t  alread y hav e 

knowledg e o f  th e underlyin g metapho r  tha t  th e utteranc e i s base d on . 

Thi s i s exactl y th e situatio n face d b y UCTeacher .  UCTeache r  i s a  natura l  languag e 

knowledg e acquisitio n syste m fo r  th e th e U N I X Consultan t  (Wilensk y 1984) .  U C i s a 

knowledg e base d consultan t  syste m tha t  answer s user s question s abou t  th e U N I X operat -

in g system .  Expert s o n U N I X ca n us e UCTeache r  t o giv e mor e knowledg e t o U C simpl y b y 

tellin g i t  th e ne w informatio n i n English .  On e majo r  proble m fo r  UCTeache r  i s learnin g 

ne w extension s t o know n metaphor s durin g th e knowledg e acquisitio n task .  Fo r  mor e 

informatio n o n othe r  aspect s o f  knowledg e acquisitio n an d UCTeache r  se e (Martin ,  1985) . 

Conside r  th e followin g example s fro m th e U N I X domain : 

1)  Yo u ca n kil l  a  proces s b y typin g " C . 

2)  Yo u ca n ge t  int o lis p b y typin g 'lisp '  t o th e shell . 

3)  T o leav e th e mai l  progra m typ e 'exit' . 

•  Thi s researc h wa s sponsore d i n par t  b y th e Defens e Advanc e Researc h Project s Agenc y (DOD) ,  Arp a 
Order  No .  4031 ,  Monitore d b y Nava l  Electroni c Syste m Command unde r  Contrac t  No .  N00039-C-0235 , 
and b y a  GT E Laboratorie s Fellowship . 
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4) Run a file through the spell program to check for spelling mistakes. 

Each o f  thes e example s contain s a  metapho r  whic h i s a  specializatio n o f  a  ver y genera l 

metapho r  a s applie d t o th e concep t  COMPUTER PROCESS:  exampl e on e involve s viewin g a 

proces s a s a n activ e agen t  tha t  ca n b e killed ,  example s 2  an d 3  involv e th e metapho r  tha t 

an interactiv e compute r  proces s i s a n environmen t  tha t  on e ca n ente r  an d leave ,  exampl e 4 

i s a n instanc e o f  a  conduit/pip e metaphor .  Expert s i n th e domai n o f  interes t  wil l  frequentl y 

use suc h metaphor s whe n givin g ne w informatio n t o th e system .  Th e proble m face d b y 

UCTeacher  i s t o find a  wa y t o understan d thes e utterance s give n th e fac t  tha t  i t  doe s no t 

yet  posses s th e metaphor s underlyin g them . 

Our Approach 

Knowledg e abou t  previousl y understoo d conventiona l  metaphor s i s use d directl y i n 

learnin g th e ne w us e o f  a n ol d metaphor .  Tak e example s 2  an d 3  from  above .  A t  first  i t  i s 

not  clea r  ho w th e term s 'ge t  into '  an d 'leave '  ca n b e applie d t o U N I X programs .  Th e syste m 

has n o knowledg e o f  th e fac t  tha t  program s ca n b e though t  o f  a s environments .  I t  i s  th e 

fac t  tha t  ther e i s a  genera l  container/environmen t  metapho r  i n Englis h whic h ha s bee n 

conventionall y use d i n a  numbe r  o f  othe r  way s tha t  allow s i t  t o understan d thes e ne w uses . 

The basi c strateg y wil l  b e t o identif y th e metapho r  bein g use d an d the n tr y t o find  conven -

tiona l  use s o f  tha t  metapho r  tha t  ar e simila r  t o th e curren t  situation .  UCTeache r  the n 

analogicall y map s on e o f  thes e know n use s t o th e curren t  situation .  Thi s strateg y wil l  b e 

effectiv e t o th e exten t  tha t  ne w use s o f  conventiona l  metaphor s ar e closel y relate d t o othe r 

previousl y understoo d uses . 

Previous Work on Metaphor 

Ther e hav e bee n tw o majo r  approache s t o th e metapho r  proble m b y th e A I  commun -

ity .  Th e first  approac h view s metaphor s a s analogies .  Th e proble m o f  understandin g a 

metapho r  see n a s a  proble m o f  analogicall y mappin g informatio n from a  sourc e domai n t o a 

targe t  domain .  Winsto n (1980) ,  Carbonel l  (1981 )  an d Centne r  (1983 )  hav e al l  propose d 

variou s mechanism s fo r  decidin g ho w t o selectivel y m a p information .  Th e secon d approac h 

has bee n inspire d b y th e wor k o f  Lakof T an d Johnso n (1980) .  The y asser t  tha t  muc h o f 

ordinar y languag e i s base d o n a  relativel y smal l  se t  o f  systemati c underlyin g conceptua l 

metaphors .  I n thi s vie w conventiona l  metaphor s ar e no t  simpl e idiom s no r  ar e the y th e 

resul t  o f  analogica l  reasoning .  The y reflec t  a  se t  o f  underlyin g knowledg e structure s tha t 

ar e structure d usin g conceptua l  metaphors .  Carbonel l  (1980 )  ha s mad e a  proposa l  tha t 

direc t  mapping s b e use d t o represen t  thi s typ e o f  metaphorica l  knowledge .  H e furthe r  pro -

pose d tha t  thes e direc t  mapping s coul d b e use d fo r  analyzin g metaphors .  Jacob s (1985 ) 

implemente d a  syste m usin g simila r  knowledg e fo r  th e purpos e o f  generatin g utterance s 

containin g conventiona l  metaphors . 

Representing Knowledge about Metaphors 

The conventiona l  metaphor s o f  Englis h ar e represente d a s structure d mapping s i n a n 

abstractio n hierarchy .  Include d i n thi s abstractio n hierarch y ar e metaphor s whic h ar e 

directl y relate d t o wor d senses .  Conside r  th e ver b kill .  Th e litera l  definitio n ca n b e para -

phrase d a s 'caus e th e deat h o f  a  Uvin g thing' .  Clearl y th e 'process '  i n exampl e (1 )  doe s no t 

fit  neatl y int o thi s definition .  N o w conside r  th e followin g examples : 
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5) Tlie Mets killed the Dodgers. 

6)  Th e senat e kille d th e immigratio n bill . 

7)  Th e Islander s kille d th e penalt y agains t  them . 

8)  H e kille d th e conversatio n whe n h e cam e int o th e room . 

9)  A  holdin g penalt y kille d th e 49er' s drive . 

10)  M y edito r  tol d m e t o kil l  th e las t  thre e paragraph s o f  m y story . 

The abov e example s contai n relate d sense s o f  th e ver b kil l  eac h wit h a  ver y specifi c  mean -

ing .  A m o n g thes e sense s ar e termination ,  defea t  an d deletion .  Thes e sense s ar e 

represente d b y specifi c  mapping s betwee n th e KIL L concep t  an d th e targe t  meaning .  Eac h 

of  thes e mapping s i s i n tur n a n instanc e o f  a n abstrac t  metaphor .  I n th e exampl e sectio n i t 

wil l  b e show n ho w thes e mapping s ca n b e use d t o proces s exampl e (1) . 

The knowledg e representatio n languag e tha t  i s bein g use d t o represen t  thes e map -

ping s i s K O D I A K (Wilensk y 1984) .  K O D I A K i s a n extende d semanti c networ k languag e 

i n th e spiri t  o f  K L - O N E (Brachman ,  1979) .  A  uniqu e featur e o f  K O D I A K i s th e semanti c 

relatio n calle d V I E W .  A  V I E W i s structure d associatio n betwee n tw o concept s tha t  assert s 

tha t  on e concep t  ca n b e though t  o f  i n term s o f  anothe r  concep t  withou t  assertin g tha t  th e 

tw o concept s ar e relate d vi a a  mor e abstrac t  category .  V I E W s ar e th e too l  tha t  ar e bein g 

use d t o represen t  metaphorica l  mappings . 

Metaphor and Knowledge Acquisition 

The tas k face d b y th e knowledg e acquisitio n syste m i s t o proces s utterance s lik e thos e 

i n example s 1  throug h 4 ,  give n th e fac t  tha t  th e system' s knowledg e o f  bot h th e fact s an d 

metaphor s o f  th e domai n i s incomplete .  UCTeache r  upo n encounterin g a n unknow n meta -

pho r  use s th e hierarch y o f  abstrac t  metaphor s an d specifi c  instance s o f  know n metaphor s t o 

come t o a  correc t  construa l  o f  th e utterance .  I n particula r  th e hierarch y i s use d t o sugges t 

plausibl e mapping s an d specifi c  instance s o f  metaphor s ar e use d i n th e creatio n o f  ne w 

mapping s an d concepts . 

Metaphor Extension Algorithm 

A fou r  stag e proces s i s use d i n orde r  t o com e t o a  correc t  construa l  o f  a n utteranc e 

containin g a  ne w metaphor . 

•  Exploi t  th e metapho r  abstractio n hierarch y t o limi t  th e searc h fo r  a  ne w mapping . 

Examin e specifi c  metaphori c wor d sense s fro m th e curren t  exampl e tha t  hav e th e 

mappin g foun d i n th e first  stag e a s a n ancesto r  i n th e hierarchy . 

•  Analogicall y m a p on e o f  thes e sense s t o th e curren t  situation . 

•  Creat e ne w V I E W s t o connec t  th e ne w meanin g t o th e litera l  meaning . 

The first step restricts the search to the most specific metaphorical mapping that can 

accoun t  fo r  th e curren t  problem .  Th e secon d ste p finds  othe r  way s tha t  thi s metapho r  ha s 

bee n use d previously .  Th e thir d ste p map s th e meanin g o f  on e th e previou s use s ont o th e 

curren t  situation .  Creatin g th e view s i n th e final  ste p allow s thi s metapho r  t o b e preo -

cesse d directl y i n th e future .  Th e followin g sectio n describe s a n exampl e o f  thi s processin g 

i n th e curren t  UCTeache r  system . 
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An Example from UCTeacher 

Conside r  th e followin g workin g exampl e from  th e UCTeache r  system : 

You ca n kil l  a  proces s b y typin g ' "c ' . 

The situatio n i s suc h tha t  th e syste m ha s neve r  hear d th e ver b 'kill '  applie d t o th e concep t 

UNIX-PROCESS.  Moreove r  th e UNIX-PROCESS concep t  i s i n direc t  violatio n o f  wha t  th e 

syste m know s ca n fill  th e rol e o f  th e victi m o f  a  kill .  I n additio n ther e ar e n o know n meta -

phorica l  V I E W s tha t  coul d hav e bee n use d t o resolv e thi s constrain t  violation .  Th e syste m 

no w attempt s t o creat e a  ne w metaphorica l  mappin g base d o n som e ol d mappin g i n a n 

attemp t  t o resolv e thi s constraint . 

The first  ste p performe d b y UCTeache r  i s t o descen d dow n th e hierarch y t o find  a s 

specifi c  a  mappin g a s possibl e tha t  woul d cove r  thi s violation .  Specificall y i t  attempt s t o 

find  a  mappin g wit h a  sourc e concep t  tha t  cover s th e categor y livin g thin g an d a  targe t 

categor y tha t  allow s a  compute r  process .  I n thi s cas e th e mos t  specifi c  V I E W tha t  cover s 

thi s i s a  V I E W from  abstrac t  entitie s t o 'person' .  Not e tha t  ther e ar e mor e specifi c  V I E W s 

belo w thi s on e bu t  the y violat e th e constrain t  o n th e viewed-thin g bein g a  computer-

process ,  indicatin g tha t  ther e ar e n o know n personification s o f  thi s concep t  a s yet .  Th e 

vie w tha t  wa s found ,  PERSONIF ICATION ,  wil l  b e use d t o guid e th e searc h fo r  candidat e 

V I E Ws i n th e nex t  step . 

The secon d ste p i s t o conside r  pre-existin g V I E W s from  th e ki l l-victi m concept . 

Thes e correspon d t o variou s specifi c  metaphori c sense s o f  th e ver b 'kill' .  Howeve r  onl y 

thos e V I E W s tha t  ar e member s o f  th e categor y foun d i n ste p on e ar e considered .  Fo r  eac h 

of  thes e V I E W s a n attemp t  i s mad e t o matc h th e viewed-thin g o f  thi s V I E W t o th e targe t 

concep t  "UNIX-PROCESS* .  Th e V I E W tha t  mos t  closel y matche s th e targe t  concep t  wil l  b e 

used a s a  plausibl e sourc e V I E W . 

UCTeacher  use s a  hierarchica l  matchin g proces s t o tr y t o find a  closel y matchin g can -

didat e V IEW .  Thi s hierarchica l  matchin g proces s attempt s t o abstrac t  u p th e K O D I A K 

hierarch y from  th e rol e tha t  th e viewe d thin g play s i n th e candidat e V I E W unti l  i t  finds a 

common ancesto r  wit h th e targe t  concept .  I n thi s cas e unti l  i t  finds a  commo n ancesto r 

wit h UNIX-PROCESS.  Th e V I E W whic h i s selecte d i s th e TERMINATE-CONVERSATION-

AS-KIL L V I E W .  Thi s V I E W i s represente d below . 

TORMINATE 
CONVERSATION 
Ag.TfT T I  -VTg W 

SOURCE 

KILL-VICTI M 

KILL-EFFEC T 

KILL-ACTIO N 

TERMINATED 
CONVERSATION! 

TERMINATE 
CONVERSATION! 

BPH'li'.r T 

terminat e 
onversation ! 

actio n 

Killin g a  Conversatio n 

731 



M A R T IN 

This VIEW represents a mapping from a terminated conversation to the victim of a kill and 

correspond s t o a  wor d sens e o f  kil l  indicatin g termination .  Th e associate d mapping s ar e 

als o show n relatin g th e variou s action s an d effects .  Thes e associate d mapping s plu s th e pri -

mary mappin g o n th e victi m constitut e th e COMPLEX-V IE W whic h represent s thi s partic -

ula r  wor d sense . 

The common paren t  concep t  tha t  i s  foun d betwee n TERM!NATED-CONVERSATION an d 

UNIX-PROCESS i s TERMINATED-PROCESS.  Th e proces s referre d t o her e i s th e abstrac t 

notio n o f  a n ongoin g sequenc e o f  action s wit h effects .  I t  i s  importan t  t o not e her e tha t  th e 

syste m di d no t  ma tc h th e concep t  C O N V E R S A T I ON agains t  U N I X - P R O C E S S directly .  I t  onl y 

abstract s o n th e rol e tha t  C O N V E R S A T I ON play s i n i n th e contex t  specifie d b y th e V I E W . 

Thi s rol e i s  ezphcitl y  represente d i n th e knowledg e bas e b y th e concep t  T E R M I N A T E D-

C O N V E R S A T I O N.  I n thi s w a y th e syste m i s  abl e t o matc h onl y o n thos e aspect s o f  a  concep t 

tha t  ar e relevan t  t o th e curren t  contex t  a s define d b y th e V I E W .  I n thi s cas e w h a t  i s 

relevan t  abou t  th e concep t  C O N V E R S A T I ON i s th e fac t  tha t  i t  ca n b e terminated .  I t  i s  thi s 

fac t  tha t  need s t o b e m a p p e d ove r  t o th e targe t  concep t  U N I X - P R O C E S S. 

I n th e final  phas e o f  processin g U C T e a c h e r  create s a  n e w V I E W usin g th e sourc e vie w 

as a  template .  Thi s n e w V I E W ca n b e use d directl y i n th e futur e b y bot h th e analysi s an d 

generatio n component s o f  U C .  T h e followin g figure  represent s th e view s create d fo r  th e 

n e w concepts . 

TERMINATE 

GET 

UNIX-PROCESS 
AS.KII,T, . 

SOURCE 

KILL-VICTI M 

KILL-EFFEC T 

KILL-ACTIO N 

X 
TERMINATED 

UNIX-PROCESS 

TERMINATE 
UNIX-PROCESS 

RPFRPT 
TERMINATE 

ONVERSATION 
AflTin N 

Killin g a  Proces s 

Conclusions 

An exper t  usin g a  natura l  languag e knowledg e acquisitio n syste m wil l  mak e utter -

ance s containin g metaphor s fro m th e domai n o f  interest .  Thi s pose s a  proble m fo r  th e 

knowledg e acquisitio n syste m sinc e i t  ma y no t  posses s th e necessar y metaphor s fo r  th e 

domain .  Th e answe r  t o thi s proble m i s t o giv e th e syste m explici t  knowledg e abou t  meta -

phor s an d a  mechanis m tha t  ca n exten d know n metaphor s t o ne w domains .  Thi s approac h 

i s parsimoniou s wit h tha t  suggeste d b y Lakofif ,  amon g others .  Thi s knowledg e abou t  meta -

phor s take s th e for m o f  a  hierarch y o f  abstrac t  metaphor s an d specifi c  instantiation s o f 

metaphor s wit h thei r  meanings . 
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