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Abstrac t 

This paper argues that the basic modes of spatial cognition 
can b e bes t  identifie d i n term s o f  argument/participan t 
location ,  an d show s tha t  natura l  languag e use s "simple " 
type s o f  semanti c denotation s t o encod e spatia l  cognition . 
Firs t  w e revie w event-base d approache s t o spatia l  location , 
and poin t  ou t  tha t  spatia l  expression s shoul d b e interprete d 
not  a s locatin g a n event/stat e a s a  whol e bu t  a s locatin g 
arguments/participant s o f  th e sentence/event .  Sectio n 2 
identifie s th e way s o f  locatin g events/state s i n term s 
"argumen t  orientation" ,  whic h indicate s th e way s o f 
interpretin g locativ e expressions .  W e identif y fou r 
pattern s o f  argumen t  orientatio n whic h revea l  substantia l 
modes o f  spatia l  cognition—spatia l  propertie s an d 
relations .  Sectio n 3  illustrate s variou s classe s o f  Englis h 
transitiv e verb s wit h whic h spatia l  expression s induc e 
argumen t  orientation .  W e conside r  fou r  type s o f  locativ e 
prepositiona l  phrase s an d sho w tha t  th e argumen t 
orientatio n patter n o f  a  sentenc e i s no t  determine d b y th e 
typ e o f  spatia l  expression s bu t  mostl y b y th e typ e o f  th e 
verb ,  i.e. ,  th e even t  typ e o f  th e sentence .  Sectio n 4 
conclude s tha t  semanti c denotation s o f  locativ e 
prepositiona l  phrase s ar e restricte d t o th e "intersecting " 
function s mappin g relation s t o relations ,  whic h ar e "basi c 
and familiar "  semanti c object s ou t  o f  th e "heterogeneous " 
field  o f  function s fro m relation s t o relations . 

E v e n t  a n d L o c a t i o n 

There have been proposals which take "events" as primitive 
entitie s an d introduc e locationa l  propertie s fo r  events . 
Davidso n (1967 ,  1970) ,  Fillmor e (1968 ,  1971) ,  Sondheime r 
(1978) ,  an d Parson s (1990 )  amon g others .  Davidso n (1967 , 
1970 )  interpret s spatia l  referenc e adverb s a s locatin g a n even t 
i n spac e a s illustrate d below . 
(1 )  Joh n walke d t o th e barber' s 

= (3e)Walking(John ,  e )  &  To(e ,  th e barber's ) 
(2 )  Joh n walke d acros s th e stree t  t o th e barber' s 

= (3e)Walking(John ,  e )  &  Across(e ,  th e street ) 
& To(e ,  th e barber's ) 

Davidson' s semantics ,  however ,  doe s no t  tel l  u s  wha t  th e 
propertie s o f  event s reall y mean .  Tha t  is ,  wha t  doe s i t  mea n 
fo r  a n even t  t o hav e th e propert y "T o th e barber's "  o r 
"Acros s th e street" .  Thu s th e meanin g representation s i n (1 -
2 )  canno t  accoun t  fo r  a  simpl e an d basi c entailmen t  patter n 
illustrate d i n (3-4) . 

(3 )  Joh n walke d t o th e barber' s 
entail s 'Joh n wa s a t  th e barber's ' 

(4 )  Joh n walke d acros s th e stree t  t o th e barber' s 
entail s 'Joh n wa s o n th e street ' 
Fillmore' s (1968 ,  1971 )  case-theoreti c approac h i s als o 

fa r  fro m solvin g thi s problem :  Fillmore' s (1968 )  "Locative " 
cas e (Source/Goal/Pat h introduce d late r  i n Fillmor e (1971) ) 
was define d a s identifyin g th e locatio n o r  spatia l  orientatio n 
of  th e "state "  o r  "action "  identifie d b y th e verb .  Again ,  hi s 
interpretatio n o f  spatia l  expression s doe s no t  accoun t  fo r  th e 
entailmen t  o f  (3-4) . 

Sondheime r  (1978 )  give s a  stron g lexicalis t  accoun t  o f 
th e entailmen t  pattern .  Sondheime r  interpret s locativ e 
preposition s no t  a s a  propert y o f  event s bu t  a s a  propert y o f 
individuals ,  s o h e get s th e followin g interpretation : 
(5 )  Joh n stumble d i n th e park . 

= (3e)(3p)Stumbling(e )  &  0(e ,  John )  &  P(e ,  p ) 
& IN(p ,  th e park ) 

The cas e indicate d b y "O(bject) "  i s a  neutra l  cas e referrin g t o 
th e entit y tha t  i s  affecte d o r  discussed .  Sondheimer ,  further , 
give s meanin g postulate s t o accoun t  fo r  (3-4) .  Th e meanin g 
postulate s ar e claime d t o b e detenmine d b y th e even t  type . 
For  example ,  w e hav e a  meanin g postulat e o f  (7 )  t o interpre t 
th e sentenc e (6 ) 
(6 )  O n th e bus ,  Mar y though t  o f  Joh n 
(7 )  Meanin g postulate : 

(Vx)Thinking(x ) 
- > Oy)(3q)BEING-AT(y )  &  0(y ,  (ta)A(x,a) ) 

& P(x ,  q )  &  P(x ,  q )  &  (q e (ip)P(x ,  p) ) 
Sinc e th e even t  involve d i n (6 )  i s "Thinking" ,  Sondheime r 
claims ,  th e locatio n o f  th e even t  say s somethin g onl y abou t 
th e locatio n o f  th e agent .  H e doe s no t  examin e variou s even t 
types ,  no r  give s an y generalizatio n ove r  th e pattern s o f 
locatin g events .  Sondheimer' s approac h i s importan t  i n tha t 
hi s lexica l  treatmen t  reduce s th e locatio n o f  even t  t o th e 
locatio n o f  participant s o f  th e event .  Simila r  approache s 
hav e bee n propose d i n Gei s (1975 )  an d Cresswel l  (1978) : 
Th e forme r  i s abou t  som e stativ e locationa l  expression s a s 
i n (8 )  an d th e latte r  abou t  directiona l  one s a s i n (9) . 
(8 )  Joh n stumble d i n th e park . 

= 'Joh n stumble d whil e h e wa s i n th e park ' 
(9 )  a .  Arabell a ra n acros s th e yar d from  Bill . 

b.  Arabell a stand s acros s th e yar d from  Bill . 
Recently ,  Parson s (1990 )  extend s suc h approac h i n a 

for m o f  generalize d meanin g postulate ,  whic h i s  heavil y 
base d o n th e assumptio n tha t  "ever y ver b take s a  Theme -
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argument" .  Th e generalize d meanin g postulate s ar c 
determine d b y th e typ e o f  locativ e expression .  Fo r  example , 
th e meanin g postulat e fo r  prepositiona l  phrase s wit h "onto " 
i s state d a s follows :  "An y even t  tha t  i s  ont o somethin g 
result s i n a  stat e o f  bein g o n tha t  thing .  Th e Theme s o f  th e 
even t  an d th e stat e ar e th e same. "  Parson s claim s tha t  thi s 
postulate ,  whic h i s independen t  o f  an y choic e o f  verb ,  yeild s 
al l  o f  th e followin g inference s whe n applie d t o th e logica l 
form s o f  th e sentences : 
(10 )  Mar y wil l  thro w th e bal l  ont o th e roof . 

-- > Th e bal l  wil l  b e o n th e roof . 
(11 )  Mar y wil l  pus h th e c o w int o th e bam . 

-- > Th e co w wil l  b e i n th e bam . 
Parson' s generalization ,  i n short ,  i s  tha t  locativ e expression s 
alway s determine s th e locatio n o f  th e theme-argument .  Thi s 
generalization ,  however ,  i s  bot h to o stron g an d to o weak : 
As w e wil l  se e shortly ,  no t  ever y theme-argumen t  i s 
assigne d a  locatio n b y a  locativ e expression ,  an d locativ e 
adverb s ca n determin e th e location s o f  non-them e arguments . 
Further ,  w e wil l  se e case s wher e a  locativ e determine s th e 
location(s )  o f  multipl e argument s a s i n (12-13) ,  an d w e fin d 
some constraint s o n coordinatio n o f  locativ e expression s 
illustrate d i n (14) : 
(12 )  Joh n escorte d Mar y int o th e theater . 
(13 )  Joh n watche d Mar y throug h th e window . 
(14 )  a .  *Joh n sa w Mar y eithe r  i n th e garde n o r  fro m th e 

rooftop . 
b.  Joh n sa w Mar y i n th e garde n fro m th e rooftop . 
c.  ?Joh n sa w Mar y fro m th e roofto p i n th e garden . 

Argument Orientation of Locative PPs 

Now we characterize how natural language uses locative 
expression s t o locat e event s o r  states .  Thi s pape r  identifie s 
th e way s o f  locatin g event s i n term s o f  'argumen t 
orientation" ,  whic h indicate s th e way s o f  interpretin g 
locativ e expressions .  Th e pattern s o f  argumen t  orientatio n 
revea l  substantia l  mode s o f  spatia l  cognitio n -  spatia l 
propertie s an d relations .  Fo r  example ,  on e o f  th e pattern s 
identifie s itsel f  i n a  sentenc e suc h a s Joh n sa w Mar y i n th e 
garden ,  wher e th e P P i n th e garde n refer s t o th e locatio n o f 
th e objec t  argumen t  'Mary '  an d s o th e P P i s sai d t o b e 
object-oriented .  Restrictin g ourselve s t o th e sentence s buil t 
from  transitiv e verbs ,  w e illustrat e fou r  type s o f  argumen t 
orientation .  W e interpre t  locativ e adverb s a s predicat e 
modifiers ,  i.e. ,  function s mappin g n-ar y relation s int o n-ar y 
relation s fo r  n>l . 

Subject-Orientation 

The first pattern is subject-orientation where locative PPs 
refe r  t o th e locatio n o f  a  subjec t  argument .  A  genera l 
definitio n o f  subject-oriente d predicat e modifier s i s give n b y 
i n (15) .  Her e w e writ e R ^  fo r  th e se t  o f  binar y relation s ove r 
a give n universe . 

(15 )  Definition :  Fo r  al l  function s f € [ r 2 ^ r 2 ] ,  f  i s 
subject-oriente d (SO )  if f  fo r  al l  binar y relation s 
S,T6R2 ,  i f  S i=T i  the n (f(S))i=(f(T))i . 
wher e R ]  =df .  {al3p .  <a,(J>eR} ,  i.e. , 
Rl  =  th e domai n o f  R . 

I n othe r  words ,  subject-oriente d function s trea t  set s o f  first 
coordinate s o f  binar y relation s uniformly .  Fo r  instance ,  i f  a t 
a particula r  instanc e 'thos e w h o criticize d someone '  an d 
'thos e w h o mentione d someone '  ar e identical ,  'thos e w h o 
criticize d someon e a t  th e meeting '  an d 'thos e w h o mentione d 
someone a t  th e meeting '  ar e identical .  Th e locativ e PP s i n 
(16a,b )  ar e interprete d b y subjec t  oriente d functions .  Thus , 
(16a,b )  entail s (17a )  bu t  no t  (17b) . 
(16 )  a .  Joh n criticize d th e teache r  a t  th e meetin g 

b.  Joh n mentione d th e teache r  a t  th e meeting . 
(17 )  a .  Joh n wa s a t  th e meetin g 

b.  th e teache r  wa s a t  th e meetin g 

Object Orientation 

The second pattern is object-orientation where locative PPs 
refe r  t o th e locatio n o r  trajector y o f  a n objec t  argument . 
Thu s formally , 
(18 )  Definition :  Fo r  al l  function s f e [R2-> r2 ] ,  f  i s  o 

bject-oriente d ( O O )  if f  fo r  al l  binar y relation s 
S,T 6 r 2 ,  i f  S 2 = T 2 the n (f(S))2=(f(T))2 , 
wher e R 2 =d f  (P l  3a .  < a , P > € R } . 

I n othe r  words ,  object-oriente d function s trea t  set s o f  secon d 
coordinate s o f  binar y relation s uniformly .  Fo r  instance ,  i f  a t 
a particula r  instance ,  'thos e w h o wer e kicke d b y someone ' 
and 'thos e w h o wer e throw n b y someone '  ar e identical ,  'thos e 
w ho wer e kicke d b y someon e int o th e box '  an d 'thos e w h o 
wer e throw n b y someon e int o th e box '  ar e identical .  Th e 
locativ e PP s i n (19 )  ar e objec t  oriented ,  an d (19a,b )  entai l 
(20) . 
(19 )  a .  Joh n thre w th e bal l  int o th e bo x 

b.  Joh n kicke d th e bal l  int o th e bo x 
(20 )  Th e bal l  move d int o th e bo x 

Subject and Object Orientation 

The third pattem is subject and object-orientation where 
locativ e PP s refe r  t o th e locatio n o r  trajector y o f  a  subjec t 
and a n objec t  argumen t  independently .  Th e definitio n goes : 
(21 )  Definition :  Fo r  al l  function s f e [ R 2 ^ r 2 ] ,  f  i s 

subjec t  an d object-oriente d (S+O )  if f  f  i s 
bot h subject-oriente d an d object-oriented . 

(22 )  entail s bot h (23a )  an d (23b) ,  an d (24 )  entail s bot h (25a ) 
and (25b) ,  s o th e PP s ar e oriente d t o bot h o f  th e subjec t  an d 
th e object . 
(22 )  Joh n me t  Mar y i n th e offic e 
(23 )  a .  Joh n wa s i n th e offic e 

b.  Mar y wa s i n th e offic e 
(24 )  Joh n escorte d Mar y int o th e roo m 
(25 )  a .  Joh n move d int o th e roo m 

b.  Mar y move d int o th e roo m 
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(23 )  an d (24 )  us e a  singl e spatia l  propert y t o locat e 
arguments ,  s o 'bein g i n th e office '  i s  use d i n (23) ,  an d 
'movin g int o th e room '  i n (24) .  But ,  th e sentence s i n (26 ) 
illustrat e tha t  a  locativ e P P ca n refe r  t o th e location s o f 
subjec t  an d objec t  argument s wit h a  pai r  o f  differen t  spatia l 
propertie s whic h ar e complemen t  t o eac h other ,  i.e. ,  'be-in -
the-control-towei '  an d '-•be-in-the-control-towei' .  Thu s bot h 
(26a )  an d (26b )  entai l  (27) . 
(26 )  a .  Joh n spie d o n Mar y fro m th e contro l  towe r 

b.  Joh n sa w Mar y fro m th e contro l  towe r 
(27 )  Joh n wa s i n th e contro l  towe r  an d Mar y wa s no t 

i n th e contro l  towe r 

Subject-Object Orientation 

The last pattern is subject-object orientation where locative 
PPs refe r  t o a  spatia l  dependenc y betwee n th e subjec t  an d th e 
objec t  arguments .  Fo r  example ,  (28 )  entail s  (29) ,  whic h 
impose s a  uniqu e spatia l  relatio n betwee n th e tw o 
arguments .  Th e definitio n i s give n a s (30 )  below : 
(28 )  Joh n sa w Mar y throug h th e windo w 
(29 )  Joh n an d Mar y wer e o n th e opposit e side s o f 

th e windo w 
(30 )  Definition :  Fo r  al l  function s f € [ r 2 ^ r 2 ] ,  f  i s 

subject-object-oriente d (SxO )  if f  fo r  al l  S € R^ , 
i f  <x,y> e f(S )  the n <x,y> € Rf , 
wher e R f  i s  a  spatia l  relatio n determine d b y f . 
Thi s patter n i s differen t  fro m subjec t  an d objec t 

orientation(S+0 )  i n tha t  th e function s i n (SxO )  canno t  b e 
reduce d t o a  boolea n compoun d o f  a  subjec t  oriente d functio n 
and a n objec t  oriente d function ,  whil e th e latte r  function s i n 
(S+0 )  can .  Symmetri c pat h locative s (PP s heade d b y 
across ,  through ,  over ,  past,an d around )  induc e thi s patter n 
(SxO) ,  an d refe r  t o a  spatia l  dependenc y betwee n subjec t  an d 
objec t  arguments . 

We note ,  withou t  proof ,  relation s amon g th e argumen t 
oriente d functions :  First ,  i f  a  functio n i s subjec t  an d objec t 
oriented(S+0) ,  the n i t  i s  subjec t  oriented(SO )  an d objec t 
oriented(OO) .  Second ,  i f  a  functio n i s S O o r  O O ,  the n i t  i s 
subject-objec t  oriented(SxO) ,  s o S O c S x O an d O O e S x O. 

Argumen t  oriente d function s tak e a  binar y relatio n R 
as a  pai r  o f  sets ,  i.e. ,  <R i ,R2> ,  wher e R i  an d R 2 refe r  t o 
th e se t  o f  first  coordinate s an d tha t  o f  th e secon d coordinates , 
respectively ,  an d restric t  on e o r  bot h o f  th e sets .  I n othe r 
words ,  a  locativ e P P modifyin g a  binar y relatio n R  uniquel y 
determine s a  functio n t o restric t  R ]  or/an d R 2 .  W e wil l 
sho w tha t  suc h function s ar e restricting ,  increasing ,  an d 
additive ,  an d thu s intersecting .  Furthe r  w e wil l  prov e tha t 
th e se t  o f  possibl e denotation s o f  unary/binar y locativ e PP s 
i s isomorphi c t o th e se t  o f  properties/relations . 

For  instance ,  int o th e roo m induce s th e propert y P = 
'mov e fro m outsid e t o insid e o f  th e room '  t o restric t  R i 
or/an d R 2 .  Thu s x  pushe d y  int o th e roo m i s tru e if f  x 
pushe d y '  an d ' y move d fro m outsid e t o insid e o f  th e room' , 
i.e. ,  int o th e iDom(pushXyXx )  =  (i)iish)(yXx)AP(y > 

A r g u m e n t  O r i e n t a t i o n s w i t h V a r i o u s 
T rans i t i v e V e r b s 

This section illustrates various classes of trasitive 
verb s wit h whic h locativ e PP s induc e argumen t  orientations . 
Her e w e conside r  fou r  type s o f  locativ e PPs : 
(31 )  a .  Stativ e Locatives :  PP s wit h in ,  on ,  under ,  above , 

i n fron t  of ,  behin d 
b.  Asymmetri c Pat h Locatives :  PP s wit h into ,  ou t 

of ,  onto ,  off ,  up ,  dow n 
c.  Symmetri c Pat h Locatives :  PP s wit h across , 
through ,  over ,  past ,  aroun d 
d.  Sourc e Locatives :  PP s wit h fro m 

The fou r  type s sho w differen t  syntacti c an d semanti c 
characteristic s (Na m 1985) .  I n th e following ,  w e giv e 
example s o f  combinatio n o f  tw o plac e predicate s an d 
locativ e PPs .  T o th e righ t  o f  eac h example ,  w e note d th e 
argumen t  orientatio n patter n o f  th e locativ e P P i n it .  Fo r 
simplicity ,  th e followin g abbreviatio n i s used :  0(object -
orientation) ,  S(subject-orientation) ,  S+0(subjec t  an d objec t 
orientation) ,  SxO(subject-objec t  orientation) . 
(32 )  Motion-Causativ e verbs :  draw ,  drag ,  pull ,  push , 

throw ,  hit ,  knock ,  run ,  walk ,  jum p 
Verb s of'Sending/Carrying' :  mail ,  convey ,  deliver , 

pass ,  return ,  carry ,  take ,  brin g 
a.  Joh n dre w th e bo x in/int o th e roo m [O ] 
b.  K i m pushe d Mar y of f  th e be d [O ] 
c.  Su e thre w th e bal l  acros s th e field  [O ] 
d.  Su e passe d th e boo k acros s th e tabl e [O ] 
e.  T o m too k th e kid s fro m thei r  schoo l  [O ] 

(33 )  Verb s o f  Placement :  place ,  arrange ,  install ,  position , 
set ,  situate ,  pu t 

Verb s o f  'Hunting' :  dig ,  hunt ,  mine ,  shop ,  watc h 
a.  Joh n installe d th e machin e i n th e offic e [O ] 
b.  K i m du g a  for k into/ou t  o f  th e pi e [O ] 
c.  Sara h watche d th e ma n acros s th e stree t  [O ] 
d.  *Sara h pu t  th e boo k fro m th e bag . 
As (33d )  shows ,  verb s o f  'placement '  o r  'hunting '  d o 

not  g o wit h a  sourc e typ e locativ e lik e fro m th e bag .  (33c ) 
i s ambiguou s tha t  th e referenc e poin t  fo r  th e P P ca n b e 
interprete d deicticall y (e.g. ,  'fro m here' )  o r  a s give n b y th e 
locatio n o f  Sara h (i.e. ,  'fro m Sarah') .  Bot h o f  th e reading s 
induc e object-orientatio n o f  acros s th e street . 
(34 )  Verb s o f  'Combining/Attaching' :  mix ,  whip ,  tap e 

Verb s of'Housing' :  house ,  contain ,  fit,  hold ,  seat , 
sleep ,  store ,  serv e 

a.  Joh n mixe d wate r  an d flour  o n th e plat e [O ] 
b.  The y slee p fou r  peopl e i n eac h room[0 ] 
c.  Th e captai n house d th e soldier s int o 

th e bi g hotel s [O ] 
(35 )  Verb s o f  'Perception' :  see ,  touch ,  feel ,  hear ,  sence , 

observe ,  examine ,  discover ,  watc h 
Verb s of'Communication' :  call ,  wire ,  cabl e 
Verb s o f  'Contact':roMc/i ,  pa t 
a.  Joh n sa w Mar y i n th e garde n [O ] 
b.  *Joh n sa w Mî i y int o th e garde n 
c.  Joh n touche d Mar y acros s th e tabl e [SxO ] 
d.  Joh n watche d Mar y fro m th e roofto p [S+O ] 
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The verb s o f  perceptio n exibi t  thre e differen t  type s o f 
argumen t  orientation :  (35a )  i s a n exampl e o f  objec t 
orientation ;  (35c )  subject-objec t  orientatio n s o th e P P acros s 
th e tabl e refer s t o a  spatia l  dependenc y betwee n Joh n iui d 
Mary ,  i.e. ,  'Joh n an d Mar y ar e o n th e opposit e side s o f  th e 
table' .  (35d )  i s anothe r  exampl e o f  mutipl e orientatio n bu t  a 
differen t  on e fro m (35c) :  (35d )  entail s 'Joh n wa s on/a t  th e 
rooftop '  an d 'Mar y wa s no t  on/a t  th e rooftop' ,  s o th e P P 
fro m th e roofto p involve s th e location s o f  Joh n an d Mar y 
but  independently .  Thi s typ e o f  argumen t  orientatio n (S+0 ) 
i s illustrate d b y othe r  transitiv e verb s below . 
(36 )  Verb s of'Co-movement' :  escort ,  accompny ,  chase , 

follow ,  tail ,  lead ,  guid e 
a.  Joh n escorte d Mar y in/int o th e m u s e u m [S+0 ] 
b.  Th e do g chase d th e ca t  acros s th e garde n [S+0 ] 
c.  Th e teache r  le d th e kid s from  th e playgroun d [S+0 ] 

(37 )  Verb s o f  'Socia l  Interaction' :  meet ,  date ,  hug ,  marry , 
fight ,  visit ,  quarre l 

a.  Joh n me t  Mar y a t  th e meetin g [S+0 ] 
b.  *Joh n visite d Mar y int o he r  offic e 

The lexica l  meanin g o f  eac h ver b i n (36-37 )  naturall y 
implie s th e subjec t  an d th e objec t  ar e locate d i n th e sam e 
plac e an d locativ e PP s refe r  t o it .  Finally ,  w e illustrat e 
verb s whic h onl y induc e subjec t  orientatio n o f  locativ e PPs . 
(38 )  Verb s o f  'Judgement' :  criticize ,  compliment ,  honor , 

thank ,  insult ,  ridicul e 
Psych-verbs :  adore ,  idolize ,  miss ,  worship ,  despis e 
Intensiona l  verbs :  search ,  loo k for ,  seek ,  mentio n 
a.  Joh n criticize d Mar y a t  th e meetin g [S ] 
b.  Joh n wa s lookin g fo r  a  knif e i n th e kitche n [S ] 
c.  Joh n mentione d Mar y a t  th e meetin g [S ] 

Table-1: Argument Orientation Patterns of Locative PPs 
wit h Transitiv e Verb s 

StaiveLoc AsynxPahlxc SymPahLoc SoukeLoc 

Motion-Causatives, Verbs of 'Sending/Carrying' 
G O O O 

Verbs of Placement, Verbs of 'Hunting' 
G O G * 

Verbs of 'Combining/Attaching', Verbs of 'Housing' 
G G  *  * 

Verbs of 'Perception', Verbs of 'Communication', 
Verb s o f  'Contact ' 

O *  Sx G S+ G 

Verbs of 'Co-movement' 
S +  G  S  +  G  S  + G  S  +  G 

Verbs of 'Social Interaction' 
S+G *  *  * 

Verbs of 'Judgement', Psych-verbs, Intensional verbs 
S *  *  * 

(Table-1 )  abov e summarize s th e fact s w e hav e see n i n 
thi s section .  Th e star s (* )  i n th e tabl e indicat e th e relevan t 
combination s ar e no t  acceptable .  W e not e th e followin g 
fact s fro m th e table :  (i )  I f  a  non-stativ e locativ e combine s 
wit h a  transitiv e verb ,  i t  i s  alway s oriente d t o th e objec t 
argument .  Tha t  is ,  i t  ca n b e eithe r  O ,  S + O ,  o r  S x O ;  (ii )  i f  a 
transitiv e ver b ca n combin e wit h a  non-stativ e locative ,  the n 
stativ e locative s ar e object-oriente d wit h th e transitiv e verb , 
i.e. ,  eithe r  O  o r  S + O ;  (iii )  onl y symmetri c pat h locative s 
ca n b e S x O ,  i.e. ,  othe r  locative s ar e al l  reducible ;  (iv )  verb s 
of  judgement' ,  psych-verbs ,  an d intensiona l  verb s onl y 
induc e subjec t  orientatio n (S )  wit h stativ e locatives ,  whic h 
suggest s tha t  objec t  orientatio n i s mor e prevailin g tha n 
subjec t  orientation . 

C o n s t r a i n t s o n t h e S e m a n t i c D e n o t a t i o n s 
o f  L o c a t i v e P P s 

This section characterizes three denotational contraints 
on th e interpretatio n o f  locativ e PP s i n English .  W e claim : 
Englis h locativ e PP s ar e interprete d a s denotin g (i ) 
restrictin g functions ,  (ii )  monoton e increasin g functions ,  an d 
(iii )  additiv e functions .  D u e t o th e constrain t  o f  (iv ) 
argument-orientatio n discusse d i n th e precedin g sections , 
thes e brin g u s a  highl y restrictiv e clas s o f  function s th e 
locativ e PP s ca n denote ,  namel y intersectin g functions .  I n 
th e following ,  w e illustrat e tha t  locativ e PP s shoul d satisf y 
th e constraints .  Th e fou r  constraint s (i-iv )  ar e nearl y 
independen t  fro m eac h other ,  s o non e o f  th e constraint s 
implie s an y on e o f  th e other s bu t  (iii )  additivit y implie s (ii ) 
monoton e increasing . 

First ,  locativ e PP s denot e restrictin g function s (th e 
definitio n repeate d i n (39)) .  Thu s (40a )  entail s  (40b) ,  i.e. ,  in -
the-gaiden(see )  i s a  subse t  o f  th e binar y relatio n see . 
(39 )  Definition :  Le t  B  b e a  boolea n algebra ,  an d le t 

f e [B->B ]  b e arbitrary . 
The n f  i s  restrictin g if f  fo r  eac h x e B ,  f(x)<x . 

(40 )  a .  Joh n sa w Mar y i n th e garde n 
b.  Joh n sa w Mar y 
Second ,  locativ e PP s denot e monoton e increasin g 

function s define d a s i n (41) .  (a)-sentence s i n (42-44 )  entai l 
(b)-sentences ,  respectively .  Thes e illustrat e locativ e PP s 
denot e increasin g function s mappin g binar y relation s t o 
binar y relations . 
(41 )  Definition :  Le t  B  b e a  boolea n algebra ,  an d le t 

f e [ B ^ B ]  b e arbitrary . 
The n f  i s  monoton e increasin g if f 
fo r  al l  x,y € B ,  i f  x<y ,  the n f(x)<f(y) . 

(42 )  a .  Joh n roughl y pushe d Mar y int o th e bu s 
b.  Joh n pushe d Mar y int o th e bu s 

(43 )  a .  Joh n returne d th e boo k fro m L A t o Sa n Jos e 
b.  Joh n sen t  th e boo k from  L A t o Sa n Jos e 

(44 )  a .  Joh n sa w an d touche d Mar y throug h th e windo w 
b.  Joh n sa w Mar y throug h th e windo w an d 

Joh n touche d Mar y throug h th e windo w 
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N ow w e sho w locativ e PP s denot e additiv e functions . 
Thus (a)-sentence s o f  (46-47 )  entai l  (b)-sentences , 
resp)eclively ,  an d vic e versa . 
(45 )  Definition :  Le t  B  b e a  boolea n algebra ,  an d le t 

f€[B-*B ]  b e arbitrary . 
Then f  i s  additiv e if f  fo r  al l  x,y € B , 
f(xvy )  =  f(x)vf(y) . 

(46 )  a .  Joh n kicke d o r  pushe d th e bal l  int o th e roo m 
b.  Joh n kicke d th e bal l  int o th e roo m o r  Joh n 

pushe d th e bal l  int o th e roo m 
(47 )  a .  Joh n walke d o r  jogge d i n th e par k 

b.  Joh n walke d i n th e par k o r  Joh n jogge d 
i n th e par k 

The fourt h constrain t  i s  argumen t  orientatio n o f 
locativ e PPs .  Th e followin g jus t  repeat s th e definition s o f 
subjec t  orientatio n an d objec t  orientatio n give n i n th e 
previou s section .  W e clai m tha t  locativ e PP s denot e 
argumen t  oriente d functions . 
(48 )  Definition :  Fo r  al l  function s f e [r2-4r2 ] 

wher e R ^  i s th e se t  o f  binar y relations , 
f  i s  argument-oriente d if f  f  i s  subjec t  oriente d o r 
objec t  oriented . 

Argumen t  oriente d function s tak e a  binar y relatio n R  a s a 
pai r  o f  sets ,  i.e. ,  <Ri,R2> ,  an d eac h functio n affect s R j 
or/an d R 2 dependin g o n whethe r  i t  i s  S O or/an d O O.  Thus , 
i f  f  i s  object-oriented ,  f  determine s a  uniqu e functio n 
f*:P^ P suc h tha t  f*(R2 )  =  (f(R)) 2 fo r  al l  R e r2 . 

N ow t o dra w ou t  a  genera l  clai m o f  intersectivit y 
constraint ,  w e sho w tha t  th e functio n (P )  determine d b y a n 
argumen t  oriente d functio n (f )  inherit s th e propertie s o f  f 
illustrate d i n (39) ,  (42 )  an d (45) :  Thu s fo r  al l  object-oriente d 
function s f € [ R 2 ^ R 2 ] ,  f* 6 [P-^P ]  suc h tha t  f*(R2 )  = 
(f(R))2 ,  an d fo r  al l  R e R^ ,  w e show : 
(49 )  I f  f e [r2->r2 ]  i s  restricting ,  f(R)<R ,  the n (f(R)) 2 = 

f*(R2 )  ̂ R2 -  Thu s f *  i s  restricting ,  too . 
(50 )  I f  f e [ r 2 ^ r 2 ]  i s  increasing ,  i.e. ,  i f  S<T ,  f(S)<f(T) , 

the n i f  S2<T 2 the n (f(S))2<(f(T))2 , 
i.e. ,  f*(S2)<f*(T2) .  Thu s f *  i s  increasing . 

(51 )  I f  f e [ R 2 ^ r 2 ]  i s  additive ,  i.e. ,  f(SvT )  =  f(S )  v  f(T) , 
the n 
(f(SvT)) 2 =  (f(S )  V  f(T)) 2 =  (f(S)) 2 v  (f(T))2 ,  an d s o 
f*((SvT)2 )  =  f^(S2vT2 )  =  f*(S2 )  v  f*(T2) . 
Thus f *  i s  als o additive . 

In the same way, we can prove that subject-oriented 
function s als o inheri t  thes e properties .  Tha t  is ,  fo r  al l 
subjec t  oriente d function s f e [r2—>r2] ,  ther e i s a  uniqu e 
functio n f» e [P->P ]  suc h tha t  f*(Ri )  =  (f(R)) i  fo r  al l 
Re r 2 Le t  u s defin e th e se t  o f  suc h function s a s follows : 
(52 )  S O *  =df .  {f* e [P^P] I  f*(Ri )  =  (f(R)) i  fo r  al l 

Re r 2 an d al l  subject-oriente d fiinctions 
fe[R2^R2] } 

(53 )  0 0 *  =df .  {f* e [P^P] I  f*(R2 )  =  (f(R)) 2 fo r  al l 
Re r 2 an d al l  object-oriente d function s 
f€[R2-^R2] } 

Then ,  fro m th e previou s discussio n i n (49-51) ,  w e se e al l 
function s i n S O *  an d O O *  ar e intersecting ,  increasing ,  an d 
additiv e functions .  W e als o not e th e following : 

(54 )  Theorem-1 :  S O *  =  0 0 * 
(55 )  Theorem-2 :  S0* /00 *  i s identica l  t o W7Ip-*P] , 

th e se t  o f  intersectin g function s i n [P-»P] . 
(Proo f  include d i n Appendix ) 

N ow b y th e theore m (51 )  fro m Keena n an d Falt z (1985 )  w e 
get  (57 )  Theorem-3 . 
(56 )  Theore m (K& F 1985:147) :  Le t  B  b e a  boolea n 

algebra ,  an d le t  th e functio n u :  [B^[B-4B] ]  b e define d 
as follows :  give n / ? e  B ,  u(fc )  i s  tha t 

functio n fro m B  int o B  suc h tha t  fo r  eac h c e B , 
(u(fc))(c )  =  c/\b .  The n u  i s a n isomorphis m o f  B  ont o 
WTTb—>B].  'h e se t  o f  intersectin g function s fro m B 
int o B . 

(57 )  Theorem-3 :  S0*/00 *  ar e isomorphi c t o th e se t  o f 
propertie s P . 
(56 )  an d (57 )  stat e a  mai n resul t  o n th e denotationa l 

constraint s fo r  unar y locativ e PPs .  Thi s resul t  als o applie s 
t o binar y locativ e PPs :  Eac h binar y locativ e P P (Symmetri c 
Pat h locatives )  uniquel y determine s a  functio n whic h refer s 
t o a  spatia l  dependenc y betwee n tw o arguments .  And ,  a s w e 
showed fo r  unar y locatives ,  suc h function s ar e restricting , 
increasing ,  an d additive ,  an d th e se t  o f  thei r  denotation s i s 
isomorphi c t o th e se t  o f  binar y relation s (R2) ,  an d s o 
isomorphi c t o th e se t  o f  intersectin g function s fro m r 2 int o 
r2 .  Formally ,  wit h th e definitio n i n (58) ,  w e ge t  (59 )  an d 
(60) : 
(58 )  S x O * = d f  {f*e[R2^R2]|f*(S )  =  S&Rfforal l 

Se r 2 an d al l  f e SxO ,  an d R f  i s a  spatia l 
relatio n determine d b y f } 

(59 )  Theorem-4 :  S x O *  i s identica l  t o I N T \ R ^ ^ R \ 
th e se t  o f  intersectin g function s i n [ r2^ r2 ] . 

(60 )  Theorem-5 :  S x O *  i s isomorphi c t o th e se t  o f  binar y 
relation s r2 . 
Finally ,  le t  u s conside r  a  sentenc e wit h a  thre e plac e 

predicat e an d a  binar y locativ e PP : 
(61 )  Joh n showe d th e pictur e t o Mar y throug h 

th e windo w 
(61 )  contain s a  thre e plac e predicat e sho w an d a  symmetri c 
pat h locativ e throug h th e window .  Th e P P i s oriente d t o th e 
secon d an d thir d arguments ,  an d th e sentenc e entail s 'th e 
pictur e an d Mar y wer e o n th e opposit e side s o f  th e window' . 
Thus ,  th e P P determine s a  spatia l  dependenc y betwee n th e 
tw o argument s 'th e picture '  an d 'Mary' ,  whic h i s inherentl y 
binary . 
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Appendix 

(55) Theorem-2: S0*/00* is identical to W7Tp->p], 
th e se t  o f  intersectin g function s i n [P-»P] . 

Proof : 
(1 )  Fo r  al l  f e SO* IQO* ,  f  i s  restricting ,  increasing ,  an d 

additive ,  w e sho w f  i s  intersecting ,  i.e. ,  f(a )  =  f(l)Aa ,  fo r 
al l  a e P . 
By th e definitio n o f  boolea n complement ,  a v a -  1 ,  an d 
aAa' = 0 .  Sinc e f  i s  addtive ,  f(l )  =  f(ava' )  =  f(a)vf(a') , 
wher e a '  i s  th e boolea n complemen t  o f  a . 
Thus ,  f(l)A a 

= f(a)vf((3 )  f  i s  intersectin g 
Thus f  i s  additive . 
(1 )  an d (2 )  prov e tha t  INTp/ p =  S0*/00*.## # 

= (f(a)vf(a'))A a 
= (f(a)Aa )  V  (f(a')Aa ) 
= f(a )  V  (f(a')Aa ) 

Distributiv e la w i n P 
Sinc e f  i s  restricting , 
i.e. ,  f(a)< a 

= f(a ) 
The las t  equatio n come s fro m this :  Sinc e f  i s  restricting , 
f(a)<a ,  f(a')<a' ,  an d aAa' = 0 ,  s o f(a)Af(a' )  =  0 ,  an d 
f(a')A a =  0 . 
Therefore ,  f(a )  =  f(l)Aa ,  whic h prove s f  i s  intersecting . 

(2 )  N o w w e sho w tha t  intersectin g function s ar e 
restricting ,  increasing ,  an d additive :  i.e. ,  INTp/ p 
cSO* /00* . 
Fro m th e abov e K&F' s theorem ,  eac h intersectin g functio n 
i s restricting .  Le t  a<P ,  the n f(a) = f(l)A a <  f(l)A P =  f(P) . 
So,  f  i s  increasing . 
Let  a,p e P ,  the n 
f(avP )  =  f(l)A(avP )  f  i s  intersectin g 

= (f(l)Aa)v(f(l)Ap )  Distributiv e la w i n P 
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