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ABSTRACT 

lr: th is  paper ,  we a p p r o a c h  t he  p rob lem of o r g a n i s a t i o n  
and cont ro l  ip. a u t o m a t i c  speech  u n d e r s t a n d i n g  s y s t e m s  
firaT.ly, by p r e s e n t i n ~  a t h e o r y  of t he  non - se r i a l  
i n t e r a c t i o n s  "~eces';ary be tween  two p r o c e s s o r s  in the  
sys t em;  namely ,  the  m o r p h o s y n t a e t i c  and  the  prosodic ,  
and secondly ,  by showing how, when genera l i sed ,  th i s  
t h e o r y  allows one to specify  a highly e f f ic ien t  
a r c h i t e c t u r e  for a s p e e c h  u n d e r s t a n d i n g  s y s t e m  with a 
s imple  con t ro l  s t r u c t u r e  and  genu ine ly  i n d e p e n d e n t  
c o m p o n e n t s .  The t heo ry  of non - se r i a l  i n t e r a c t i o n s  we 
p r e s e n t  p r ed i c t s  t h a t  s p e e c h  is t empora l ly  o rgan i sed  in 
a very  specif ic  way; t h a t  is, t e e  s y s t e m  would not  
f unc t i o n  effect ively  if the  t e m p o r a l  d i s t r i bu t ion  of 
va r ious  types  of i n fo rma t ion  in s p e e c h  were d i f fe ren t .  
The a r c h i t e c t u r e  we p ropose  is developed f rom a s t u d y  
of the  t a sk  of speech, u n d e : s t a n d i n g  and,  f u r t h e r m o r e ,  is 
specif ic  to th i s  task .  Consequen t ly ,  the  p a p e r  a r g u e s  
t h a t  gene ra l  p rob lem solving m e t h o d s  a re  u n n e c e s s a r y  
for s p e e c h  u n d e r s t a n d i n g .  

! INTRODUCTION 

]t is genera l ly  a c c e p t e d  t h a t  (he cont ro l  s t r u c t u r e s  of 
s p e e c h  u n d e r s t a n d i n g  s y s t e m s  (SUSs) m u s t  allow for 
non - se r i a l  i n t e r a c t i o n s  be tween  d i f f e ren t  knowledge 
s o u r c e s  or c o m p o n e n t s  within the  sy s t em.  By r, on-  
ser ia l  i n t e r a c t i o n  (NS1) we re fe r  to c o m m u n i c a t i o n  
which e x t e n d s  beyond  the  normal ,  serial ,  flow of 
i n f o r m a t i o n  en ta i l ed  by the  t a s k s  u n d e r t a k e n  by each  
c o m p o n e n t .  For example ,  the  o u t p u t  of the  word 
r ecogn i t ion  s y s t e m  will provide the  i n p u t  to 

m o r p h o s y n t a c t i c  ana lys is ,  a lmos t  by defini t ion;  
however,  the  ope ra t i on  of t he  morpho.~yntae t ic  
a n a i y s e r  .,~hould be c o n s t r a i n e d  on some  occa s ions  by 
prosod ic  cues:  say, tha t  he:" is a c c e n t e d  and followed 
by a "pause" .  whil,':'.t dog is not ,  in 

(1) Max g a v e  h e r  dog b4-';cuits. 

Similarly, t h e  o u t p u t  of t he  m o r p h o s y n t a c t i c  a n a l y s e r  
will provide the  inpu t  to sc rnan t i e  ana lys is ,  bu t  on 
occas ion ,  t h e  o pe ra t i on  of the  rnorphosyntacLic  
a n a l y s e r  will be more  e f f ic ien t  if it h a s  a c c e s s  to 
i n f o r m a t i o n  a b o u t  the  d i scourse :  say,  t h a t  the  h o r s e  
has  no u n iq u e  r e f e r e n t  ip, 

(2) "/he h o r s e  r a c e d  p a s t  the  b a r n  f e l l ,  

b e c a u s e  th i s  i n fo rma t ion  will fac i l i ta te  the  r e d u c e d  
re la t ive  i n t e r p r e t a t i o n  (see Crain & S t e e d m a n ,  in 
press ) .  Thus,  NSIs will be r e qu i r e d  be tween  
c o m p o n e n t s  which oc c u r  bo th  be fore  and  a f t e r  the  
m o r p h o s y n t a c t i e  a n a l y s e r  in t he  ser ia l  cha in  of 
p r o c e s s o r s  which c o n s t i t u t e  the  c o m p l e t e  SUS. 

NSls can  be c a p t u r e d  in a s t r i c t ly  serial ,  
h i e r a r c h i c a l  model,  in which t he  flow of i n fo rma t ion  is 
a lways "upwards" ,  by c o m p u t i n g  every  possibi l i ty  
compa t ib l e  with the  inpu t  a t  e a c h  level of p rocess ing .  
However, th i s  will involve m u c h  unnecessary 

c o m p u t a t i o n  within each  s e p a r a t e  c o m p o n e n t  which 
could be avoided by ut i l is ing i n f o r m a t i o n  a l r eady  
ten, : ;oral ly  avai lable  in the  s ignal  or c o n t e x t  of 
u t t e r a n c e ,  ]::ut n e t  pa r t  of the  inpu t  to t h a t  level. An 
a l t e r n a t i v e  a r c h i t e c t u r e  is the  h e t e r a r c h i c a l  sys t em;  
th i s  avoids  s u c h  ineff ic iency,  in principle,  by allowing 
each  component ,  to c o m m u n i c a t e  with all o t h e r  
c o m p o n e n t s  in the  s y s t e m .  However, con t ro l l ing  the  
flow of i n f o r m a t i o n  and  spec i fy ing  t he  i n t e r f a c e s  
be tween  c o m p o n e n t s  in s u c h  s y s t e m s  h a s  p roved  v e r y  
diff icul t  (Rcddy & Erman ,  1975). The m o s t  
s o p h i s t i c a t e d  SUS a r c h i t e c t u r e  to da t e  is t he  
b l a c kboa rd  model (E rman  a t  a!., 1980). The model  
provides  a m e a n s  for c o m m o n  r e p r e s e n t a t i o n  and  a 
global d a t a b a s e  for c o m m u n i c a t i o n  be tween  
c o m p o n e n t s  and  allows con t ro l  of the  s y s t e m  to be 
e e n t r a l i s e d  and  re la t ive ly  i n d e p e n d e n t  of individual  
c o m p o n e n t s .  The four  e s s e n t i a l  e l e m e n t s  of t he  model  

b l a c kboa rd  en t r i e s ,  knowledge sources, the 

b lackboa rd  and  an in te l l igent  con t ro l  m e c h a n i s m  - 
i n t e r a c t  t.o e m u l a t e  a p rob l e m solving s ty le  t h a t  is 
c h a r a c t e m s t i c a t l y  i n c r e m e n t a l  and  o p p o r t u n i s t i c .  NSIs 
a rc  t h u s  allowed to occur ,  in pr inciple ,  when  t he y  will 
be of g r e a t e s t  value for p r e v e n t i n g  u n n e c e s s a r y  

c o m p u t a t i o n .  

What is striking about these system architectures 

is that they place no limlts on the kinds of interaction 

which occur between component.% that is. none of 

t h e m  a re  based  on a ny  t h e o r y  of what  kind of 
i n t e r a c t i o n s  and  e o m r n u n i c a t i o n  will be n e e d e d  in a 
SUS. The d e s i g n e r s  of tile Hearsay- l l  s y s t e m  were 
exphc i t  a b o u t  this ,  a rgu ing  that. wha t  was r e q u i r e d  
was an a r c h i t e c t u r e  capab le  of s u p p o r t i n g  ally f o rm  of 
i n t e r a c t i on ,  bu t  which was still re la t ive ly  e f f ic ien t  
(E rma n  & Lesser ,  1975:484). 
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q h c r c  a p p e a r  to bc al least  two p r o b l e m s  with such an 
a p p r o a c h  Fir.~tly. t he  d e s i g n e r  of an mdivMua]  
con'.pe~lent m u s t  stdl  t ake  ml.o a c c o u n t  whmh o t h e r  
c o m p o n e n t s  shou l d  be ac t i va t ed  by its o u t p u t s ,  a s  well 
as  who p r ey ,de s  ~ts inpu t s ,  p r ecmc ly  b e c a u s e  no 
prmc~plcs  of i n t e r a c t i o n  a re  p rov ided  by the  model.  This  
enta i l s ,  even  within the  loosely s t r u c t u r e d  a g g r e g a t i o n  
h i e r a r c h y  of the  b l a c k b o a r d ,  s o m e  c o m m t t m e n t  to 
deci'.;ions a b o u t  i n t e r - c o m p o n e n t  t ra f f ic  in i n f o r m a t i o n  - 
r a t i ona l  a n s w e r s  to t h e s e  d e c i s m n s  c a n n o t  be p rov ided  
w i t h o u t  a t h e o r y  of m t e r a c t m n  b e t w e e n  individual  

c o m p o n e n t s  in a SUS. 

Secondly. a considerable amount of effort has gone 
into specifying global  scheduling heuristics for  
maintaining an agenda of knowledge sourcc activation 
records m blackboard system~, and this has sometimes 
led to treating the control problem as a distinct issue 
independent of the don-~ain under consideration, 
localismg it on a scparatc, schcdu]ing, blackboard 
(I]alzcr ,  Errnan and  London,  t980; Haycs -Roth ,  1983a). 
Once again ,  th i s  is b e c a u s e  the  b l a c k b o a r d  f r a m e w o r k ,  
as  iL is def ined,  p rov i de s  no i n h e r e n t  c o n s t r a i n t s  on 
m t c r a c t i o n s  ( | t a y e s - H o t h ,  1983b). While th i s  m e a n s  t h a t  
t he  model  is power fu l  e n o u g h  to r e p l i c a t e  c o n t r o l  
s t r a t e g i e s  used  in qua l i t a t ive ly  different.  AI s y s t e m s ,  as  
well as  g e n e r a t i s e  to p r o b l e m - s o l w n g  in mul t ip le  d o m a i n s  
(}laycs-I,:oth, 1983a), t he  b l a c k b o a r d  m e t h o d  of c o n t r o l  
still fails to p rov ide  a c o m p l e t e  a n s w e r  to t he  s c h e d u l i n g  
p rob lem.  It is i n t e n d e d  p r e d o m m a n t t y  for  solving 
p r o b l e m s  whose  s o l u t i e n  d e p e n d s  on h e u r i s t i c s  which 
m u s t  cope  with la rge  v o l u m e s  of n m s y  data .  

In the  c o n t e x t  of a b l a c k b o a r d - b a s e d  SUS, w h e r e  
the a s s u m p t m n  t h a t  the f o r m a t i o n  of t he  " c o r r e c t "  
i n t e r p r e t a t i o n  of an  i n p u t  s ignal  will, mevi tab ly ,  be 
a c c o m p a n i e d  hy the  g e n e r a t m n  of m a n y  c o m p e t i n g  
(pa r t i a l )  m t e r p r c t a t m n s  is Impiici t  m the  r e d u n d a n c y  
e n c o d e d  in the  individual  knowledge  s o u r c e s ,  t he  only 
real  and p r a c t i c a l  a n s w e r  to t he  c o n t r o l  p r o b l e m  
r e m a i n s  the  d e v e l o p m e n t  of global  s t r a t e g i e s  to keep  
u n n e c e s s a r y  c o m p u t a t m n  within p r a c t i c a l  limits. These  
s t r a t c g m s  a re  deve loped  by t u n i n g  the  s y s t e m  on the  
ba s i s  of p e r f o r m a n c e  c r i t ema:  th i s  t u a r e g  a p p e a r s  to 
hml t  i n t e r a c t i o n s  to just. t h o s e  op t ima l  c a s e s  which  a re  
likely to yield s u c c e s s f u l  ana lyses ,  t lowever,  m s o f a r  as  
the  fmal  s y s t e m  migh t  c la im to e m b o d y  a t h e o r y  a b o u t  
~hicil  in t , - , ract ions  a r e  usefu l ,  th i s  will n e v e r  be 
r e p r e s e n t e d  in an expl ic i t  f o r m  in the  loosely s t r u c t u r e d  
syzt .cm c o m p o n e n t s ,  bu t  only implimtly in the  the  r u n -  
t ime b e h a v i o u r  of the  whole sy s t em :  and t h e r e f o r e  is 
unl ikely to be rceow. ' rab le  (see  the  a n a l o g o u s  c r i t i c i s m  in 
]Iayes-l~.oth, 1983a:55). 

I INTERACTIVE DETERMINISM: 

A THEORY OF NON-SERIAL INTERACTION 

In this section, we concentrate on the study of NSI 

b e t w e e n  m o r p h o s y n t a c t m  and  p r o s o d i c  i n f o r m a t i o n  in 
specch, large ly  f r o m  the  perspective of 
m o r p h o s y n t a c t i c  ana lys i s .  This i n t e r a c t i o n  occurs 

b e t w e e n  two of t he  b e t t e r  u n d e r s t o o d  c o m p o n e n t s  of a 
SUS and  t h e r e f o r e  s e e m s  an  a p p r o p r i a t e  s t a r t i n g  po in t  
for  the  d e v e l o p m e n t  of a t h e o r y  of NSIs. 

Lea (1950) a r g u e s  t h a t  p r o s o d i c  i n f o r m a t i o n  will 
be of u se  for  m o r p h o s y n t a e t i c  p r o c e s s i n g .  This  
d m c u s s i o n  is b a s c d  on  t h e  o b s e r v a t i o n  ( see  C o o p e r  & 
P ac c i a - Coope r ,  1980; C o o p e r  & S o r e n s o n ,  1981), t h a t  
t h e r e  is a s t r o n g  c o r r e l a t i o n  b e t w e e n  s o m e  s y n t a c t i c  
b o u n d a r i e s  and p r o s o d i c  e f f e c t s  s u c h  as  l e n g t h e n i n g ,  
s t e p  up  in f u n d a m e n t a l  f r e q u e n c y ,  c h a n g e s  of 
a m p l i t u d e  and ,  s o m e t i m e s ,  pa us ing .  However ,  m a n y  of 
t h e s e  e f f e c t s  a r e  p r o b a b l y  i r r e l e v a n t  to 
m o r p h o s y n t a c t i c  ana lys i s ,  being,  fo r  example ,  s ide 
e f f ec t s  of p r o d u c t i o n ,  s u c h  as  p l ann ing ,  h e s i t a t i o n ,  
a f t e r t h o r g h t s ,  fa lse  s t a r t s ,  and  so  fo r th .  If p r o s o d y  is 
to be u t i l i sed  ef fec t ive ly  to fac i l i t a te  m o r p h o s y n t a c t i c  
ana lys i s ,  t h e n  we r c q m r e  a t h e o r y  e a p a b ! c  of 
i nd ica t ing  when  an  a m b i g u o u s  p r o s o d i c  cue  s u c h  as  
l e n g t h e n i n g  is a c o n s e q u e n c e  of s y n t a c t i c  e n v i r o n m e n t  
and,  t h e r e f o r e ,  r e l e v a n t  to m o r p h o s y n t a c t i e  ana lys i s .  
None of t e a ' s  p r o p o s a l s  make  th i s  d i s t inc t ion .  

In o r d e r  to develop  s u c h  a t he o r y ,  we r e q u i r e  a 
p r ec i s e  a c c o u n t  of m o r p h o s y n t a c t i e  a n a l y s m  e m b e d d e d  
in a model  of a SUS which spec i f i e s  t he  n a t u r e  of t he  
NSIs avai lable  to t he  m o r p h o s y n t a e t i e  a n a l y s e r  
Conmdc r  a s imple  m o d u l a r  a r c h i t e c t u r e  of a SUS m 
which  m o s t  i n f o r m a t m n  flows u p w a r d s  t h r o u g h  e a c h  
lcvel of p r o c e s s i n g ,  as  in the  ser ia l ,  h i e r a r c h i c a l  
m o d e l  This i n f o r m a t i o n  is p a s s e d  w i t h o u t  delay, so 
any  o p e r a t i o n  p e r f o r m e d  by a p r o c e s s o r  will be p a s s e d  
up  to i ts  s u c c e s s o r  m the  c h a m  of p r o c e s s o r s  
immed ia t e ly  ( see  Fig. l). 

F u r t h e r m o r e ,  we c o n s t r a i n  t he  model  as  follows: 
at  l eas t  f r o m  the  po in t  of word  r e c o g n i t i o n  u p w a r d s ,  
only one  i n t e r p r e t a t i o n  is c o m p u t e d  at each level. 
That  is, word  r e c o g n i t i o n  r e t u r n s  a s e r i e s  of un ique ,  
c o r r e c t  words ,  t h e n  m o r p h o s y n t a c t i c  a na ly s i s  p ro v id e s  
the un ique ,  correct g r a m m a t i c a l  d e s c r i p t i o n  of these 

words ,  and  so fo r th .  In o r d e r  to i m p l e m e n t  s u c h  a 
c o n s t r a i n t  on  the  p r o c e s s m g ,  t he  model  inc ludes ,  in 
add i t ion  to t he  p r i m a r y  flow of i n f o r m a t i o n ,  s e c o n d a r y  
c h a n n e l s  of c o m m u m c a t i o n  which  prov ide  for  t he  NSIs 
( r e p r e s e n t e d  by stogie a r r o w s  tn t he  d i ag ram) .  These  
i n t e r a c t i v e  c h a n n e l s  a r e  b id i rec t iona l ,  al lowing one  
c o m p o n e n t  to r e q u e s t  c e r t a i n  highly r e s t r t c t e d  k inds  
of i n f o r m a t i o n  f r o m  a n o t h e r  c o m p o n e n t  and,  in 
pr inc ip le ,  can  c o n n e c t  any  pa i r  of p r o c e s s o r s  in a 
SUS 
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Fig. 1 

i m a g i n e  a m o r p h o s y n t a c t i e  a n a l y s e r  wh i ch  b u i l d s  
a u n i q u e  s t r u c t u r e  w i t h o u t  b a c k t r a c k i n g  a n d  e m p l o y s  
no,  o r  v e r y  l i t t le ,  l o o k - a h e a d  S u c h  a p a r s e r  will f a c e  a 
e h m c e  po in t ,  i r r e s o l v a b l e  m o r p h c s y n t a e t i c a l l y ,  a l m o s t  
e v e r y  t i m e  it  e n c o u n t e r s  a s t r u c t u r a l  a m b i g u i t y ,  
w h e t h e r  local  o r  g l o b a l  F u r t h e r ,  s u p p o s e  t h a t  t h i s  
p a r s e r  s e e k s  to a pp l y  s o m e  g e n e r a l  s t r a t e g i e s  to  
r e s o l v e  s u c h  c h o i c e s ,  t h a t  is, to s e l e c t  a p a r t i c u l a r  
g r a m m a t i c a l  i n t e r p r e t a t i o n  w h e n  f a c e d  wi th  a m b i g u i t y .  
If s u c h  a p a r s e r  m to be  ab le  to o p e r a t e  
d c t e r r n i n l s t i c a l l y ,  a n d  st i l l  r e t u r n  t h e  c o r r e c t  a n a l y s i s  
w i t h o u t  e r r e r ,  m c a s e s  w h e n  a g e n e r a l  s t r a t e g y  would  
yie ld  t h e  w r o n g  a n a l y s i s ,  t h e n  it  will r e q u i r e  
i n t e r a c t i v e  c h a n n e l s  for  t r a n s m i t t i n g  a s i gna l  c a p a b l e  
of b l o c k i n g  t h e  a p p l i c a t i o n  of t h e  s t r a t e g y  a n d  f o r c i n g  
t h e  c o r r e c t  a n a l y s i s .  T h e s e  a r e  t h e  s e c o n d a r y  
c h a n n e l s  of c o m m u n i c a t i o n  p o s i t e d  in t h e  m o d e l  of t h e  
SUS above .  

A t h e o r y  of NSls s h o u l d  s p e c i f y  w h e n ,  in t e r m s  
of t h e  o p e r a t i o n  of a n y  i nd i v i dua l  p r o c e s s o r ,  
i n t e r a c t i o n  will be  n e c e s s a r y ;  i n t e r a c t i v e  c h a n n e l s  fo r  
t h i s  p a r s e r  m u s t  be  c a p a b l e  of p r o v i d i n g  t h i s  
i n f o r m a t i o n  a t  t h e  o n s e t  of a n y  g iven  
m o r p h o s y n t a e t i c  a m b i g u i t y ,  wh i ch  is d e f i n e d  a s  t h e  
p o i n t  a t  w h i c h  t h e  p a r s e r  will h a v e  to  a p p l y  i t s  
r e s o l u t i o n  s t r a t e g y .  In o r d e r  to m a k e  t h e  c o n c e p t  of  
o n s e t  of a m b i g u i t y  p r e c i s e  a m o d e l  of t h e  

Th i s  d i a g r a m  is n o t  i n t e n d e d  to  be c o m p l e t e  a n d  is 
on ly  i n c l u d e d  to  i l l u s t r a t e  t h e  two d i f f e r e n t  t y p e s  
of c o m m u n i c a t i o n  p r o p o s e d  in t h i s  p a p e r .  

morphosyntactic component of a SUS was designed 

a n d  i m p l e m e n t e d .  Th i s  a n a l y s e r  ( h e n c e f o r t h  t h e  
LEXieal -CATegor ia l  p a r s e r  - b e c a u s e  it  e m p l o y s  a n  
E x t e n d e d  C a t e g o r i a l  G r a m m a r  (eg. Ades  & S t e e d m a n ,  
1982) r e p r e s e n t i n g  m o r p h o s y n t a c t i c  i n f o r m a t i o n  a s  a n  
e x t e n s i o n  of t h e  l ex i con )  m a k e s  s p e c i f i c  p r e d i c t i o n s  
a b o u t  t h e  t e m p o r a l  ava i l ab i l i t y  of n o n - m o r p h o s y n t a c t i e  
i n f o r m a t i o n  c r u c i a l  t o  t h e  t h e o r y  of NSls  p r e s e n t e d  
h e r e .  LEXICAT's s t r a t e g y  fo r  r e s o l u t i o n  of a m b i g u i t i e s  
is a p p r o x i m a t e l y  a c o m b i n a t i o n  of l a t e  c l o s u r e  
(F r az i e r ,  1979) a n d  r i g h t  a s s o c i a t i o n  (Kimbal l ,  1973). 
LEXICAT is a s p e c i e s  of s h i f t - r e d u c e  p a r s e r  w h i c h  
ernp~oys t h e  s a m e  s t a c k  fo r  t h e  s t o r a g e  a n d  a n a l y s i s  
of i n p u t  a n d  i n s p e c t s  t h e  t op  t h r e e  ce l l s  of t h e  s t a c k  
b e f o r e  e a c h  p a r s i n g  o p e r a t i o n .  R e d u c t i o n ,  h o w e v e r ,  
n e v e r  i n v o l v e s  m o r e  t h a n  two ee'.ls, so  t h e  t op  cell  of 
t h e  s t a c k  a c t s  a s  a v e r y  r e s t r i c t e d  o n e  word  look-  
a h e a d  b u f f e r .  In g e n e r a l ,  LEXICAT r e d u c e s  t h e  i t e m s  in 
ce l l s  two a n d  t h r e e  p r o v i d e d  thai .  r e d u c t i o n  b e t w e e n  
ce l l s  o n e  a n d  two is n o t  g r a m m a t i c a l l y  poss ib l e* .  

;Yhen LEXICAT e n c o u n t e r s  a m b i g u i t y ,  in t h e  
m a j o r i t y  of s i t u a t i o n s  t h i s  s u r f a c e s  a s  a c h o i c e  
b e t w e e n  s h i f t i n g  a n d  r e d u c i n g .  When a s h i f t - r e d u c e  
e h m c e  a r i s e s  b e t w e e n  e i t h e r  ce l l s  o n e  a n d  two or  two 
a n d  t h r e e ,  r e d u c t i o n  will be preferred b y  d e f a u l t ;  
a l t h o u g h ,  of c o u r s e ,  a s e t  of  i n t e r a c t i v e  r e q u e s t s  will 
be g e n e r a t e d  a t  t h e  p o i n t  w h e n  th in  c h o i c e  a r i s e s ,  a n d  
t h e s e  m a y  p r o v i d e  i n f o r m a t i o n  wh ich  b l o c k s  t h e  
p r e f e r r e d  s t r a t e g y .  The  a p p r o x i m a t e  e f f e c t  of  t h e  
p r e f e r e n c e  fo r  r e d u c t i o n  is t h a t  i n c o m i n g  m a t e r i a l  is 
a t t a c h e d  to  t h e  c o n s t i t u e n t  c u r r e n t l y  u n d e r  a n a l y s i s  
w h i c h  is " lowes t "  in t h e  p h r a s e  s t r u c t u r e  t r e e .  LEXICAT 
is mrn i l a r  to r e c e n t  p r o p o s a l s  by C h u r c h  (1980) ,  
i : ' e rc i ra  (in p r e s s )  a n d  S h i e b e r  (1983) ,  in t h a t  it 
e m p l o y s  g e n e r a l  s t r a t e g i e s ,  s t a t e d  in t e r m s  of t h e  
p a r s e r ' s  b a s i c  o p e r a t i o n s ,  in o r d e r  to p a r s e  
d e t e r m i n i s l i e a l l y  with an  a m b i g u o u s  g r a m m a r .  

A t h e o r y  of NSls s h o u l d  a l so  s p e c i f y  h o w  
i n t e r a c t i o n  o c c u r s .  When LEXICAT r e c o g n i s c s  a c h o i c e  
po in t ,  i t  m a k e s  a r e q u e s t  fo r  n o n - m o r p h o s y n t a c t i c  
i n f o r m a t i o n  r e l e v a n t  to  t h i s  t h r a c e  on  all of t h e  
i n t e r a c t i v e  c h a n n e l s  to  w h i c h  it  is c o n n e c t e d ;  if a n y  of 
t h e s e  c h a n n e l s  r e t u r n s  a p o s i t i v e  r e s p o n s e ,  t h e  
d e f a u l t  i n t e r p r e t a t i o n  is o v e r r i d d e n .  The  p a r s e r  is  
t h e r e f o r e  a g n o s t i c  c o n c e r n i n g  wh ich  c h a n n e l  m i g h t  
p r o v i d e  t h e  r e l e v a n t  i n f o r m a t i o n ;  for  e x a m p l e ,  
a n a l y s i n g  

(3) ha fore the King rides h~:s horse 
it 's : tsual ly  groomed. 

The  o n s e t  of  t h i s  r n o r p h o s y n t a c t i c  a m b i g u i t y  a r i s e s  
w h e n  the horse h a s  b c e n  a n a l y s e d  a s  a n o u n  p h r a s e .  
LEXICAT m u s t  d e c i d e  a t  t h i s  p o i n t  w h e t h e r  Tides is to  
be t r e a t e d  a s  t r a n s i t i v e  o r  i n t r a n s i t i v e :  t h e  t r a n s i t i v e  

. . . . . . . . . . . . . . . . . . . . . . .  

This  is n o t  c o m p l e t e l y  a c c u r a t e ;  s e e  
1984:Ch3 f e r  a ful l  d e s c r i p t i o n  of LEXICAT. 

E~riszoe 
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r ead ing  Is p r e f e r r e d  given the  rcsnluLion s t ra tegy  
outlin(,.d above. "(herefore, an in te rac t i ve  request  will 
be g e n e r a t e d  reque:~tin~ i n f o r m a t i o n  c o n c e r n i n g  the  
rcP: tmnship between these two const i tuents .  A simple 
yes /no  r c s p o n s e  is all t h a t  m needed  along th i s  
i n t e r a c t i v e  channe i :  "yes"  to p r e v e n t  appl; .cat ion of the  
s t r a t e g y ,  "no"  if t he  p r o c e s s o r  concerned f inds  
n o t h i n g  r e l e v a n t  to t he  decis ion.  In r e l a t i on  to th i s  
example ,  c o n s i d e r  t he  c h a n n e l  to the p r o s o d i c  
a n a l y s e r  which m o n i t o r s  for  p ro sod i c  " b r e a k s "  (def ined  
in terms or vowel l eng then ing ,  c h a n g e  of f u n d a m e n t a l  
f r e q u e n c y  and  so fo r th ) :  whcn the  r e q u e s t  is r cec ivcd  
the prosodic analyscr re turns  a positive response if 
such a break is prcscnt  in the appropriate part of the 
speech signal. In (3) none of these cues is likely to 
occur since t.hc rclcvant boundary is syntactically 
wcak (see Cooper & Paecm-Coopcr, 1980), so the 
interactive request wil l  not rcsu!t in a positive 
response, the default resolution strategy will apply 
and his horse will bc intcrprctcd as direct object of 
r ides .  In 

(4) [Tefore the h~ng r ides  his horse 
is u s u a l l y  groomed,  

cn the  e t h e r  hand ,  an  i n t e r a c t i v e  r e q u e s t  will be 
g e n e r a t e d  a t  t he  s a m e  point ,  b u t  the  i n t e r a c t i v e  
c h a n n e l  b e t w e e n  the  p r o s o d i c  and  m o r p h o s y n t a c t i c  
c o m p o n e n t s  is likely to p r o d u c e  a pos i t ive  r e s p o n s e  
s ince  the  b o u n d a r y  b e t w e e n  r ides  end  his horse is 
synLact ical ly  sLrongcr .  Thus,  a l t a c h m e n t  will be 
blocked,  c los ing the  s u b o r d i n a t e  c lause ,  and  t h e r e b y  
fo rc ing  the  c o r r e c t  i n t e r p r e t a t i o n .  

NSI , t hen ,  is r e s t r i c t e d  to a set. of y e s / n o  
r e s p o n s e s  over  t he  i n t e r a c t i v e  c h a n n e l s  a t  the  
explicit. :'equcst of the processor  connected to those 

c h a n n e l s ,  whe re  a posi t ive  r e s p o n s e  on one  i n t e r a c t i v e  
c h a n n e l  su f f i ces  to ove r r i de  th:~ u n m a r k e d  cho ice  
which would be made  in the  a b s e n c e  of s u c h  a s ignal .  
This highly r e s t r i c t e d  f o r m  of i n te rac t ion  is :;ufficient 
to g u a r a n t e e  t h a t  I,EXICAT will p r o o u c e  the  c o r r e c t  
ana lys i s  even in c a s e s  of s e v e r e  mut t ip lc  ambigu i ty ;  
for  example ,  ,Jnalymng the  n o u n  c o m p o u n d  in 

(b)lioron epoxy  rocket  mo tor  chambers ,  

( f rom Mareu:~, [980:253),  th( :rc  a r e  f o u r t e e n  + licit 
m o r p h : ~ s y n t a c t m  i n t e r p r e t a t i o n s ,  a s s u m i n g  s t a n d a r d  
gramrnat . ical  a n a l y s e s  (eg. Sell{irk, t983).  However,  if 
th is  e x a m p l e  were  s p o k e n  and  we a s s u m e  t h a t  it would 
have the  p r o s o d i c  s t r u c t u r e  p r e d i c t e d  by Cooper  & 
P a c e i a - C o o p e r ' s  (1980) a l g o r i t h m  for  der iv ing  p r o s o d y  

. . . . . . . . . . . . . . . . . . . . .  

Possibly Lhese r e s p o n s e s  shon!d be represented as 
con f idence  r a t i n g s  r a t h e r  Lhan a d i s c r e t e  choice.  
In th i s  case  levels of c e r t a i n t y  c o n c e r n i n g  the  
p r c s c n c e / a b s e n c c  of r e l evan t  e v e n t s  ccu ld  be 
rvpre~ i 'n tcd ,  l lowcver,  for  t im r e s t  of ~.his p a p e r  we 
a s s u m e  b i na ry  c h a n n e l s  wi!! suff ice .  

+ C o r r e s p o n d i n g  to the  Ca ta lan  n u m b e r s ;  see  Mart in  
eL al. (198l) .  

f r o m  s y n t a c t i c  s t r u c t u r e ,  LEXICAT could  p r o d u c e  the  
correct analyms without error, just through 
interaction with the prosodic analyser. As each noun 
enters the ar,alyser, reduction will be blocked by the 
general strategy but, because LEXICAT will reeognise 

the  e x i s t e n c e  of ambLguity, an i n t e r a c t i v e  r e q u e s t  will 
be g e n e r a t e d  b e f o r e  e a c h  shif t .  The p r o s o d i c  b r e a k  
c h a n n e l  will t h e n  p r e v e n t  r e d u c t i o n  a f t e r  epoxy  and  
a f t e r  ~ o t o r ,  fo rc ing  the  c o r r e c t  a na ly s i s  ((boron 
epoxy)  ((rocket  motor )  chambers) ) ,  as  o p p o s e d  to t he  
de f a u l t  r i g h t - b r a n c h i n g  structure. 

Thus, NSI b e t w e e n  the morphosyntaetie and 
p r o s o d i c  c o m p o n e n t s  can  be c a p t u r e d  by a b i s t ab le ,  
b id i r ec t i ona l  link c a p a b l e  of t r a n s m i t t i n g  a r e q u e s t  
and  s igna l ing  a b i n a r y  r e p o n s e ,  e i t h e r  b locking  or 
allowing the  a p p l i c a t i o n  of t he  r e l e v a n t  s t r a t e g y  
according to the presence or absence of a prosodic 
break. Given the simplicity of this interaction, the 
prosodic analyser requires no more information from 
Lhe p a r s e r  t h a n  t h a t  a dec i s ion  is r e q u e s t e d  
c o n c e r n i n g  a p a r t i c u l a r  b o u n d a r y .  Nor need  t h e  
p r o s o d i c  a n a l y s e r  decide,  p r i o r  to an  i n t e r a c t i v e  
r e q u e s t  on th i s  c h a n n e l ,  w h e t h e r  a p a r t i c u l a r  
o c c u r r e n c e  of, say  l e n g t h e n i n g ,  is s ignal l ing  t h e  
p r e s e n c e  of a p r o s o d i c  b reak ,  r a t h e r  t h a n  for  i n s t a n c e  
s t r e s s ,  s ince  the  r e q u e s t  i tself  will help  r e so lve  the  
i n t e r p r e t a t i o n  of t he  cue.  Moreover ,  we have  a s imple  
g e n e r a l i s a t i o n  a b o u t  when inLeract ive  r e q u e s t s  will be 
made  s ince  Lhis a c c o u n t  of NSIs p r e d i c t s  t h a t  p r o s o d i c  
i n f e r m a t m n  will only be r e l e v a n t  to m o r p h o s y n t a e t i c  
ana ly s i s  at the  o n s e t  of a m o r p h o s y n t a c t i c  ambigu i ty .  

If we a s s u m e  (boldly) t h a t  th i s  a c c o u n t  of NSI 
bcLween the  m o r p h o s y n t a e t i e  and  p r o s o d i c  a n a l y s e r s  
will g e n e r a l i s c  to a c o m p l e t e  model  of SUS, t h e n  s u c h  
a model  rnakcs  a s e t  of p r e d i c t i o n s  c o n c e r n i n g  the  
t e m p o r a l  avai labi l i ty  of i n t e r a c Q v c  i n f o r m a t i o n  in t he  
s p e e c h  s ignal  and  r e p r e s e n t a Q o n  of t he  c o n t e x t  of 
u t t e r a n c e .  In ef fec t ,  it c la ims  t h a t  t he  SUS 
a r c h i t e c t u r e  s imply  p r e s u p p o s e s  t h a t  l an g u ag e  is 
o r g a n i s c d  Jil t he  a p p r o p r i a t e  f a sh ion  s ince  the  model  
will not. funct ion if it is not. We cal l  this s t rong 
p red ic t ion  about  the tempora l  o rgan isa t ion  of the 
speech s ignal  the  Interactive D e t e r m i n i s m  (ID) 
H y p o t h e s , s  s ince  it is e s senQa l ly  an  e x t e n s i o n  of 
Marcus '  (1980) D e t e r m i n i s m  Hypo thes i s .  

II TESTING 

THE INTERACTIVE DETERMINISM HYPOTttESIS 

The ID h y p o t h e s i s  p r e d i c t s  th,~t s p e e c h  and  the  
r e p r e s c n t a t i o n  of c o n t e x t  is o r g a n i s c d  in s u c h  a way 
that. i n f o r m a t i o n  will be available,  when needed ,  vza 
NSI Lo reso lve  a cho ice  in any  individual  c o m p o n e n t  a t  
t he  po in t  when t h a t  cho ice  a r i ses .  Thus  m the  ca se  of 
p r o s o d i c  i n t e r a c t i o n  with m o r p h o s y n t a e t i e  an a ly s i s  the  
t h e o r y  p r e d i c t s  t h a t  a p r o s o d i c  b r e a k  s h o u l d  be 
p r e s e n t  in s p e e c h  a t  t he  o n s e t  of a m o r p h o s y n t a e t i e  
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a m b i g u i t y  wh ich  r e q u i r e s  a n o n - d e f a u l t  i n t e r p r e t a t i o n  
a n d  w h i c h  i s  n o t  r e s o l v e d  b y  o t h e r  n o n -  
morphosyntactic i n f o r m a t i o n .  Th i s  a s p e c t  of t h e  ID 
h y p o t h e s i s  h a s  b e e n  t e s t e d  a n d  c o r r o b o r a t e d  by P a u l  
W a r r e n  (1983;  in p r ep ;  a l so  s e e  B r i s coe ,  1984:Ch4) ,  
who  h a s  u n d e r t a k e n  a s e r i e s  of s p e e c h  p r o d u c t i o n  
e x p e r i m e n t s  in w h i c h  ( typ ica l ly )  t e n  s u b j e c t s  r e a d  
a l o u d  a l i s t  of s e n t e n c e s .  Th i s  l i s t  c o n t a i n s  s e t s  of  
p a i r s  of local ly  a m b i g u o u s  s e n t e n c e s ,  a n d  s o m e  f i l ler  
s e n t e n c e s  so  t h a t  t h e  p u r p o s e  of t h e  e x p e r i m e n t  is 
n o t  a p p a r e n t  to  t h e  s u b j e c t s .  T he i r  p r o d u c t i o n s  a r c  
a n a l y s e d  a c o u s t i c a l l y  a n d  t h e  r e s u l t s  of t h i s  a n a l y s i s  
a r c  t h e n  c h e c k e d  s t a t i s t i c a l l y .  The  t e c h n i q u e  g i ve s  a 
good  i n d i c a t i o ~  of w h e t h e r  t h e  c u e s  a s s o c i a t e d  wi th  a 
p r o s o d i c  b r e a k  a r e  p r e s e n t  a t  t h e  a p p r o p r i a t e  p o i n t s  
in t h e  s p e e c h  s igna l ,  a n d  t h e i r  c o n s , , s t e n c y  a c r o s s  
d i f f e r e n t  s p e a k e r s .  

R e t u r n i n g  to  e x a m p l e s  (3) a n d  (4) above ,  we 
n o t e d  t h a t  a p r o s o d i c  b r e a k  would  be  r e q u i r e d  in (4), 
b u t  n o t  (3), to  p r e v e n t  a t t a c h m e n t  of r i d e s  a n d  hzs  
horse .  W a r r e n  f o u n d  e x a c t l y  t h i s  p a t t e r n  of r e s u l t s ;  
t h e  d u r a t i o n  of r i d e s  ( a n d  s i m i l a r  i t e m s  in t h i s  
p o s i t i o n )  is a n  a v e r a g e  51% l o n g e r  in (4) a n d  t h e  fall 
in f u n d a m e n t a l  f r e q u e n c y  is a l m o s t  twice  a s  g r e a t  wi th  
a c o r r e s p o n d i n g  s t e p  up  to horse ,  a s  c o m p a r e d  to  a 
s m o o t h  d e c l i n a t i o n  a c r o s s  t h i s  b o u n d a r y  in (3). 
S imi la r ly ,  a n a l y s i n g  

(6) 7he c o m p a n y  a w a r d e d  the c o n t r a c t  
[ t o / w a s ]  t he  h i g h e s t  bidcler. 

I,E),qCAT p r e f e r s  a t t a c h m e n t  of The c o m p a n y  to  
a w a r d e d ,  t r e a t i n g  a w a r d e d  a s  t h e  m a i n  ve rb .  In t h e  
c a s e  w h e r e  a w a r d e d  m u s t  be  t r e a t e d  a s  t h e  b e g i n n i n g  
cf a r e d u c e d  r e l a t i ve ,  W a r r e n  f o u n d  t h a t  t h e  d u r a t i o n  
of t h e  f inal  sy l l ab l e  of c o m p a n y  is l e n g t h e n e d  a n d  t h a t  
t h e  s a m e  p a t t e r n  of fall a n d  s t e p  up  in f u n d a m e n t a l  
f r e q u e n c y  o c c u r s .  P e r h a p s  t h e  mo'~t i n t e r e s t i n g  c a s e s  
a r e  a m b i g u o u s  c o n s t i t u e n t  q u e s t m n s ;  C h u r c h  
(19g0 ,117)  a r g u e d  t h a t  it is p r o b a b l y  i m p o s s i b l e  to 
p a r s e  t h e s e  d c t e r m i n i s t i e a l l y  by e m p l o y i n g  l o o k - a h e a d :  

"The r ea l ly  h a r d  p r o b l e m  with w h - m o v e m e n t  is 
f i n d i n g  t h e  "gap"  w h e r e  t h e  w h - e l e m e n t  
o r i g i n a t e d .  This  is n o t  p a r t i c u l a r l y  d i f f i cu l t  fo r  
a n o n - d e t e r m i n i s t i c  c o m p e t e n c e  t h e o r y ,  b u t  it 
is ( p r o b a b l y )  i m p o s s i b l e  fo r  a d e t e r m i n i s t i c  
p r o c e s s i n g  m o d e l . "  

LEXICAT p r e d i c t s  t h a t  in a s e n t e n c e  s u c h  a s  

(7) ~Vho d id  y o u  w a n t  to g i ve  the  p r e s e n t s  to 5~.e? 

t h e  p o t e n t i a l  p o i n t  of a t t a c h m e n t  of Who a s  d i r e c t  
o b j e c t  of w a n t  will bc  i g n o r e d  by d e f a u l t  in p r e f e r e n c e  
fo r  t h e  i m m e d i a t e  a t t a c h m e n t  of to g ive .  T h u s  t h e r e  is 
a p r e d i c t i o n  t h a t  t h e  s e n t e n c e ,  w h e n  s p o k e n ,  s h o u l d  
c o n t a i n  a p r o s o d i c  b r e a k  a t  t h i s  po in t .  W a r r e n  h a s  
f o u n d  s o m e  e v i d e n c e  for  t h i s  p r e d i c t i o n ,  i.e. w a n t  is 
l e n g t h e n e d  a s  c o m p a r e d  to  e x a m p l e s  w h e r e  t h i s  is n o t  
t h e  c o r r e c t  p o i n t  of a t t a c h m e n t  of t h e  p r c p o s e d  

phrase, such as 

(8) Who d id  y o u  w a n t  t.~ g i v e  t he  presents to? 

b u t  t h e  p r o s o d i c  c u e s ,  a l t h o u g h  c o n s i s t e n t ,  a r e  
c o m p a r a t i v e l y  weak ,  a n d  it  is n o t  c l e a r  t h a t  l i s t e n e r s  
a r e  u t i l i s i n g  t h e m  in t h e  m a n n e r  p r e d i c t e d  by  t h e  
t h e o r y  ( s e e  Br i s coe ,  1984:Ch4) .  

A d i f f e r e n t  k i n d  of s u p p o r t  is p r o v i d e d  by  
sentences such as 

(9) Be fore  the  I~ng  r i d e s  a s e r v a n t  
g r o o m s  h is  horse .  

which  e x h i b i t  t h e  s a m e  local  a m b i g u i t y  a s  (3) a n d  (,t) 
b u t  w h e r e  t h e  s e m a n t i c  i n t e r p r e t a t i o n  of t h e  n o u n  
p h r a s e  m a k e s  the d i r e c t  o b j e c t  r e a d i n g  i m p l a u s i b l e ,  in 
t h i s  c a s e  it  is l ikely t h a t  a n  i n t e r a c t i v e  c h a n n e l  
b e t w e e n  t h e  s e m a n t i c  a n d  m o r p h o s y n t a c t l c  a n a l y s e r s  
wou ld  b lock  t h e  i n c o r r e c t  i n t e r p r e t a t i o n .  So t h e r e  is a 
p r e d i c t i o n  t h a t  t h e  f u n c t i o n a l  load  on  p r o s o d i c  
i n f o r m a t i o n  will d e c r e a s e  and ,  t h e r e f o r e ,  t h a t  t h e  
p r o s o d i c  c u e s  to t h e  b r e a k  m a y  be  l e s s  m a r k e d .  Th i s  
p r e d i c t i o n  was  a g a i n  c o r r o b o r a t e d  by W a r r e n  who 
f o u n d  t h a t  t h e  p r o s o d i c  b r e a k  in e x a m p l e s  s u c h  a s  (9) 
was  s i g n i f i c a n t l y  l e s s  r n a r k e d  a c o u s t i c a l l y  t h a n  for  
c ~ a r n p l c s  s u c h  a s  (4)*. In g e n e r a l  t h e n ,  t h e s e  
e x p e r i m e n t a l  r e s u l t s  s u p p o r t  t h e  ID h y p o t h e s i s .  

Ill CONTROl, STRUCI'URE AND ORGANISATION 

In a SU~J b a s e d  on t h e  ID mode l ,  t h e  m a i n  flow of 
i n f o r m a t i o n  will be  d e f i n e d  by t h e  t a s k s  of e a c h  
c o m p o n e n t ,  a n d  t h e i r  m e d i u m  of c o m m u n i c a t i o n ,  will 
be  a n a t u r a l  c o n s e q u e n c e  of t h e s e  t a s k s ;  a s  fo r  t h e  
s e r i a l ,  h i e r a r c h i c a l  mode l .  However ,  in t h e  ID mod e l ,  
u n l i k e  t h e  h i e r a r c h i c a l  mode l ,  t h e r e  a r c  l e s s  
o v e r h e a d s  b e c a u s e  u n n e c e s s a r y  c o m p u t a t i o n  a t  a n y  
icv(.l of p r o c e s s i n g  will be e l i m i n a t e d  by t h e  NSIs 
b e t w e e n  c o m p o n e n t s .  T h e s e  i n t e r a c t i o n s  will, of 
c o u r s e ,  r e q u i r e  a l a r g e  n u m b e r  of  i n t e r a c t i v e  
c h a n n e l s ;  b u t  t h e s e  do not imp ly  a c o m m o n  
r e p r e s e n t a t i o n  l a n g u a g e  because t h e  i n f o r m a t i o n  
wh ich  p a s s e s  a l o n g  t h e m  is r e p r e s e n t a t i o n - i n d e p e n d e n t  
a n d  r e s t r i c t e d  to a m i n i m a l  r e q u e s t  a n d  a b i n a r y  
r e s p o n s e .  E a c h  c h a n n e l  in t h e  full SUS will be  
d e d i c a t e d  to  a spec i f i c  i n t e r a c t i o n  b e t w e e n  
c o m p o n e n t s ;  so  t h e  m o r p h o s y n t a c t i e  c o m p o n e n t  will 
r e q u i r e  a p r o s o d i c  b r e a k  c h a n n e l  a n d  a u n i q u e  
r e f e r e n t  c h a n n e l  ( s ee  e x a m p l e  (1)),  a n d  so  f o r t h .  
T h u s ,  a c o m p l e t e  m o d e l  of SUS will i m p l e m e n t  a t h e o r y  
of t h e  t y p e s  of NSI r e q u i r e d  b e t w e e n  all c o m p o n e n t s .  
Final ly ,  t h e  ID m o d e l  will n o t  r e q u i r e  t h a t  a n y  
i n d i v i d u a l  p r o c e s s o r  h a s  k n o w l e d g e  of t h e  n a t u r e  of  
t h e  o p e r a t i o n s  of a n o t h e r  p r o c e s s o r ;  t h a t  is, t h e  

Note that this result is inexplicable for theories 
which attempt to derlve the prosodlc structure of a 
sentence directly from its syntactic structure; see 
Cooper 3: Paccia-Cooper (].980:181f). 
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morphosyr : t acLic  a n a l y s e r  need  riot know wha t  is be ing  
eoiT~puted at  the  o t h e r  end of the p r o s o d i c  b r e a k  
channe l ,  or  how; n o r  riced the p: 'osodic  a n a l y s e r  know 
why it is e o m p u t i n ~  the  p r e s e n c e  o r  a b s e n c e  of a 
p ro sod i c  break. Rather, the knowledge  that th i s  
infor 'ma~lon is po ten t i a l l y  i m p o r t a n t  is e x p r e s s e d  by 
the ex i s tence  of th is  p a r t i c u l a r  inLerac t i ve  channel .  

The c o n t r o l  s t r u c t u r e  of th is  model  is 
s t r a i g h t f o r w a r d ;  a f t e r  each sepa ra te  o p e r a t i o n  of each 
ind iv idua l  c~mponen t  the resu l t s  of  th is  o p e r a t i o n  wil l  
be passed to the nex t  c o m p o n e n t  in the ser ia l  cha in  
ol p rocessors .  An i n t e r a c t i v e  reques t  ~'ill be made by 
an}, c o m p o n e n t  on ly  when faced wi th an i n d e t e r m i n i s m  
i r reso l vab le  in "e rms of the  i npu t  ava i lab le  to it. No 
f u r t h e r  scheduhng o r  eent. ra l ised c o n t r o l  of  p rocess ing  
will be reqmred .  F u r t h e r m o r e ,  a l t hough  each ind iv idua l  
eomK.enent de te rm ines  when .N3Is will occur ,  because 

of the r e s t r i c t e d  n a t u r e  of th is  i n t e r a c t i o n  each 
c o m p o n e n t  can st i l l  be developed as a comp le te l y  
i n d e p e n d e n t  knowledge source.  

The d e t e r m i n i s t i c  n a t u r e  of t he  individual  
c o m p o n e n t ~  of th i s  SUS e l i m i n a t e s  t he  need  for  a n y  
glob,d h c u r m ! i e s  to be b r o u g h t  in to  the  an a ly s i s  o[ t he  
s p e e c h  signal .  Thus  we have  di--pensed nea t ly  wi th  the  
r e q u i r e m e n t  for  an o v e r - p o w e r f u l  and  o v e r - g e n e r a l  
p rob l em-so lv i ng  f r a m e w o r k ,  s u c h  as  t he  b l a c k b o a r d ,  
and  replacr:d it with a t h e o r y  specif ic  to t he  d o m a i n  
u n d e r  c o n m d e r a l i o n ;  namely,  l anguage .  The t h e o r y  of 
X~q}s o f f e r s  a u a t i s f a e t o r y  specif ic  m e t h o d  for  s p e e c h  
undci.- : tal lding which allowrr the  s e p a r a t e  spec ia l i s t  
c,~mpor;ent  p rocedu res  of a SUS to be 
"a !For i thmet ized ' "  and compi led.  As Erman et  al. 
(1980::L16) suggest:  " In such a ease t i le  f l ex ib i l i t y  of  a 
sys tem l ike Hca rsay - l l  may no longer  be needed" .  

"fhe r e s t r i c t i o n s  on the  n a t u r e  and  d i r e c t i o n a l i t y  
of NSI e h a n n e i s  in a SUE:, and  the  s i t u a t i o n s  in which  
they  [iced to be ac t iva ted ,  a;Iowt; a m o d u l a r  s y s t e m  
who'.~e con t r o l  s t r u c t u r e  is no t  inuch m o r e  complex  
t h a n  th:.~t of t he  h i e r a r c h i c a l  mode}, and  yet,  via the  
net.work of i n t e r a c t i v e  c h a n n e l s ,  a ch i e ve s  t he  
ef f ic iency s o u g h t  5y the  h e t e r a r c h i e a l  and  b l a c k b o a r d  
models ,  w i t h o u t  the  c o n c o m i t a n t  p r c b l e m s  of c o m m o n  
knowledge  r e p r e s e n t a t i o n s  and c omple x  
eom!Tmni~zations p r o t o c o l s  be tween  s e p a r a t e  knowledge  
s o u r c e s .  Thus,  the  ID mode!  d i s p e n s e s  with the  
overhe . id  c o s t s  of d a t a - d i r e c t e d  a c t i v a t i o n  of 
' .mowledge s o u r c e s  and  the  need  for  o p p o r t u n i s t i c  
s c h e d u l i n g  or  a com p l ex  f o c u s - o f - c o n t r o l  m e c h a n i s m .  

IV CONCLUSION 

In th i s  p a p e r  we have  p r o p o s e d  a ve ry  ideal i sed  model  
of a SUS with  a s imple  o r g a n i s a t i o n  a n d  c o n t r o l  
s t r u c t u r e ,  Clearly, the  ID model  a s s u m e s  a g r e a t e r  
level of u n d e r s t a n d i n g  of m a n y  a s p e c t s  of s p e e c h  
p r o c e s s i n g  t h a n  is c u r r e n t .  For  example ,  we have  
a s s u r n c d  t h a t  t he  word  r e c o g n i t i o n  c o m p o n e n t  is 
c a p a b l e  of r e t u r n i n g  a s e r i e s  of un ique ,  c o r r e c t  lexical  
items; even with interaction of the kind envisaged, it 
is d o u b t f u l  t h a t  o u r  c u r r e n t  u n d e r s t a n d i n g  of 
a c o u s t i c - p h c n e t i c  a na ly s i s  is good e n o u g h  for  it to  be 
pos s ib l e  to bui ld s u c h  a c o m p o n e n t  now. N e v e r t h e l e s s ,  
t i . .  e x p e r i m e n t a l  work  r e p o r t e d  by Mars lcn-Wilson & 
Tyler (1980) and  Cole & Jak imik  (1980),  fo r  example ,  
s u g g e s t s  t h a t  l i s t e n e r s  a r e  c a p a b l e  of a c c e s s i n g  a 
u n i q u e  Icxical i t em on the  bas i s  of the  a c o u s t i c  s igna l  
and  i n t e r a c t i v e  f c e d b a c k  f r o m  the  deve lop ing  a n a l y s i s  
of t h e  u t t e r a n c e  and  its c o n t e x t  ( o f t en  b e f o r e  t h e  
a c o u s t i c  s ignal  is c o m p l e t e ) .  More se r ious ly ,  f r o m  t h e  
perspective of interactive determinism, little has been 
said about the many other interactive channels which 
will be required for speech understanding and, in 
p a r t i c u l a r ,  w h e t h e r ,  t h e s e  c h a n n e l s  can  be a s  
r e s t r i c t e d  a.~: t h e  p r o s o d i c  b r e a k  c ha nne l .  For  example ,  
c o n s i d e r  t he  c h a n n e l  which  will be r e q u i r e d  to c a p t u r e  
the  i n t e r a c t i o n  in e x a m p l e  (9); th i s  will need  to be 
sensiLive to s o m e t h i n g  like s e m a n t i c  " anoma ly" .  
t Iowever ,  ? .emantic  a n o m a l y  is an  i n h e r e n t l y  vague  
c o n c e p t ,  p a r t i c u l a r l y  by c o m p a r i s o n  with t h a t  of a 
p r o s o d i c  b reak .  Similarly,  as  we n o t e d  above,  t he  
m o r p h o s y n t a c t i c  a n a l y s e r  will r e q u i r e  an  i n t e r a c t i v e  
c h a n n e l  to t he  d i s c o u r s e  a n a l y s e r  which  i n d i e a t e s  
w h e t h e r  a n o u n  p h r a s e  followed by a p o t e n t i a l  r e la t ive  
c lause ,  s u c h  as  t a r  h o r s e  in (3), h a s  a u n i q u e  
r e f e r e n t .  However .  s ince  th i s  e h a n n e l  would only  s e e m  
to be r e l e v a n t  to a m b i g u i t i e s  involving re la t ive  c l auses ,  
it a p p e a r s  to e a s t  d o u b t  on the  c la im t h a t  i n t e r a e t i v e  
r e q u e s t s  a r e  g e n e r a t e d  a u t o m a t i c a l l y  on  every  c h a n n e l  
each  t ime any  type  of a m b i g u i t y  is e n c o u n t e r e d .  This, 
in t u r n ,  s u g g e s t s  t h a t  the  c o n t r o l  s t r u c t u r e  p r o p o s e d  
in t he  las t  s e c t i on  is overs impl i f ied .  

N e v e r t h e l e s s ,  by s t u d y i n g  t h e s e  t a s k s  in t e r m s  of 
fa r  m o r e  r e , ; t r i c t cd  and potentially m o r e  
e o m p u t a t i o n a l l y  e f f ic ien t  models ,  we a r e  m o r e  likely to 
u n c o v e r  r e s t r i c t i o n s  on l a n g u a g e  which,  o n c e  
d i scovered ,  will t ake  us  a s t e p  c lo se r  to t r a c t a b l e  
s o l u t i o n s  to t he  t a sk  of s p e e c h  u n d e r s t a n d i n g .  Thus ,  
the  work  r e p o r t e d  h e r e  s u g g e s t s  t h a t  l a n g u a g e  is 
o r g a n i s e d  in s u c h  a m a n n e r  t h a t  m o r p h o s y n t a c t i c  
ana lys i s  can  p r o c e e d  d e t c r m i n i s t i c a l l y  on the  bas i s  of 
a very  r e s t r i c t e d  p a r s i n g  a lgo r i thm,  b e c a u s e  non -  
s t r u c t u r a l  i n f o r m a t i o n  n e c e s s a r y  to reso lve  
a m b i g u i t i e s  will be avai lable  in the  s p e e c h  s ignal  (or  
r e p r e s e n t a t i o n  of the  c o n t e x t  of u t t e r a n c e )  a t  t h e  
p o i n t  w h e n  t h e  cho i ce  a r i s e s  d u r i n g  m c r p h o s y n t a e t i c  
ana lys i s .  

Tile a c c o u n t  of m o r p h o s y n t a c t i e  ana lys i s  t h a t  
thls constraint allows is more elegant, parsimonious 
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and empir ica l ly  a d e q u a t e  t h a n  employing look-ahead  
(Marcus,  1980). Firstly,  an  a c c o u n t  ba sed  on look- 
a h e a d  is fo rced  to c la im t h a t  local and  global  
ambigu i t i e s  a re  resolved  by d i f f e ren t  m e c h a n i s m s  
(s ince  the  l a t t e r ,  by def ini t ion,  c a n n o t  be resolved  by 
t he  use  of m o r p h o s y n t a e t i c  i n f o r m a t i on  f u r t h e r  
d o w n s t r e a m  in the  signal),  whilst  t he  ID model  
r equ i r e s  only one m e c h a n i s m .  Secondly,  r e s t r i c t e d  
look-ahead  fails to del imit  a c c u r a t e l y  the  c lass  of so- 
called g a r d e n  pa th  s e n t e n c e s  (Milne, 1982; Briscoe,  
1983), whilst  the  ID a c c o u n t  co r r ec t l y  p r ed i c t s  t h e i r  
" i n t e r ac t i ve"  n a t u r e  (Briscoe, 1982, 1984; Crain & 
S teedman ,  in press) .  Thirdly, l ook -ahead  involves 
delaying decisions,  a s t r a t e g y  which is made  
implausible ,  a t  l eas t  in the  c o n t e x t  of s p e e c h  
u n d e r s t a n d i n g ,  by the  body of e x p e r i m e n t a l  r e s u l t s  
s u m m a r i s e d  by Tyler (1981), which sugges t  t h a t  
morphosynta : ' : t i e  ana lys i s  is ex t r eme ly  rapid.  

The gene ra t i s a t i on  of t h e s e  r e s u l t s  to a comple t e  
model of SUS r e p r e s e n t s  c o m m i t m e n t  to a r e s e a r c h  
p r o g r a m m e  which se t s  as i ts goal the  d i scovery  of 
cons t . ra in t s  on l anguage  which allow the  a s s o c i a t e d  
p roces s ing  t a sks  to bc i m p l em en t ed  in an  ef f ic ient  and  
t r a c t a b l e  m a n n e r  What is advoca t ed  here ,  t h e r e f o r e ,  
is the  deve lopmen t  of a c o m p u t a t i o n a l  t h e o r y  of 
i angoage  p rocess ing  der ived t h r o u g h  the  study of 
l anguage  f rom the  pe r spec t ive  of t h e s e  p roces s ing  
tasks ,  much  in the  ~ame way in whmh Marr (1982) 
developed his comput .a t ional  t h e o r y  of vision. 
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