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Abstrac t 

I n thi s pape r  w e criticiz e existin g computationa l  model s o f 
lexico n fo r  assumin g tha t  fo r  ever y wor d ther e i s a  fixe d 
number  o f  wor d sens e tha t  mus t  b e searche d fo r  th e prope r 
meanin g o f  tha t  wor d i n a  context .  W e rejec t  thi s sens e 
enumerativ e \  ie w an d argu e fo r  a  differen t  mode l  o f  lexico n 
i n whic h th e effect s o f  contex t  ar e no t  limite d t o selectin g a 
wor d sense ,  an d selecte d sense s ca n b e contextuall y 
modulated .  W e als o explai n ho w pattern s o f  contextua l 
effect s coul d evolv e i n a n exemplar-base d fashion .  A 
prototyp e implementatio n o f  thi s mode l  i s als o discussed . 

In t roduc t io n 

This paper proposes a computational model of lexicon. 
What  distinguishe s th e propose d mode l  fro m othe r  suc h 
model s i s th e treatmen t  o f  polysemy .  Mos t  existin g model s 
of  lexico n presuppos e a  lis t  o f  possibl e wor d sense s fo r  eac h 
word ,  an d a  selectio n proces s tha t  searche s suc h a  lis t  fo r  th e 
prope r  meanin g o f  tha t  wor d i n a  context .  W e questio n thi s 
sens e enumerativ e approac h an d argu e fo r  a n alternativ e 
model  i n whic h th e ultimat e semanti c characteristic s o f  a 
wor d no t  onl y depen d o n th e meanin g o f  th e wor d itsel f  bu t 
on th e interaction s tha t  th e wor d ha s wit h othe r  word s i n it s 
contexts .  W e wil l  als o sho w h o w th e mode l  ca n graduall y 
extrac t  pattem s o f  contextua l  effect s from  a  numbe r  o f 
exemplars . 

We wil l  firs t  revie w computationa l  model s o f  lexico n an d 
argu e tha t  the y essentiall y  presen t  a n enumeratio n o f  sense s 
m on e for m o r  anothe r  W e wil l  the n questio n th e validit y 
and viabilit y  o f  suc h a n approach .  Followin g thi s section ,  w e 
wil l  presen t  ou r  mode l  an d explai n ho w wor d sense s i n ou r 
model  ar e deterrmned .  Finally ,  a  prototyp e implementatio n 
of  th e propose d mode l  an d result s o f  som e sampl e run s wil l 
be presented . 

O v e r v i e w o f  C o m p u t a t i o n a l  L e x i c o n s 

Computational models of lexicon can be divided into three 
categories :  symboli c lexicons ,  structure d connectionis t 
lexicons ,  an d distribute d connectionis t  lexicons .  I n symboli c 
lexicons ,  wor d sense s ar e generall y represente d b y mean s o f 
a d ho c an d complicate d structures .  Typically ,  suc h 
structure s ar e predefined ,  i.e .  hand-coded ,  an d static . 
Lexicon s o f  mos t  earl y N L P model s (e.g .  B O R I S ,  Dye r 
1983 )  fal l  unde r  thi s category . 

I n structure d connectionis t  lexicon s (e.g. ;  Bookman , 
1994 ;  Lang e an d Dyer ,  1989 ;  Walt z an d Pollack ,  1985 )  eac h 
wor d i s represente d b y a  nod e i n a  structure d network .  Wor d 
node s becom e activate d whe n thei r  correspondin g word s ar e 
presente d a t  th e input .  Eac h wor d nod e i s connecte d t o som e 
sens e nodes ,  eac h representin g on e o f  th e word' s senses .  Fo r 
example ,  i n th e networ k describe d i n (Walt z an d Pollack , 
1985 )  th e wor d sta r  i s connecte d t o thre e senses :  movi e star , 
celestia l  body ,  an d geometri c figure . 

Distribute d connectionis t  network s ar e th e basi s o f  th e las t 
categor y o f  computationa l  lexicons .  Unlik e structure d 
connectionis t  lexicon s wher e ever y concep t  i s assigne d t o a 
node ,  her e a  singl e se t  o f  node s i s use d t o represen t  al l  wor d 
senses .  Example s o f  suc h lexicon s ar e reporte d i n 
McClellan d an d Kawamot o (1986) ,  Miikkulaine n (1993) , 
and Veroni s an d Id e (1995) .  Fo r  example ,  i n McClellan d 
and Kawamot o (1986) ,  eac h wor d i s associate d wit h on e o r 
mor e wor d senses .  W o r d sense s ar e encode d alon g a  numbe r 
of  semanti c microfeatures .  Example s o f  thes e microfeature s 
ar e softnes s (soft/hard) ,  gende r  (male/female/neuter) , 
volum e (small/medium/large) ,  an d for m (compact/l-D/2 -
D/3-D) . 

Despit e th e differenc e i n thei r  adopte d concep t 
representatio n approach ,  al l  thre e categorie s o f 
computationa l  lexicon s ar e committe d t o th e sam e principl e 
of  enumeratin g wor d senses' .  Thi s sens e enumerativ e vie w 
postulate s that ,  upo n hearin g a  word ,  listener s acces s a 
menta l  dictionar y containin g a n exhaustiv e lis t  o f  potentia l 
sense s fo r  tha t  word ,  fro m which ,  th e prope r  sens e fo r  th e 
wor d i s selected . 

O n S e n s e E n u m e r a t i o n 

Sense enumeration seems very intuitive. After all, it is how 
al l  dictionarie s ar e organized .  Th e questio n seem s t o b e 
abou t  th e validit y o f  acceptin g thi s familia r  assumptio n a s a 
meanin g theory .  Ruh l  remarks : 

1 claim that current linguistic theories accept too 
uncriticall y th e conclusio n o f  dictionarie s tha t  word s i n 
genera l  hav e multipl e meaning s (Ruhl ,  1989:vii) . 

Kilgarriff (1997) contends that standard dictionaries specify 
th e rang e o f  meaning s o f  a  wor d i n a  lis t  merel y i n respons e 

'  Whil e i n mos t  symboli c an d structure d connectionis t  mode l  thi s 
commitmen t  i s mad e a t  th e architectura l  level ,  i n distribute d 
connectionis t  mode l  i t  i s  mostl y a  matte r  o f  representation . 
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t o "constraint s impose d b y tradition ,  th e printe d page , 
compactness ,  a  single ,  simpl e metho d o f  access ,  an d 
resolvin g dispute s abou t  wha t  a  wor d doe s an d doe s no t 
mean. "  H e criticize s wor d sens e disambiguatio n ( W S D ) 
approache s fo r  committin g themselve s t o suc h lists : 

Much WSD word proceeds on the basis of there being 
a computationall y relevant ,  o r  useful ,  o r  interesting ,  se t 
of  wor d sense s i n th e language ,  approximatin g t o thos e 
state d i n a  dictionary.. .  Meanwhile ,  th e theoretician s 
provid e variou s kind s o f  reason s t o believ e ther e i s n o 
suc h se t  o f  sense s (Kilgamff ,  1998:95) . 

Moreover, it is not always possible to enumerate all 
potentia l  sense s o f  a  word .  Th e us e o f  language ,  eve n non -
figuratively ,  b y it s ver y natur e i s creative .  Tha t  is ,  "word s 
can tak e o n a n infinit e numbe r  o f  meaning s i n nove l 
contexts "  (Pustejovsky ,  1995 :  42) .  N o matte r  h o w 
comprehensiv e a  lis t  ca n be ,  i t  i s generall y possibl e t o fm d a 
ne w sens e fo r  som e words .  Eponymou s expressions , 
expression s buil t  aroun d reference s t o people ,  provid e a 
good example .  Clar k an d Gerri g (1983 )  showe d h o w 
understandm g eponymou s expression s suc h a s Pleas e d o a 
Napoleo n fo r  th e camer a require s sens e generatio n rathe r 
sens e selection . 

Anothe r  proble m facin g sens e enumeratio n i s semanti c 
flexibility.  M a n y psycholinguisti c finding s sugges t  tha t 
contex t  highlight s (o r  obscures )  certai n propertie s o f  a  singl e 
concep t  a s i t  appear s i n differen t  contexts .  Fo r  example ,  i n 
an earl y experiment ,  Barcla y e t  al .  (1974 )  demonstrate d h o w 
th e interpretation s o f  familiar ,  unambiguou s word s var y wit h 
context .  Fo r  instance ,  the y argue d tha t  th e choic e o f 
attribute s fo r  pian o i s affecte d b y th e ver b selectio n i n Th e 
man (lifted )  (tuned )  (smashed )  (sa t  on )  (photographed )  th e 
piano .  The y the n provide d evidenc e tha t  th e prio r 
acquisitio n o f  a  sentenc e lik e Th e m a n lifte d th e pian o (vs . 
The ma n tune d th e piano )  influence s th e effectivenes s o f 
cues lik e "somethin g heavy "  (vs .  "somethin g wat h a  nic e 
sound" )  i n recall .  The y conclude d tha t  contex t  ca n affec t  th e 
encodin g o f  concept s i n memory .  Simila r  result s hav e bee n 
reporte d i n Anderso n e t  al .  (1976) ,  Barsalo u (1982) , 
Greenspa n (1986) ,  an d W i m e y e t  al .  (1985) . 

Havin g subscribe d t o th e sens e enumeratio n principle ,  th e 
effec t  o f  contex t  i n existin g model s o f  lexico n i s limite d t o 
selectin g a  sens e amon g a  close d numbe r  o f  alternatives . 
Any change s i n th e characteristic s o f  a  selecte d sens e eithe r 
has t o com e i n th e for m o f  a  n e w sens e o r  i s ignored . 

Dealin g wit h contextua l  effect s i s particularl y problemati c 
fo r  symboli c an d structure d connectionis t  lexicons .  Thi s i s 
due t o th e fac t  tha t  commitmen t  t o sens e enumeratio n i s 
made a t  th e structura l  level ,  makin g wor d sense s discret e 
entities .  T o th e contrary ,  wor d sense s i n distribute d 
connectionis t  model s ar e continuous .  Thus ,  suc h model s ar e 
potentiall y  capabl e o f  dealin g wit h contextua l  effects .  I n fac t 
McClellan d an d Kawamot o (1986 )  reporte d a n unintende d 
yet  interestin g result .  The y ha d presente d thei r  mode l  wit h 
The bal l  brok e th e vase .  Althoug h throughou t  th e trainin g 
phas e bal l  wa s alway s associate d wit h th e microfeatur e soft , 
i n th e outpu t  i t  wa s associate d wit h th e microfeatur e hard . 
They attribute d thi s resul t  t o th e fac t  tha t  breaker s i n thei r 
experimen t  wer e al l  har d an d th e mode l  ha d shade d th e 

meanin g o f  bal l  accordingly .  K a w a m o t o late r  remarked : 

[ r|he flexibility of a distributed representation allows a 
natura l  accoun t  o f  polysem y an d homonymy ,  an d 
provide s a  mechanis m fo r  n e w sense s t o b e learne d o r 
generate d on-lin e (1993 :  510) . 

However, distributed connectionist approach also has some 
disadvantages .  Firs t  o f  all ,  suc h lexicon s presuppos e a  se t  o f 
universa l  an d fixe d microfeature s an d deman d ever y sens e t o 
be characterize d i n term s o f  suc h a  se t  i n advance .  Bu t  wha t 
i s eve n mor e importan t  i s th e difficult y t o separat e pattern s 
of  contextua l  effect s fro m th e representatio n o f  a  wor d 
sense .  Fo r  instance ,  conside r  breaker s i n McClellan d an d 
Kawamot o (1986) .  I t  i s  impossibl e t o isolat e breaker s (th e 
category )  fro m breaker s (th e instances) . 

We believ e thi s separatio n i s useful .  Firstly ,  suc h pattern s 
ca n b e though t  o f  a s a d ho c categdries :  categorie s buil t  b y 
peopl e t o achiev e goal s (Barsalou ,  1983) .  Fo r  instance , 
breaker s ca n b e instrumenta l  i n achievin g th e goa l  o f 
"breakin g a  window" .  Secondly ,  fro m a  learnin g poin t  o f 
view ,  suc h pattern s ca n b e ver y useful .  Rais-Ghase m (1998 ) 
has show n h o w a  concep t  ca n evolv e (i.e .  acquu- e n e w 
properties )  fro m suc h pattern s a s i t  become s associate d wit h 
i n differen t  contexts .  A n d fmally ,  Rais-Ghase m (Ibid. )  ha s 
employe d suc h patter s t o implemen t  a  metapho r 
understandin g theory ,  i n whic h metaphor s ar e interprete d a s 
clas s inclusio n assertion s (Gluksber g &  Keysar ,  1990) . 

A L e x i c o n fo r  S e n s e M o d u l a t i o n 

In this section we will discuss our proposed model of 
lexicon .  W e begi n b y introducin g ou r  two-tiere d wor d 
senses .  Late r  i n thi s section ,  w e explai n h o w thi s two-tiere d 
structur e allow s u s t o accoun t  fo r  contextua l  effect s i n a n 
exemplar-base d fashion .  Th e structur e an d overal l  behavio r 
of  th e mode l  ar e describe d i n th e las t  tw o subsections . 

Two-Tiered Word Senses 

W o rd sense s i n th e propose d mode l  consis t  o f  tw o 
components :  sense-concep t  an d sense-view .  Give n a  wor d 
sense ,  it s sense-concep t  wil l  determin e th e concep t  i t 
represents ,  whereas ,  th e sense-vie w describe s h o w thi s 
sense-concep t  i s t o b e viewe d i n it s surroundin g context .  Fo r 
example ,  th e wor d sens e fo r  boo k i n Th e boo k brok e th e 
windo w wil l  consis t  o f  th e sense-concep t  B O O K, 
representin g th e concep t  book ,  an d a  sense-vie w whic h 
portray s boo k a s a n instrumen t  o f  breaking . 

Thi s separatio n parallel s th e tw o differen t  role s tha t 
Frank s (1995 )  propose d fo r  concept s whe n h e distinguishe d 
betwee n thei r  representationa l  an d classificator y functions . 
Whil e th e forme r  i s use d t o discer n instance s o f  on e concep t 
fro m instance s o f  others ,  th e latte r  specifie s h o w a n instanc e 
of  a  concep t  shoul d b e classified .  Fo r  example ,  h e argue s 
that ,  dependin g o n context ,  fak e gu n coul d b e classifie d a s a 
gun ,  a  toy ,  a  replica ,  an d a  model . 

We conten d tha t  thi s two-tiere d structur e allow s u s t o 
accoun t  fo r  variou s contextua l  effects .  I n general ,  Crus e 
(1986 )  specifie s tw o way s i n whic h contex t  affect s th e 
semanti c contributio n o f  a  word ;  sens e selectio n an d sens e 
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modulation .  Sens e selectio n happen s i n case s o f  lexica l 
ambiguit y wher e on e sens e i s chose n amon g a  numbe r  o f 
distmc t  senses .  Sens e selectio n i s followe d b y sens e 
modulatio n i n whic h th e semanti c characteristic s o f  selecte d 
sense s ar e modulate d o r  becom e specifie d accordin g t o thei r 
surroundin g contexts . 

I t  I S ou r  intentio n t o sho w tha t  unlik e conventiona l 
lexicons ,  whic h d o no t  g o beyon d sens e selection ,  usin g th e 
propose d two-tiere d structur e fo r  wor d sense s w e ca n 
accoun t  fo r  bot h processes .  Belo w w e wil l  sho w tha t  sens e 
selectio n an d sens e modulation ,  respectively ,  lea d t o th e 
selectio n o f  a  sense-concep t  an d a  sense-view .  A s a n 
example ,  conside r  th e wor d book .  Bein g unambiguous ,  th e 
sense-concep t  B O O K ca n b e easil y selected .  However , 
B O OK mus t  b e modulate d accordin g t o it s surroundin g 
context .  Fo r  example ,  i n a  contex t  suc h a s Th e boo k brok e 
th e windo w i t  wil l  b e associate d wit h a  sense-vie w tha t 
portray s i t  a s breaker .  I n othe r  context s suc h a s M a n y book s 
wer e burn t  i n th e fire  an d /  rea d th e boo k th e sam e concep t 
B O OK woul d b e associate d wit h differen t  sense-view s 
namel y a  flammabl e objec t  an d text . 

Development of Sense-Mews 

Concept s associate d wit h a  word ,  t o a  larg e exten t  ar e 
conventionalized .  Traditionally ,  concept s ar e represente d b y 
means o f  a  numbe r  o f  weighte d propertie s (fo r  a  revie w se e 
Barsalo u &  Hale ,  1993) .  Suc h propertie s explai n similaritie s 
and facilitat e comparisons .  Whil e representatio n o f  concept s 
and word-concep t  mappin g ar e pre-define d i n th e propose d 
model ,  sense-view s ar e develope d incrementall y i n a n 
exemplar-base d fashion . 

Thi s i s achieve d b y definin g th e alik e relationship . 
Essentially ,  thi s relationshi p state s tha t  tw o sense-concept s 
become alik e i f  the y appea r  m a  simila r  contex t  an d the y 
shar e th e sam e themati c role .  Fo r  example ,  boo k i n Th e boo k 
brok e th e w i n d o w an d ba t  i n Th e m a n smashe d th e 
windshiel d wit h a  ba t  ar e alike .  Tha t  i s t o sa y that ,  boo k i n 
thi s contex t  i s bes t  classifie d wit h ba t  an d no t  wit h boo k i n a 
contex t  suc h a s /  rea d th e book ,  despit e th e fac t  tha t 
representationall y i t  shoul d b e th e othe r  wa y around . 

N o w considerin g th e two-tiere d wor d senses ,  w e ca n sa y 
tha t  sense-concept s associate d wit h a  sense-vie w ar e alike . 
Thus ,  a  sense-vie w ca n b e considere d a s a  generalizatio n o f 
it s  associate d sense-concepts .  Therefore ,  a s ne w sense -
concept s becom e associate d wit h a  sense-view ,  it s 
characteristic s wil l  evolv e t o becom e a  bette r  representativ e 
of  al l  it s  associate d sense-view s (se e Sampl e Run s belo w fo r 
examples) . 

A Lex ico n wi t h E x e m p l a r s 

The propose d mode l  i s  structure d i n fou r  levels .  Word s 
appea r  a t  th e botto m level .  Concept s associate d wit h word s 
appea r  a t  th e secon d level .  Unlik e othe r  models ,  th e 
propose d mode l  als o maintain s example s o f  h o w eac h 
concep t  i s typicall y used .  Suc h usag e examples ,  o r 
exemplars ,  appea r  a t  th e thir d level .  Eac h exempla r  consist s 
of  a  numbe r  o f  sense-concepts ,  eac h representin g th e 
occurrenc e o f  a  concep t  i n th e contex t  give n b y th e 

exemplar .  Sense-view s constitut e th e fourt h level .  Eac h 
sense-concep t  i s connecte d t o a  sense-view . 

The followin g pictur e illustrate s a n exampl e o f  tw o 
words ,  ba t  an d boo k (represente d a s rectangles )  an d thei r 
associate d concept s (represente d a  rounde d rectangles) . 
Concept s ar e furthe r  specifie d b y exemplar s (represente d a s 
double-line d rectangles )  eac h representin g a  use-cas e fo r  it s 
associatedMncepts . 

Breake r Fragil e ob i 

He go t  a  ba t  lo r  hi s birthda y ThcjxSo k brok e th e 

shed th e windo w wit h 

Mammal-Bat Baseball-Ba t 

^ 

For  th e sak e o f  simplicity ,  sense-concept s constitutin g eac h 
exempla r  ar e no t  displayed .  A n exampl e o f  sense-concep t  i s 
th e occurrenc e o f  B A S E B A L L - B A T i n H e go t  a  ba t  fo r  hi s 
birthday .  Eac h sense-concep t  i s  connecte d t o a  sense-view . 
Thre e sense-view s ar e shown :  breaker ,  gif t  an d fragil e 
object .  Not e tha t  bot h sense-view s an d sense-concept s ar e i n 
fac t  represente d b y a  se t  o f  properties ,  an d tha t  th e name s 
use d i n thi s figure  ar e onl y label s use d fo r  th e sak e o f  clarit y 
an d brevity . 

Finally ,  her e i s th e outpu t  generate d b y th e implemente d 
prototyp e (se e Implementation )  fo r  boo k i n Th e boo k brok e 
th e window . 

SENSE Generate d fo r  Inpu t  Wor d Boo k 
[Sense-Concept(s) ]  B O OK 
[Sens e View ] 
Themati c Role :  Instrumen t  No .  o f  Exemplars :  4 
Marker(s) :  with-pp ,  p-subj , 
STATE-OF-MATTER(0.73305)—->;SOLID , 
MADE-OF(0.82805)—> :  MATERIAL . 

As shown, the sense-view breaker consists of two properties 
wit h stron g presenc e (enclose d numbe r  represent s weight , 
betwee n 0  an d 1 ,  fo r  eac h property) .  Thus ,  thi s outpu t 
shoul d b e interprete d t o mdicat e that ,  i n th e give n context , 
B O OK i s t o b e viewe d a s a  soli d objec t  mad e o f  material .  I n 
othe r  words ,  othe r  propertie s o f  B O O K suc h a s autho r  o r 
title ,  a s wel l  a s th e fac t  tha t  boo k i s mad e o f  paper ,  in k etc. , 
ar e al l  irrelevan t  i n thi s context . 

From Words to Senses 

Criticizin g Lakof f  fo r  concludin g tha t  ope n i s polysemyou s 
becaus e o f  expression s suc h a s ope n th e doo r  an d ope n th e 
present ,  Ruh l  writes : 

Admittedly, the phrase open the door and open the 
presen t  evok e quit e differen t  images ,  bu t  wh y i s th e 
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differenc e attribute d t o open ,  whic h doe s no t  differ ,  an d 
not  als o the l  W h y isn' t  th e differenc e locate d solel y 
wher e ther e i s difference :  i n th e door-presen t 
distinctio n an d i n th e knowledg e tha t  peopl e hav e abou t 
thes e tw o activitie s (1989:x) . 

This notion that the meaning of a word is being dynamically 
made up ,  a t  leas t  i n part ,  o f  meaning s o f  othe r  word s i t 
occur s wit h i n a  contex t  constitute s th e basi s o f  th e proces s 
tha t  map s inpu t  word s t o wor d sense s i n th e propose d 
model ^ 

The proces s begin s b y presentin g a n inpu t  context ,  mad e 
up o f  inpu t  word s t o th e model .  Th e goa l  i s  t o find  pair s o f 
sense-concept/sense-vie w fo r  inpu t  words .  Detail s o f  thi s 
proces s ar e beyon d th e scop e o f  thi s pape r  (se e Rais -
Ghasem,  1998) .  Wha t  follow s i s a  brie f  overvie w o f  th e 
process . 

Word node s correspondin g t o th e inpu t  word s ar e 
activated .  Activate d wor d nodes ,  i n turn ,  activat e thei r 
relate d concepts ,  whic h i n tur n activat e thei r  relate d 
exemplars .  Th e se t  o f  activate d exemplar s represent s th e 
model' s knowledge ,  u p t o tha t  point ,  o f  variou s way s tha t 
inpu t  word s ca n interac t  wit h othe r  words . 

Havin g locate d al l  suc h possibl e interaction s fo r  ever y 
inpu t  word ,  th e nex t  ste p i s t o find a  se t  o f  sense s fo r  inpu t 
word s tha t  ca n interac t  wit h eac h other .  A  numbe r  o f  wor d 
sense s ca n interac t  wit h eac h othe r  onl y i f  the y eithe r  appea r 
i n on e o f  th e exemplars ,  o r  the y ca n b e use d i n one . 

The decisio n o n whethe r  inpu t  word s ca n b e interprete d 
base d o n on e o f  th e exemplar s depend s o n th e possibilit y  o f 
classifyin g th e inpu t  word s alon g tha t  exemplar .  I n othe r 
words ,  th e questio n i s whethe r  a  wor d sens e ca n b e foun d 
fo r  eac h inpu t  wor d s o tha t  i t  coul d b e associate d wit h th e 
same sense-vie w tha t  it s correspondin g sense-concep t  i n th e 
exempla r  i s  associate d with . 

For  example ,  assum e tha t  Th e boo k brok e th e windo w i s 
presente d t o th e mode l  an d tw o exemplar s ar e activate d fo r 
thi s input :  Joh n brok e th e la w an d Th e m a n smashe d th e 
windshiel d wit h a  bat .  Th e first  exempla r  i s rejecte d becaus e 
none o f  th e concept s associate d wit h th e wor d windo w coul d 
be classifie d a s la w an d regulatio n (th e sense-vie w relate d t o 
sense-concep t  L A W ) .  Becaus e sense s ca n b e foun d fo r  inpu t 
word s tha t  ar e compatibl e wit h th e sense-view s associate d 
wit h th e secon d exemplar ,  th e inpu t  sentenc e ca n b e 
interprete d afte r  it .  Fo r  example ,  boo k (i n fac t  it s  relate d 
concep t  B O O K)  ca n b e classifie d a s a  breaker .  Not e tha t 
finding  suc h se t  o f  sense s implie s finding a  pai r  o f  sense -
concept/sense-vie w fo r  eac h inpu t  word . 

Finally ,  th e examinafio n o f  activate d exemplar s ca n b e 
carrie d ou t  i n parallel .  I n fact ,  i n th e nex t  secfion ,  w e discus s 
a prototyp e implementatio n i n whic h eac h activate d 
exempla r  measure s it s adaptabilit y  t o th e input . 

I m p l e m e n t a t i o n 

This section reports on a prototype implementation of the 
propose d mode l  fo r  sententia l  contexts .  Fo r  thi s 

^  Als o se e semanti c trait s i n Cruse ,  1986 . 

implementation ,  w e use d syntacti c cas e marker s (Delisl e e t 
a!. ,  1993 )  a s indication s o f  themati c role s tha t  nou n phrase s 
pla y i n a  context .  Example s o f  suc h cas e marker s ar e p-sub j 
(posilii)iia l  subject )  an d with-p p (prepositiona l  phras e with) . 

Architecture 

The implemente d prototyp e i s a  hybri d system . 
Architecturally ,  th e syste m i s grounde d i n tw o marke r 
passin g networks .  Th e botto m network ,  th e ontolog y 
network ,  serve s a s th e system' s knowledg e bas e t o defin e 
concept s i n th e secon d network .  Th e networ k i s arrange d 
base d o n th e Mikrokosmo s ontolog y (Mahes h &  Nirenburg , 
1995) .  Th e secon d network ,  th e lexico n network ,  consist s o f 
fou r  layer s o f  nodes :  words ,  concepts ,  exemplar s comprisin g 
sense-concepts ,  an d sense-view s (a s discusse d earlier) . 

However ,  despit e th e fac t  tha t  i t  i s  buil t  o n to p o f  tw o 
structure d networks ,  th e behavio r  o f  th e syste m i s no t 
completel y accomplishe d throug h a  spreadin g acfivatio n 
process .  Instead ,  it s ftinctionality  t o a  larg e exten t  arise s 
fi-om  th e execudo n o f  a  numbe r  o f  processin g element s 
calle d agents .  Attache d t o networ k nodes ,  agent s ar e 
autonomou s processin g element s capabl e o f  performin g a 
sequenc e o f  instructions .  Onc e a  nod e i s activated ,  it s 
attache d agen t  "fire s up "  an d individuall y an d concurrentl y 
start s carryin g ou t  it s instructions .  Detail s o f  type s an d 
responsibilitie s o f  agent s employe d i n thi s implementatio n 
coul d b e foun d i n Rais-Ghase m (1998) . 

Becaus e o f  it s  hybri d nature ,  th e implemente d syste m 
support s parallelis m a t  th e knowledg e level ,  th e abilit y  t o 
appl y symboli c rule s an d controls ,  an d takin g advantag e o f 
statistica l  similaritie s i n developin g sense-views . 

Sample Runs 

Result s o f  som e o f  th e tes t  case s conducte d o n th e 
implemente d syste m ar e presente d i n thi s subsection . 

Sense Modulation: This test demonstrates the system's 
capabilit y  t o modulat e semanti c feature s o f  on e singl e sense -
concep t  i n differen t  contexts .  Her e i s th e first  inpu t  context : 

The musician moved the piano. 

The output sense generated for piano is displayed below. 
Not e h o w onl y thos e propertie s o f  P I A N O tha t  portra y i t  a s 
a heav y physica l  objec t  ar e highlighte d b y th e sense-view . 

SENSE Generated for Input Word Piano 
[Sense-Concept(s) ]  PIAN O 
[Sens e View ] 
Themati c Role :  Objec t  -  No .  o f  Exemplars :  3  Marker(s) : 
p-obj , 
WEIGHT(0.666667)-—>:heavy , 
lsKindOf-DEVICE(0.513)—> : 
STATE-OF-MATTER(0.756)—>:SOLID , 
MADE-OF(0.513)-->:PLASTIC,METAL , 
lsKindOf-ARTIFACT(0.7047)—-> : 
COLOR(0.7047)—-> : 
AGE(0.7047)—> : 
OPERATED-BY(0.7047)—->:HUMAN, 

I t  i s  als o interestin g t o loo k a t  th e selecte d sense-vie w fo r 
musicia n i n whic h al l  propertie s specifi c  t o musicia n ar e 
suppressed ,  sinc e the y ar e irrelevan t  i n th e presen t  context . 
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S E N SE Generate d fo r  Inpu t  Wor d Musicia n 
[Sense-Concept(s) l  MUSICIA N 
[Sens e View ] 
Themati c Role ;  Agen t  -  No .  o f  Exemplars :  3  -  Marker(s) : 
p-subj , 
GENDER(0.885367)—->:MALE , 
lsKindOf-HUMAN(0.8187)—-> : 
lsKindOf-PRIMATE(0.54)-—> : 

Here is the second input context: 

The musician played the piano. 

In contrast, here the properties portraying piano as a musical 
instrumen t  an d musicia n ar e relevant . 

S E N SE Generate d fo r  Inpu t  Wor d Pian o 
[Sense-Concept(s) ]  PIAN O 
[Sens e View ] 
Themati c Role :  Objec t  -  No .  o f  Exemplars :  2  Marker(s) : 
p-obj , 
lsKindOf-MUSICAL-INSTRUMENT(0.81)—> : 
WORK-EQUIPMENT-OF(0.81)-—>:MUSICIAN , 
lsKindOf-ARTIFACT(0.729)—> : 
STATE-OF-MATTER(0.729)—>:SOLID , 
COLOR(0.729)—> : 
AGE(0.729)—> : 
OPERATED-BY(0.729)—>:HUMAN. 
lsKindOf-INANIMATE(0.6561)-~> : 

Here is the last input context and generated sense: 

The man broke the piano. 

SENSE Generated for Input Word Piano 
[Sense-Concept(s) ]  PIAN O 
[Sens e View ] 
Themati c Role :  Objec t  -  No .  o f  Exemplars :  4  Marker(s) : 
p-obj , 
lsKindOf-ARTIFACT(0.54675)—> : 
STATE-OF-MATTER(0.567>—>:SOLID , 
COLOR(0.54675)—-> : 
AGE(0.54675)—> : 
OPERATED-BY(0.54675)—>:HUMAN, 
MADE-OF(0.6775)—>:PLASTIC,GLASS , 

Sense-\"iew Development: This test demonstrates gradual 
developmen t  o f  sense-views .  Th e destinatio n sense-vie w i s 
initiall y  exemplifie d b y onl y on e exemplar : 

Mary went to the office. 

[Sense View] 
Themati c Role :  Destinatio n -  Marker(s) :  to-pp , 
lsKindOf-BUILDING(0.9)—-> : 
lsKindOf-PLACE(0.81)—> : 
lsKindOf-PHYSICAL-OBJECT(0.729)--> : 
MADE-OF(0.729)—->:MATERIAL , 
WEIGHT(0.729)—> : 
SIZE(0.729)—-> : 
lsKindOf-OBJECT(0.6561)—> : 
tsKlndOf-BUILDING-ARTIFACT(0.81)—> : 
lsKindOf-ARTIFACT(0.729)—> : 
STATE-OF-MATTER(0.729)—>:SOLID . 
COLOR(0.729)—> : 
AGE(0.729)—> ; 
OPERATED-BY(0.729)—>:HUMAN, 
IsKindOf-INAN I  MATE(0.6561)—-> : 

Notice both IsKindOf-Buildmg and IsKindOf-Place are 
relativel y centra l  t o offic e an d therefor e t o thi s sense-view . 

Th e se t  propertie s shrink s rapidl y afte r  processin g th e 
followin g exemplar : 

The student went to the stadium. 

SENSE Generated for Input Word Stadium 
[Sense-Concept(s) ]  STADIU M 
[Sens e View ] 
Themati c Role :  Destinatio n -  Marker(s) :  to-pp , 
lsKindOf-BUILDING(0.8145)-—> : 
lsKlndOf-PLACE(0.73305)--> : 
lsKindOf-BUILDING-ARTIFACT(0.73305)—-> : 

Thi s tren d continue s wit h anothe r  input : 

John went to the park. 

SENSE Generated for Input Word Park 
[Sense-Concept(s) ]  PAR K 
[Sens e View ] 
Themati c Role :  Destinatio n -  Marker(s) :  to-pp , 
lsKindOf-BUILDING(0.543)—> : 
lsKindOf-PLACE(0,7074)—> : 

Here, unlike previous case, the property IsKindOf-Place is 
mor e prominen t  tha n IsKindOf-Building .  Thi s i s becaus e 
par k i s no t  a  building ,  nonetheless ,  it s effec t  i s no t  enoug h t o 
completel y eliminat e IsKindOf-Buildin g fro m th e sense -
view . 

Multiple Word Senses: There are cases in which context 
doe s no t  favo r  an y o f  th e alternativ e reading s o f  a  word ,  an d 
therefor e th e ambiguit y mus t  b e maintaine d i n th e output . 
Thi s tes t  demonstrate s th e system' s abilit y  t o handl e suc h 
cases .  I n thi s example ,  bot h reading s o f  ban k ar e 
compatible ,  t o som e degree ,  wit h th e destinatio n sense-view . 

John went to the bank. 

Here is the output word sense for bank, witii two sense-
concepts ,  bot h linke d t o th e sam e sense-view . 

SENSE Generated for Input Word Bank 
[Sense-Concept(s) ]  RIVER-BANK .  BANK-BRANCH 
[Sens e View ] 
Themati c Role :  Destinatio n -  Marker(s) :  to-pp , 
lsKindOf-BUILDING(0.51585)—-> : 
lsKindOf-PLACE(0.5967)—-> : 

Unknown Words: Here is an example of how sense-views 
ca n b e use d t o establis h som e propertie s abou t  unknow n 
words .  Her e i s th e input : 

Mary went to the palladium. 

The word palladium is not defmed in the lexicon. 
Nevertheless ,  th e syste m associate s i t  wit h th e prope r  sense -
view .  Throug h thi s sense-view ,  som e initia l  propertie s fo r 
palladiu m ca n b e inferred . 

S E N SE Generate d fo r  Inpu t  Wor d Palladiu m 
[Sense-Concept(s) ]  *" *  unknow n ** * 
[Sens e View ] 

Themati c Role :  Destinatio n -  Marker(s) :  to-pp , 
lsKindOf-BUILDING(0.51585)—> : 
lsKindOf-PLACE(0.5967)—-> : 

Instantiation of General Terms: This test is inspired by 
th e experimen t  reporte d b y Anderso n e t  al .  (1976) .  The y 
foun d tha t  shar k wa s a  bette r  cu e thunfis h fo r  subject s i n 
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rememberin g a  sentenc e lik e th e following : 

The fish attacked the man. 

They concluded that fish was instantiated to, and encoclcil 
accordingl y as ,  shar k i n thei r  subjects '  memory .  Nolic c ho w 
i n th e output ,  fish  i s associate d wit h propertie s specifi c  t o 
shar k (aggressivenes s an d blac k color) . 

SENSE Generated for Input Word Fish 
[Sense-Concept(s) ]  FIS H 
[Sens e View ] 
Themati c Role :  Agen t  -  Marker(s) :  p-subj , 
C0L0R(1)---->:BLACK , 
AGGRESSIVE(I)-—> : 
lsKindOf-FISH(0.9)—-> : 
lsKindOf-VERTEBRATE(0.8 1 )---> : 
lsKindOf-ANIMAL(0.729)—> : 
GENDER(0.729)—-> : 
lsKindOf-ANIMATE(0.656 1 )---> : 

Conc lus io n 

In this paper we discussed a lexicon model in which the role 
of  contex t  i s  no t  limite d t o sens e selection .  Selecte d sense s 
ar e als o modulate d accordin g t o thei r  surroundin g context . 
We als o describe d ho w pattern s o f  contextua l  effect s coul d 
be leame d b y th e model .  A  prototyp e implementatio n o f  th e 
model  wa s als o discussed . 
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