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H o w N e a r  I s T o o F a r ? 

T a l k i n g a b o u t  V i s u a l  I m a g e s 

Uri Zernik and Barbara J. Vivier 

Artificia l  Intelligenc e Progra m 

Genera l  Electri c Corporat e Researc h an d Developmen t 

Schenectady ,  N Y 1230 1 U S A 

I .  V i s u a l  S e m a n t i c s G i v e n a s 

Search Directives 

Lexical semantics must account eventually for the 

descriptio n o f  visua l  images .  Ironically ,  existin g lin -

guisti c system s ar e bette r  geare d t o interfacin g wit h 

abstrac t  database s tha n t o handlin g simpl e word s 

suc h a s fa r  cui d neeir ,  i n an d out .  W h y ar e visua l 

semantic s elusive ? D u e t o clzirit y  o f  vision ,  flaws  i n 

semanti c theorie s canno t  pas s unnotice d a s the y d o 

i n highl y cerebra l  domain s suc h a s contrac t  la w o r 

compan y takeovers .  W e hav e develope d a  theory , 
directiv e semantics ,  fo r  deahn g wit h visua l  descrip -

tions . 

Thi s theor y come s a s a n antithesi s t o perva -

siv e theorie s o f  lexica l  semantic s [4] ,  whic h vie w 

languag e encoding/decodin g a s a  proces s o f  con -

strain t  satisfaction .  I n th e absenc e o f  a  tas k do -

main ,  evaluatio n o f  theoretica l  result s i s b y th e lin -

guist' s  ear :  unusua l  utterance s ar e "starred "  ou t  a t 

convenience .  I n contrast ,  w e vie w languag e process -

in g a s a n objectiv e oriente d task ,  i n whic h lexica l 

semantic s facilitat e tas k performance .  T h e testbe d 

fo r  th e theor y i s a  well-define d cognitiv e task ,  calle d 

"hid e an d seek. "  Linguisti c utterance s ar e use d t o 

lea d a  seein g agen t  towar d a n objec t  implici t  i n a 

scene . 

Conside r  th e followin g scenario ,  i n whic h a 

touris t  i s  introduce d t o a n ancien t  spo t  i n Florence . 

(1 )  Thi s tal l  arc h yo u se e nea r  th e 

cathedra l  wa s designe d b y Pilucc o 

tw o thousan d year s ago . 

'Implicit objects require computational evaluation for 
the m t o b e recognized . 

Sentenc e (1 )  i s  interprete d b y th e lis -

tener/viewe r  relativ e t o th e scen e currentl y bein g 

perceived ,  th e skylin e o f  th e city ,  i n whic h th e cathe -

dra l  i s  prominent .  Followin g th e Hnguisti c instruc -

tion ,  th e viewer' s eye s ar e guide d t o th e cathedral , 

the n t o th e arch ,  o n whic h hi s attentio n i s focused . 

Computationally, linguistic clues such as this, 

tall ,  Eirch ,  an d nea r  ar e problemati c fo r  tradi -

tiona l  linguisti c systems .  Conside r  tall ,  fo r  exam -

ple :  i s  i t  a  descriptiv e constraint ? I s tal l  intende d 

t o disambiguat e on e particula r  arc h b y ruhn g ou t 
m a ny othe r  expHcitl y  give n candidates ? No t  ac -

cordin g t o th e scenari o above ,  i n whic h n o arc h i s 

explicitl y  identifie d b y th e viewer .  Tal l  i s  provide d 

as a  directiv e fo r  finding  a n a s ye t  unidentifie d arch . 

Tal l  guide s th e viewe r  t o searc h fo r  a n arc h ove r  th e 

skylin e o f  th e city .  Similarly ,  nea r  i s  no t  intende d 

as a  quantifie r  o n distance .  I n fact ,  a s a  quanti -

fier,  nea r  i s no t  operationa l  i n tas k performance—i s 

nea r  define d a s 5  o r  perhap s a s 55 ? Rather ,  nea r 

i s provide d a s a  searc h directive :  star t  scannin g th e 

skylin e fro m th e cathedra l  an d away !  Thus ,  w e dis -
cove r  th e impac t  o f  lexica l  semantic s no t  i n abstrac -

tio n bu t  withi n a  concret e visua l  task . 

In this paper we describe a computational 

model  whic h receive s bot h textua l  an d visua l  in -

puts ;  w e explai n wh y th e direc t  linkag e o f  word s 

wit h geometrica l  descriptio n fails ,  an d wh y ther e i s 

a nee d fo r  broade r  interpretatio n o f  visua l  relations ; 

we sho w ho w a n imag e understandin g "agent "  i s 

guide d b y th e linguisti c tex t  i n searc h o f  perceive d 

object s i n a  scene . 
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Figur e 1 :  Th e Inpu t  Scen e 

Figur e 2 :  Th e Segmente d Pictur e 

A representativ e scen e an d th e segmentatio n 

of  th e scen e b y th e imag e understandin g syste m 
ar e show n i n th e abov e figures .  Figur e 1  show s a 
phot o o f  th e Schenectad y Nationa l  Guar d Airbase , 

it s facilitie s an d 3  C13 0 aircraf t  use d fo r  rescu e an d 
transportation .  Thi s picture ,  represente d a s a  gray -
leve l  matrix ,  i s  converte d b y segmentatio n int o a  se t 

of  edge s an d vertices ,  a  portio n o f  whic h i s show n i n 

Figur e 2 .  Som e fixe d object s i n thi s scen e ar e give n 
explicitly :  th e hangars ,  th e apro n an d th e road s 
use d b y vehicle s o n th e apron .  Object s hidde n (ob -

-scure d b y segmentation )  i n th e pictur e ar e discov -

ere d b y a n imag e understande r  guide d b y S E E R . 
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II .  T h e P r o g r a m S E E R 

We ar e designin g th e progra m SEE R (pronounce d 
see'er )  whos e externa l  behavio r  i s describe d below . 

User :  Fin d th e fue l  truc k betwee n th e 

heinga r  an d th e CI3 0 o n th e apron ! 

User :  Fin d th e truc k nea r  th e aircraft . 

r o a d 

\ 

h a n g a r 

13 0 
C 1 30 

ipro n 

S E ER mus t  identif y a  specifi c  instanc e o f  a  truck , 

base d o n reference s t o fixed  object s (i.e. ,  th e hangar , 

th e apron) .  I t  first  mus t  find^  th e C I3 0 aircraft ,  an d 

the n i t  searche s fo r  th e truc k itsel f  base d o n th e ge -

ometrica l  relation :  betwee n th e heoiga r  an d th e 

C130.  However ,  betwee n i s no t  take n literally—th e 

truc k mus t  no t  necessaril y b e o n th e lin e betwee n 
th e hanga r  an d th e aircraft—bu t  i t  i s  take n a s a 

conceptua l  relation .  Accordingly ,  th e searc h fo r  a 

truc k i s  performe d alon g th e road s connectin g th e 

tw o locations .  A s scannin g o f  th e scen e progresse s 

i n searc h o f  th e truck ,  th e use r  receive s a  graphica l 

indicatio n o f  th e searc h directio n alon g th e roads . 

Finally ,  th e identifie d truc k i s illuminated . 

U s e r :  Ar e an y aircraf t  fueling ? 

A searc h fo r  a  visua l  script ,  th e C130-Fuehn g Script , 

i s  conducted .  Accordingly ,  a  fuelin g truc k an d 
a C13 0 i n a  particula r  spatia l  configuratio n ar e 

sought .  Thi s configuratio n i s  identifie d i n th e pic -

ture ,  an d it s constituent s ar e marked . 

^In each picture, the seeirch path is shculed; the annota-
tion s i n th e first  drawin g ax e fo r  referenc e only . 

Reference s suc h a s truc k an d aircraf t  ar e to o 

generi c fo r  applicatio n b y a n imag e understander . 

Her e thes e reference s ar e resolve d b y prio r  dis -

course :  th e aircraf t  i s  th e C13 0 fro m th e first 

sentence ,  an d th e truc k i s  resolve d a s eithe r  th e 

fue l  truc k implici t  i n th e fuelin g scrip t  o r  th e fuel -
in g truc k explicitl y  mentione d i n th e first  sentence . 

Thi s ambiguit y i s  resolve d b y th e relatio n near . 

T h e searc h fo r  a  truc k i s conducte d withi n extend -

in g circle s centere d a t  th e CI30 . 

Use r :  I s th e truc k behin d th e aircraf t 

to o far ? 

T h e relatio n behin d i s  subjective ;  i t  mus t  b e 

interprete d relativ e t o th e user' s perspective .  Onl y 

by accountin g fo r  thi s perspective ,  ca n th e progra m 

relat e t o th e user' s intende d meaning .  Onc e th e 

truc k i s identified ,  script-base d constraint s ar e use d 

t o evaluat e whethe r  i t  i s  withi n th e limitation s o f 

th e fuehn g script .  T h e las t  tw o sentence s contai n a n 

apparen t  logica l  discrepancy ;  a n instanc e o f  a  truc k 

i s bot h "nea r  an d "to o far" ,  i n th e sam e context . 

Thi s discrepanc y i s no t  rea l  sinc e eac h cas e ha s it s 

own particula r  searc h intentions . 

As demonstrate d b y thes e queries ,  linguisti c 

expression s ar e use d t o direc t  visua l  scen e analysis . 
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III .  Cogni t iv e a n d 

Technological Issues 

Ultimately, cognitive models must receive and ex-

ploi t  inpu t  fro m th e externa l  worl d vi a tw o modal -

ities :  languag e an d visua l  perception .  S o far ,  thes e 

modalitie s ar e investigate d b y tw o separat e disci -

plines .  Fo r  the m t o interact ,  a  tremendou s ga p 

must  b e bridge d betwee n linguistic/conceptua l  rep -

resentatio n o f  word s an d visual/geometrica l  repre -

sentatio n o f  objects .  I n addressin g thi s proble m 
we choos e no t  t o ignor e th e mai n tw o challenges : 

language—vaguenes s o f  th e medium ,  an d vision — 
brittknes s o f  th e technology . 

Conside r  th e variou s interpretation s o f 

betwee n i n th e followin g sequenc e o f  locative s  ̂ . 

(1 )  Poin t  A  i s  betwee n point s B  an d C . 

Chicag o i s  betwee n L A em d Albany . 
Joh n wa s watchin g Mary . 

Barbar a move d betwee n them . 

My finge r  go t  stuc k betwee n th e tabl e 
an d th e wall . 

I  fin d mysel f  betwee n a  roc k an d a 

har d place . 
Sentenc e (1) ,  uttere d b y a  mathematician , 

migh t  possibl y carr y som e geometrica l  precision . 

Sentenc e (2 )  uttere d b y a n airlin e travele r  i s  correc t 

becaus e th e travele r  transfer s plane s a t  Chicag o e n 

rout e fro m L A t o Albany .  However ,  i t  i s  geometri -
call y incorrect :  Chicag o i s no t  o n th e straigh t  lin e 

constructe d betwee n L A an d Albany .  Thi s discrep -

anc y doe s no t  reflec t  la.c k o f  precision ,  whic h coul d 

be rectifie d b y allowin g som e tolerance .  I t  reflect s 

th e inheren t  complexit y o f  linguisti c relations .  Sen -
tenc e (3 )  i s  geometricall y precise—Barbar a i s in -
deed o n th e lin e betwee n Joh n an d Mary-bu t  thi s 
i s coincidental ,  du e t o th e linea r  natur e o f  ligh t 

rays .  Th e mai n implicatio n o f  th e expressio n i s 

causal :  Barbar a "disenabled "  John' s seein g Mary . 
Sentenc e (4 )  als o convey s a  causa l  relation .  Finally , 

sentenc e (5 )  involve s tw o layer s o f  metaphor :  first 

(2 ) 
(3 ) 

(4) 

(5) 

^  We defin e "locative "  a s a n expressio n pertainin g t o a  per -
ceive d scene .  We d o no t  us e Herskovits '  definition ,  namely , 
"emy spatia J expressio n involvin g a  preposition..." ,  sinc e 
ther e i s n o metho d fo r  determinin g whethe r  a n expressio n 
i s spatia J o r  causal . 

th e causa l  extensio n o f  betwee n ( X i s  vulnerabl e 

becaus e h e wil l  b e crushe d whe n Y  meet s Z ) ,  an d 

second ,  th e analog y fro m th e physica l  domai n t o an -

othe r  abstrac t  domain .  Thus ,  locative s b y thei r  na -

tur e def y direc t  geometrica l  interpretation .  Whil e 

allowin g h u m a n speakers  a  grea t  expressiv e power , 

the y plac e o n th e listene r  th e burde n o f  identifyin g 

th e appropriat e imphcation . 

Existin g Imag e Understandin g (lU )  technolog y 

i s quit e limited .  Fo r  on e thin g a n l U progra m can -

not  identif y a  geometricall y ill-define d objec t  suc h 

as a  perso n o r  a n animal .  Fo r  another ,  curren t  pro -

gram s canno t  searc h fo r  generi c object s suc h a s a 

cathedra l  o r  a  truck .  T h e searc h mus t  b e drive n b y 
a concis e truc k model ;  th e slightes t  deviatio n be -

twee n th e designate d mode l  an d th e actua l  instanc e 

yield s a n identificatio n failure .  Thes e limitation s 

lea d t o thre e unfortunat e results :  (1 )  Withou t  a  hi -

erarchica l  databas e (o f  whic h al l  model s ar e specifi c 
instances )  an d gradua l  discrimination ,  al l  th e mod -

el s i n th e databas e mus t  b e exhaustivel y applied . 

Al l  possibl e truck s an d cathedral s ar e sough t  i n eac h 

scene .  (2 )  Withou t  spatia l  relations ,  scene s mus t 

be scanne d exhaustively .  Truck s ar e sough t  i n th e 

ocea n an d cathedral s ar e sough t  o n freeways .  (3 ) 
Withou t  conceptua l  expectations ,  ther e i s n o no -
tio n tha t  car s driv e onl y right-sid e u p o r  tha t  driv -

in g i s oriente d alon g th e roa d axis .  Commonsens e 

constraint s ar e no t  exploite d t o limi t  th e search . 

I n ou r  model ,  w e demonstrat e ho w thes e limi -

tation s o f  visio n ar e overcom e b y linguisti c inputs : 
(1 )  visua l  objec t  identificatio n i s supporte d b y lin -

guisti c referenc e resolution ,  (2 )  spatia l  relation s ar e 

resolve d b y pla n recognition ,  an d (3 )  visio n i s drive n 
by linguisti c directives .  Thes e point s ar e elaborate d 

i n th e nex t  sections . 

IV. Resolving Locative 

Express ion s 

The resolution of locative expressions can be viewed 

eithe r  a s a  proces s o f  selectio n o r  a s a  proces s o f 

search .  W e explai n why ,  whe n talkin g abou t  im -

ages ,  onl y th e secon d approac h i s valid . 

Locativ e Resolutio n a s Selection :  Con -
sider ,  fo r  example ,  th e followin g se t  o f  expression s 
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intende d t o identif y unambiguousl y object s i n a 

database : 

(1 )  Joh n Marberg . 
(2 )  Th e shi p tha t  lef t  Lon g Beac h t o 

Honolul u o n Marc h 17 ,  1987 . 

(3 )  Th e ol d chai r  i n th e c o m e r  o l  th e 

dinin g roo m nea r  th e pictur e 

of  m y pairents . 

I n th e traditiona l  artificia l  intelligenc e fashio n 

suc h reference s ar e resolve d i n tw o steps ,  a s show n 

schematicall y i n th e figure  below : 

I  ̂ " i X ^ ^ ^ " ° ' ° " ^ » X u g ) ^  Concep t  i 

Lexicon Visio n 
ICONS 

(a )  Conver t  linguisti c descriptio n t o semanti c 

description ;  i.e. ,  th e symbo l  Joh n Marber g i s  con -

verte d t o a  semanti c template : 

(perso n 

rfirst-nam e Joh n 

: last-nam e marber g 

:gende r  male ) 

(b )  Retriev e a n instanc e unifyin g template s 

acros s a  databas e o f  iconi c concepts ;  i.e. ,  th e re -

trieve d concep t  i n exampl e (1 )  i s marberg.7 3 whos e 

ful l  descriptio n i n th e databas e is : 

(perso n 

:first-nam e Joh n 

:last-nain e marber g 

rgende r  mal e 

:ag e 3 7 

: S S N 557-59-3366 ) 

T wo aissumption s ar e m a d e i n thi s approach . 

(a )  Accessibility :  a  se t  o f  concept s exist s i n th e 

databas e i n a  for m whic h lend s itsel f  t o patter n 
matchin g base d o n features ;  i n exampl e (1) ,  ther e 

i s a n cissume d lis t  o f  person s give n a s frame-base d 

concepts ,  ou t  o f  whic h marberg.7 3 i s  selected ,  (b ) 

Operationality :  th e semanti c features ,  give n a s 

logica l  predicates ,  ar e apphcabl e i n patter n match -

ing ;  th e string s "John "  an d "marberg" ,  fo r  example . 

ca n b e validate d b y simpl e string-matchin g opera -

tions . 

Similarly ,  th e linguisti c quer y o f  exampl e (2 ) 

i s converte d t o a  templat e describin g a  vessel ; 

tha t  templat e i s  compare d wit h al l  vessel s i n th e 

databas e accordin g t o dat e an d route ;  th e resul t  i s 

a (possibl y empty )  se t  o f  vessel s abidin g b y th e de -

scription . 

However ,  th e tw o assumption s mad e abov e ar e 

not  vali d i n certai n cognitiv e tasks .  First ,  a s show n 

by Schank ,  Lehnert ,  an d Kolodner[9 ,  1 ,  5] ,  no t  al l 

concept s i n a  semanti c ne t  ar e readil y accessible . 

Th e mai n issu e i s no t  th e selectio n o f  th e concep t 

but  navigatin g i n th e ne t  i n orde r  t o acces s appro -

priat e concept s i n th e first  place .  Second ,  a s show n 

by Rosc h [8] ,  no t  al l  description s ar e crisp ,  an d som e 

semanti c template s ca n b e specifie d merel y a s pro -

totypes .  A  prototypica l  do g ha s a  tail ;  ye t  a  tailles s 

dog mus t  stil l  b e recognize d a s a  dog .  I t  i s  ye t 

unclea r  ho w t o mak e prototypica l  description s op -

erational . 

Thes e issue s ar e strongl y manifeste d i n th e vi -

sua l  domain .  Accessibility :  upo n receivin g ex -

pressio n (3 )  above ,  a  listene r  migh t  no t  hav e ac -

cessibl e a  lis t  o f  al l  th e chair s i n th e house .  I f  re -

all y interested ,  th e listene r  coul d wal k aroun d th e 
hous e t o th e dinin g room ,  loo k a t  th e corne r  an d 

identif y th e chair .  Operationality :  eve n a  sim -

pl e featur e suc h a s ol d canno t  becom e operationa l 

by a  visio n system .  Moreover ,  th e relatio n nea r  i s 

completel y undefine d a s a  quantifier .  T h e obviou s 

locativ e i n th e c o m e r  i s no t  well-define d eithe r  a s 

show n i n th e illustratio n below .  I f  a  corne r  i s indee d 

roo m 

define d a s a  quarte r  o f  a  cylinder ,  a s suggeste d b y 

Herskovit s  [4] ,  the n wha t  i s th e radiu s o f  tha t  cylin -

der ? I s  chai r  A  "i n th e corner" ? H o w abou t  chai r 

B? 
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I n orde r  t o overcom e thes e obstacles ,  a  c o m m o n 

practic e i n artificia l  intelligenc e ha s bee n t o discus s 

"iconi c vision" :  (a )  scene s ar e give n a s collection s o f 

icons ,  an d (b )  icon s ar e represente d graphicall y t o 

displa y th e feature s require d i n patter n matching . 

However  realit y contradict s thi s relaxation . 

Referenc e Identificatio n a s Search :  N o 

simplifyin g assumption s ar e m a d e i n ou r  mode l 

abou t  visio n systems .  O n th e contrary ,  w e empha -

siz e ho w th e limitation s o f  visio n ar e overcom e b y 

conceptua l  processes .  T h e identificatio n tas k i s car -

rie d ou t  a s show n below : 

SEER 
Texl 

"-^XS > 
Semanti c 

Lexico n 

Directives ' 

Worl d 
Knowledg e 

"v 

Unders . 
Unifie r 

RAW 
DATA 

Concept 

T h e scen e d o e s n o t  contai n a n explici t  se t  o f  icons . 

M o s t l y th e scen e conta in s r a w vertice s a n d edges . 
Cer ta i n object s h a v e alread y b e e n identifie d a n d 
precompi led .  F o r  e x a m p l e ,  th e pictur e itsel f  a n d 

th e corner s o f  th e r o o m h a v e b e e n identifie d i n prio r 

processing .  T h e searc h i s a  two-ste p process :  (a ) 

A searc h p lanner ^  receive s a  sequenc e o f  searc h di -
rective s base d o n th e linguisti c instructions ;  i.e. ,  i n 

orde r  t o find  th e chair ,  find  th e dinin g r o o m ,  th e 

corner ,  th e pictur e an d the n th e chair ,  (b )  Th e 

planne r  dispatche s specifi c  instruction s t o a n im -

age understande r  (implemente d b y th e imag e un -
derstandin g progra m [11]) ;  i.e. ,  i n th e corne r  an d 

nea r  th e pictur e ar e converte d int o th e respec -
tiv e directives : 

OUT(corner(X) ) 

RADIAL(pos,(corner(X))) ) 

(directiv e 
:  p r u n e 
:orde r 

(directive 

:orde r  RADIAL(pos,(picture(Y))) ) 

I t  mus t  stil l  b e show n ho w locativ e expression s ar e 
converte d int o searc h directives . 

V .  Interpretin g Locat iv e 

Express ion s 

Three approaches to the interpretation of locatives 

ar e discussed ,  usin g th e example s below : 

(1 )  Th e truc k i s drivin g betwee n th e 

hainga r  an d th e garage . 

(2 )  Th e C13 0 i n th e nosedock . 

Direc t  Interpretation :  Assumin g thes e 

locative s expres s pur e geometrica l  relations ,  a 

Montague-styl e gramma r  [7 ]  ca n b e use d t o conver t 

the m int o geometrica l  primitive s a s i n th e follow -

in g simplifie d linguisti c expression s fo r  th e abov e 

examples .  Thu s 

(1 )  A  i s betwee n B  cin d C . 

(2 )  A  i s i n B . 

ar e converte d int o mathematica l  expression s whic h 

ar e base d o n simpl e geometrica l  primitives : 
(1 )  ON(A,(CONNECT(B,C)) ) 

(2 )  CONTAINCB.A) 

Search ,  followin g thes e instructions ,  i s conducted : 

nos e d o c k 
C130 

Clearly ,  thes e formula e d o no t  captur e th e intende d 

meaning :  n o roa d goe s directl y betwee n B  an d C ; 

th e nosedoc k doe s no t  full y  contai n th e C130 .  I t 
i s no t  imprecisio n tha t  cause s thi s discrepancy ,  bu t 

th e intende d meanin g itself . 

Geometr ica l  M e t a p h o r :  Lakof f  [6] ,  Talm y 

[10] ,  an d Herskovit s [4] ,  employe d geometrica l 

metaphor s i n th e interpretatio n o f  spatia l  relations . 
Consider ,  fo r  example ,  th e followin g sentence : 

(9 )  Th e bir d i s i n th e tree . 
As show n belo w ^ ,  th e tre e i s no t  reall y a  con -

*suc h a s tha t  b y Hanso n an d Riseman[3 ] t̂h e figure  i s take n fro m Herskovits '  pape r  [4] . 
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taine r  fo r  th e bird .  However ,  usin g indirec t  ref -

erenc e [2] ,  th e expressio n i s  reduce d fro m 3  di -

mension s t o 2  dimensions ,  meaning :  th e contou r 

of  th e bir d i s i n th e contou r  o f  th e tree ,  as : 

CONTAIN(contour-of(tree),contour-ol(bird) ) 

In another example, the conversion is along the 

whole-par t  dimension : 

(10 )  Joh n wa s sittin g i n th e truck . 

Thi s exampl e i s interprete d a s follows : 

CONTAIN(cabin-of(truck),John ) 

Thi s approac h capture s metaphor s alon g geomet -

rica l  dimensions ,  bu t  i t  fail s o n metaphor s whic h 

requir e broade r  worl d knowledge . 

Object-Oriente d M e t a p h o r :  Th e followin g 

sequenc e o f  example s show s th e limitatio n o f  th e ge -

ometri c approac h an d motivate s th e object-oriente d 

approach : 

(10 )  Th e C13 0 i s i n th e nosedock . 

(11 )  Th e mous e i s i n th e trap . 

(12 )  Joh n i s  registere d i n thi s school . 

Sentenc e (11 )  ca n b e explaine d b y th e whole -

par t  conversion : 

CONTAIN(nosedock,part-of(C130) ) 

However ,  fo r  a  mouse' s tai l  caugh t  i n a  spring -

typ e trap ,  sentenc e (11 )  i s ye t  unexplained .  Th e 

mouse i s trapped ,  bu t  i t  i s  no t  containe d i n th e trap . 

Solvin g suc h relation s require s knowledg e abou t  th e 

objec t  unde r  analysis .  T h e interpretatio n o f  A  i s 

i n B  depend s o n th e natur e o f  th e intercictio n be -

twee n A  an d B .  Accordingly ,  aircraf t  A  i s i n th e 

nosedoc k B  i f  A' s nos e i s bein g maintaine d a t  doc k 

B;  mous e A  i s i n tra p B  i f  A  i s trappe d i n B ;  perso n 

A i s i n schoo l  B  i f  A  i s o n th e lis t  o f  student s o f  B . 

T h e interpretatio n o f  betwee n i s furthe r  com -

plicate d b y th e time-spac e dualit y  [6] .  Th e truc k 

i s betwee n B  an d C  implie s tb__^i t  a  certai n 

poin t  i n tim e betwee n leavin g A  an d arrivin g a t  B , 

th e truc k passe s throug h i t  curren t  location .  Thi s 
interpretatio n relie s o n th e identificatio n o f  a  truc k 

as a  movin g vehicle ,  whos e possibl e locatio n de -

pend s o n it s  type :  aircraft s ar e sough t  o n ai r  cor -

ridors ,  car s ar e anticipate d o n roads ,  an d a  trai n i s 

probabl y o n a  railroad .  Elementar y worl d knowl -

edg e o f  thi s kin d i s  essentia l  t o suppor t  a  visua l 

syste m i n finding  objects . 

V I .  Conc lus ion s 

We have examined the interpretation of locatives 

withi n a  concret e tas k domain .  I n thi s tas k w e hav e 

identifie d tw o centra l  issues .  First ,  locative s d o no t 

posses s narro w geometrica l  interpretation ,  bu t  the y 

requir e worl d knowledge .  Second ,  locative s ar e no t 

use d a s simpl e pointer s t o objects—an d a s w e hav e 

shown ,  thei r  semantic s i s unclea r  whe n though t  o f  a s 

such—but  the y ar e use d a s directive s fo r  navigatin g 

i n visua l  scenes .  Ou r  theor y o f  directiv e semantic s 

i s employe d i n th e integratio n o f  natura l  languag e 

and vision . 
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