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Webster 's  d ~ c t i o n a r y  d e f i n e s  
" ~ o h e r e n c e "  a s  " t h e  q u a l i t y  of being 
l o g i c a l l y  i n t e g r a t e d ,  c o n s i s t e n t ,  and 
i n t e l l i g i b l e a .  I f  one were asked whether 
a  sequence of phys ica l  a c t s  beinq 
performed by a n  a g e n t  was coheren t ,  a 
c r u c i a l  f a c t o r  i n  the  d e c i s i o n  wculd be 
whether t h e  a c t s  were perceived a s  
c o n t r i b u t i n g  t o  t h e  achievement of  an 
o v e r a l l  goa l .  I n  t h a t  c a s e  they  can 
f r e q u e n t l y  be descr ibed  b r i e f l y ,  by naming 
the  goa l  or  t h e  procedure executed to  
m i e v e  i t ,  Once t h e  intended goa l  has  
been con jec tu red ,  t h e  sequence can be 
desc r ibed  a s  a more o r  l e s s  c o r r e c t ,  more 
o r  less opt imal  a t tempt  a t  t h e  achievement 
of t h e  goa l .  

One of t h e  mainstreams of A 1  . research 
has  been the study of problem s o l v i n g  
behaviour i n  humans and its s i m u l a t i o n  by 
machines. Th i s  can be considered a s  the  
task  of t ransforming an i h i t i a l  s t a t e  of 
the world i n t o  a  goal  s t a t e  by m d i n g  an 
a p p r o p r i a t e  sequence of a p p l i c a t i o n s  of 
o p e r a t o r s  from a  g iven  s e t .  Each o p e r a t o r  
has  two modes of execut ion:  i n  t h e  f i r s t  
i t  changes t h e  " r e a l  world", and i n  t h e  
second it changes a  model of t h e  r e a l  
world. Sequences of these  o p e r a t o r s  we 
c a l l  p l ans .  They can be c o n s t r u c t e d ,  
s imula ted ,  executed,  optimized and 
debugged. Operators  a r e  u s u a l l y  thought  
of  as achieving c e r t a i n  e f f e c t s  and of 
beinq a p p l i c a b l e  on ly  when c e r t a i n  
p r e c o n d i t i o n s  hold. 

The e f f e c t s  of one  agent  execut ing  h i s  
p l a n s  may be d e r v a b l e  by o the r  a g e n t s ,  
who, assuming t h a t  t h e s e  p lans  were 
produced by t h e  f i r s t  a g e n t ' s  p lan  
c o n s t r u c t i o n  a lgor i thms ,  may t r y  t o  i n f e r  
t h e  p l a n  being executed from t h e  observed 
changes t o  t h e  world. The f a c t  t h a t  t h i s  
i n f e t m c i n g  may be i n t e e d  by the  f i r s t  
agen t  u n d e r l i e s  hbman communication. 

* T h i s  r e sea rch  was supportecl i n  p a r t  by 
t h e  Nat ional  Research Council of Canada. 

Each agent  ma in ta ins  a  model of t h e  
world, inc lud ing  a  mudel of t h e  models of 
b ther  agen t s .  L i n g u i s t i c  u t t e r a n c e s  a r e  
t h e  r e s u l t  of t h e  execut ion  of o p e r a t o r s  
whose e f f e c t s  a r e  mainly on t h e  models 
t h a t  t h e  speakef and hearer  maintain of 
each o t h e r .  These e f f e c t s  a r e  intended by 
t h e  speaker  t o  be produced p a r t l y  by t h e  
h e a r e r ' s  r e c o g n i t i o n  of t h e  s p e a k e r ' s  
plan.  

T h i s  view of  t h e  communication p rocess  
is very c l o s e  i n  s p i r i t  t o  t h e  Austin- 
Grice-Strawson-Searle approach t o  
i l l o c u t i o n a r y  a c t s ,  and indeed was 
s t r o n g l y  inf luenced by it. We a r e  working 
on a  theory  of speech a c t s  based on t h e  
no t ions  of p lans ,  world models, p lan  
c o n s t r u c t i o n  and p lan  recogn i t ion .  I t  is 
intended t h a t  t h i s  theory  should answer 
q u e s t i o n s  such as :  

(1) Under what c i rcumstancgs  can an 
observer  b e l i e v e  t h a t  a speaker has  
s i n c e r e l y  and non-defec t iue ly  performed a 
p a r t i c u l a r  i l l o c u t i o n a r y  a c t  i n  producing 
u t t e r a n c e  f o r  a h e a r e r ?  The observer 
could a l s o  be t h e  hea re r  or  speaker.  

( 2 )  What changes does  t h e  successrjul  
execut ion  of a  speech a c t  make t o  t h e  
s p e a k e r ' s  model of t h e  h e a r e r ,  and t o  the  
h e a r e r ' s  model of t h e  speaker? 

( 3 )  H o w  is t h e  meaning ( sense / re fe rence )  
of an u t t e r a n c e  x  r e l a t e d  t o  the  a c t s  t h a t  
can be performed i n  u t t e r i n g  x? 

A theory  of speech a c t s  based on p l a n s  
m u s t  s p e c i f y  a t  l e a s t  t h e  fol lowing:  

(1) A Plannlng System: a language f o r  
d e s c r i b i n g  s t a t e s  of t h e  world, a language 
f o r  desc r  i b h g  o p e r a t o r s  and a lgor i thms  
f o r  p l a n  c o n s t r u c t i o n  and p l a r  i n f e r e n c e ,  
Semantics f o r  t h e  languages should a l s o  be 
g jven. 

( 2 )  D e f i n i t i m s  of speech a c t s  a s  
o g e r a t o r s  I n  t h e  planning s y s t a .  What 
a r e  t h e i r  e f f e c t s ?  When a t e  they 
a p p l i c a b l e ?  How can they  be r e a l i z e d  i n  
words? 



Tb make p o s s i b l e  a  f i r s t  a t t e m p t  a t  
s u c h  a  t h e o r y  we have imposed s e v e r a l  
r e s t r i c t i o n s  on t h e  system t o  be modelled. 

(1) Any a g e n t  ~ l ' s  model of ano the r  agen t  
fi2 is d e f i n e d  i n  te rms of " f a c t s n  t h a t  A 1  
b e l i e v e s  A 2  b e l i e v e s ,  and g o a l s  t h a t  A 1  
b e l i e v e s  A2 i s  a t t empt ing  t o  achieve .  W e  
a r e  no t  attempting t o  model o b l i g a t i o n s ,  
f e e l i n g s  e  tc. 

( 2 )  The o n l y  speech a c t s  we t r y  t o  model 
a r e  some t h a t  appear  t o  be d e f i n a b l e  i n  
terms of b e l i e f s  and g o a l s ,  naively REQUEST 
and INFORM. We have been t ak ing  t h e s e  t o  
be p r o t o t y p i c a l  members of  S e a r l e ' s  
" d l r e c t i v e n  and n r e p r e s e n t a t i v e "  c l a s s e s  
( S e a r l e  (1976) ) . We r e p r e s e n t  q u e s t i o n s  
a s  REQUESTS t o  INFORM, These. a c t s  a r e  
i n t e r e s t i n g  f o r  they  have a  wide range of 
s y n t a c t i c  r e a l i z a t i o n s ,  and account f o r  a  
l a r g e  p r o p o r t i o n  of everyday u t t e r a n c e s .  

( 3 )  We have l i m i t e d  o u r s e l v e s  s o  f a r  t o  
t h e  s tudy  o f  so -ca l l ed  task-or i en ted  
d i a l o g u e s  which w e  i n t e r p r e t  t o  be 
c o n v e r s a t i o n s  between two a g e n t s  
cooperat ing i n  the achievement of a s i n g l e  
hrgh-level  g o a l .  These d i a l o g u e s  d o  no t  
a l low chahges i n  t h e  t o p i c  of d i s c o u r s e  
b u t  s t i l l  displ-ay a  wide range of 
l i n g u i s t i c  behaviour .  

~ u c h  of  our  work s o  f a r  h a s  d e a l t  w i t h  
t h e  problem of g e n e r a t i n g  p l a n s  c o n t a i n i n g  
REQUEST and INFORM, a s  w e l l  a s  non- 
l i n g u i s t i c  o p e r a t o r s .  Suppose t h a t  an 
agen t  is attempt'ing t o  a c h i e v e  some t a s k ,  
w i t h  incomplete  knowledge of t h a t  t a s k  and 
o f  t h e  methods t o  complete i t ,  bu t  w i t h  
some know1 edge of t h e  a b i l i t i e s  of  ano the r  
agent .  How can  t h e  f i r s t  a g e n t  make use of 
t h e  a b i l i t i e s  of t h e  second? Under what 
c i r cums tances  Can t h e  f i r s t  u s e f u l l y  
ptoduce u t t e r a n c e s  t o  t r a n s a r t  d r  a c q u i r e  
f a c t s  and goals? How c a n  he i n i t i a t e  
a c t i g n  on t h e  p a r t  of t h e  second? 

We view t h e  p l a n  r e l a t e d  a s p e c t s  of  
language g e n e r a t i o n  and r e c o g n i t i o n  a s  
i n d i s s o c i a b l e ,  and s t rong  ky r e l a t e d  t o  t h e  
p rocess  by which a g e n t s  c o o p e r a t e  i n  t h e  
achievement of g o a l s .  For example, f o r  
agent2  t o  r e p l y  " d t ' ~  c l o s e d " '  t o  a g e n t l '  s 
query  "Where's t h e  n e a r e s t  s e r v i c e  
s t a t i o n ? "  seems t o  r e q u i r e  h i m  t o  i n f e r  
t h a t  agent l -  wants t o  make use -of t h e  
s e r v i c e  s t a t i o n  which he cou ld  n o t  d o  if 
i t  were c l o s e d .  The r e p l y  "Two b locks  
e a s t "  would be seen  a s  mis leading  i f  g i v e 0  
a l o n e ,  and unnecessazy i f  g i v e n  along w i t h  
" I t 8 s ~ l o s e d n ,  T h u s p a r t  of c o o p e r a t i v e  
behaviour i s  t h e  d e t e c t i o n  by one a g e n t  of  
obs tackes  i n  t h e  p l a n s  he b e l i e v e s  t h e  
o t h e r  a g e n t  holds ,  p o s s i b l y  followed by an  
a t t empt  t o  overcome them, We c la im t h a t  
speakers  e x p e c t  (and i n t e n d )  h e a r e r s  t o  
o p e r a t e  t h i s  way a d  f h e r e f o r e  t h a t  any 
hea re r  can assume t h a t  i n f e r e n c e s  t h a t  he 
can  draw based on knowledge t h a t  is  shared  
wi th  t h e  speaker  a r e  i n  f a c t  in tended by 
t h e  speaker .  These p r o c e s s e s  u n d e r l i e  o$r 

a n a l y s i s  of i n d i r e c t  speech a c t s  ( such  a s  
"Can you p a s s  t h e  s a l t ? " )  - u t t e r a n c e s  
which appear  t o  r e s u l t  from one 
i l l o c u t i o n a r y  a c t  b u t  can  be used to  
perform a n o t h e r .  

S e c t i o n  2 of t h i s  paper  o u t l i n e s  some 
requi rements  on t h e  models whlch t h e  
v a r i a u s  a g e n t s  must have of each othey. 
S e c t i o n  3 d e s c r i b e s  t h e  p lann lnq  o p e r a t o r s  
f o r  REQUEST and INFORM, and how they can 
be used t o  g e n e r a t e  p l a n s  which inc lude  
a s s e r t i o n s ,  i m p e r a t i v e s ,  and s e v e r a l  types  
of q u e s t i o n s .  

S e c t i o n  4 d r s c u s s e s  t h e  r e l a t i o n  
between t h e  o p e r a t o r s  of s e c t l d n  3 and t h e  
l i n g u i s t i c  s e n t e n c e s  which can r e a l i z e  
them. We c o n c e n t r a t e  on t h e  problem of 
identifying i l i o c u t i o n a r y  f o r c e ,  i n  
p a r t i c u l a r  on i n d i r e c t  speech a c t s .  A 
u s e f u l  consequence of t h e  ~ l l o c u b i o n a r y  
f o r c e  identification p r o c e s s  is t h a t  i t  
p rov ides  a  n a t u r a l  way t o  unders tand some 
e l l i p t i c a l  u t t e r a n c e s  a n d  u t t e r a n c e s  
whose purpose  is  t o  acknowledge, c o r r e c t  
o r  c l a r i f y  i n t e r p r e t a t i o n s  of prevlods  
u t t e r a n c e s .  

A c r i t i c a l  p q r t  of communzcation is 
t h e  p r o c e s s  by which a speaker  can 
c o n s t r u c t  d e s c r i p t j o n s  of  o b j e c t s  involved 
rn h i s  p l a n s  such t h a t  t h e  h e a r e r  can 
I d e n t i f y  t h e  in tended r e f e r e n t .  Why c a n  
someone ask ing  "aheye '  s t h e  screwdr rve r?  
be answered w i t h  " I n  t h e  drawer wi th  t h e  
hammer" i f  i t  is assumed he knows where 
t h e  hammer IS, b u t  maybe by " I n  t h e  t h i r d  
drawq,r from t h e  l e f t "  i f  he doesrig t .  How 
a c c u r a t e  must d e s c t r i p t i v e  p h r a s e s  be? 
S e c t i o n  5 examines how t h e  speaker  and 
he are^ I s  models of each o t h e r  l n f  luence  
t h e i r  r e f e r e n c e s .  F i n a l l y  s e c t i o n  6 
c o n t a i n s  some i d e a s  on f u t u r e  r e sea rch .  

Most examples i n  t h e  paper a r e  jrawn 
from a s r t u a t i o n  i n  w h i c h  one p a r t i c i p a n t  
i s  an informataon c l e r k  a t  a  t r a i n  
s t a t i o n ,  whose objective is t o  a s s l s t  
passengers  i n  boarding and meeting t r a i n s ,  
The  domain is obv ious ly  l i m i t e d ,  b u t  s t i l l  
p r o v i d e s  a n a t u r a l  s e t t i n g  f o r  a  wrde 
range of u t t e r a n c e s ,  both  rn form and rn 
i n t e n t i o n ,  

2 ,  O n  mbdels of o t h e r s  - - 
Ifi t h i s  s e c t i o n  we p r e s e n t  c r i t e r r a  

t h a t  one a g e n t ' s  model of ano the r  ought  t o  
s a t l s f y .  For convenience we dub t h e  
a g e n t s  SELF and OTHER. Our r e s e a r c h  h a s  
c o n c e n t r a t e d  on modell ing  be1 i e f  s and 
g o a l s ,  We c l a i m  t h a t  a  t h e o r y  of language 
need n o t  be  concerned w i t h  what 1s 
a c t u a l l y  t r u e  i n  t h e  r e a l  world: i t  
should  d e s c r i b e  language  p rocess ing  i n  
terms of a p e r s o n ' s  b e l i e f s  abou t  t h e  
world.  Accordingly ,  SELF'S model of OTHER 
shou ld  be based on " b e l i e v e "  a s  e s c r i b e d ,  
f o r  example, i n  H i n t i k k a ( l 9 6 2 )  and n o t  on 
"kn~w'  i n  i t s  s e n s e  of  " t r u e  b e l i e f " .  



Henceforth,  a l l  uses  of the woras "know" 
and "knowledge" a r e  t o  be t r e a t e d  a s  
synonyms f o r  "be l i eve"  and " b e l i e f s " ,  We 
have neg lec ted  o t h e r  a s p e c t s  of a  model of 
a n o t h e r ,  such a s  f o c u s  of a t t e n t i o n  ( b u t  
see Grosz (1977) ) , 

B e l i e f  

C l e a r l y ,  SELF ~ u g h t  t o  be a b l e  t o  
d i s t i n g u i s h  h i s  b e l i e f s  about  t h e  world 
from what he b e l i e v e s  o t h e r  b e l i e v e s .  
SELF ought  t o  have t h e  p o s s i b i l i k y  of 
b e l i e v i n g  a  p r o p o s i t i o n  P, of believing 
not-P, o r  of being i g n o r a n t  of P. 
Whatever h i s  s t and  on P ,  he should a l s o  be 
a b l e  t o  b e l i e v e  t h a t  OTHER can hold any of 
t h e s e  p o s i t i o n s  on P.  Notice t h a t  such 
d i sagreements  cannot  be r ep resen ted  i f  t h e  
r e p r e s e n t a t i o n  is based on "know" a s  i n  
Moore(1977) . 

SELF'S b e l i e f  r e p r e s e n t a t i o n  o u g u  t o  
a l l o w  h i m  t o  r e p r e s e n t  t h e  f a c t  t h a t  OTHER 
knows r h e t h e r  some p r o p o s i t i o n  P is t r u e ,  
wi thou t  SELF's having t o  know which of P 
o r  -P he does  b e l i e v e .  Such in fo rmat ion  
can be represented  a s  a d i s j u n c t i o n  of 
b e l i e f s  ( e , g . ,  OR(0THER BELIEVE P ,  OTHER 
B E L I E V E  +P) ) . S u c h  d i s j u n c t i o n s  a r e  
e s s e n t i a l  t o  t h e  p lanning  of ye s  no 
q u e s t i o n s .  

F i n a l l y ,  a  b e l i e f  r e p r e s e n t a t i o n  m u s t  
d i s t i n g u i s h  between s i t u a t i o n s  1 i k e  t h e  
fo l lowing : 

1. OTHER b e l i e v e s  that t h e  t r a i n  l e a v e s  
from g a t e  8 .  
2. OTHER b e l i e v e s  t h a t  t h e  t r a i n  h a s  a 
d e p a r t u r e  g a t e .  
3 .  OTHER knows what t h e  d e p a r t u r e  g a t e  f o r  
t h e  t r a i r ,  is ,  

Case 1 c a n  be rep resen ted  by a  p r o p o s i t i o n  
t h a t  c o n t a i n s  no v a r i a b l e s .  Case 2 can be 
r e p r e s e n t e d  by a b e l i e f  of a  q u a n t i f i e d  
proposition -- i . e .  

OTHER BEEIEVE ( 
3 x ( t h e  y r: GATE(TRAIN,y) = x )  ) 

However, c a s e  3 1 s  r ep resen ted  by a 
guantif led b e l i e f  namely, 

3 x OTHER B E L I E V E  
( t h e  y : GATE (TRAIN,y) = ~) 

The  formal semant ics  such b e l i e f s  have 
been p rob lemat ic  f o r  p h i l o s o p h e r s  ( c f .  
Q u i n e  (1956) and Hint ikka  ( 1 9 6 2 ) ) .  Our 
approach t o  them is  d i scussdd  i n  Cohen 
(1978) .  I n  S e c t i o n 3 ,  we d i s c u s s  how 
q u a n t i f  led b e l i e f s  a r e  used dur ing  
p lann ing ,  and how they  can be acqu i red  
dur ing  conversation. 

Want 

Any r e p r e s e n t a t i o n  of OTHER'S g o a l s  
(wants)  m u s t  d i s t i n g u i s h  such in fo rmat ion  
from: OTHER'S b e l i e f s ,  SELF's b e l i e f s  ant3 
g o a l s ,  and ( r e c u r s i v e l y )  from t h e  o t h e r ' s  
model of someone e lse ' s  b e l i e f s  and g o a l s .  
The r e p r e s e n t a t i o n  for WANT m u s t  a l s o  
al-low f o r  d i f f e r e n t  s c o p e s  of q u a n t i f i e r s .  
For example, i t  should  d i s t i n g u i s h  between 
t h e  r e a d i n g s  of " J o h n  wants t o  take a 
t r a i n "  a s  "There i s  a s p e c i f i c  t r a i n  which 
John wants t o  t a k e n  or  a s  "John wants t o  
t a k e  any t r a i n " ,  F i n a l l y  i t  should a l low 
a r b i t r a r y  embeddings w i t h  BELIEVE.  Wants 
of b e l i e f s  ( a s  i n  "SELF Hants OTHER t o  
b e l r e v e  P") become t h e  reasons  f o r  t e l l i n g  
P t o  OTHER,  wh i l e  b e l i e f s  of wants ( e .g . ,  
SELF B e l i e v e s  SELF wants  P) w i l l  be t h e  
way to  r e p r e s e n t  SELF'S g o a l s  P. 

Levels  - af  Embeddinq 

A n a t u r a l  q u e s t i o n  t o  a s k  is  how many 
l e v e l s  of b e l i e f  embedding a r e  needed by 
an a g e n t  c a p a b l e  of  p a r t i c i p a t i n g  i n  a  
dia1og"lle. Obviously,  t o  be a b l e  t o  d e a l  
wi th  a d i sagreement ,  SELF needs two l e v e l s  
(SELF B E L I E V E  and SELF BELISVE OTHER 
BELIEVE ) . I f  SELF were t o  l i e  t o  OTHER, 
he woQld have t o  be a b l e  t o  b e l i e v e  some 
p r o p o s i t i o n  P (1.e .  SELF BELIEVE (P) ) , 
whlle O ? i % R  b e l i e v e s  t h a t  SELF bex ieves  
n o t  P ( i . e .  SELF BELIEVE OT3ER B E L I E V E  
SELF B E L I E V E  (-rP)), and hence he would 
need a t  l e a s t  t h r e e  l e v e l s ,  

We show i n  Cohen (1978) how one can 
r e p r e s e n t ,  rn  a  f i n l t e  f a s h i o n ,  t h e  
unbounded number of b e l i e f s  c r e a t e d  by any 
communication a c t  or  by face- to- face  
s i t u a t i o n s .  T h e  f i n i t e  r e p r e s e n t a t i o n ,  
which employs a c i r c u l a r  d a t a  s t r u c t u r e ,  
f o r m a l i z e s  t h e  concept  of mutual b e l i e f  
( c f .  S c h i f f e r  (1972) 1. T y p i c a l l y ,  a l l  
t h e s e  l e v e l s  of b e l i e f  embedding can be 
r e p r e s e n t e d  i n  t h r e e  l e v e l s ,  bu t  
k h e o r e t ~ c a l l y ,  any f i n i t e  humber a r e  
p o s ~ i b l e .  

3 .  U s i n q  a Model of t h e  Other t o  Dqcide -- 7 

What t o  & -- 
As an a i d  i n  e v a l u a t i n g  speech a c t  

d e f i n i t i o n s ,  we have c o n s t r u c t e d  a  
computer program, OSCAR, t h a t  p l a n s  a  
range of speech a c t s .  The g o a l  of t h e  
program is to  c h a r a c t e r i z e  a  s p e a k e r ' s  
c a p a c i t  t o  i s s u e  speech a c t s  by 
pred ict!ng f o r  s p e c i f i e d  s i t u a t i o n s ,  a l l  
and o n l y  - t hose  speech a c t s  t h a t  would be 
a p p r o p r i a b e l y  i s s u e d  by a  person u ~ d e r  t h e  
c i r cums tances .  I n  t h i s  s e c t i o n ,  we w i l l  
make r e f e r e n c e  t o  p r o t o t y p i c a l  s p e a k e r s  by 
way of  t h e  OSCAR program, and t o  h e a r e r s  
by way of t h e  program's  user .  

S p e c i f i a l l y ,  t h e  program is a b l e  to :  

P lan  REQUEST speech a c t s ,  f o r  i n s t a n c e  
a speech a c t  t h a t  could be r e a l i z e d  by 



"P lease  open t h e  d o o r n ,  when its goal is 
to  g e t  t h e  user to  want to perform soon 
a c t i o n .  

- Plan  INFORPI speech a c t s ,  s u c h  a s  one 
t h a t  could be t e a l i z e d  by "The door is 
lockedn,  when its g o a l  is t o  g e t  t h e  user  
t o  b e l i e v e  some p r o p o s i t i o n .  

- Combine t h e  above t o  produce m u l t i p l e  
speech acts  i n  one p lan ,  where one speech 
a c t  may e s t a b l i s h  b e l i e f s  o f  t h e  user t h a t  
can then be employed i n  the planning of 
another  speech a c t .  

- Plan  q u e s t i o n s  a s  t e q u e s t s  t h a t  t h e  
user inform, when i ts  g o a l  is t o  b e l i e v e  
something and when i t  b e l i e v e s  t h a t  t h a  
user knows the answer. 

- Plan speech a c t s  i n c o r p o r a t i n g  t h i r d  
p a r t i e s ,  as i n  wAsk Tom t o  t e l l  you where 
t h e  key is and then t e l l  me." 

To i l l u s t r a t e  t h e  p lanning  of speech 
a c t s ,  cons ide r  f i r s t  %he fo l lowing 
s i m p l i f i e d  d e f i n i t i o n s  of REQUEST and 
INFORM a s  STRIPS-like operators (cf, Fikes 
and Ni lsson  (1971) ) . Let  SP  denote  t h e  
speaker ,  H t h e  h e a r e r ,  ACT some a c t i o n ,  
and PROP some p r o p o s i t i o n .  Due t o  spsce 
l i m i t a t i o n s ,  the i n t u i t r v e  English 
meanings of t h e  formal terms appearing i n  
t h e s e  d e f i n i t i d n s  w i l l  have to  s u f f i c e  a s  
exp lana t  ion.  

REQUEST (SP , H ,ACT) 
p r e c o n d i t i o n s  : 
GP BELIEVE H CANDO ACT 
SP BELIEVE H BELIEVE H CANDO ACT 
SP BELIEVE SP  WANT TO REOUEST 
e f f e c t s :  
H BELIEVE SP BELZEVE SP WANT H TO ACT 

INFQRM(SP,H ,PROP) 
p recond i t ions :  
SP BELIEVE PROP 
SP BELIEVQ SP WANT TO INFORM 
e f f e c t s :  
H BELIEVE SP BELTEVE PROP 

The program uses a  s i m p l i s t i c  
backward-chaining a lgor i thm t h a t  p l a n s  
a e t i o n s  when t h e i r  e f f e c t s  a r e  wanted a s  
subgoals  t h a t  a re  no t  be l l eved  t o  be 
t r u e .  I t  is t h e  t e s t i n g  of p r e c o n d i t i o n s  
of t h e  newly planned a c t i o n  be fo re  
c r e a t i n g  new subgoals  t h a t  e x e r c i s e s  the 
program's model of its user. We s h a l l  
b r i e f l y  s k e t c h  how t o  p l a n  a  REQUEST. 

Every a c t i o n  h a s  " w a n t  p r e c o n d i t i o n s w ,  
which s p e c i f y  that b e f o r e  an  agent  does 
t h a t  a c t i o n ,  he must want t o  do P t .  OSCAR 
p lans  REQUEST speech ac ts  t o  achieve  
p r e c i s e l y  t h i s  p r e c o n d i t i o n  of a c t i o n s  
t h a t  it wants t h e  use r  t o  perform, 
S i m i l a r l y ;  the  goal of t h e  u s e r ' s  
be1 i e v  hng some p r o p o s i t i o n  PROP becomes 
OSCAR'S r eason  for  planning t o  INFORM him 
of  PROP. 

Suppose, f a r  example, t h a t  OSCAR i s  
o u t s i d e  a toom whose door is closed and 
t h a t  it b e l i e v e s  t h a t  t h e  user  is i n s i d e .  
When planning to  move i t se l f '  into t h e  
room, i t  m i g h t  REQUEST t h a t  t h e  u s e r p o p e n  
t h e  door.  However, i t  would on ly  p lan  
t h i s  speech a c t  i f  i t  b e l i e v e d  t h a t  the 
user d i d  nok a l r e a d y  want t o  open t h e  door 
and i f  i t  b e l i e v e d  (and b e l i e v e d  t h e  user  
be1 ieved)  that t h e  p r e c o n d i t i o n s  t o  
opening t h e  door h e l d .  I f  t h a t  were not 
s o ,  OSCAR could  plan a d d i t i o n a l  INFORM or 
REQUEST speech a c t s .  For example, assume 
t h a t  t o  open a door one needs t o  have t h e  
key and OSCAR b e l i e v e s  t h e  user  d o e s n ' t  
know where lt i s ,  Then OSCAR could p l a n  
"P lease  open t h e  door .  The key is ~ I I  t h e  
c l o s e t n .  OSCAR thus  employs \ i ts user  
model i n  t e l l i n g  h i m  what i t  b e l i e v e s  h e  
needs t o  know. 

Mediatinq -- Acts and P e r l o c u t i o n a r y  Effects  

The  e f f e c t s  of INFORV (and REaUEST) 
are modelled so t h a t  t h e  h e a r e r ' s  
b e l i e v i n g  P (or wantlng t o  do ACT) i s  n o t  
e s s e n t i a l  t o  t h e  success£ ul complet ion of 
t h e  speech a c t .  Speakers ,  w e  c la im,  
cannot i n f l u e n c e  t h e i r  hearers' b e l i e f s  
and g o a l s  d i r e c t J y .  Thus, the 
perlocutXonary effects of a speech ac t  a r e  
no t  p a r t  of t h a t  a c t ' s  definition. We 
propose,  then ,  a s  a  p r i n c i p l e  of 
communication t h a t  a s p e a k e r ' s  purpose In 
s i n c e r e  communication is t o  produce i n  t h e  
hearer  an  a c c u r a t e  model of his mental 
s t a t e .  

To b r i dge  the gap between t h e  speech 
a c t s  and t h e i r  in tended p e r l o c u t i o n a r y  
e f f e c t s ,  we posit mediat ing a c t s ,  named 
CONVINCE and DECIDE, whieh model what it 
t a k e s  t o  g e t  someone t o  believe something 
05 want t o  do  something. Our c u r r e n t  
a n a l y s i s  of t h e s e  mediat ing acts  
t r i v i a l i z e s  t h e  p r o c e s s e s  t h a t  they  a r e  
intended t o  model by proposing t h a t  t o  
convince someone of something, f o r  
mxample, one need o n l y  get t h a t  person t o  
Know t h a t  one b e l i e v e s  it. 

Using Q u a n t i f i e d  Be1 i e f  s - -- Planning  
~ u e s  t ions  

hotlce t h a t  t h e  p r e c o n d i t i o n  t o  
OSCAR'S  g e t t i n g  the key -- knowing where 
i t  is -- is of the form: 

3 x OSCAR BELIEVE 
( t h e  y : LOC(KEY,y) = x )  

When suah d q u a n t i f i e d  b e l i e f  1s a g o a l ,  
it  leads OSCAR t o  p l a n  t h e  q u e s t i o n  "dhere  
is t h e  key?" ( i . e . ,  REQUEST(OSCAR, USER,  
INFORM (USER, OSCAR, t h e  Y w 

LOC(KEY,y))). I n  c r e a t i n g  t h i s  q u e s t i o n ,  
OSCAR f i r s t  plans a  CONVINCE and then  
p l a n s  the u s e r ' s  INFORM speech a c t ,  which 
i t  then t r i e s  t o  g e t  him t o  perform b y  way 
of requesting. 



me above d e f i n i t i o n  of INFORH is 
inadequate  f o r  d e a l i n g  wi th  t h e  q u a n t i f i e d  
b e l i e f s  t h a t  a r i s e  i n  modelling someone 
else. ThiS INFORM should be viewed a s  
t h a t  v e r s i o n  of  t h e  speech a c t  t h a t  t h e  
planning agent  (e.g., OSCAR) p l a n s  f o r  
i t s e l f  t o  perform. A d i f f e r e n t  'view of 
INFORY,  say  INFORM-BY-OTHER, is necessary  
t o  r e p r e s e n t  *ts of informing by a g e n t s  
o t h e r  than  t h e  speaker .  The d i f f e r e n c e  

h e  two INFORMS" is t h a t  f o r  t h e  
f i r s t ,  t e planner  knows what he wants t o  between 1 
s a y ,  b u t  he obvious ly  does  n o t  have such 
knowledge of t h e  c o n t e q t  of t h e  second 
a c t .  

The p recond i t ion  f o r  this new a c t  is a  
q u a n t i f i e d  speaker-belyef:  

3 x  USER BELIEVE 
( t h e  y  : LOC(KEY,y) = x )  

where &he user is t o  be t h e  speaker .  For 
t he  system t o  p l a n  an INFORM-BY-OTHER a c t  
f o r  t h e  use r , -  i t  m u s t  b e l i e v e  - t h a t  t h e  
user knows where the  key i s ,  but  i t  does  
not have t o  know t h a t  l o G t i o n !  
S i m i l a r l y ,  t h e  e f f e c t s  of t h e  1 ~ ~ 6 ~ 4 - B Y -  
OTHER a c t  is  a l so '  a q u a n t i f i e d  b e l i e f ,  a s  
i n  

3 X OSCAR BELIEVE 
USER BELIEVE 

( t h e  y  L O C ( K E Y , Y )  = X )  

T h u s ,  OSCAR p l a n s  t h i s  INFORY-BY-OTHER a c t  
of t h e  k e y ' s  l o c a t i o n  i n  o rde r  t o  know 
where t h e  user t h i h k s  t h e  key is. 

Such Information has been l a c k l n g  
from a l l  o t h e r  formula t ions  of ASK ( o r  
INFORM) t l ja t  we have s s e n  i n  t h e  
l i t e r a t u r e  (e-g . ,  Schank (1975) ,  Mann et 
a l ,  (1976), S e a r l e  11969)) .  Cohen (1978) 
p r e s e n t s  one approach to-def l n i n g  this new 
view of  INFORM, and i t s  a s s o c i a t e d  
mediat ing a c t  CONVINCE 

4 .  Recognizinq Speech - Acts  

I n  t h e  previous  s e c t l o n  we d i s c u s s e d  
t h e  s t r u c t u r e  of p l a n s  t h a t  i n c l u d e  
i n s t a n c e s  of t h e  o p e r a t o r s  REQUEST and 
INFORM wi thout  exp la in ing  t h e  r e l a t i o n  
between t h e s e  speech a c t s  and s e n t e n c e s  
used t o  perform them, Th i s  s e c t i o n  
s k e t c h e s  our f i r s t  s t e p s  i n  exp lo r ing  & h i s  
r e l a t i o n .  We have  been p a r t i c u l a r l y  
concerned with the  problem of recogniz ing  
i l l o c u t i o n a r y  f o r c e  and p r o p o s i t ~ o n a l  
c o n t e n t  of t h e  u t t e r a n c e s  of a  Speaker,  
De ta i l ed  a lgor i thms  wnlch handle the  
qxamples g iven  i n  t h i s  s e c t i o n  have been 
designed by J .  Allgn and a r e  being 
implemented by him. Fur ther  d e t a i k s  can 
be fourld i n  (Al len  and P e r r a u l t  1978):and 
A l l e n ' s  forthcoming Ph.D. d i s s e r t a t i o n .  

C e r t a i n  s y n t a c t i c  c l u e s  i n  an 
u t t e r a n c e  s u c h  a s  its, mood and t h e  u s e  of 
e x p 1 1 . i t  pe r fo rmat ives  i n d i c a t e  w h a  a c t  

t h e  speaker  - i r k e n a s  t o  perform, but, a s  i s  >b 
well known, u t t e r > n c e s  which t aken  
l i t e r a l l y  would i n d i c a t e  one i l l o c u t i o n a r y  
f o r c e  can be used t o  i n d i c a t e  ano the r .  
k h u s  "Can you c l o s e  t h e  door?" can be  a 
r e q u e s t  a s  we l l  as a  ques t ion .  These so- 
t a l l e d  i n d i r e c t  speech a c t s  a r e  t h e  a c i d  
t e s t  of a theory  of speech a c t s .  We claim 
t h a t  a  plan-based theory  g i v e s  some 
i n s i g h t  i n t o  t h i s  phenomenon. 

S e a r l e  (1975)  c o r r e c t l y  s u g g e s t s  t h a t  
" I n l  c a s e s  where t h e s e  sentences < i n d i r e c t  
for,ms of r e q u e s t s )  a r e  u t t e r e d  a s  
r e q u e s t s ,  they  s t i l l  have t h e i r  l i t e r a l  
meaning and a r e  u t t e r e d  with and a s  having 
t h a t  l i t e r a l  meaningL . H o w  then  can they  
a l s o  have t h e i r  i n d i r e c t  meaning? 

Our answer r e l i e s  i n  p a r t  on t h e  f a c t  
t h a t  an agen t  p a r t i c ~ p a t i n g  i n  a 
c o o p e r a t i v e  d i a l o g u e  must have p r o c e s s e s  
t o :  

11) Achreve seals based on what h e  
be1 i e v e s .  
( 2 )  Adopt g o a l s  of o t h e r  a g e n t s  a s  h i s  
own. 
( 3 )  I n f e r  g o a l s  of o t h e r  agen t s .  
( 4 )  P r e d l c t  f u t u r e  behaviour of o t h e r  
agen t s .  

These p rocesses  would be necessary  even i f  
a l l  speech a c t s  were l a t e r a l  t o  account  
f o r  exchanges whexe t h e  response i n d i c a t e s  
a  knowledge of t h e  s p e a k e r ' s  p lan .  For 
example 

Passenger:  "dhen does  t h e  next  t r a i n  t o  
Montreal l eave?"  

Clerk  : " A t  6:15 a t  Gate 7 "  
o r  
Clerk  : "There won't  be one u n t i l  

tomorrow." 

Speakers  expect  h e a r e r s  t o  b e  
execut ing  t h e s e  p r o c e s s e s  and they e x p e c t  
h e a r e r s  t o  h o w  t h i s .  I n f e r e n c e s  t h a t  a 
h e a r e r  can draw by execut ing  t h e s e  
processeS base& on informat ion  he t h i n k s  
t h e  speaker  b e l i e v e s  can be taken by t h e  
hea re r  t o  be intended by h e  speaker .  
T h i s  accounts  f o r  many of the s t a n d a r d  
examples of i n d i r e c t  speech ac t s  such a s  
"Can you c l o s e  t h e  door?'' and " - I t ' s  c o l d  
here" For i n s t a n c e ,  even i f  " I t ' s  co18 
here"  is  in tended l i t e r a l l y  and is 
recognized a s  such ,  t h e  helpful heare r  may 
stiIl  c l o s e  t h e  window. Nh-en t h e  s e n t e n c e  
is u t t e r e d  a s  a  r e q u e s t ,  the speaker  
i n t e n d s  t h e  hearer  t o  recognize  t h e  
s p e a k e r ' s  i n t e n t i o n  t h a t  t h e  hearer  should  
perform t h e  h e l p f u l  behaviour 

I f  i n d i r e c t  s p e e c h a c t s  a r e  t o  be 
expla ined  In terms of i n f e r e n c e s  s p e a k e r s  
can expec t  o-f h e a r e r s ,  then a theory  of  
speech a c t s  m u s t  concern i t s e l f  with how 
such i n f e r e n c e s  a r e  c a n t r o k l e d ,  Some 
h e u r i s t i c s  a r e  p a r t i c u l a r l y  h e l p f u l .  1: a 
cha in  of i n f e r e n c e  by t h e  hearer  h a s  t h e  
speaker  planning an a c t i o n  whose e f f e c t s  



are t r u e  be fo re  t h e  a c t i o n  is executed,  
then t he  cha in  ,is l i k e l y  t o  be wrong, o r  
e l s e  must  be cont inued f u r t h e r .  Th i s  
accounts  f o r  "Can you pdss  t h e  s a l t ? "  a s  a  
r e q u e s t  for  t h e  s a l t ,  n o t  a ques t ion  about 
sa l  t -passing prowess. As S e a r l e  (1975) 
p o i n t s  o u t ,  a c r u c i a l  p a r t  of 
understanding i n d i r e c t  speech a c t s  is, 
being a b l e  t o  recognize t h a t  they a r e  not  
t o  be i n t e r p r e t e d  l i t e r a l l y .  

A second h e u r i s t i c  is t h a t  a chain  of 
in fe rence  t h a t  l e a d s  t o  an  a c t i o n  whose 
p recond i t ions  a r e  known t o  be not  e a s i l y  
achievable  is l i k e l y  t o  be wrong. 

In fe renc ing  can . a l so  be c o n t r o l l e d  
through t h e  use of e x p e c t a t i o n s  about  t h e  
s p e a k e r ' s  g o a l s .  P r i o r i t y  can be given t o  
in fe rences  which r e l a t e  an observed speech 
a c t  t o  an expected goa l .  Expecta t ions  
enab le  inferencing  t o  work top-down a s  
wel l  a s  bottom-up. 

The use of expected g o a l s  t o  guide t h e  
in fe renc inq  has  another;, advantage: i t  
a l lows  f o r  t h e  r ecogh i t ion  of 
i l l o c u t i o n a r y  f o r c e  i h  e l l i p t i c a l  
u t t e r a n c e s  such  a s  "The 3:15 t r a i n  t o  
Windsor?", wi thout  r e q u i r i n g  t h a t  t h e  
s y n t a c t i c  and semantic a n a l y s l s  
" r e c o n s t i t u t e "  a complete semantlc 
r e p r e s e n t a t i o n  s u c h  a s  "dhere does t h e  
3:15 t r a i n  t o  windsor leave?".  For 
example, l e t  t h e  c l e r k  assume t h a t  
passengers  want t o  e i t h e r  meet incoming 
t r a i n s  or  board depar t ing  ones.  Then the 
u t t e r a n c e  "The 3:15 t r a l n  ta Windsor?" is 
f i r s t  i n t e r p r e t e d  a s 4  a  REQUEST about a  
t r a i n  t o  Windsor w i t h  3:15 a s  e i t h e r  
a r r i v a l  or  d e p a r t u r e  time. Only depar l lng  
t r a i n s  have d e s t i n a t i o n s  d i f  f e r e n k  from 
T o r b t d  and t h i s  l e a d s  t o  be l i ev ing  t h a t  
t h e  passenger wants t o  board a 3:15  t r a h  
t o  windsor. Attempting t o  i d e n t i f y  
o b s t a c l e s  kn t h e  p a s s e n g e r ' s  p lan  l e a d s  t o  
f ind ing  t h a t  the3pa-ssenger knows t h e  time 
b u t  probably not the  p lace  of depar tu re .  
F i n a l l y ,  overcoming t h e  o b s t a c l e  then 
l e a d s  t o  an INFORY l ike "Gate 8" 

Our a n a l y s i s  of e l l i p t i c a l  u t t e r a n c e s  
raises two ques t ions  W r s t ,  what 
information does the  i l l o c u t i o n a r y  f o r c e  
r ecogn i t ion  module expect  from t h e  syntax 
and semantics? Our approach he re  has  been 
t o  r equ i re  from t h e  syntax and semantics  a  
hypothes is  ,about t h e  l i t e r a l  i l l o c u t i o n a r y  
f o r c e  and a p r e d i c a t e  c a l c u l u s - l i k e  
r e p r e s e n t a t i o n  of t h e  p r o p o s i t i o n a l  
c o n t e n t ,  bu t  where undetermined p r e d i c a t e s  
and o b j e c t s  could be replaced  by p a t t e r n s  
on w h i c h  c e r t a i n  r e s t r i c t i o n s  can be 
imposed, As p a r t  of the p lan  in fe renc ing  
process  t h e s e  p a t t e r n s  hecome f u r t h e r  
s p e c i f i e d .  

The second ques t ion  IS: what should 
t n e  hearer  do i f  more than  one path 
between t h e  observed u t t e r a n c e  and t h e  
e x p e c t a t i o n s  is poss ib le?  He may suspend 
p lan  deduct ion  and s t a r t  planning t o  

achieve  a  g o a l  which would al low plan 
deduckion t o  cont inue .  Consider the  
f o l l ~ w i n g  example. 

Passenger : When is  t h e  Nindsor t r a i n ?  
Clerk : The t t a i n  t o  Windsor? 
Passenger : Yes. 
d k r k  : 3:15. 

After t h e  f i r s t  s en tence  the  c l e r k  
cannot  d i s t i n g u i s h  between the  
e x p e c t a t i o n s  "Passenger  t r a v e l  by t r a i n  t o  
Windsor" and "Passenger meets t r adn  from 
Windsor", s o  h e  sets up a g o a l  : (c1er"k 
b e l i e v e s  passenger  wants t o  t r a v e l )  or 
( c l e r k  b e l i e v e s  passenger wan t s ,  t o  meet 
t r a i n ) .  The planning f o r  t h i s  goal  
produces a  p lan  t h a t  invo lves  asking W e  
passenger i f  he wants one of t h e  
a l t e r n a t i v e s ,  and receivi-ng back the  
answer. The execut ion  of t h l s  p lan 
produces the  c l e r k  response " T h e  t r a i n  t o  
Windsor?" and recognizes  t h e  response 
"Yes". Once the  p a s s e n g e r ' s  g o a l  is 
known, t h e  c l e r k  can con t inue  the o r i g i n a l  
deduct ion  p rocess  w i t h  t h e  " t r a v e l  t o  
Windsot" a l t e r n a t i v e  fdvoured. T h i s  p l a n  
is accepted and the  c l e r k  produces the  
response "3:15" t o  overcome the  o b s t a c l e  
"passenger knows d e p a r t u r e  time" 

5. Reference --- and t h e  Model of the Othe'r 

We have shown t h a t  q u a n t i f i e d  b e l i e f s  
a r e  needed i n  dec id ing  t o  ask someon$ a 
ques t ion ,  They a r e  a l s o  ~ n v o l v e d ,  we 
claim,  i n  t h e  r e p r e s e n t a t i o n  of s l n g u l a r  
d e f i n i t e  noud phrases  and hence any 
n a t u f a l  language system w i l l  need them. 
According t o  w r  a n a l y s i s ,  a  hearer  should 
r e p r e s e n t  t h e  r e f e r r i n g  phrase i n  a 
s p e a k e r ' s  s t a t ement  "The p i l o t  of TNA 510 
1s drunk" by: 

3 x SPEAKER B E L I E V E  
( t h e  Y PILOT(y,TN3510) = x & 

DRUNK ( x )  ) 

This  is t h e  reading whereby the  speaker is 
be l ieved t o  '*know who the  p i l o t  of TW4 510 
is" (at:- l e a s t  .par t i a l l y  a c c o u n h g  f o r  
Donnellan' s (1966) r e f e t e n t r a l  readlng)  . 
T h i s  i?9. t o  be c o n t r a s t e d  w i t h  t h e  reading 
of whoever is p i l o t i n g  t h a t  p lane  is drunk 
( ~ o n n c l l a n '  s a t t r  ibu-eive noun phrases)  . 
I n  t h i s '  l a t t e r  case, t h e  e x l s t e n t l a l  
q u a n t r f i e r  would be i n s l d e  t h e  scope of 
t h e  b e l i e f ,  

These existential p r e s u p p o s i t i o n s  of 
d e f i n i t e  r e f e r e n t i a l  noun phrases  g i v e  one 
important  way f o r  h e a r e r s  t o  acqu i re  
q u a n t i f i e d  speaker -be l i e f s .  Such b e l i ~ f ~ ,  
we have s e e n ,  can be used a s  t h e  b a s l s  f o r  
planning f u r t h e r  c l a r l f l c a t i o n  questions. 

We agree  w i t h  Strawson (1.950) (and 
many o t h e r s )  t h a t  h e a r e r s  understand 
r e f e r r i n g  phrases  based on what t h e y  
believ-e speakers  in tend  t o -  r e f e r  t o .  



~ n d o u b t e a l y ,  a  hea re r  w i l l  understand a  
s p e a k e r ' s  ( r e f e r e n c e )  i n t e n t i o n s  by us ing  
a model of t h a t  s p e a k e r ' s  b e l i e f s .  
Speakers ,  of^ course ,  know of t h e s e  
i n t e r p r e t a t i o n  s t r a t e g i e s  and t h u s  p l a n  
t h e i r  r e f e r r i n g  phrases  t o  take  t h e  
apprdpr i a t e  r e f e r e n t  w i t h i n  t h e  hea re r  ' s 
model of them. A speaker cannot  use 
p r i v a t e  descriptions, nor descriptions 
t h a t  he t h i n k s  t h e  hearer  t h i n k s  a r e  
p r l v a t e ,  f o r  communication. 

For i n s t a n c e ,  cons ide r  t h e  fo l lowing 
~ r i a n t  of an example of b o n n e l l a n ' s  
( 1 9 6 6 )  : A t  a p a r t y ,  a woman is holding 5 
m a r t i n i  g l a s s  which Sones b e l i e v e s  
c o n t a i n s  water but  of whlch h e  is c e r t a i n  
everyone e l s e  b e l i e v e s  (and b e l i e v e s  he 
be1 i evcs )  c o n t a i n s  a  m a r t i n i .  Jones  would 
understand t h a t  Smith, v i a  ques t ion  (1) , 
but  no t  v i a  ques t ion  ( 2 )  is  r e f e r r i n g  t o  
t h i s  woman. 

(1) Who 1s t h e  woman holding the  m a r t i n i ?  
( 2 )  ,Who is the  woman- holding the  water?  

s i n c e  J o n e s  does not  b e l i e v e  Smith knows 
about  the  waterv i n  her g l a s s .  

Conversely,  i f  Jones  wanted t o  r e f e r  
t o  the  woman i n  an u t t e r a n c e  intended f o r  
Smrth, he could do  s o  using (1) bu t  n 6 t  
( 2 )  s i n c e  i n  the  l a t t e r  c a s e  he would no t  
th ink  t h e  hearer  could p lck  o u t  h i s  
intended r e f e r e n t .  

T h u s  i t  appears  t h a t  f o r  a  speaker t o  
p lan  a  success fu l  s i n g u l a r  d e f i n i t e  
r e f e r e n t l a l  expression r e g l l i r e s  t h a t  t h e  
speaker b e l i e v e  t h e  express ion  he f i n a l l y  
chooses have t h e  r l g h t  r e f e r e n t  i n  t h e  
h e a r e r ' s  model of t h e  speaker ,  Uur 
concept  of mutual beLief can be used ( a s  
~ n - "  Cohen (19785) t o  ensure  t h a t  t h e  
express ion  deno tes  a p p r o p r i a t e l y  i n  a,l1 
f u r t h e r  embedded b e l i e f  models. T ~ E S  
example is problematic  f o r  any approach t o  
r e f e r e n c e  where a  communicating p a r t y  
issumes t h a t  its r e a l i t y  is t h e  on ly  
r e a l i t y .  Speakers and h e a r e r s  can be 
"wrong" or " i g n o r a n t "  and Yet 
communication can s t l l l ,  be meanlngf u l  and 
s u c c e s s f u l .  

handle promises  w i t h o u t  f i r s t  d e a l i n g  wi th  
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o b l i g a t i o n s ,  o r  warnings wi thout -  the 
no t ions  of danger and u n d e s i r a b i l i t y ?  We 
a r e ,  c u k r e n t l y  c o n s i d e r i n g  an e x t e n s i o n  of 
t h e  approach t o  understanding s t o r i e s  
w h i c h  r e p o r t  s imple  d ia loque .  

Much remains t o  be done on t h e  
r e p e s e n t a t l o n  of the a b i l i t i e s  of a n ~ t h e r  
agent .  A s imple  s e t t i n g  s u g g e s t s  a  number 
of problems. Let one agen t  H be s e a t e d  i n  
a  room i n  f r o n t  of a t a b l e  wi th  a 
c o l k c t i o n  of b locks .  Let  another  a g e n t  
S be o u t s i d e  t h e  room b 3 t  communicating by 
t"e1ephone. I f  S b e l i e v e s  t h a t  t h e r e  is a  
green block on t h e  t a b l e  and wants i t  
c l e a r e d ,  bu t  knows noth ing  about  any o t h e r  
b locks  excep t  t h a t  H can s e e  them, t h e n  
how can S ask H t o  c l e a r  t h e  g r e e n , b l o c k ?  
The b locks  S wants removed a r e  those which 
a r e  In  f a c t  t h e r e ,  perhaps those  which he 
could p e r c e i v e  t o  be t h e r e  i f  he were i n  
t h e  room. The goal  seems t o  be of t h e  
form 

S B E L I E V E  
V x ( X  on t h e  g reen  block => S NANT 

( x  removed from green  b l o c k ) )  

but  our planning machinery,and definition 
of REQUEST a r e  inadequate  f o r  g e n e r a t i n g  
"I  r e q u e s t  you t o  c l e a r  t h e  g reen  b l o c k "  

We have n o t  y e t  spen t  much tlme 
i n v e s t i g a t i n g  the  p rocess  of g i v i n g  
answers t o  How and %hy q u e s t i o n s ,  o r  t o  WH 
q u e s t i o n s  r e q u i r i n g  an event  d e s c r i p t i o n  
a s  an answer. We c o n j e c t u r e  t h a t  because 
of  t h e  speech a c t  approach answers t o  
"What d i d  he say?" should be found i n  much 
t h e  same way a s  answers t o  "Uhat d i d  he 
do?" and t h a t  t h i s  parall-elism should 
extend t o  o t h e r  q u e s t l o n  types.  The 
n a t u r a l  ex tens ion  of  our a n a l y s i s  would 
sugges t  r e p r e s e n t i n g  "How d i d  ACT a c h i e v e  
goal  G ? "  a s  a REaUEST by  the speaker that 
t h e  h e a r e r  ifiform him of a  p lan  by which 
AGT achieved G. We ' h a v e  ' n o t  y e t  
investigated t h e  repercussions of t h l s  
ex tens ion  on the  r e p z e s e n t a t i o n  lahguaqe. 

F l n a l l y  cons ide r  the  fo l lowing  
d ia logue .  Assume that S i s  a  shady 
businessman A his s e c r e t a r y .  

A : IRS is  on t h e  phone 
6 .  Fur ther  Research 

S : I'm n o t  here  
We b e l i e v e  that speech a c t s  provide  an 

e x c e l l e n t  way of  exp la in ing  t h e  rela*ions 
between u t t e r a n c e s  i n  a  d ia logue ,  a s  we l l  
2s r e l a t i n g  l i n g u l s t l c  t o  n o n - l i n g u i s t i c  
a c t i v i t y .  U n t i l  we b e t t e r  understand t h e  
mechanisms by which conversan t s  change t h e  
t o p l c  and g o a l s  of the conversa t ion  it 
w i l l  be d l £ £  i c u l t  t o  extend t h i s  a n a l y s i s  
beyond exchanges of a  few u t t e r a n c e s ,  i n  
pa r t i cu la r?  t o  non-task o r i e n t e d  d i a l o g u e s .  
F u l l e r  j u s t i f i c a t i o n  of our approach a l s o  
r e q u i r e s  i t s  a p p l i c a t i o n  t o  a much broader  
range-of speech a c t s .  Here t h e  problem is 
maiwly r e p r e s e n t a t i o n a l :  how c h  we 

How is A t o  understand S ' s  u t t e r w e ?  
A 1  though its p r o p o s i t i o n a l  c o n t e n t  is 
l i t e r a l l y  f a l s e ,  maybe even nonsens ica l ,  
t h e  u t t e r a n c e ' s  I n t e n t i o n  is unmistakable.  
How t"ti1erant does t h e  understandin? system 
have t o  be t o l n f e r  i ts way t o  a  c o r r e c t  
~ n t e r p r e t a t i o n ?  ~ u s t  ''I'm no t  h e r e n  be 
t r e a t e d  i d i o m a t i c a l l y ?  
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