
A Compositional Semantics for Directional Modifiers 

- Locative Case Reopened - 

Erhard W. Hinrichs 

Bolt Beranek & Newman Laboratories 

I. Abstract 

This paper pre,'Jents a model-theoretic semantics for directional 
modifiers in English. The semantic theory presupposed for the 
analysis is that of Montague Grammar (cf. Montague 1970, 1973) 
which makes it possible to develop a strongly compositional 
treatment of directional modifiers, Such a treatment has 
significant computational advantages over case-based treatments 
of directional modifiers that are advocated in the A! literature. 

2. Case-based Treatments 

Among natural language processing systems which attempt to 
incorporate spatial information, the following strategy seems to 
prevail. Directional or locative modifiers are treated either as 
corresponding to slots in case "/rames in the canonical lexical 
r e p r e s e n t a t i o n s  of ve rbs  (cf. Celce 1972, Hendrix ,  Thompson and 
Slocum 1973), or  as c o r r e s p o n d i n g  to concep tua l  cases  in the  
( m e t a - l i n g u i s t i c )  c o n c e p t u a l i z a t i o n  of ac t ions  (Schank  1975). 

Case based  a p p r o a c h e s  to the  seman t i c s  of d i r e c t i o n a l  modif ie rs  
can  be c h a r a c t e r i z e d  as w e a k l y  compositional in the  following 
sense :  In a ve rb  p h r a s e  such  as f l y  to Chicago the  p r e p o s i t i o n a l  
p h r a s e  c o n t r i b u t e s  s e m a n t i c a l l y  the  meaning of the NP Chicago 

' as  t he  d i r e c t i o n a l  or  l oca t i ve  goal  of t he  ac t ion  a s s o c i a t e d  with 
~.he v e r b  p h r a s e .  However,  the  d i r e c t i o n a l  p r e p o s i t i o n  to i t se l f  
does  not  make a seman t i c  c o n t r i b u t i o n  a t  all to t he  meaning of 
t he  ve rb  p h r a s e  as a whole. Ins tead ,  to merely  se rves  as a 
s y n t a c t i c  m a r k e r  for  a s eman t i c  en t i ty ,  namely a loca t ive  or  
d i r e c t i o n a l  ca se  whose mean ing  canno t  be s e p a r a t e d  from, but  
r a t h e r  is an i n t e g r a l  p a r t  of a given verb  frame or c o n c e p t u a l  
s t r u c t u r e .  By c o n t r a s t ,  t he  s eman t i c s  of d i r e c t i o n a l  modif ie rs  
t h a t  I will be advoca t i ng  in th i s  p a p e r  is s t rong ly  csmposi t ional  
in t he  sense  t h a t  d i r e c t i o n a l  p r e p o s i t i o n s  se rve  as au tonomous  

s y n t a c t i c  and  seman t i c  un i t s .  Consequent ly ,  each  word in a 
p h r a s e  such  as f l y  to Chicago c o n t r i b u t e s  i t s  own, i n d e p e n d e n t  
meaning to t h e  meaning  of t he  p h r a s e  as a whole. 

This strongly compositional analysis of directional modifiers has a 
number of crucial computational advantages over case-based 
a p p r o a c h e s .  Cons ider  how i n f e r e n c e s  be tween  s e n t e n c e s  such  as 
(1) and  (2) c a n  be h a n d l e d  by the  two types  of a p p r o a c h e s .  

(I) John went to New York. 
(2) John was in New York. 

In Schank (1975, p.53) sentence (I) corresponds to the 
conceptual structure in (3). 

(3) [ ~ N e w  York 

John ~-%-~ PIRAte ~ John e - ~ - ~  
L .X 

(3) be s h o u l d  r e a d  as: "John is at  some t ime in the  p a s t  (p) 
engaged  in an  ac t  of phys i ca l  t r a n s f e r  (PTRANS) whose ob jec t  (o) 
is John and  whose d i r e c t i o n  (D) is from some loca t i on  X to New 
York."  The f a c t  t h a t  (1) implies (2) is e x p r e s s e d  by a t t a c h i n g  to 
the  b i - d i r e c t i o n a l  a r row in ( 3 ) . t h e  s t r u c t u r e  in (4). (of. Schank  
1975, p. 54) 

(4) J o h n ~  LOC(N.Y.) 

Schank calls the r-lin/c (v for result) between structures (3) and 
(4) an i n f e r e n c e .  However,  t he  t e rm i n f e r e n c e  is r e a l l y  a 
misnomer b e c a u s e  the  a s s o c i a t i o n  be tween  s t r u c t u r e s  such  as (3) 
and (4) is mere ly  a m a t t e r  of s t i p u l a t i o n  but  does not  follow from 
any g e n e r a l  p r i n c i p l e s  or  axioms t h a t  would c o n s t r a i n  the  
l anguage  of c o n c e p t u a l  s t r u c t u r e s .  For  t h a t  ma t t e r ,  t h e r e  is 
no th ing  in S c h a n k ' s  sys tem t h a t  p r e v e n t s  a l ink be tween  (3) end 
a s t r u c t u r e  which e x p r e s s e s  t h a t  John does not  r e a c h  the  
l oca t i on  New York. In the  ana lys i s  we will develop below, on the  
o t h e r  hand ,  t he  i n f e r e n c e  be tween (1) and (2) follows logica l ly  

from the semantics of motion verbs such as go in conjunction 
with the semantics of directional modifiers, 

Consider next the issue of how easy or difficult it is to upscale 
n a t u r a l  l a n g u a g e  sys tems whose t r e a t m e n t  of d i r e c t i o n a l  
modif iers  is c a s e - b a s e d .  Assume a c a s e - b a s e d  system in which 
only t h o s e  v e r b a l  f rames  or c o n c e p t u a l  s t r u c t u r e s  a re  

implemented  t h a t  r e l a t e  loca t ive  or d i r e c t i o n a l  ca se  to v e r b s  of 
motion. Now imagine  t h a t  we! want  to ex tend  c o v e r a g e  to ve rbs  
such  as wave  which,  as i l l u s t r a t e d  in (5), allow d i r e c t i o n a l  
modif iers  such  as to, 

(5) The P r e s i d e n t  waved to the  r e p o r t e r s .  

Since wave,  un l ike  v e r b s  of motion, does not  en t a i l  a change  of 
l o c a t i o n  for  the  a g e n t  involved,  a new v e r b a l  f rame or  c o n c e p t u a l  
s t r u c t u r e  would have  to be i n t r o d u c e d  in to  a sys tem which only 
cove r s  motion ve rb s .  Moreover,  l oca t ive  or d i r e c t i o n a l  case  
would have  to be r e i n t r o d u c e d  in to  the  system as well because  in 
a c a s e - b a s e d  system the  specif ic  e f fec t  of a given s eman t i c  case  
has  to be d e t e r m i n e d  for each  mdiv idua l  f rame or  c o n c e p t u a l  
s t r u c t u r e .  This is a d i r ec t  c o n s e q u e n c e  of t he  weakly 
compos i t iona l  s eman t i c s  of suctl  systems and in t u r n  l eads  to an 
highly  r e d u n d a n t  method of upsca l ing .  Since my analysis of 
d i r e c t i o n a l  modi f ie rs  is, by c o n t r a s t ,  s t r ong ly  composi t ional ,  
u p s c a l i n g  becomes  much eas ie r .  In the  case  of ex tend ing  
c o v e r a g e  to a ve rb  l ike wave,  all  t h a t  needs  to be added  is the 
l ex ica l  s eman t i c s  for  the  w.~rb i tself ,  while t he  semant ics  of 
d i r e c t i o n a l  modif ie rs  can  remain  un touched .  

Final ly,  c o n s i d e r  how a c a s e - b a s e d  a p p r o a c h  to d i r e c t i o n a l  
modif iers  f a r e s  with r e s p e c t  to p h r a s e s  such  as the  ones given m 
(6). 

(6) From Russia with Love 
To New York and then to Atlanta 

Since in case-based systems locative or directional case is a 
relational notion and is crucially dependent on a verbal frarae or 
c o n c e p t u a l  s t r u c t u r e ,  i t  becomes impossible  to ass ign  an 
i n t e r p r e t a t i o n  to v e r b l e s s  p h r a s e s  as in (6). One s t r a t e g y  for 
ex t end ing  c a s e - b a s e d  systems to such  v e r b l e s s  p h r a s e s  would 
cons i s t  in supp lemen t ing  the  r e l a t i o n a l  not ion  of d i r e c t i o n a l  or  
l oca t ive  case  by a n o n - r e l a t i o n a l  c o u n t e r p a r t  which  does not  
depend  on some v e r b a l  f rame or  c o n c e p t u a l  s t r u c t u r e .  But the 
r e s u l t i n g  a c c o u n t  of loca t ive  or d i r e c t i o n a l  case  would once 
aga in  be h ighly  r e d u n d a n t  s ince  e s s e n t i a l l y  a l l  of the  cases  in 
the  sys tem wouhi have  to be sp l i t  into a r e l a t i o n a l  and a n o n -  
r e l a t i o n a l  ve r s ion .  

2, Motion Verbs as Location Predicates 

In their literal sense, locative use to and toZvavd typically modify 
motion v e r b s  such  as wal~, ru~, drive,  s l i ther ,  move etc.  An 
a d e q u a t e  t r e a t m e n t  of t he  d i r e c t i o n a l  modif iers  themse lves  is, 
t h e r e f o r e ,  c lose ly  c o n n e c t e d  to a s eman t i c  a c c o u n t  of such  
mot ion ve rbs .  In Hinr ichs  (1985) I a r g u e  t h a t  motion ve rbs  
shou ld  be t r e a t e d  as stage l eve l  p red i ca t e s  in the  sense  of 
Car l son  (1977) ,  namely as p r e d i c a t e s  whose a r g u m e n t s  r e f e r  to 
s t a g e s  of ind iv idua l s .  S tages  a re  c o n n e c t e d  to ind iv idua l s  in 
Car l son ' s  on to logy  by a r e a l i z a t i o n  r e l a t i o n  R, which a s s o c i a t e s  a 
g iven i nd iv idua l  with all  of t he  ( s p o i l s - t e m p o r a l )  s t age s  a t  which 
t h a t  i nd iv idua l  is p r e sen t .  

Motion v e r b s  such  as move can  be u n d e r s t o o d  as p r o t o t y p i c a l  
examples  of s t a g e - l e v e l  p r e d i c a t e s ,  s ince  such  v e r b s  p r e d i c a t e  
someth ing  abou t  t he  spat io- . - temporal  l oca t i on  of one or more 
ob jec t s .  Following Hiur ichs  (1985),  I i n t e r p r e t  a motion verb  l ike 

move in t e rms  of a t h r e e - p l a c e  s t a g e  level  p r e d i c a t e  move + , 
whose first two argument positions range over individual stages 
r e a l i z i n g  th~ r e f e r e n t s  of t he  objec t  and  sub jec t  NPs, 
r e spec t i ve ly .  Fa l lo~ing  Davidson (1977) ,  the  r i g h t m c s t  a rgumen t  
pos i t i on  r ~n~,es over  events ,  or  more spec i f i ca l ly  over  even l  
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s tages  which real ize  the  event  tha t  the  r e fe ren t s  of the sub jec t  

and object  NPs are engaged in. Thus, m o v e + ( x s ) ( y s ) ( e  s )  should  

be read as: " the  re fe ren t s  of x s and y s  are engaged in an event  

s tage  e s rea l iz ing  an event  of moving." As is cus tomary  in 
Montague Grammar, I express  c o n s t r a i n t s  on lexical  meaning in 
terms of meaning pos tu la t e s  t h a t  cons t r a in  the  set  of poss ible  

models of semant ic  i n t e r p r e t a t i o n ?  The meaning pos tu l a t e  in (7) 

s t a t e s  t h a t  an event  s tage e s which rea l izes  a moving event  
s p a t i o - t e m p o r a l l y  includes  (symbolized as K) a t  l eas t  the loca t ion  
of the  r e f e r e n t  denoted by the  object  argument ,  i.e. yS K e s. 
This does not  exclude the  poss ib i l i ty  t ha t  the  loca t ion  of the  
r e fe ren t  of the  subjec t  NP can be conta ined  in the  event  s tage 
as well, bu t  th i s  is not  requi red  for m o v e ,  as (8) shows. 

(7) V xS,yS,e" [ move+(xS)(yS)(e s) ---> yS ~ es] 
(8) John moved the  troops.  

Of course ,  d i f ferent  motion ve rbs  will have different  p r o p e r t i e s  
with r e spec t  to how the loca t ions  of the even t  s tages  re la te  to 
the  s t ages  t h a t  real ize the ind iv idua ls  involved in t hese  event  
s tages .  Consider  ve rbs  like s l i t h e r ,  w a l k ,  and r u n  which in my 
framework are analyzed as t w o - p l a c e  s tage level  p red ica tes .  For 
t he se  p r e d i c a t e s  the  loca t ion  of the event  s tage is equal  to the  
loca t ion  of the  agent,  i.e. the  r e fe ren t  of the subjec t  NP. This 
can be enforced  by a meaning pos tu la t e  as in (9). 

(9) V xS,e s [8+(xS)(e s) --> xS=e s ], where ~ t r a n s l a t e s  
s l i t h e r ,  w a l k ,  r u n ,  e t c . .  

The lexical  enta i lment  assoc ia ted  with the  verb  m o v e  to the  effect  
t ha t  the  loca t ion  of the r e fe ren t  of the object  NP changes  can 
be c a p t u r e d  by the meaning pos tu la t e  in (10). (The symbols < 
and #~ used  in (10) s t and  for tempora l  precedence  and spa t i a l  

inequality, respect ively . )  

(10) V eS,x~,y",x ° [R(x~,x °) & move+(x~)(y~)(e~) --> a x~ 

[R(x~,x °) & x~ < x~ & x~ ~. x~] 

3, The Semant ics  of to a n d  t o w a r d  

Now I let  a t 0 - p h r a s e ,  as a modifier of un tensed  verb  ph rases  

(IV*), opera te  semant ica l ly  on the  event  s t ages  in the deno ta t ion  
of the  unmodif ied verb  phrase  in such way tha t  the event  s tages  

in the  deno ta t ion  of the  r e su l t ing  IV* phrase  cons t i t u t e  a 
s p a t i o - t e m p o r a l  pa th  (in the sense of Cresswell 1978) between 
some specif ied point  of or igin to the loca t ion  of the  term 
combining with to.  The t r a n s l a t i o n  of to is g iven in (11). 

(11) to t r a n s l a t e s  as XPXPXllXXiP [kyIS12[R(12,Yi ) & 

PATH(il,lr,12) & P(xi)( l l )]]  

The formula following the lambda a bs t r a c t i ons  in (11) in t roduces  

an ind iv idua l  s tage /2 real iz ing an indiv idual  object  y i  which is 

the  one bound by the noun phrase  (NP) combining with to to 
form the IV* modifier. The second conjunc t  in the  formula 
a s se r t s  t h a t  the deno ta t ion  of the event  s tage located  at  l 1, 

which is to be bound by the t r a n s l a t i o n  of the IV* phrase  t ha t  
the  t o - p h r a s e  combines with, qual if ies  as a s p a t i o - t e m p o r a l  p a t h  

(a no t ion  formally defined in Hinrichs 1985) between some poin t  
of or ig in  I r and the s p a t i o - t e m p o r a l  loca t ion  of the  po in t  of 

des t ina t ion .  Finally, the  t h i rd  conjunc t  a s s e r t s  the t r u t h  of the 

unmodif ied  IV* phrase  t h a t  the  t o - p h r a s e  combines with. It is 
th is  l a s t  con junc t  t ha t  au tomat ica l ly  g u a r a n t e e s  the inference  
from sen t ences  such as (12) to sen tences  such as (13). 

(12) Fangs s l i the red  to the  rock. 
(13) Fangs s l i thered .  

Using the  t r a n s l a t i o n  for  to sugges ted  in (11), sen tence  (12) 
rece ives  the  reduced t r a n s l a t i o n  in (14) according to my 
analysis. 

1Al l  the meaning p o s t u l a t e s  appear ing  in t h i s  paper ore  fo rmu la ted  
In the language of extensional logic developed in Hinrichs (1985), 

(14) ~Iea,e i [R(eS,e i) & PAST(e 5) & 3x e [R(xS,f) & 2x°Vz ° [ 

roek ' (z  °) & ~z a [R(zS,z °) & s l i ther ' (xe)(e  s) & 

PXTH(eS,lr,ZS)] ~ x ° = z°]] 

P a r a p h r a s i n g  (14), i t  says t ha t  t he re  is an event  s tage real iz ing 
some ind iv idua l  event  of Fangs '  s l i t he r ing  such t h a t  t ha t  event  
s tage  l ies  in the  pas t  and the  s p a t i o - t e m p o r a l  loca t ion  of the 
event  s tage  cons t i t u t e s  a pa th  between some implici t  po in t  of 
re fe rence  l r and the loca t ion  of some unique rock object.  The 

poin t  of re ference  l r occurs  as a free var iab le  in the  formula in 

(14); l r is to be u n d e r s t o o d  as an indexical  pa ramete r  s imilar  to 

the  no t ion  of a r e f e r e n c e  p o i n t  proposed  by Reichenbach (1947) 
for  the  i n t e r p r e t a t i o n  of t enses  in English. 

Notice t h a t  the not ion of a pa th  in the  t r ans l a t i on  of to in (11) 
and hence  also in the t r a n s l a t i o n  for (12) given in (14) is defined 
to hold of the process  making up a p a r t i c u l a r  event.  Moreover, 
due to the  pos tu la t e  in (9), the  r e f e r en t  of the subject  NP, when 
it  combines with a motion verb  such as s l i t h e r  to t he  r o c k ,  is 
real ized by a s tage s p a t i o - t e m p o r a l l y  c o - e x t e n s i v e  to the pa th  
denoted  by the  to phrase .  This fact  gua ran tees  the inference 
between sen tences  such as (12) and (15). 

(15) Fangs was at the rock. 

For o the r  c lasses  of ve rbs  the  same type of inference,  namely 
ident i fy ing  the pa th  with the pos i t ion(s )  of the r e fe ren t  of the 
sub jec t  NP, cannot  be drawn. For sen tences  such as (16) we do 
not  want to claim t h a t  the  s tages  rea l iz ing  John make up a pa th  
to Boston. Rather  i t  is the object  NP, in this  case an event  

term, t ha t  c o n s t i t u t e s  the  path .  The same is t r ue  of (17); i t  is 
the  ball  whose loca t ions  c o n s t i t u t e  a pa th  to the loca t ion  
specif ied in the  t o - p h r a s e .  

(16) John made a phone cal l  to Boston. 
(17) Carol se t  the  bal l  to Lucy. 

Let us now t u r n  to the  t r e a t m e n t  of the p repos i t i on  t o w a r d  
whose lexical  t r a n s l a t i o n  ru le  is g iven in (18). 

(18) t o w a r d  t r a n s l a t e s  as kPkPkeakxlP(ky I 31 [R(l,y i) & 31' 
[ P A T H ( I ' , l r , ] ) )  & e s _<, 1' & I r < e s & P ( x i ) ( e S ) ] ] )  

The t r a n s l a t i o n  for t o w a r d  cons t r a in s  the  value of the  event  

s tage  va r iab le  s s in such a way t h a t  e s has  to be s p a t i o -  
temporal ly  con ta ined  in some in i t ia l  segment  of a pa th  l '  from 
some implici t  point  of or ig in  I r to the  loca t ion  I of the r e f e r en t  . 

of the  NP with which t o w a r d .  The requ i remen t  t h a t  the va lue  of 

e s has  to be an in i t ia l  segment  of such a pa th  follows from the  
condi t ion  t h a t  the  implici t  point  of or ig in  I r has  to  be p roper ly  

conta ined  in e s .  P r o p e r  conta inment  is n e c e s s a r y  in order  to 

avoid t ha t  the  va lue  of e s could be equal  to the  poin t  of origin,  
in which case an object  could count  as moving toward ano the r  
object  if the spa t i a l  loca t ion  of the  f i r s t  object  remains  
unchanged.  

Using (18), sen tence  (19) is translated as in (20). 

(19) Fangs slithered toward the rock. 
(20) 3eS,e i [R(ee,e i) & PAST(e s) & 3x ~ [R(xa,f) & ~x°[Vz ° 

[rock'(z °) <--> xO=z o] & 3z a [R(ze,z °) & sl i ther ' (xS,e  s) 

& 31 [PATH(1,1r,Z s) & e s _~ 1 & 1 r < eS]]]]] 

The t r a n s l a t i o n  in (E0) says t h a t  t he re  is an event  s tage 
real iz ing some ind iv idua l  event  of Fangs '  s l i t he r ing  such t ha t  
t h a t  even t  s tage  lies in the  pas t  and the  s p a t i o - t e m p o r a l  
loca t ion  of the  event  s tage  cons t i t u t e s  the  in i t ia l  p a r t  of a pa th  
between some implici t  po in t  of re ference  I r and the  loca t ion  of 

some unique rock object.  Since e s  in (20) is an in i t i a l  pa r t  of a 
complete p a t h  to  the  rock, the t r u t h  of a s en tence  such as (12) 
enta i l s  the t r u t h  of (19), bu t  not  vice versa.  Moreover, (12), but  
not  (19), en ta i l s  (15). 

4. The A s p e e t u a l E f f e c t  of to and toward 

Apart  from s u p p o r t i n g  the  r e l evan t  in fe rence  p a t t e r n s  between 
sen tences  such as (12), (15) and (19), an adequa te  analysis  of to 
and toward shou ld  also account  for a sys temat ic  dif ference in 
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t h e  a s p e c t u a l  b e h a v i o r  of t h e s e  two d i r e c t i o n a l  modif iers .  
S e n t e n c e s  s u c h  as (21a)  which involve  the  p r e p o s i t i o n  to d e s c r i b e  
atel is  e ven t s  or, in t he  t e rmino logy  of Vendle r  (1967) ,  activi t ies .  
S e n t e n c e s  s u c h  as (21b),  on the  o t h e r  hand,  r e f e r  to t e l i c  even t s  
or  to accompl ishments  in Vendler ' s  c l a s s i f i ca t i on ,  

(21)  a. John wa lked  to the  l i b ra ry .  
b. John  wa lked  t oward  the  l i b ra ry .  

These  a s p e e t u a l  p r o p e r t i e s  can be d e m o n s t r a t e d  by examining the  
c o o c c u r r e n e e  r e s t r i c t i o n s  of t he  s e n t e n c e s  in (21)  with t empora l  
modif ie rs  such  as in  an  hour as in (22) and wi th  f o r  an  hour as 
in (23). 

(22) a. John  walked  to t i le l i b r a r y  in an hour .  
b. * John  walked  toward  the  l i b r a r y  in an hour .  

(23) a. Johu  walked  to the  l i b r a r y  for  an hour .  
b. Johu  walked  toward  the  l i b r a r y  for an  hour .  

As first pointed out by Vendler, only relic events or 
accomplishments can occur with temporal modifiers such as in an 
hour.  Modif iers  such  as for  an  hour  can  o c c u r  with both  
a c t i v i t i e s  and  accompl ishments .  However,  when modified by 
t empora l  fo r ,  only ac t i v i t i e s  as in (23a)  can  be i n t e r p r e t e d  as 
d e s c r i b i n g  a s ingle  event .  If t empora l  f o r  o c c u r s  with s e n t e n c e s  
t h a t  d e s c r i b e  accompl i shments  as in (23b), such  s e n t e n c e s  have 
to be i n t e r p r e t e d  in some spec ia l  f a sh ion  to make them 
seman t i ca l l y  a c c e p t a b l e ,  (23b), for  example,  can  bes t  be 
u n d e r s t o o d  as r e f e r r i n g  to an i t e r a t i v e  even t ,  namely  of John 's  
r e p e a t e d l y  walk ing  to the  l i b r a ry  dur ing  the  pe r i od  of one hour,  

Since doing someth ing  for  x amount  of t ime means doing 
something  du r ing  most if not  all  s u b i n t e r v a l s  of t h e  i n t e r v a l  x, 
s e n t e n c e s  such  as (24),  which r e f e r  to a t e l i c  even t s  or  ac t iv i t i e s ,  
can  be c h a r a c t e r i z e d  as being t emporal ly  homogeneous.  

(24) Fangs  s l i t h e r e d  toward  the  rock.  

To do someth ing  i n  x amount  of time, on the  o t h e r  hand,  means 
to do someth ing  a t  some unique  i n t e r v a l  wi th in  x. Since rel ic  
even t s  or accompl i shmen t s  can be modified by t empora l  in ,  they,  

in c o n t r a s t  to a c t i v i t i e s  or  a t e l i c  even t s ,  can  be d e s c r i b e d  as 
be ing  t empora l l y  he terogeneous:  t e l i c  even t s  such  as (25) come 
a b o u t  ove r  t i l e  cou r se  of some un ique  t ime i n t e r v a l  I', i,e. no t  a t  
some s u b i n t e r v a l  of I' or  a t  some i n t e r v a l  p r o p e r l y  c o n t a i n i n g  I'. 

(25) Fangs  s l i t h e r e d  to the  rock .  

If my ana ly s i s  of d i r e c t i o n a l  toward and to is an a d e q u a t e  one, i t  
shou ld  p r e d i c t  t h a t  ve rb  p h r a s e s  formed with  d i r e c t i o n a l  toward 
r e f e r  to  t e m p o r a l l y  homogeneous  even t s ,  while ve rb  p h r a s e s  
formed with  to r e f e r  to t empora l ly  h c t e r o g e n o u s  events ,  Due to 
the  way in which  I have  def ined toward as an in i t i a l  s u b p a r t  of a 
p a t h  to the  p r o j e c t e d  po in t  of d e s t i n a t i o n ,  the  r e f e r e n c e  
p r o p e r t y  of t e m p o r a l  homogenei ty  a s s o c i a t e d  with toward can, in 
fac t ,  be r e c o n s t r u c t e d  in the following way. Let us assume t h a t  
t h e r e  is a l o c a t i o n  I t which qua l i f ies  as an  in i t i a l  segment  of a 

p a t h  from a p u t a t i v e  point  of o r ig in  r t to a d e s t i n a t i o n  d. 

Moreover ,  l e t  us assume t h a t  r 2, t he  t empora l ly  f inal  bound  of l / ,  

is in t u r n  t h e  t empora l ly  in i t i a l  bound  for  a l oca t ion  12 which 

forms the  i n t i a l  p a r t  of a p a t h  from r 2 to d. Then i t  follows t h a t  

l f + l  2, t he  s p a t i o - t e m p o r a l  sum of l t and l 2, is also an in i t i a l  

segment of a path from r I to d. This is precisely what is 

required to stake the semantics of toward homogeneous. 

Since my account of motion verbs and directional toward does 
predict that sentences such as (26) correspond to atelic and 
s e m a n t i c a l l y  homogeneous  events ,  my ana lys i s  can  suppor t  
i n f e r e n c e s  from s e n t e n c e s  such  as (26) to s e n t e n c e s  such  as 
(27). 

(26) Un i t ed  Fl ight  342 has  moved toward  Logan Airpor t  
for  t he  l a s t  f i f t een  minutes .  

(27) Un i t ed  Fl ight  342 moved toward  Logan Airpor t  t en  
minu tes  ago. 

I n f e r ence  p a t t e r n s  be tween  s e n t e n c e s  such  as (26) and (27) are ,  
in fac t ,  h igh ly  r e l e v a n t  for  da t a  base  i n t e r f a c e  sys tems t h a t  
p r o c e s s  s p a t i a l  in format ion .  Imagine t h a t  s e n t e n c e  (26) is 
p r e s e n t e d  to a d a t a b a s e  t h a t  moni to r s  p l ane  movements.  If t he  
sys tem does  no t  have  the  c a p a b i l i t y  to in fe r  t h a t  the  even t  
d e s c r i b e d  in (26) is t r u e  a t  any s u b i n t e r v a l  of t he  f i f teen  

minutes  men t ioned  in (26), t he  Uni ted  f l ight  in ques t ion  would 
e r r o n e o u s l y  not  be coun ted  when the  answer  to a s u b s e q u e n t  
que ry  such  as (28) is computed.  

(28) How many p lanes  moved t oward  Logan Airpor t  t en  
minutes ago? 

If we compare the semantics of toward with the semantics of to 
as defined in (11), it turns out that to is heterogeneous in its 
r e f e r e n c e  in the  same way as accompl i shments .  Recal l  t h a t  t he  
s e m a n t i c s  of to is def ined in t e rms  of a complete  pa th  be tween  a 
p o i n t  of o r ig in  and  a point  of d e s t i n a t i o n ,  Since for any g iven 
p a t h  t h e r e  do not  exis t  any s u b l o c a t i o n s  wi thin  t h a t  p a t h  t h a t  
t h e m s e l v e s  would qualify as a p a t h  be tween  the  same two 
loca t i ons ,  the  h e t e r o g e n e o n s  r e f e r e n c e  p r o p e r t y  of to follows 
au toma t i ca l l y .  

5. Conclusion 

In order to make an even stronger case in favor of my analysis 
of d i r e c t i o n a l  modifiers ,  I would have  to d e m o n s t r a t e  how i t  can  
be g e n e r a l i z e d  to loca t ive  p r e p o s i t i o n s  o t h e r  t h a n  to and  toward. 
Even t hough  I canno t  d i scuss  th i s  i s sue  in de ta i l  in the  p r e s e n t  
p a p e r ,  I should l ike  to point  out  in conc lus ion  t h a t  the  no t ion  of 
a PATH plays an impor t an t  ro le  in the  t r e a t m e n t  of o t h e r  
d i r e c t i o n a l  p r e p o s i t i o n s  such  as between,  along and across.  In 
the  case  of across  the  p a t h  seems to be bounded by two 
l o c a t i o n s  on t i le  p e r i p h e r i e  of the  r e f e r e n t  of t he  NP across is 
combined with; i.e. across  the meadow spec i f ies  some p a t h  
e x t e n d i n g  from one end of t he  meadow to the  o ther ,  Notice,  
however ,  t h a t  t he  two loca t i ons  t h a t  mark  the  two endpo in t s  of 
such  a p a t h  canno t  be chosen  a r b i t r a r i l y  but  in some sense  have  
to be "oppos i te  each  o ther" .  Undoubtedly ,  va r ious  p r a g m a t i c  
c o n s i d e r a t i o n s  e n t e r  t he  p i c t u r e  if one wants  to make th i s  
r e q u i r e m e n t  of opposi teness  formal ly  more p rec i se .  Thus, i t  
a p p e a r s  t h a t  the  not ion  of a p a t h  has  to be complemented  by 
a d d i t i o n a l  c o n s t r a i n t s ,  if one wants  to a ccoun t  for s eman t i ca l l y  
store complex p r e p o s i t i o n s  such  as across,  Even though  I will 
have  to leave  the  fo rmula t ion  of such  add i t iona l  c o n s t r a i n t s  to 
f u t u r e  r e s e a r c h ,  i t  should  be obvious from these  br ief  r e m a r k s  
t h a t  t he  no t ion  of a p a t h  is a c e n t r a l  no t ion  for the semant ics  of 
d i r e c t i o n a l  modif iers  in gene ra l ,  
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