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T h e Iteratio n o f  C o n c e p t  C o m b i n a t i o n 

i n Sens e Genera t i o n 

Richar d Coope r 
Departmen t  o f  Psycholog y 
Birkbec k College ,  Londo n 

Male t  Street ,  Londo n WCI E 7H X 
R.Coopergpsyc.bbk.ac.u k 

Bradle y Frank s 
Departmen t  o f  Psycholog y 

Londo n Schoo l  o f  Economic s 
Houghto n Street ,  Londo n W C 2A 2A E 

B.Franksftlse.ac.u k 

Abstrac t 

We report work in progress on the computational modelling 
of  a  theor y o f  concept s an d concep t  combination .  Th e sens e 
generatio n approac h t o concept s provide s a  perspicuou s wa y 
of  treatin g a  rang e o f  recalcitran t  concep t  combinations :  priva -
tiv e combination s {e.g. ,  fak e gun ,  ston e lion ,  apparen t  friend) . 
We argu e tha t  a  prope r  treatmen t  o f  concep t  combinatio n mus t 
respec t  importan t  syntacti c constraint s o n th e combinatio n pro -
cess ,  th e simples t  bein g th e priorit y o f  syntacti c modifie r  ove r 
th e hea d i n cas e o f  conflicts .  W e presen t  a  mode l  o f  privativ e 
concep t  combination s base d o n th e sens e generatio n approach . 
The mode l  wa s develope d usin g cogent ,  a n object-oriente d 
modelhn g environmen t  designe d t o simpUf y an d clarif y th e 
implementatio n proces s b y minimisin g th e 'distance '  betwee n 
th e box/arro w 'language '  o f  psychologica l  theorisin g an d th e 
theory' s implementation .  I n additio n t o simpl e privative s (i.e. , 
ones wit h a  singl e modifier ,  hk c fak e gun )  th e mode l  als o han -
dle s iterated ,  o r  complex ,  privativ e combination s (i.e. ,  one s 
wit h mor e tha n on e modifier ,  like/oA e ston e lion) ,  an d reflect s 
thei r  associate d modificatio n ambiguities .  W e sugges t  tha t  th e 
succes s o f  thi s mode l  reflect s bot h th e utiUt y o f  COGENT a s a 
modellin g framewor k an d th e adequac y o f  sens e generatio n a s 
a theor y o f  concep t  combination . 

Introduction 

Concept s ar e usuall y take n t o hav e thre e basi c function s i n 
menta l  lif e (see ,  e.g. ,  Franks ,  1992 ;  Rips ,  1995) :  a  repre -
sentatio n functio n (th e representationa l  content s ove r  whic h 
though t  an d inferenc e abou t  th e worl d take s place) ,  a  clas -
sificatio n (o r  referring )  functio n (th e content s employe d i n 
determinin g whethe r  object s fal l  unde r  th e denotatio n o f  a 
term) ,  an d a  linguisti c functio n (th e content s accesse d i n un -
derstandin g languag e an d concatenate d accordin g t o linguis -
ticall y appropriat e rule s t o compris e a  menta l  representatio n 
of  th e meanin g o f  a  sentenc e o r  utterance) .  TTi e firs t  tw o 
function s hav e bee n th e primar y concer n o f  investigation s o f 
concept s i n cognitiv e science . 

I t  i s widel y accepte d tha t  insight s abou t  th e representatio n 
and classificatio n function s o f  concept s ca n b e obtaine d from 
an understandin g o f  th e wa y i n whic h the y combin e t o for m 
comple x concept s (e.g. ,  Medi n &  Shoben ,  1988 ;  Smith ,  Osh -
erson ,  Rip s &  Keane ,  1988) .  W e sugges t  tha t  constraint s o n 
th e proces s o f  combinatio n itsel f  shoul d b e forthcomin g from 
an understandin g o f  th e linguisti c function .  Hence ,  account s 
of  concept s i n genera l  ca n b e constraine d b y ascertainin g th e 
exten t  t o whic h the y respec t  critica l  factor s concernin g th e 
linguisti c function .  I n orde r  t o begi n t o mak e progres s o n 
thi s question ,  th e wor k reporte d her e focuse s o n th e effect s o f 

aspect s o f  th e linguisti c functio n o n th e representationa l  func -
tio n o f  concept s (since ,  arguably ,  th e classificatio n functio n i s 
parasiti c  o n th e representationa l  function) . 

We presen t  a  computationa l  mode l  o f  concep t  combinatio n 
from  withi n th e sens e generatio n framewor k develope d else -
wher e (e.g. ,  Franks ,  1995) ,  employin g a  computationa l  frame -
wor k develope d i n orde r  t o clarif y  th e relationshi p betwee n th e 
specificatio n o f  theoretica l  commitment s an d thei r  implemen -
tatio n (Cooper ,  Fox ,  Farringdo n &  Shallice ,  i n press) .  Thi s 
i s a n essentiall y  symboli c framework  fo r  modellin g cognitiv e 
phenomena :  sinc e ou r  focu s wa s o n modellin g th e effec t  o f 
syntacti c relation s o n concep t  combinatio n (rathe r  tha n mod -
ellin g thos e syntacti c relation s pe r  se) ,  th e necessar y perspicu -
it y an d clarit y o f  th e sequentia l  orderin g i n th e implementatio n 
of  th e synta x i s mor e directl y len t  b y a  symboli c implemen -
tatio n tha n a  connectionis t  on e (suc h a s Miikkulainen ,  1993) . 
We presen t  a  basi c mode l  o f  concep t  combination s first  ( a 
hea d nou n combinin g wit h a  singl e modifier) ,  an d the n sho w 
h o w thi s ca n b e extende d t o handl e a  simpl e for m o f  syn -
tacti c influenc e o n combinatio n — th e iteratio n o f  modifiers , 
wit h attendan t  scopin g o r  modificatio n ambiguitie s tha t  aris e 
fo r  thei r  representation .  Th e mode l  presente d i s a n aspec t  o f 
wor k i n progress .  Thi s wor k ha s a  goa l  o f  locatin g a  mode l  o f 
concep t  combinatio n withi n a  perspectiv e gaine d from  syntac -
ti c constraint s o n combinatio n an d from  wide r  consideration s 
of  cognitiv e modelling . 

Sense Generation and Concept Combination 

Sense generation is an approach to concepts and concept 
combinatio n tha t  attempt s t o respec t  psychologica l  evidenc e 
abou t  classificatio n an d representatio n i n th e contex t  o f  prag -
mati c factor s concernin g communication .  I t  postulate s 'quasi -
classical '  lexica l  concep t  representation s whic h expres s th e 
defaul t  conten t  fo r  a  concept,  comprisin g attribute-valu e struc -
ture s wher e eac h attribut e take s onl y on e value ,  an d wher e 
thos e value s ca n b e overridde n b y contextua l  dictate s (Frank s 
& Braisby ,  1990 ;  Franks ,  1995) .  Thes e representation s ar e 
quasi-classica l  i n that ,  althoug h the y ac t  a s i f  the y wer e neces -
sar y an d sufficien t  condition s fo r  categor y membershi p withi n 
a singl e context ,  acros s differen t  context s thei r  content s ar e de -
feasibl e an d s o ar e no t  classica l  definitions .  A  critica l  distinc -
tio n betwee n type s o f  attribute s i s m a d e o n th e basi s o f  thei r 
relationshi p t o categor y membership :  'central '  attribute s ar e 
one s tha t  reflec t  deep ,  theoretica l  assumption s abou t  th e fac -
tor s tha t  ar e presume d essentia l  fo r  categor y membershi p (se e 
Medi n &  Ortony ,  1989 ;  Braisby ,  Frank s &  Hampton ,  1994 ,  i n 
press) ;  b y contrast ,  'diagnostic '  attribute s ar e thos e aspect s o f 
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th e surfac e appearanc e o f  object s tha t  m a y b e use d fo r  rough -
and-read y identification ,  bu t  ar e no t  infalhbl e guides .  Sens e 
generatio n postulate s a  generativ e proces s tha t  take s bottom -
u p inpu t  fro m lexica l  concept s associate d wit h th e constituent s 
of  a  phrase ,  an d output s a  sens e fo r  th e phras e tha t  provide s 
a close r  fi t  t o th e pragmati c contex t  tha n woul d th e defaul t 
conten t  o f  lexica l  concepts . 

I t  ca n b e argue d (Franks ,  199S )  tha t  a  clas s o f  combination s 
k n o w n a s 'privatives '  constitut e a  test-cas e fo r  theorie s o f  con -
cep t  combination ,  i n tha t  the y exhibi t  particularl y strong ,  ye t 
predictable ,  form s o f  context-sensitivity .  Privativ e adjective s 
ar e analyse d b y K a m p (1975 )  a s one s fo r  whic h th e followin g 
inferenc e i s a  logica l  truth :  If x  i s a  privativ e adjective-nou n 
the n X  i s no t  a  noun :  fo r  example ,  i f  x  i s a  fak e gun ,  the n i  i s 
not  a  gun . 

Frank s (1995 )  argue s tha t  thi s analysi s shoul d b e extende d 
i n thre e ways .  First ,  th e characteristi c inferenc e shoul d b e 
weakened ,  t o allo w fo r  th e cognitivel y plausibl e classifica -
tion ,  i f  I  i s  a  fak e gun ,  the n x  i s a  gu n i n som e sens e — 
onl y wit h respec t  t o appearance .  Second ,  suc h a n inferenc e 
i s characteristi c no t  onl y o f  th e effec t  o f  a  particula r  se t  o f 
adjective s o n al l  noun s tha t  the y modify ,  bu t  als o o f  th e in -
teractio n o f  th e content s o f  hea d noun s wit h modifier s tha t 
ar e no t  themselve s intrinsicall y privative .  Third ,  'proper ' 
privatives ,  i n whic h privativ e behaviou r  result s fro m a n intrin -
si c propert y o f  th e adjectiv e type ,  i n fac t  c o m e i n tw o kind s 
— 'negating '  privative s (e.g. ,  fak e gu n — where ,  intuitively , 
th e modifie r  negate s th e centra l  attribute s o f  th e head) ,  an d 
"equivocating '  privative s (e.g. ,  apparen t  frien d — wher e th e 
modifie r  cast s doub t  o n th e head' s centra l  attributes ,  bu t  doe s 
not  completel y negat e them) .  I n bot h cases ,  th e diagnosti c 
attribute s o f  th e hea d nou n concep t  ar e no t  denie d i n an y w a y 
— thu s preservin g th e characteristi c classificatio n inferenc e 
base d o n appearance s only ,  note d above .  Thes e type s o f  pri -
vativ e hav e analogue s i n whic h privativ e behaviou r  result s no t 
from  th e particula r  semanti c typ e o f  th e modifier ,  bu t  from  th e 
interactio n o f  th e content s o f  th e concept s o f  hea d an d mod -
ifier .  Suc h 'functional '  privative s includ e combination s lik e 
ston e lio n o r  chocolat e teapo t  (negatin g privativ e analogue s 
of  fak e gun) ,  an d woode n skille t  o r  blu e orang e (equivocatin g 
privativ e analogue s o f  apparen t  friend) .  I t  i s  clea r  that ,  fo r 
thes e cases ,  ther e i s n o intrinsi c propert y o f  eithe r  th e hea d 
or  modifie r  tha t  produce s th e privativ e behaviou r  (e.g. ,  whe n 
ston e modifie s bridge ,  an d w h e n lio n i s modifie d b y brown , 
th e resultin g behaviou r  i s no t  privative) .  Hence ,  privative s 
e m b o dy a  particularl y stron g for m o f  context-sensitivit y o f 
concep t  representations .  Producin g th e sens e fo r  a  privativ e 
combinatio n denie s attribute s o f  th e hea d noun ,  requirin g a 
proces s tha t  i s no t  rigidly  (i.e. ,  monotonically )  compositiona l 
(fo r  example ,  a s i n feature-addition ;  se e Hampton ,  1987) . 
Thi s doe s no t  preclud e a  compositiona l  account ,  however , 
sinc e th e sens e produce d fo r  a  combinatio n i s stil l  predictabl e 
fro m th e concept s o f  th e part s an d thei r  m o d e o f  combination . 

Despit e thei r  constitutin g a  tes t  cas e fo r  theorie s o f  concept s 
an d concep t  combination ,  i t  i s no t  clea r  tha t  privative s ca n b e 
handle d in ,  fo r  example ,  prototyp e theor y (Hampton ,  1992) , 
schem a theor y (Murphy ,  1988) ,  o r  theorie s tha t  assum e tha t 
combinatio n operate s b y a  proces s o f  eithe r  propert y mappin g 
or  slo t  fillin g (cf. ,  Wisniewsk i  &  Centner ,  1991) .  Moreover , 
th e requisit e marke d conflic t  betwee n attribute s o f  th e hea d 

and modifie r  m a y als o b e difficu U t o expres s i n conneclionis t 
terms .  B y contrast ,  a  unified ,  compositiona l  accoun t  o f  pri -
vative s withi n th e sens e generatio n framework  i s presente d i n 
Frank s (1995) .  Th e accoun t  employ s unification-base d oper -
ation s t o captur e th e variou s aspect s o f  concep t  combinatio n 
(e.g. ,  priorit y unificatio n (Kaplan ,  1987) ,  i n whic h th e sens e 
fo r  th e combinatio n inherit s  ̂ 1 o f  th e attribute-valu e pair s o f 
th e constituen t  lexica l  concept ,  wit h th e exceptio n tha t  wher e 
th e tw o concept s conflic t  o n on e o f  th e value s o f  a  c o m m o n 
attributes ,  th e valu e o f  th e priorit y constituen t  — th e modi -
fie r  — i s inherited) .  Th e critica l  differenc e betwee n negatin g 
and equivocatin g privative s i s expresse d i n term s o f  differen t 
metonymi c typ e coercio n operator s (cf. ,  Klei n &  Sag ,  1985 ; 
Pustejovsky ,  1991) :  fo r  negators ,  th e operato r  take s a s inpu t 
th e hea d noun' s lexica l  concep t  (comprisin g bot h centra l  an d 
diagnosti c atuibutes) ,  an d output s a  coerce d representatio n 
comprisin g th e head' s diagnosti c attribute s an d th e negatio n 
of  it s  centra l  attributes ;  fo r  equivocators ,  th e operato r  output s 
th e diagnosti c attribute s o f  th e hea d an d neithe r  th e centra l  at -
tribute s no r  thei r  negation ,  bu t  rathe r  thei r  bein g onl y possibl y 
tru e o f  th e objec t  bein g referre d to .  Thi s correspond s t o treat -
in g th e attribute-valu e smicture s a s potentiall y  havin g thre e 
truth-value s — a  valu e o f  a n attribut e m a y b e tru e o f  a  typ e 
of  object ,  fals e o f  it ,  o r  neither .  Fo r  functiona l  privatives ,  th e 
conflic t  betwee n centra l  attribute s fo r  ston e an d lio n result s i n 
thos e o f  th e latte r  bein g negated ,  whils t  th e conflic t  betwee n 
diagnosti c attribute s fo r  w o o d an d skille t  result s i n th e cen -
tra l  attribute s o f  th e latte r  no t  bein g negate d bu t  bein g onl y 
possibl y tru e o f  th e typ e o f  objec t  describe d b y th e phrase . 

Thi s treatmen t  capture s definin g semanti c intuition s abou t 
object s describe d b y privatives ,  an d henc e thei r  characteris -
ti c  classificatio n inferences .  Fo r  example ,  a  ston e lio n pos -
sesse s centra l  attribute s o f  ston e objects ,  bu t  onl y diagnosti c 
attribute s o f  rea l  lions .  Similarly ,  fak e gun s d o no t  posses s 
th e centra l  attribute s o f  guns ,  bu t  onl y thei r  diagnosti c at -
tributes .  B y contrast ,  a n apparen t  frien d perform s diagnosti c 
behaviour s o f  a  friend ,  bu t  thi s i s consisten t  wit h onl y pos -
sibl y possessin g centra l  motivationa l  attribute s o f  friendship ; 
similarly ,  a  woode n skille t  look s lik e a  rea l  skille t  bu t  m a y o r 
m ay no t  b e abl e t o suppor t  th e centra l  functio n o f  a  skillet .  I n 
al l  cases ,  th e initial ,  bottom-u p combinatio n stag e leave s th e 
elaboratio n an d specificatio n o f  th e detail s o f  th e combinatio n 
unspecifled ,  producin g schemati c sense s whic h ar e consisten t 
wit h a  rang e o f  furthe r  possibl e specification s tha t  depen d o n 
informationa l  an d pragmati c contex t  (e.g. ,  resultin g i n th e ad -
ditio n o f  th e informatio n tha t  th e ston e lio n i s a  statue ,  an d 
so ha s centra l  attribute s o f  a  statue ,  o r  tha t  a n apparen t  frien d 
reall y  i s o r  i s  no t  a  friend,  wit h appropriat e centra l  attributes) . 

Th e mode l  discusse d her e seek s t o tes t  thi s accoun t  i n tw o 
ways .  Firs t  o f  all ,  t o ascertai n whethe r  th e accoun t  o f  sim -
pl e privativ e concep t  combination s (i.e. ,  one s i n whic h ther e 
i s a  singl e modifie r  fo r  th e head )  i s coheren t  b y modellin g 
it .  Secondly ,  t o ascertai n whethe r  th e particula r  combinatio n 
operation s ar e adequat e fo r  handlin g iterate d o r  comple x con -
cep t  combination s (i n whic h ther e i s mo r e tha n on e modifier) . 
Thi s als o provide s a  wa y o f  beginnin g t o incorporat e syntacti c 
constraint s int o concep t  combination . 

N o un phrase s ofte n incorporat e multipl e modifier s o f  th e 
hea d noun .  Th e multiplicatio n o f  modifier s raise s th e possi -
bilit y  o f  ambiguit y i n th e scop e o f  th e modification ,  an d thi s 
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proble m i s rendere d especiall y comple x whe n th e multiplie d 
modifier s ar e privatives ,  an d henc e whe n a  privativ e combi -
natio n i s itsel f  modifie d b y a  privative .  Fo r  example ,  fak e 
ston e lio n coul d hav e tw o distinc t  readings ,  on e i n whic h th e 
firs t  modifie r  ha s 'wide '  scop e ove r  th e secon d modifie r  an d 
th e hea d {}.t.,fak e (ston e lion) ,  a  ston e lio n tha t  i s a  fake) , 
and on e i n whic h th e firs t  modifie r  ha s 'narrow '  scop e ove r 
th e secon d modifie r  only ,  an d the y bot h modif y th e hea d (i.e. , 
{fak e stone )  lion :  a  lio n tha t  i s  mad e o f  fak e stone) . 

I n essence ,  i n orde r  t o arriv e a t  a n appropriat e representatio n 
fo r  suc h comple x combinations ,  th e head-modifie r  relation -
ship s — tha t  is ,  th e scop e o f  th e first  modifie r  — mus t  b e 
disambiguated .  Th e disambiguatio n o f  suc h relationship s i s 
take n t o b e provide d b y a  synta x parse r  tha t  provide s inpu t 
t o a  conceptua l  interpreter .  Thi s doe s no t  imply ,  o f  course , 
tha t  n o semanti c o r  themati c lexica l  informatio n i s involve d i n 
th e proces s o f  syntacti c disambiguation ,  merel y tha t  detaile d 
conceptua l  informatio n i s no t  (see ,  e.g. ,  Trueswell ,  Tanenhau s 
& Kello ,  1993) .  Th e questio n o f  interes t  fo r  ou r  purpose s i s 
then ,  give n tha t  th e head-modifie r  relationship s hav e bee n 
disambiguated ,  doe s th e sens e generatio n accoun t  o f  simpl e 
privativ e combination s generalis e t o comple x privatives ? 

The COGENT Modelling Environment 

Our model was constructed in CCX}ENT (Cognitive Objects 
withi n a  Graphica l  EnviroNmenT) ,  a  developin g cognitiv e 
modellin g tool .  Thi s syste m gre w ou t  o f  independen t  wor k 
aime d a t  clarifyin g th e relationshi p betwee n psychologica l 
theor y an d computationa l  implementatio n withi n cognitiv e 
modelling .  I n particular ,  i t  seek s t o mak e explici t  th e rang e 
of  actua l  architectura l  commitment s mad e b y a  psychologi -
cal  theory ,  a s distinc t  fro m mer e implementatio n detail s (cf . 
Cooper  etal. ,  i n press ;  Cooper ,  1995) . 

The COGENT modellin g environmen t  provide s a  se t  o f  con -
figurabl e cognitiv e "objects "  (suc h a s rule-base d processes , 
and buffer s wit h o r  withou t  capacit y limitation s an d conten t 
decay) .  Centra l  t o th e environmen t  i s a  graphica l  interfac e 
whic h allow s th e specificatio n o f  executabl e model s i n th e 
box/arro w style .  Differen t  shape d boxe s correspon d t o dif -
feren t  type s o f  object ,  an d a  complet e executabl e mode l  ca n 
be develope d b y specifyin g appropriat e propertie s an d con -
tent s fo r  al l  object s i n th e model .  Thi s minimise s th e distanc e 
betwee n th e model s traditionall y develope d b y psychologist s 
and thei r  implementations ,  simplifyin g th e relatio n betwee n 
th e two .  A t  present ,  onl y symboli c object s ar e provided ,  bu t 
anticipate d futur e development s includ e extendin g th e envi -
ronmen t  b y incorporatin g connectionis t  an d networ k objects . 
Extan t  use s includ e th e implementatio n o f  productio n syste m 
model s (Cooper ,  1996) ,  model s o f  decisio n makin g (Uia t  o f 
Fox ,  1980) ,  an d model s o f  prospectiv e memor y (Ellis ,  Shallic e 
and Cooper ,  i n submission) .  Detail s o f  COGENT availabilit y 
and syste m requirement s ar e availabl e fro m th e authors . 

I t  i s  importan t  t o emphasis e tha t  COGENT i s a n environment , 
not  a n architecture .  A s suc h th e intentio n i s tha t  th e syste m 
shoul d impos e fe w (i f  any )  constraint s o n th e precis e for m o f 
a model' s implementation .  I n general ,  i t  i s  th e particula r  the -
orist' s  responsibilit y  t o provid e suc h constraints .  Thi s i s no t 
t o sa y tha t  architecture s suc h a s Soa r  (Newell ,  1990 )  hav e n o 
rol e i n computationa l  wor k o n cognitio n (thoug h se e Coope r 
& Shallic e (1995 )  fo r  a  discussio n o f  som e potentia l  short -

coming s o f  architecture-drive n modelling) ,  bu t  t o provid e fo r 
theorist s wh o d o no t  subscrib e t o al l  o f  th e assumption s em -
bodie d i n an y extan t  architecture . 

I n spit e o f  th e abov e intention ,  on e constrain t  whic h i s im -
pose d b y COGENT,  an d whic h impact s o n th e curren t  domain ,  i s 
th e preclusio n o f  recursiv e procedure s (i.e. ,  procedure s whic h 
cal l  themselves) .  Mos t  curren t  programmin g language s allo w 
recursiv e procedures ,  an d suc h procedure s ar e o f  tremendou s 
utilit y  whe n processin g tree-structure d dat a suc h a s natura l 
language .  However ,  tru e recursio n require s a  processin g stac k 
t o maintai n th e trac e o f  executio n throughou t  recursiv e call s 
(i n orde r  t o recove r  fro m th e recursio n onc e i t  bottom s out) , 
and associate d dynami c memor y allocatio n fo r  independen t 
copie s o f  loca l  variable s use d withi n eac h recursiv e call . 

Whil e ther e i s n o prohibitio n o n a  COGENT proces s uigger -
in g itself ,  ther e i s n o processin g stac k withi n COGENT s o ther e 
i s n o possibilit y  that ,  o n completion ,  a  proces s coul d retur n 
contro l  t o th e proces s tha t  triggere d it .  (I n fact ,  processin g 
withi n COGENT i s base d o n a  paralle l  mode l  i n whic h al l  boxe s 
ar e constantl y potentiall y  active :  se e Coope r  (1995 )  fo r  mor e 
details. )  Furthermore ,  COGENT's assume d correspondenc e be -
twee n cognitiv e object s (i.e. ,  boxes )  an d functiona l  cognitiv e 
structure s mean s that ,  fo r  example ,  a  proces s requirin g loca l 
variable s wil l  requir e a n associate d buffe r  i n whic h t o stor e 
thos e variables .  A  trul y recursiv e proces s woul d requir e a  sep -
arat e cop y o f  thi s buffe r  fo r  eac h recursiv e call .  Again ,  thi s 
dynami c memor y allocatio n i s no t  availabl e withi n COGENT. 
Notic e tha t  th e preclusio n o f  recursio n i n COGENT arise s no t 
fro m an y prio r  prejudic e agains t  recursiv e procedures ,  bu t 
fro m th e directnes s o f  th e mappin g betwee n functiona l  unit s 
and COGENT objects ,  an d fro m th e underlyin g (parallel )  pro -
cessin g model . 

I n ligh t  o f  th e above ,  comple x modifie d noun-phrase s can -
not  b e processe d i n COGENT b y recursivel y processin g thei r 
parts . 

Sense Generation in COGENT 

The model consists of a set of interconnected boxes (see Fig-
ur e 1 )  o f  tw o principa l  kinds :  buffer s an d rule-base d pro -
cesses .  A  parsin g proces s break s inpu t  int o a  se t  o f  lo -
cal  tree s (i.e. ,  binar y branchin g node s whic h disambiguat e 
head/modifie r  relationships )  an d add s it s outpu t  t o a  tempo -
rar y storag e buffe r  {Loca l  Pars e Trees) .  W e ar e no t  her e 
concerne d wit h th e interna l  detail s o f  thi s parsin g process .  A 
secon d process .  Conceptua l  Access ,  i s  triggere d b y element s 
i n th e store ,  processin g the m (i.e. ,  accessin g th e conceptua l 
conten t  associate d wit h thei r  constituents )  on e a t  a  time .  Thes e 
content s compris e th e single-value d attribut e valu e structure s 
(wit h th e majo r  divisio n betwee n centra l  an d diagnosti c at -
tributes )  note d earlier .  Th e orde r  o f  thi s processin g i s con -
straine d b y th e requiremen t  tha t  th e conceptua l  conten t  o f  th e 
constituent s (i.e. ,  hea d an d modifier )  i s  immediatel y availabl e 
(eithe r  from  th e Menta l  Lexico n o r  fro m a  shor t  ter m stor e t o 
whic h earlie r  processin g ma y hav e writte n it s  results) .  A s a 
consequence ,  processin g i s bottom-up . 

Once th e initia l  conten t  fo r  bot h th e hea d an d modifie r  ha s 
been obtained ,  th e generatio n o f  th e schemati c sens e fo r  th e 
phras e proceed s vi a tw o furthe r  processes .  Thes e ar e als o 
controlle d i n a  bottom-u p manner ,  sinc e the y onl y depen d 
upo n th e typ e o f  operato r  o r  upo n whethe r  conflict s occu r 
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Figur e 1 :  Sens e Generatio n i n C O G E NT 

at  diagnosti c o r  centra l  levels .  T h e particula r  detaile d con -
tent s o f  lexica l  concept s ar e no t  critica l  t o th e generatio n o f 
a schemati c sense .  Firstly ,  th e conten t  o f  th e hea d i s coerce d 
i n on e o f  tw o way s (se e above) :  eithe r  th e head' s centra l 
attribute s ar e negate d (i f  th e modifie r  i s  a  negatin g privativ e 
adjective ,  o r  i f  th e hea d an d modifie r  conflic t  o n centra l  at -
tributes) ,  o r  th e head' s centra l  attribute s ar e undercu t  o r  cas t 
int o doub t  (i f  th e modifie r  i s  a n equivocatin g privativ e ad -
jective ,  o r  i f  th e hea d an d modifie r  conflic t  o n diagnosti c 
attributes) .  Followin g this ,  th e coerce d centra l  an d diagnosti c 
attribute s o f  th e hea d ar e priorit y unifie d wit h th e correspond -
in g attribute s o f  th e modifier ,  wit h th e modifier' s attribute s 
takin g priority .  Thi s produce s a  schemati c sens e fo r  th e com -
bination ,  whic h i s temporaril y  store d i n a  conceptua l  stor e (cf. , 
Potter ,  1993) .  Ifthi s sens e i s associate d wit h a  constituen t  par t 
of  a  comple x nou n phrase ,  the n it s arriva l  i n th e conceptua l 
stor e wil l  allo w processin g o f  it s super-ordinat e constituen t  t o 
proceed :  generatin g a  sens e fo r  th e comple x nou n phras e a s 
a whol e wil l  the n tak e input s bot h from  th e Menta l  Lexico n 
(fo r  lexica l  sub-constituents )  an d from  th e Short-ter m Con -
ceptua l  Stor e (fo r  non-lexica l  sub-constituents) .  T h e sens e 
produce d i n thi s bottom-u p manne r  i s onl y schematic .  A n y 
post-combinatio n specificatio n o r  elaboratio n o f  thi s sens e i s 
viewe d a s involvin g a n interactio n betwee n bottom-u p an d 
top-dow n influence s an d no t  modelle d here . 

T h e fiil l  specificatio n o f  th e mode l  i n C O G E NT consist s o f 
Figur e 1  togethe r  wit h a  specificatio n o f  th e configurabl e prop -
ertie s o f  eac h bo x i n tha t  figure.  Th e theoretica l  difference s 
betwee n th e Menta l  Lexico n an d th e Short-ter m Conceptua l 
Store ,  fo r  example ,  ar e reflecte d i n differen t  configuration s o f 
th e correspondin g boxes .  I n particular ,  th e Menta l  Lexico n 
i s modelle d a s a  lon g ter m stor e wit h n o deca y an d n o ca -
pacit y limitations ,  wherea s th e Short-ter m Conceptua l  Stor e 
i s modelle d a s a  temporar y o r  workin g stor e wit h fixed  deca y 
an d capacit y limitations .  Eac h proces s i s full y  specifie d i n 

term s o f  a  se t  o f  condition/actio n rule s (on e rul e pe r  proces s 
fo r  thi s model )  an d som e declarativ e Prolo g conditions .  Th e 
condition s o f  th e rule s eithe r  matc h element s fro m variou s 
buffer s o r  perfor m logica l  operation s (suc h a s priorit y unifi -
cation ,  specifie d i n Prolog )  o n thei r  data .  Th e rules '  action s 
modif y buffe r  content s o r  trigge r  furthe r  processes . 

Th e thre e rule s ar e presente d i n Figur e 2 .  C H an d d h rep -
resen t  th e centra l  an d diagnosti c attribute s o f  th e hea d (re -
spectively) .  Similarl y c m an d d m represen t  th e centra l  an d 
diagnosti c attribute s o f  th e modifier .  I n Rul e 1 ,  th e conditio n 
concep tua l_ l ooku p querie s th e Menta l  Lexico n an d Short -
ter m Conceptua l  Stor e t o determin e th e conten t  o f  th e phrase' s 
head .  Th e conditio n con f  l i c t_ typ e serve s a  simila r  pur -
pos e fo r  th e modifier ,  bu t  als o take s accoun t  o f  adjective s 
whic h serv e a s operator s (an d s o hav e n o independen t  con -
ceptua l  conten t  — e.g. ,  prope r  privative s lik e fake) .  I f  thes e 
condition s ar e met ,  th e rul e fires,  deletin g th e loca l  pars e tre e 
from  it s buffer ,  an d triggerin g Coercio n wit h th e messag e 
coe rce (Ph rase ,  T y p e ,  C H ,  CM,  DH ,  D M ) . 

W h en Rul e 2  i s triggered ,  i t  coerce s th e typ e o f  th e 
centra l  attribute s o f  th e hea d accordin g t o tha t  speci -
fied  b y th e triggerin g process ,  producin g CC H (i.e. ,  co -
erce d centra l  hea d attributes) .  T h e proces s the n trig -
ger s Priorit y Unificatio n (Rul e 3 )  wit h th e messag e 
un i f y_con ten t (Ph rase ,  CCH,  CM,  D H ,  D M ) . 

Th e triggerin g o f  Rul e 3  priorit y unifie s  th e centra l  attribute s 
of  th e coerce d hea d an d modifier ,  producin g th e centra l  at -
tribute s o f  th e combinatio n (c) ,  an d th e diagnosti c attribute s 
of  th e hea d an d modifier ,  producin g th e diagnosti c attribute s o f 
th e combinatio n (d) .  Th e conceptua l  conten t  o f  th e combina -
tio n i s the n adde d t o th e Short-ter m Conceptua l  Store ,  wher e i t 
m ay contribut e t o th e constructio n o f  th e conceptua l  conten t  o f 
a large r  constituen t  (vi a th e conditio n coiiceptual_loo)cu p 
calle d b y Conceptua l  Acces s (Rul e 1)) . 

To illustrate ,  conside r  first  a  simpl e privative ,  suc h a s ston e 
lion .  Ther e i s n o syntacti c ambiguity ,  an d jus t  on e loca l  tree . 
Processin g therefor e require s jus t  on e cycl e throug h th e dia -
gra m i n Figur e 1 .  Onc e th e loca l  tre e appear s i n th e Loca l 
Pars e Tree s store .  Short-ter m Conceptua l  Acces s i s triggered , 
thu s accessin g th e lexica l  concept s  fo r  bot h ston e an d lio n from 
th e Menta l  Lexicon :  bot h lexica l  concept s compris e centra l 
and diagnosti c attributes .  Conceptua l  Acces s als o determine s 
th e natur e o f  th e combinatio n i n term s o f  an y conflic t  o f  at -
tribute s (i.e. ,  negatin g o r  equivocatin g privativ e fo r  conflict s 
on centra l  o r  diagnosti c attribute s respectively ,  o r  affirmativ e 
combinatio n fo r  n o conflict) .  I n th e cas e o f  ston e lion ,  a 
conflic t  o f  centra l  attribute s wil l  b e detected ,  fulfillin g th e 
requirement s fo r  a  negatin g typ e coercion .  Conceptua l  Ac -
ces s passe s thi s informatio n t o th e Coercio n process ,  whic h 
negate s th e centra l  attribute s o f  th e hea d (lion) .  Th e outpu t  co -
erce d representatio n the n comprise s th e diagnosti c attribute s 
and th e negate d centra l  attribute s fro m th e lexica l  concep t  fo r 
lion .  Th e coerce d representatio n o f  lio n an d th e representatio n 
of  th e lexica l  concep t  fo r  ston e ar e the n inpu t  t o th e Priorit y 
Unificatio n process ,  whic h combine s the m (givin g precedenc e 
t o stone )  t o yiel d a  representatio n o f  a  typ e o f  objec t  tha t  pos -
sesse s al l  o f  th e centra l  an d diagnosti c attribute s o f  stone ,  an d 
some o f  th e coerce d centra l  an d diagnosti c attribute s o f  lion , 
wit h th e provis o that ,  wher e th e value s o f  attribute s conflict , 
th e value s o f  ston e tak e priority .  Th e resultin g representatio n 
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Rul e 1 :  Conceptua l  Acces s 
IF : 

THEN: 

once local_tre e (Phrase ,  Mod i  f  ier ,  Head )  i s i n Loca l  Pars e Tree s 
conceptual_lookup(Head ,  CH,  DH) 
conflict_type(Modifer ,  Type ,  CH,  DH,  CM,  DM) 

delet e local_tree (  Phrase ,  Modifier ,  He&d )  fro m Loca l  Pars e Tree s 
send coerc e (Phrase ,  Type ,  CH,  CM,  DH,  UU)  t o Coercio n 

Rul e 2 :  Coercio n 
T R I G G E R:  coerc e (Phrase ,  Type ,  CH ,  CM,  DH ,  DM) 
IF :  type_coerce(Type ,  CH ,  CCH) 
T H E N:  sen d unify_content(Phrase ,  CCH,  CM,  DH ,  DM)  t o Priorit y Unif y 

Rule 3: Priority Unification 
T R I G G E R:  unify_conten t  (Phrase ,  CH ,  CM,  DH ,  DM) 
IF :  priority_\inify(CM ,  CH ,  C ) 

prior i ty_unify(DM ,  DH ,  D ) 
T H E N:  ad d conceptual_conten t  (Phrase ,  C ,  D )  t o Short-ter m Conceptua l  Stor e 

Upper-case identifiers correspond to variables which are instantiated when the rule fires. 

Figur e 2 :  C O G E NT rule s fo r  Sens e Generatio n 

i s o f  a  typ e o f  objec t  tha t  ha s centra l  attribute s o f  ston e (e.g. , 
inorganic )  an d ha s negate d centra l  attribute s o f  lio n (e.g. ,  in -
organic ,  geneti c structur e no t  o f  a  lion) ;  i t  als o ha s diagnosti c 
attribute s o f  ston e (e.g. ,  a  gre y colour ,  har d texture) ,  an d some , 
but  no t  all ,  o f  lio n (e.g. ,  i t  has  a  lio n shape ,  bu t  no t  lio n colou r 
or  lio n habitat) . 

The cas e o f  comple x nou n phrase s involvin g iterate d mod -
ifier s i s analogous ,  excep t  tha t  alternat e possibl e syntacti c 
structure s (reflecte d i n alternat e loca l  pars e trees )  lea d t o al -
ternat e possibl e senses .  Fo r  fak e ston e lion ,  a  sens e o f  ston e 
lio n ma y b e determine d a s above .  Th e negatin g pmativefak e 
may the n operat e o n thi s sens e (temporaril y  availabl e i n th e 
Short-ter m Conceptua l  Store )  t o yiel d a  representatio n fo r  a 
typ e o f  objec t  tha t  doe s no t  hav e th e centra l  attribute s o f  ston e 
lio n (e.g. ,  inorganic )  bu t  doe s hav e th e diagnosti c attribute s o f 
thi s combination .  Th e secon d readin g o f  fak e ston e lio n cor -
respond s t o th e cas e wher e th e comple x nomina l  fak e ston e 
modifie s lio n (correspondin g t o a  lio n whic h i s mad e fro m 
some kin d o f  fak e stone ,  suc h a s a  har d plastic) .  I n thi s case , 
th e conten t  o f  fak e ston e wil l  first  b e determined .  Th e rele -
vant  representatio n wil l  hav e a s centra l  feature s th e negatio n 
of  th e centra l  feature s o f  ston e (bu t  th e diagnosti c feature s o f 
stone) .  Th e resul t  o f  combinin g thi s wit h th e conten t  o f  lio n 
wil l  depen d o n th e precis e for m o f  centra l  feature s o f  each .  I f 
th e centra l  feature s o f  fak e ston e d o no t  conflic t  wit h thos e o f 
lion ,  the n a n affirmativ e combinatio n wil l  b e invoked ,  an d al l 
centra ]  attribute s wil l  b e unified .  Th e resultin g sens e allow s 
tha t  a  fak e ston e lio n i s actuall y a  rea l  lio n (perhap s pretendin g 
t o b e a  statue) .  Equivocatin g o r  negatin g privativ e reading s 
may als o b e license d i f  ther e i s conflic t  o n diagnosti c o r  centra l 
attribute s respectively .  I n thi s way ,  th e mode l  demonstrate s 
tha t  th e sens e generatio n accoun t  o f  simpl e privative s ca n 
generalis e t o complex ,  iterated ,  concep t  combinations . 

Future Developments 

Futur e researc h wil l  focu s o n fou r  mai n areas .  Firstly ,  al -
thoug h thi s wor k ha s show n tha t  sens e generatio n ca n provid e 
an adequat e accoun t  o f  iterate d privativ e combinations ,  th e 

model  ma y als o b e use d t o asses s th e generalit y o f  th e sens e 
generatio n theor y i n term s o f  affirmativ e (i.e. ,  non-privative ) 
form s o f  combinatio n (e.g. ,  predicatin g adjective s lik e re d an d 
non-predicatin g adjective s lik e criminal) . 

The scopin g ambiguitie s inheren t  i n modifie r  iteratio n are , 
of  course ,  jus t  on e o f  a  rang e o f  syntacti c phenomen a tha t  fall s 
withi n th e scop e o f  th e sens e generatio n theory .  A  secon d 
stran d o f  furthe r  wor k wil l  therefor e involv e developin g th e 
model  itsel f  b y addressin g furthe r  syntacti c phenomena .  Fo r 
example ,  combination s ma y involv e syntacti c form-clas s am -
biguities .  Thus ,  whe n interpreting ,  say ,  ston e lion ,  a  strictl y 
bottom-u p parse r  woul d initiall y  interpre t  ston e a s a  hea d 
noun ,  onl y t o find  tha t  i t  i s  i n fac t  a  modifier .  A  fulle r  treat -
ment  o f  synta x woul d als o incorporat e th e interactio n betwee n 
conceptua l  conten t  an d mor e coarse-graine d conten t  (suc h a s 
themati c roles )  relevan t  t o resolvin g ambiguity . 

A somewha t  differen t  are a i n whic h th e mode l  i s  underde -
velope d concern s th e classificatio n an d representationa l  func -
tion s o f  concepts .  Th e curren t  mode l  simpl y take s concep t 
representation s t o compris e tw o differen t  type s o f  attribute . 
The combinatio n operation s ar e sensitiv e t o thes e type s o f  at -
tribute s bu t  no t  t o th e particula r  attribute s themselves .  Thi s al -
low s a  relativel y schemati c treatmen t  o f  representation .  H o w -
ever ,  i n orde r  t o provid e a  ful l  mode l  o f  tfie  representationa l 
and classificatio n functions ,  mor e detai l  concernin g th e post -
combinatio n specificatio n o f  th e sense s i s necessary .  Thi s 
i s addresse d withi n th e sens e generatio n theor y (se e Frank s 
(1995 )  fo r  a  ful l  account) ,  accordin g t o whic h an y suc h speci -
fication  i s consisten t  wit h th e result s o f  th e initia l  (schematic ) 
combinatio n stage .  Thes e development s wil l  therefor e aug -
ment  (rathe r  tha n negate )  th e curren t  model . 

Lastly ,  i t  i s  anticipate d tha t  development s i n th e COGENT 
softwar e wil l  allo w furthe r  refinemen t  o f  th e model .  Mor e 
detaile d modellin g o f  th e classificatio n an d representationa l 
function s o f  concept s may ,  fo r  example ,  b e bette r  handle d i n 
a hybri d symboli c +  connectionis t  mode l  i n whic h th e Menta l 
Lexico n (currentl y modele d a s a  static ,  symbolic ,  store) ,  an d 
it s access ,  i s  handle d b y a  connectionis t  component .  Affir -
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mativ e combination s i n suc h a  mode l  migh t  b e handle d b y a 
purel y connectionis t  "route" ,  bu t  thi s rout e woul d b e inter -
rupte d (i n th e sens e o f  Coope r  &  Franks ,  1993 )  i n th e cas e o f 
privativ e combinations ,  wher e attribut e conflict s woul d trigge r 
typ e coercio n prio r  t o combination . 

Conclusions 

We hav e suggeste d tha t  a  plausibl e accoun t  o f  concep t  com -
binatio n mus t  b e constraine d b y a n understandin g o f  th e lin -
guisti c functio n o f  concepts ,  an d tha t  thi s ca n begi n t o b e 
handle d b y modellin g complex ,  iterate d combinations .  Give n 
tha t  simpl e privative s ar e themselve s a  comple x se t  o f  combi -
nation s tha t  ca n provid e a  tes t  cas e fo r  a  theor y o f  concepts ,  th e 
abilit y  t o mode l  comple x privative s provide s a n eve n stronge r 
criterio n fo r  an y account' s adequacy .  W e sugges t  tha t  th e find-
ing s reporte d her e indicat e tha t  sens e generatio n ca n provid e a 
framewor k fo r  developin g a  plausible ,  generalisabl e accoun t 
of  concept s an d concep t  combination . 

The developmen t  o f  th e mode l  withi n th e COGENT mod -
ellin g environmen t  ha s als o demonstrate d th e utilit y  o f  co -
gen t  a s a  genera l  modellin g resource .  W e argu e tha t  th e di -
agrammati c representatio n (Figur e 1) ,  togethe r  wit h th e thre e 
rule s whic h gover n th e behaviou r  o f  th e thre e processes ,  clar -
ifie s th e sens e generatio n theor y withou t  obscurin g essentia l 
aspect s wit h implementatio n detail .  I n thi s sense ,  w e aver , 
bot h sens e generatio n an d COGENT hav e profite d (an d wil l 
continu e t o profit )  fro m thei r  interactio n i n th e developmen t 
of  thi s mode l 
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