
Semanti c Relations ,  Metonymy ,  an d Lexica l  Ambiguit y Resolutio n : 

A Coherence-Base d Accoun t 

Dan Fass 

Rio Grande Research Corridor 

Computin g Researc h Laborator y 

N ew Mexic o Stat e Universit y 

Box 30001 ,  La s Cruces ,  N M 88003 . 

C S N E T:  dan @ n m s u 

Abstract 

An account of coherence is proposed which tries to clarify the relationship 
betwee n semanti c relations ,  metonymy ,  an d th e resolutio n o f  lexica l  ambiguity . 

Coherenc e i s th e synergis m o f  knowledg e (synergis m i s th e interactio n o f  tw o o r  mor e 
discret e agencie s t o achiev e a n effec t  o f  whic h non e i s individuall y capable )  an d play s a 

substantia l  rol e i n cognition .  I n th e accoun t  o f  coherence ,  semanti c relation s an d 

metonym y ar e instance s o f  coherenc e an d coherenc e i s use d fo r  lexica l  ambiguit y reso -
lution .  Thi s accoun t  o f  coherence ,  semanti c relations ,  metonym y an d lexica l  ambi -
guit y resolutio n i s embodie d i n Collativ e Semantics ,  whic h i s a  domain-independen t 
semantic s fo r  natura l  languag e processing .  A  natura l  languag e progra m calle d meta S 
uses CS ;  a n exampl e o f  ho w i t  discriminate s a  metaphorica l  relatio n i s given . 

1 Introduction 

An accoun t  o f  coherenc e i s propose d whic h attempt s t o unpic k th e relationshi p 
betwee n semanti c relations ,  metonymy ,  an d th e resolutio n o f  lexica l  ambiguity . 

Coherenc e i s define d a s th e synergis m o f  knowledge ,  wher e synergis m i s th e interac -
tio n o f  tw o o r  mor e discret e agencie s t o achiev e a n effec t  o f  whic h non e i s individuall y 
capable .  I n th e account ,  semanti c relation s an d metonym y ar e instance s o f  coherenc e 
and coherenc e i s als o use d i n resolvin g lexica l  ambiguity .  Thi s accoun t  o f  coherence , 
semanti c relations ,  metonym y an d lexica l  ambiguit y resolutio n i s embodie d i n Colla -

tiv e Semantics ,  hereafte r  CS .  C S i s a  semantic s fo r  natura l  languag e processin g whic h 

extend s th e idea s o f  Preferenc e Semantic s (Wilk s 1973 ,  1975a ,  1975b ,  1978 ;  Fas s an d 
Wilk s 1983) . 

To explai n ou r  accoun t  o f  coherence ,  w e establis h tw o set s o f  relationship s tha t 
involv e coherenc e an d the n unif y thos e relationships .  Sectio n 2  establishe s th e firs t 
relationshi p whic h i s betwee n coherence ,  semanti c relations ,  an d metonymy .  W e tak e 
th e genera l  conceptio n o f  coherenc e use d i n theorie s o f  discours e an d exten d i t  down -
ward s fro m th e discours e leve l  t o th e sentenc e leve l  t o argu e tha t  semanti c relation s 
and metonymie s i n sentence s ar e instance s o f  coherence . 

Sectio n 3  establishe s a  secon d relationshi p whic h i s betwee n coherenc e an d th e 
resolutio n o f  lexica l  ambiguity .  W e develo p a  conceptio n o f  coherenc e tha t  i s 
grounde d i n propertie s o f  semanti c network s whic h ar e a  c o m m o n kin d o f  knowledg e 

representatio n scheme .  T w o basi c kind s o f  coherenc e ar e distinguishe d tha t  ar e 

terme d "inclusion "  an d "distance. "  Thi s genera l  conceptio n o f  coherenc e i s extende d 

upward s an d i t  i s  argue d tha t  inclusio n an d distanc e underli e tw o o f  th e mai n 
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approache s t o lexica l  ambiguit y resolution . 

The las t  par t  o f  sectio n 3  integrate s th e tw o set s o f  relationship s t o produc e th e 

skeleto n o f  ou r  accoun t  o f  coherence ,  whic h i s tha t  [1 ]  basi c notion s o f  coherenc e ar e 

founde d o n principle s o f  knowledg e representation ,  [2 ]  semanti c relation s an d meto -

nymy withi n sentence s ar e instance s o f  coherence ,  [3 ]  coherenc e i s use d fo r  lexica l 

ambiguit y resolution ,  an d [4 ]  discours e phenomen a ar e instance s o f  coherence . 

Sectio n 4  connect s [l ]  t o [2 ]  an d [2 ]  t o [3 ]  b y describin g th e fou r  component s o f 

CS an d thei r  interrelationships .  Th e fou r  component s ar e "sense-frames, "  "colla -

tion, "  "semanti c vectors, "  an d "screening. "  C S i s embodie d i n a  natura l  languag e 

progra m calle d meta5 .  A n exampl e sentenc e i s give n tha t  meta S analyses .  Th e sen -

tenc e contain s a  metaphorica l  relatio n an d illustrate s th e interaction s betwee n th e com -

ponent s o f  CS .  Sectio n 5  provide s a  brie f  summary . 

2 Coherence, Semantic Relations, and Metonymy 

Thi s sectio n selectivel y survey s th e literature s o n coherence ,  semanti c relations , 

and metonymy ,  an d argue s tha t  semanti c relation s an d metonym y ar e case s o f  coher -

ence . 

Coherenc e i s a  centra l  notio n i n theorie s o f  discours e (e.g. .  Va n Dij k 1977 , 

Chapte r  4 ;  d e Beaugrand e an d Dressie r  1981 ,  Chapte r  V ;  Va n Dij k an d Kintsc h 1983 , 
Chapte r  5 ;  Myer s e t  al ,  pp.6-8 )  an d trut h (e.g. ,  Resche r  1973) .  I n discours e theories , 

coherenc e refer s t o ho w a  discours e "hang s together, "  "make s sense, "  o r  i s  "mean -

ingful. "  Discours e theorie s vie w th e coherenc e o f  a  discours e a s amalgamate d fro m 

th e coherenc e relation s betwee n sentence s i n tha t  discours e (e.g. .  Va n Dijk ,  1977) . 

Littl e attentio n i s pai d b y discours e theorie s t o coherenc e relation s tha t  exis t  withi n 

part s o f  sentences .  Th e coherenc e relation s withi n a  sentenc e determin e th e coher -

enc e o f  tha t  sentence .  Thes e coherenc e relation s includ e semanti c relation s an d meto -

nymy. 

I n ou r  view ,  semanti c relation s betwee n term s ar e comple x system s o f  mapping s 

betwee n description s o f  thos e term s withi n som e context .  Thi s vie w o f  semanti c rela -
tion s draw s fro m definition s o f  metapho r  a s system s o f  relationship s o r  "implicativ e 

complexes "  (Blac k 1979) ,  mapping s (Carbonel l  1981) ,  correspondence s betwee n 

domain s (Tourangea u an d Sternber g 1982) ,  an d selectiv e inference s (Hobb s 1983) . 

Next ,  w e develo p som e terminolog y fo r  describin g semanti c relations .  Th e tw o 
term s i n a  semanti c relatio n ar e calle d th e "source "  an d th e "target "  (Marti n 1985) . 

The sourc e initiate s an d direct s th e mappin g process ,  th e targe t  ha s mapping s lai d 

upo n it ,  an d ther e i s directio n fro m th e sourc e toward s th e target . 

We distinguis h si x type s o f  semanti c relation .  Thes e ar e terme d literal ,  meta -

phorical ,  anomalous ,  redundant ,  inconsistent ,  an d nove l  relations .  Brie f  definition s o f 
th e si x semanti c relation s ar e no w given ,  togethe r  wit h a n exampl e sentenc e fo r  eac h 

relation .  Thes e sentence s assum e a  nul l  contex t  i n whic h ther e ar e n o complicatin g 
effect s fro m prio r  sentence s o r  th e pre-existin g belief s o f  producer s o r  understanders . 

The definition s o f  literal ,  metaphorical ,  an d anomalou s semanti c relation s develo p th e 

observatio n b y Katz ,  Wilk s an d other s tha t  a  satisfie d selectio n restrictio n o r  prefer -

enc e indicate s a  litera l  semanti c relatio n wherea s a  violate d restrictio n indicate s a  meta -

phorica l  o r  anomalou s semanti c relation .  Th e descriptio n o f  redundant ,  inconsistent , 

and nove l  semanti c relation s i s a n expansio n o f  Kat z an d Fodor' s idea s o n "attribu -

tion "  (1964 ,  pp.508-509) ,  whic h wer e a  developmen t  o f  som e idea s b y Lee s (1960) . 

The meta S progra m analyse s al l  si x sentences . 
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(1 )  " T h e m a n dran k beer. " 

Ther e i s a  litera l  relatio n betwee n 'man '  an d 'drink '  i n (1 )  becaus e 'drink '  prefer s 

an anima l  a s it s agen t  (i t  i s  animal s tha t  drink )  an d a  m a n i s a  typ e o f  anima l  s o th e 

preferenc e i s satisfied . 

(2 )  " T h e ca x dran k gasoline. "  (adapte d fro m Wilk s [1978] ) 

By contrast ,  th e semanti c relatio n betwee n 'car '  an d 'drink '  i n (2 )  i s metaphorica l 

becaus e 'drink '  preferre d a n anima l  a s it s agen t  bu t  a  ca r  i s no t  a  typ e o f  anima l  s o th e 

preferenc e i s violated .  However ,  ther e i s a n analog y betwee n animal s an d car s tha t  i s 

relevan t  i n th e contex t  o f  a  sentenc e abou t  drinking ,  suc h a s (2) .  Th e relevan t  anal -

ogy i s tha t  animal s drin k potabl e liquid s a s car s us e gasoline. ^ 

(3 )  " T h e ide a dran k th e heart. " 

I n (3) ,  th e semanti c relatio n betwee n 'idea '  an d 'drink '  i s  anomalou s becaus e 

'idea '  i s  no t  a n preferre d agen t  o f  'drink '  an d n o relevan t  analog y ca n b e found . 

(4 )  "Hi s wif e i s married. " 

Th e semanti c relatio n betwee n 'wife '  an d 'married '  i s  semanticall y redundan t  i n 

(4 )  becaus e a  wif e i s b y definitio n a  marrie d w o m e n s o th e informatio n tha t  a  wif e i s 

marrie d i s no t  n e w information . 

(5 )  "Hi s wif e i s unmarried. " 

I n (5) ,  th e semanti c relatio n betwee n 'wife '  an d 'married '  i s  inconsisten t  becaus e 

th e informatio n adde d b y 'unmarried '  i s  incompatibl e wit h 'married '  i n th e definitio n 

of  a  wif e a s a  marrie d w o m a n .  I n ou t  terminology ,  inconsisten t  semanti c relation s 

includ e contradictor y an d contrar y ones. ^ 

(6 )  "Hi s wif e i s young. " 

Finally ,  (6 )  contain s a  nove l  semanti c relatio n betwee n 'wife '  an d 'young ' 

becaus e th e informatio n tha t  a  wif e i s youn g i s n e w information . 

Semanti c relation s ar e manifestation s o f  coherenc e becaus e the y ar e th e syner -

gis m o f  knowledge .  Synergism ,  remember ,  i s  th e interactio n o f  tw o o r  mor e discret e 

agencie s t o achiev e a n effec t  o f  whic h non e i s individuall y capable .  Consider ,  fo r 

example ,  th e metaphorica l  relatio n observe d i n (2 )  an d th e relevan t  analog y tha t  i s 

centra l  t o it s recognition .  Th e analog y arise s fro m th e interactio n o f  thre e agencie s 

tha t  ar e 'car '  (th e surfac e subject) ,  'animal '  (th e expecte d agent) ,  an d 'drink '  (th e 

relevan t  context ;  als o th e mai n sentenc e verb) .  Th e analog y i s a n efi"ec t  achieve d o f 

whic h non e o f  th e thre e agencie s i s individuall y capable .  Th e analog y i s a  synergis m 

of  knowledg e an d th e metaphorica l  relatio n a s a  whol e i s a  mor e comple x synergis m o f 

knowledge . 

Anothe r  for m o f  coherenc e apar t  fro m semanti c relation s i s me tonymy .  Meto -

nymy i s a  nonlitera l  figure  o f  speec h i n whic h th e n a m e o f  on e thin g i s substitute d fo r 

'  I t  ha s bee n frequentl y claime d tha t  th e critica l  matc h i n a  metaphorica l  relatio n i s som e 
analog y o r  correspondenc e betwee n tw o propertie s (e.g. ,  Wilk s 1978 ;  Orton y 1979 ,  p .  167 ; 
Tourangea u an d Sternber g 1982 ,  pp.218-221 ,  Gentne r  1983) .  Th e importanc e o f  relevanc e ha s 
been argue d b y Tversk y (1977 )  an d Hobb s (1983) . 

2 Contrar y relation s exis t  betwee n term s gradabl e o n som e scale ,  e.g. ,  hot/col d an d big/smal l 
wherea s contradictor y relation s exis t  betwee n ungradabl e terms ,  e.g. ,  female/male , 
single/marrie d (Lyon s 1963 ,  pp.460-469 ;  Lehre r  1974 ,  p.26) .  Thi s differenc e i s compatibl e wit h 
th e standar d philosophica l  distinctio n betwee n contrarie s an d contradictorie s (Lyon s 1977 , 
p.272) . 
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tha t  o f  anothe r  relate d t o i t  (Lakof f  an d Johnso n 1980 ,  pp.35-40) .  Lakof f  an d Johnso n 

grou p individua l  case s o f  metonym y int o seve n genera l  "metonymi c concepts "  (1980 , 

pp.38-9) .  On e o f  thos e metonymi c concepts ,  wit h exampl e sentences ,  i s : 

P R O D U C ER F O R P R O D U CT 

" H e bough t  a  Ford. " 

" I  hat e t o rea d Heidegger.' ^ 

Our  treatmen t  o f  metonym y distinguishe s i t  fro m semanti c relation s bu t  tha t 

treatmen t  ca n onl y b e describe d ver y briefl y here .  Metonym y i s treate d a s a  typ e o f 

inferenc e an d metonymi c concept s ar e encode d a s "metonymi c inferenc e rules. "  Fou r 

type s o f  metonymi c concept s ar e currentl y represented .  Thes e ar e Par t  fo r  "Whole , 

Containe r  fo r  Contents ,  Artis t  fo r  Artform ,  an d Co-Agen t  fo r  Activit y 

Thi s sectio n ha s develope d a  conceptio n o f  coherenc e tha t  include s semanti c rela r 

tion s an d metonymy .  Th e nex t  sectio n develop s anothe r  conceptio n o f  coherenc e tha t 

i s use d a s a  mean s o f  resolvin g lexica l  ambiguity . 

3 Coherence and Lexical Ambiguity Resolution 

Thi s sectio n discusse s tw o wel l  know n approache s t o th e resolutio n o f  lexica l 
ambiguit y an d attempt s t o sho w ho w the y utilis e coherence .  W e cal l  thes e approache s 

th e "inclusion-based "  an d "distance-based "  approaches .  Inclusion-base d approache s 

includ e Katz' s semanti c theor y (Kat z an d Posta l  1964 ;  Kat z 1972) ,  Preferenc e Seman -

tics ,  messag e passin g (Riege r  an d Smal l  1979 ;  Smal l  an d Riege r  1982) ,  an d CS . 

Distance-base d approache s includ e scheme s fo r  spreadin g activatio n (Quillia n 1968 ) 

and marke r  passin g (Charnia k 1983 ;  Hirs t  1983) .  Bot h approache s us e semanti c net -

works .  Ou r  contentio n i s tha t  eac h approac h i s founde d o n tw o differen t  basi c notion s 

of  coherenc e tha t  exis t  i n semanti c networks ,  tha t  w e cal l  "inclusion "  an d "dis -

tance. " 

A semanti c networ k i s a  networ k wit h node s organise d a s a  taxonom y o f  genu s 
and specie s term s linke d b y arc s tha t  hav e label s denotin g clas s inclusion. ^  I n a  seman -

ti c network ,  a  pat h betwee n an y pai r  o f  node s ha s tw o intrinsi c propertie s tha t  ar e th e 
tw o basi c notion s o f  coherence . 

One intrinsi c propert y i s th e semanti c distance ,  o r  numbe r  o f  arc s traversed , 
betwee n th e tw o nodes .  Fo r  example ,  'vehicle '  an d 'car '  hav e a  smal l  distanc e 

betwee n the m wherea s 'animal '  an d 'car '  hav e a  muc h greate r  distanc e betwee n 

them . 

The othe r  intrinsi c propert y i s th e inclusio n relatio n betwee n th e tw o nodes .  Fo r 
example ,  th e pat h betwee n networ k node s fo r  'vehicle '  an d 'car '  denote s inclusio n 

becaus e a  ca r  i s a  typ e o f  vehicle ;  o n th e othe r  hand ,  th e pat h betwee n 'animal '  an d 

'car '  denote s exclusio n becaus e a  ca r  i s no t  a  typ e o f  animal . 

Bot h distanc e an d inclusio n describ e kind s o f  conceptua l  relatedness .  A  shor t 

distanc e indicate s clos e conceptua l  relatednes s (i.e. ,  'vehicle '  an d 'car' )  wherea s alon g 

distanc e indicate s remot e conceptua l  relatednes s (i.e. ,  'animal '  an d 'car') .  Inclusio n 

^  Th e genu s i s th e n a m e o f  a  clas s tha t  include s subordinate s calle d th e species .  A  specie s i s 
distinguishe d fro m othe r  specie s o f  th e sam e genu s b y it s differentia .  Tak e fo r  exampl e 

Car  :  a  vehicl e tha t  carrie s passenger s 

Th e wor d 'vehicle '  serve s a s th e genu s ter m whil e "tha t  carrie s passengers "  differentiate s car s fro m othe r 
specie s suc h a s buse s an d motorbikes . 
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signifie s conceptua l  relatednes s (i.e. ,  a  'vehicle '  i s  a  'car' )  wherea s exclusio n signifie s 

conceptua l  unrelatednes s (i.e. ,  a  'car '  i s  no t  a n 'animal') . 

Not e tha t  thes e basi c notion s o f  coherenc e (distanc e an d inclusion )  ar e no t  expli -

ci t  i n a  semanti c networ k bu t  instea d tha t  the y ar e a  by-produc t  o f  pat h buildin g 

betwee n node s i n tha t  network .  I n othe r  words ,  thi s n e w conceptio n o f  coherenc e i s 

th e synergis m o f  knowledge ,  a s wa s th e conceptio n o f  coherenc e i n sectio n 2 .  Syner -

gism ,  onc e again ,  i s  th e interactio n o f  tw o o r  mor e discret e agencie s t o achiev e a n 

effec t  o f  whic h non e i s individuall y capable .  Th e agencie s her e ar e networ k nodes ,  th e 

interactio n i s pat h building ,  an d th e effec t  achieve d i s th e basi c kind s o f  coherence , 

i.e. ,  distanc e an d inclusion .  Next ,  i t  i s  show n h o w thes e tw o basi c kind s o f  coherenc e 

underli e inclusion-base d an d distance-base d approache s t o lexica l  ambiguit y resolution . 

Inclusion-base d approache s t o lexica l  ambiguit y resolutio n ar e base d o n th e satis -

factio n an d violatio n o f  selectio n restriction s whic h ar e calle d expectation s i n messag e 

passin g an d preference s i n Preferenc e Semantic s an d CS.' *  Th e notion s o f  "satisfac -

tion "  an d "violation "  ar e base d o n inclusion ,  whic h i s on e o f  th e tw o basi c kind s o f 

coherence .  Satisfie d selectio n restrictions ,  preference s an d expectation s ar e al l  path s 

denotin g inclusio n throug h a  semanti c network .  Conversely ,  violate d selectio n restric -

tions ,  preference s an d expectation s ar e al l  path s denotin g exclusion .  Fo r  example ,  i f  a 

selectio n restrictio n wa s fo r  'vehicle '  the n 'car '  woul d satisf y th e restrictio n becaus e a 

car  i s a  typ e o f  vehicle ;  bu t  i f  th e restrictio n wer e fo r  'animal '  the n 'car '  woul d caus e a 

violatio n becaus e a  ca r  i s no t  a  typ e o f  animal . 

Distance-base d approache s al l  see k th e pat h wit h th e shortes t  distanc e betwee n 

tw o node s i n a  semanti c network ,  i.e. ,  th e secon d basi c kin d o f  coherence .  Searc h i s 

unconstraine d excep t  fo r  th e rulin g ou t  o f  certai n pat h sequence s (Charnia k 1983 , 

1986 )  an d th e us e o f  mathematica l  function s fo r  limitin g th e lengt h o f  networ k path s 

(Hirs t  1983 ;  Charnia k 1986) . 

The conceptio n o f  coherenc e develope d i n thi s sectio n i s grounde d i n propertie s 

of  semanti c networks .  I t  i s  argue d tha t  distanc e an d inclusio n ar e basi c kind s o f 

coherenc e tha t  ar e emergen t  fro m networ k path s an d underpi n tw o o f  th e mai n 

approache s t o lexica l  ambiguit y resolution .  I f  thi s conceptio n o f  coherenc e i s com -

bine d wit h th e conceptio n o f  coherenc e fro m sectio n 2  the n ou r  accoun t  o f  coherenc e 

i s tha t 

1]  basi c notion s o f  coherenc e ar e founde d o n principle s o f  knowledg e representatio n 

(fro m sectio n 3) , 

2]  semanti c relation s an d m e t o n y m y i n sentence s ar e instance s o f  coherenc e (fro m 

sectio n 2) , 

3)  coherenc e i s use d fo r  lexica l  ambiguit y resolutio n (sectio n 3) ,  an d 

[4 ]  discours e p h e n o m e n a ar e instance s o f  coherenc e (sectio n 2 ) . 

What  i s missin g i s th e link s betwee n [1] ,  [2] ,  [3] ,  an d [4] .  Sectio n 4 ,  whic h i s o n C S 

(Collativ e Semantics) ,  attempt s t o suppl y th e missin g link s betwee n [l] ,  [2] ,  an d [ 3 . 

*  Th e term s 'preference '  (Wilk s 1975a )  an d 'expectation '  (Schan k 1975 )  highligh t  differen t 
aspect s o f  th e us e o f  selectio n restrictions .  Wilk s emphasise s tha t  selectio n restriction s ma y o r 
may no t  b e satisfied ,  henc e th e wor d 'preference '  Schan k stresse s tha t  selectio n restriction s ar e 
used fo r  top-dow n prediction ,  henc e th e ter m 'expectation ' 
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4 Collativ e Semantic s 

CS ha s fou r  component s whic h ar e "sense-frameg, "  "collation, "  "semanti c vec -

tors, "  an d "screening. "  Sense-frame s ar e th e knowledg e representatio n schem e an d 

represen t  individua l  word-senses .  Collatio n matche s th e sense-frame s o f  tw o word -

senses ,  finds  an y metonymies ,  an d discriminate s th e semanti c relation s betwee n th e 

word-sense s a s a  comple x syste m o f  mapping s betwee n thei r  sense-frames .  Semanti c 

vector s represen t  suc h system s o f  mapping s produce d b y collatio n an d henc e th e 

semanti c relation s encode d i n thos e mappings .  Screenin g choose s betwee n tw o 

semanti c vector s b y applyin g ran k ordering s a m o n g semanti c relation s an d a  measur e 

of  conceptua l  similarity ,  thereb y resolvin g lexica l  ambiguity . 

CS ha s bee n implemente d i n th e meta 5 program .  T h e meta S progra m i s writte n 

i n Quintu s Prolo g an d consist s o f  a  lexico n containin g th e sense-frame s o f  46 0 word -

senses ,  a  smal l  g rammar ,  an d semanti c routine s tha t  e m b o d y collatio n an d screening , 

th e tw o processe s o f  CS. ^  A n exampl e sentenc e show s h o w semanti c relation s ar e 

discriminate d b y metaS ,  an d henc e b y C S . 

(2 )  " T h e ca r  dran k gasoline. " 

Ther e i s a  metaphorica l  relatio n betwee n 'car '  an d 'drink '  i n (2) .  Figur e 1  show s 

th e sense-frame s fo r  carl ,  drinkl ,  an d animal l  whic h i s th e agen t  preferenc e o f 

drinkl .  Sense-frame s ar e compose d o f  othe r  word-sense s tha t  hav e thei r  o w n sense -

frames ,  m u c h lik e Quillian' s (1968 )  planes .  Ther e ar e n o semanti c primitive s i n th e 

sens e o f  Schank' s (1975 )  Conceptua l  Dependenc y o r  Wilks '  Preferenc e Semantics. ^ 

sf(car1 , 

[[arcs , 

[[supertype , 

[nodeO , 

[[it1 ,  carryl , 

sf(drink1 , 

[[arcs , 

[[supertype , 

[node2 , 

[[agent , 

[preference , 

[object , 

[preference , 

motor_vehicle1]]] , 

passenger !  ]]]]) . 

ingesti]]] , 

animal l  ]] . 

drinkl]]]]]) . 

sf(animal1 , 

[[arcs , 

[[supertype ,  organismi]]] ,  1 

[nodeO , 

[[biotogyl , 

[it1 ,  drin k 

[it1 ,  eat1 , 

animall] , 

1,  drinkl] , 

foodi]]]]) . 

Figur e 1 .  Sense-frame s o f  carl ,  animall ,  an d drink l  (verb) . 

*  MetaS' s gramma r  i s adapte d fro m th e gramma r  o f  X T R A (Huan g 1985) ,  a n English -
Chines e machin e translatio n progra m als o writte n i n Prolog .  X T R A i s th e lates t  i n a  successio n 
of  program s tha t  originat e fro m Boguraev' s (1979 )  natura l  languag e analyse r  tha t  wa s writte n i n 
LISP .  Huang' s an d Boguraev' s program s us e version s o f  Preferenc e Semantics . 

*  On e o f  th e mai n claim s o f  C S t o b e a  semantic s i s it s treatmen t  o f  semanti c primitives .  Se e 
Pass (1986 )  fo r  details . 
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The nod e par t  o f  a  sense-fram e i s th e differenti a tha t  provide s a  descriptio n o f 

th e word-sens e represente d b y th e sense-fram e tha t  differentiate s i t  fro m othe r  word -

senses .  Sense-fram e node s fo r  noun s (node-typ e 0 )  resembl e Wilks '  (1978 )  pseudo -

texts .  The y contai n list s o f  two-elemen t  an d three-elemen t  list s calle d "cells. "  Eac h 
cel l  expresse s a  piec e o f  functiona l  o r  structura l  informatio n an d ca n b e though t  o f  a s 

a comple x semanti c featur e o r  propert y o f  a  noun . 

The arc s par t  o f  a  sense-fram e contain s a  labelle d ar c t o it s genu s ter m ( a word -

sens e wit h it s ow n sense-frame) .  Th e mos t  c o m m o n ar c label s describ e type s o f  clas s 

inclusio n suc h a s 'supertype '  tha t  denote s membershi p o f  a  clas s o f  individual s b y a 

clas s o f  individual s an d 'superinstance '  tha t  denote s membershi p o f  a n individua l 

withi n a  clas s o f  individuals .  Together ,  th e arc s o f  al l  th e sense-frame s compris e a 

densel y structure d semanti c networ k o f  word-sense s calle d th e "sense-network. "  Thi s 
genera l  architectur e o f  a  semanti c networ k wit h frame-lik e structure s a s node s i s simi -
la r  t o man y frame-base d an d semanti c network-base d systems ,  suc h a s Quillian' s 
(1968 )  memor y model ,  schem a theor y (Norma n an d Rumelhar t  1975) ,  K R L (Bobro w 

and Winogra d 1977) ,  F R L (Robert s an d Goldstei n 1977) ,  K L O N E (Brachma n 1979) , 

and frai l  (Won g 1981) . 

Collatio n i s th e secon d componen t  o f  CS .  I n (2) ,  collatio n matche s wha t  wa s 
expecte d (animall )  agains t  wha t  i s ther e i n th e sentenc e (carl )  s o th e sense-frame s o f 

animal l  an d car l  ar e matche d together .  Collatio n find s a  syste m o f  multipl e mapping s 

betwee n thos e sense-frames ,  thereb y discriminatin g th e metaphorica l  relatio n betwee n 

animal l  an d carl .  Collatio n contain s a  grap h searc h algorith m an d a  frame-matchin g 
algorithm .  Th e grap h searc h algorith m distinguishe s fiv e type s o f  sense-networ k path . 

Two path-type s denot e inclusion ;  thre e denot e exclusion .  Thes e path-type s ar e th e 

basi c mapping s produce d b y collation .  Th e frame-matchin g algorith m matche s th e set s 

of  cell s fro m tw o sense-frames .  Seve n type s o f  cel l  matc h ar e distinguished .  Thes e 

cel l  matche s ar e mor e comple x mapping s tha t  ar e buil t  fro m sense-networ k path s an d 
henc e als o embod y inclusion . 

First ,  collatio n finds a  preferenc e o r  expectatio n violatio n :  a  ca r  i s no t  a  kin d o f 
animal .  Next ,  collatio n matche s th e inherite d cell s o f  animal l  an d carl .  Wha t  i s 
"relevant "  i n th e presen t  contex t  i s  th e actio n o f  drinkin g becaus e tha t  i s wha t  (2 )  i s 

about .  Collatio n the n inherit s th e cell s o f  animal l  dow n th e sense-networ k an d 
searche s thos e cell s fo r  on e tha t  refer s t o drinking . 

Relevan t  cel l  o f  animal l 

[animall ,  drinki ,  drinki ] 

Cell s  o f  ca n 

[[bounds1,distinct1], 
[extenti ,  three_dimensional1] , 
[behavioun ,  solidi] , 
[compositio n 1 ,  metaH] , 
[animacyl ,  nonlivingl] , 
[can ,  rolH ,  [on3 ,  landl]] , 
[driven ,  drivel ,  carl] , 
[can ,  havel ,  [4 ,  wheell]] , 
[can ,  havel ,  enginel] , 
[can ,  use2 ,  gasoiinel] , 
[can ,  carryl ,  passenger !  ] ] 

Figur e 2 .  Matc h o f  relevan t  cel l  fro m animal l  wit h cell s fro m car l 
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I t  find s a  relevan t  cel l  [animall ,  drinkl ,  drinkl ]  an d seek s a  matc h fo r  tha t  cel l 

agains t  th e lis t  o f  inherite d cell s fo r  car l  (se e figure  2 ) .  I t  finds a  matc h wit h [carl , 

use2 ,  gasolinel ]  (highlighte d i n figure  2 )  whic h i s th e relevan t  analog y tha t  animal s 

drin k potabl e liquid s a s car s us e gasoline .  Thi s relevan t  analog y i s crucia l  t o recognis -

in g th e semanti c relatio n betwee n car l  an d th e drink l  a s metaphorical . 

NQn-relevan t  cell s o f  animal l  NQn-reievan t  cell s o f  car l 

[[boundsl.distinctl] , 

[extenti ,  three_dimensional1] , 
[behavioun ,  solidi] , 

[compositionl.fleshl], 
[animacyl ,  iivingi] , 

[animall, eat1, foodi], 
[biologyl ,  animall] ] 

[[boundsl.distinctl] , 
[extenti ,  three_dimenslonall] , 
[behavioun ,  solidi] , 

[compositioni, metall], 

[animacyl ,  nonlivingl] , 

[can ,  rolll ,  [on3 ,  landl]] . 
[driven ,  drivel ,  carl] , 

[carl ,  havel ,  [4 ,  whee l  1]] . 
[can.havei.enginel] , 
[carl ,  carr y 1 ,  passenger l  ] ] 

Cel l  matche s 

3 identica l 
cel l  matche s 

2 sister 

cel l  matche s 

2 distinctive 
cell s o f 

animal l 

5 distinctive 
cell s o f  car l 

Figur e S .  Matche s o f  non-relevan t  cell s fro m animal l  an d carl . 

Finally ,  collatio n matche s togethe r  th e remainin g non-relevan t  cell s o f  animal l 

an d car l  (se e figure  3 )  becaus e suc h matche s m a y figure  i n th e aptnes s o f  a  meta -

phor." ^  T h e cel l  [carl ,  use2 ,  gasolinel ]  ha s bee n remove d t o preven t  i t  fro m bein g 

use d a  secon d time .  Al l  o f  thes e matche s m a d e b y collatio n ar e recorde d i n a  seman -

ti c vecto r  whic h figure 4  shows . 

[preference , 

[[pathjype . 

[0 ,  0 .  0 ,  0 ,  1]] . 

[cell_matches , 

[[relevant , 

[0.0,1,0.0.0.10]] . 

[no n relevant , 

[0 ,  3 ,  2 ,0.0,2 ,  5]]]]] ] 

Firs t  arra y : 

exclusiv e sense-networ k pat h 

Secon d arra y : 

analogica l  matc h o f  relevan t  cel l 

Thir d arra y : 

matche s o f  non-relevan t  cell s 

Figur e 4 -  Semanti c vecto r  fo r  a  metaphorica l  semanti c relation . 

Semanti c vector s ar e th e thir d componen t  o f  C S .  Semanti c vector s ar e a  for m o f 

representation ,  alon g wit h sense-frames ;  bu t  sense-frame s represen t  knowledge , 

wherea s semanti c vector s represen t  coherence .  Semanti c vector s ar e therefor e a  kin d 

of  "coherenc e representation. "  A  semanti c vecto r  i s a  dat a structur e tha t  contain s 

7 Tourangea u an d Sternber g (1982 )  hav e claime d tha t  th e mor e distanc e betwee n th e concep -
tua l  domain s o f  th e sourc e an d target ,  th e bette r  th e metapho r  W e hav e develope d a  measur e 
tha t  test s thi s claim . 
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neste d label s an d ordere d array s structure d b y a  simpl e dependenc y syntax .  Th e 

column s o f  th e array s recor d differen t  kind s o f  mappin g betwee n sense-frames . 

The crucia l  element s o f  th e metaphorica l  relatio n i n (2 )  wer e th e preferenc e vio -

latio n an d th e relevan t  analogy .  I n figure  4 ,  th e preferenc e violatio n ha s bee n 

recorde d a s th e 1  i n th e first  arra y (fift h column )  an d th e relevan t  analog y i s th e 1  i n 

th e secon d arra y (thir d column) .  Th e aptnes s o f  a  metapho r  ma y b e determine d b y 

th e matche s o f  non-relevan t  cells .  I n figure  4 ,  thos e matche s ar e recorde d i n th e thir d 

arra y (compar e wit h figure  3) .  Othe r  semanti c relation s hav e differen t  semanti c vec -

tors . 

Together ,  th e label s an d array s o f  a  semanti c vecto r  specif y th e synergisti c 

interactio n o f  source s o f  knowledg e i n a  semanti c relation ;  i n othe r  words ,  th e label s 

and array s represen t  coherence .  T o se e this ,  recal l  onc e agai n tha t  w e defin e coher -

ence a s th e synergis m o f  knowledge ,  an d tha t  synergis m i s th e interactio n o f  tw o o r 

more discret e agencie s t o achiev e a n effec t  o f  whic h non e i s individuall y capable .  I n 

th e semanti c vecto r  o f  figure  4 ,  th e discret e agencie s ar e thre e knowledg e source s ([ 1 

th e surfac e subjec t  carl ;  [2 ]  th e agen t  preferenc e animall ;  an d [3 ]  drinkl ,  th e relevan t 
contex t  an d als o th e sens e o f  th e mai n sentenc e verb) ,  th e interactio n o f  thos e 
source s i s th e system s o f  mappings ,  an d th e effec t  achieve d i s th e metaphorica l  seman -

ti c relatio n i n (2) . 

The fourt h componen t  o f  C S i s th e proces s o f  screening .  Durin g analysi s o f  a 
sentenc e constituent ,  meta S compute s a  semanti c vecto r  fo r  pairwis e combination s o f 

word-senses .  Thes e word-sens e combination s ar e calle d "semanti c readings "  o r  sim -
pl y "readings. "  Eac h readin g ha s a n associate d semanti c vector .  Screenin g choose s 

betwee n tw o semanti c vector s an d henc e thei r  attache d semanti c readings .  Ran k ord -

ering s amon g semanti c relation s ar e applied .  I n th e even t  o f  a  tie ,  a  measur e o f  con -
ceptua l  similarit y i s applied . 

The detai l  ca n no w b e supplie d fo r  th e missin g link s fro m ou r  skeleto n accoun t 
of  coherenc e i n sectio n 3 .  Th e first  missin g lin k wa s fro m [1 ]  t o [2] ,  namel y ho w 
inclusio n i s use d i n th e recognitio n o f  semanti c relation s an d metonym y (distanc e i s 
not  use d i n CS) .  Ou r  explanatio n i s tha t  collatio n discriminate s semanti c relation s an d 

perform s metonymi c inferencin g b y finding  multipl e sense-networ k path s betwee n tw o 
sense-frames . 

The secon d missin g lin k wa s fro m [2 ]  t o [3] ,  whic h i s ho w semanti c relation s an d 
metonymy ar e use d i n th e resolutio n o f  lexica l  ambiguity .  Ou r  explanatio n i s tha t 
semanti c relation s ar e represente d i n semanti c vector s a s system s o f  mapping s an d tha t 
screenin g use s thos e mapping s t o appl y ran k ordering s o f  semanti c relation s and ,  i f 
necessary ,  a  measur e o f  conceptua l  similarit y t o choos e betwee n semanti c reading s an d 
thereb y resolv e lexica l  ambiguit y (metonym y help s t o establis h semanti c relation s an d 

does no t  figure  directl y i n lexica l  ambiguit y resolution) . 

The missin g link s betwee n [l ]  an d [3 ]  ar e filled  b y th e fou r  component s o f  CS . 
What  unifie s ou r  accoun t  o f  coherenc e i s th e treatmen t  o f  semanti c relation s tha t  col -

latio n discriminate s ([1 ]  t o [2] )  an d semanti c vector s represen t  ([2 ]  t o [3]) . 

5 Summary 

Thi s pape r  ha s attempte d t o describ e th e relationshi p betwee n semanti c relations , 

metonymy ,  an d lexica l  ambiguit y resolution .  Coherenc e wa s use d a s a n explanator y 
concep t  tha t  organise d tha t  relationship .  C S wa s introduce d a s a  theoretica l  framewor k 

i n whic h th e rol e o f  coherenc e i n th e relationshi p betwee n semanti c relations . 
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metonymy ,  an d lexica l  disambiguatio n wa s mad e mor e concrete .  Finally ,  a n exampl e 

fro m meta S wa s use d t o mak e th e descriptio n o f  C S an d th e relationshi p betwee n al l 

fou r  phenomen a (coherence ,  semanti c relations ,  metonymy ,  an d lexica l  disambigua -

tion )  mor e concret e still . 

Coherenc e i s th e mai n theoretica l  focu s o f  CS ,  togethe r  wit h semanti c primitives . 

Collatio n produce s coherence ,  semanti c vector s represen t  coherence ,  an d screenin g 

use s coherence .  I n CS ,  th e representatio n an d processin g o f  knowledg e (sense-frame s 

and collation )  ar e distinguishe d fro m th e representatio n an d processin g o f  coherenc e 

(semanti c vector s an d screening) . 

Ther e ar e man y phenomen a tha t  a  coherence-base d approac h suc h a s C S ca n 

explore .  W e hav e argue d tha t  semanti c relation s an d metonym y ar e manifestation s o f 

coherence .  Coherenc e exist s betwee n linguisti c structure s o f  al l  sizes .  W e hav e 

argue d tha t  coherenc e exist s withi n sentence s an d i s prominen t  i n approache s t o lexi -

cal  ambiguit y resolution .  Coherenc e als o exist s betwee n sentence s - -  i t  i s  basi c t o 

theorie s o f  discourse .  Coherenc e merit s thoroug h investigatio n a s i t  appear s t o pla y a 

substantia l  rol e i n cognition ,  no t  jus t  semanti c relations ,  metonym y an d lexica l  ambi -

guit y resolution . 
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