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C a s u a l  u s e r s  of N a t u r a l  Language (NL) 
computer sys tems  a r e  t y p i c a l l y  i h e x p e r t  n o t  
o n l y  w i t h  r e g a r d  t o  t h e  technic%l  d e t a i l ' s  
of t h e  u n d e r l y i n g  p tograms,  b u t  o f t e n  w i t h  
r e g a r d  t o  t h e  s t r u c t u r e  and/or  c o n t e n t  of 
t h e  domain o f  d i s c o u r s e r  C m s e q u e p t l y ,  NL 
sys tems  m u s t  be d e s i g n e d  t d s .  respond 
a p p r o p r i a t e l y  when t h e y  c a n  ?e tect, a 
misconcep t ion  on t h e  p a r t  of me user. 
S e v e r a l  c o n v e n t i o n s  e x i s t  i n  c o o p e r a t i v e  
c o n v e r s a t i o n  t h a t  a l l o w  a  s p e a k e r  t o  
i n d i r e c t l y  encode t h e i r  i n t e n t i o n s  and 
b e l i e f s  a b m t  t h e  domain i n t o  t h e i r  
u t t e r a n c e s ,  ( * l o a d i n g m  t h e  u t t e r a n c e s ) ,  and 
a l l o w  ( i n  f a c t ,  o f t e n  r e q u i r e )  a  
c o o p e r a t  i%e responden t  t o  a d d r e s s  t h o s e  
i n t e n t i o n s  and b e l i e f s  beyond a  l i t e r a l ,  
d i r e c t  r e sponse ,  To be e f f e c t i v e ,  NL 
computer sys tems must do  t h e  same. The 
problem, t h e n ,  is t o  p r o v i d e  p r a c t i c a l  
c o m p u t a t i o n a l  t o o l s  which w i l l  d e t e r m i n e  
bo th  when a n  i n d i r e c t  r e s p o n s e  is r e q u i r e d ,  
and G h a t  t h a t  r e sponse  s h o u l d  be,  w i t h o u t  - r e q t p r i n g  t h a t  l a r g e  amounts  of  domain 
dependent  wor ld  knowledge be encoded i n  
s p e c i a l  formal isms.  

T h i s  paper  w i l l  t a k e  t h e  p o s i t i o n  t h a t  
d i s t i n g u i s h i n g  l a n  ua e d r i v e n  i n f e r e n c e s  -+% from domain d r i v e n  n e r e n c e s  pgrovides  a 
f r a m e w o r k r o r u t i o n  t o  t h i s  p rob lem i n  
t h e  Data Base (DB) q u e r y  domain, An 
implemented q u e r y  s y s t e m  (CO-OP) is 
d e s c r i b e d  t h a t  u s e s  t h i s  d i s t i n c t i o n  to 
p r o v i d e  c o o p e r a t i v e  r e s p o n s e s  t o  DB 
q u e r i e s ,  u s i n g  o n l y  a  s t a n d a r d  (CODASYL) P B  
and a l e x i c o n  a s  s o u r c e s  oT wor ld  
knowledge. 

WHAT IS A LOADEDeQUESTION? - - -  
l oaded  q u e s t i o n  is o n e  t h a t  

i n d i c a t e s  t h a t  t h e  q u e s t i o n e r  presumes  
something  t o  be t r u e  a b o u t  t h e  aomain o f  
d i s c o u r s e  t h a t  is a c t u a l l y  f a l s e ,  Q u e s t i o n  
1 A  presumes 1B. A c o o p e r a t i v e  s p e a k e r  must 
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f i n d  1B assumable ( e  n o t  b e l i e v e  i t  t o  
be f a l s e )  i n  o r d e r  t o  a p p r o p r i a t e l y  u t t e r  
1 A  in  a c o o p e r a t i v e  c o n v e r s a t i o n ,  i n t e n d  it 
l i t e r a l l y ,  and e x p e c t  a c o r r e c t ,  direct 
r e s p o n s e ,  

lA, What day ddes John  go t o  h i s  
weekly p i a n o  lesscfn? 
1B. J o h n  t a k e s  weekly piano l e s s o n s .  
1C. Tuesday. 

S i m i l a r l y ,  2A presumes 2B. 

2A, How many Bloody Marys d i d  B i l l  
down a t  t h e  banquex? 

28, Hard l i q u o r  was a v a i l a b l e  a t  t h e  
b a n q u e t ,  
2C. Zero, 

I f  t h e  q u e s t i o n e r  b e l i e v e d  2 B  t o  be f a l s e ,  
t h e r e  would be no  p o i n t  i n  a s k i h g  2A - s / h e  
would a l r e a d y  know t h a t  t h e  c o r r e c t  answer  
had t o  be "Zero," ( 2 C ) -  

Both examples 1 and 2 c a n  be e x p l a i n e d  
by a  c o n v e n t i q n  of c o n v e r s a t i o n a l  
c o o p e r a t i o n :  t h a t  a q u e s t i o n e r  s h o u l d  l e a v e  
t h e  r e s p o n d e n t  a  c h o i c e  of d i r e c t  a n s w e r s ,  
T h a t  is, from t h e  q u e s t i o n e r ' s  v i e w p o i n t  
upon a s k i n g  a q u e s t i o n ,  more t h a n  one 
d i r e c t  answer  must be p o s s i b l e .  

I t  f o l l o w s ,  t h e n ,  t h a t  i f  a  q u e s t i o n  
p r e s u p p o s e s  something  a b o u t  t h e  domain o f  
d i s c o u r s e ,  as 1 A  d o e s ,  t h a t  a  q u e s t i o n e r  
c a n n o t  f e l i c i t o u s l y  u t t e r  t h e  q u e s t i o n  and 
b e l i e v e  t h e  p r e s u p p o s i t i o n  t o  be f a l s e .  
T h i s  is a r e s u l t  of t h e  f a c t  t h a t  each  
d i r e c t  answer t o  a q u e s t i o n  e n t a i l s  t h e  
q u q s t i o n ' s  p r e s u p p o s i t i o n s ,  (More 
f o r m a l l y ,  i f  q u e s t i o ~  Q p r e s u p p o s e s  
p r o p o s i t i o n  P, t h e n  e a c h  q u e s t i o n - d i r e c t  
answer p a i r  ( Q ,  A i )  e n t a i l s  P*. ) T h e r e f o r e ,  

-------I----------------------------------- 

* T h i s  e n t a i l m e n t  c o n d i t i o n  is a n e c e s s a r y  
b u t  n o t  s u f f i c i e n t  c o n d i t i o n  f o r  
p r e s u p p o s i t i o n .  The c o n c e p t  of 
p r e s u p p o s i t i o n  n o r m a l l y  i n c l u d e s  a 
c o n d i t i o n  t h a t  t h e  n e g a t i o n  o f  a 



if a* questioner believes a presupposition 
to be faJse, s/he leaves no options for a 
correct, direst response - violating the 
convention. Conversely, a respondent can 
infer in a cooperative conversatian from 
the fact that a question has been asked, 
that the questioner finds it's 
presuppositions -assumable. (In the terms definition of presupposition in this 
of [Keenan 711 , the logical presupposition context, ) 
is pragmatically presupposed.) 

Surprisingly, a more general semantic 
relationship exists that still allows a 
respondent to infer a questioner Is beliefs. CORRECTTVE INDIRECT RESPONSES 
Consider the situation where a proposition 
is entailed by all but one of a question's 
direct answers. (Such a proposition will In a cooperative conversation, if a 
be cqlled a*presumption of- the quest ion. ) 
By a similar argqment, it follows that if a 
questioner believes that proposition to be 
false, s/he can infer the direct, correct 
anSwer to the question - it is the answer 
that does not entail the propogition. Once 
again, to ask such a question leaves the 
respondent no choice of (potentially) 
correct answers, violating the 
conversational convention. More 
importantly, upon being asked such a 
question, tfie respondent can infer what the 
questioner presumes about the context. 

Question 2A above presumes 2B, but 
does not presuppose it: 2B is not entailed 
by the dirsct answer 2C. Nonetheless, a 
quvtioner must find, 2B assumable to 
felic~itously ask 2A in a cooperative 
conversation - t& do otherwise would 
violate the cooperative convention. 
Similarly, 3B below is a presumption but 
not a presupposition of 3A (it is not 
entailed by 3C). 

3A. Did Sandy pass the pqelims? 
3B. Sandy took the prelims. 
3Cm NO. 

if a queetioner believes .in the falsehood 
of a presupposition of a question, the 
question is inappropriate because s/he must 
believe that no direct answer can be 
correct; similarly, if a questioner 
believes in the falsehood of a presumpti~n, 
the question is inappropriate because the 
questioner must know the answer t o  the 
question - it is the direct answer that 
does not entail the presumption. - In short, 

------------------------------------------- 
proposition (in this case, the negation o£ 
the proposition expressed by a 
question-direct answer pair) should also 
entail its presuppositions. Consequently, 
the truth of a presupposition of a question 
is normally considered a prerequisite ?or 

respondent detects that a questioner 
incorrectly presumes something about the 
domain of discourse, s/he is required to 
correct that misimpression. A failure to 
do so will impl'icitly confirm the 
questioner's presumption, Consequently, it 
is not always the case that a correct, 
direct answer is the most cooperative 
response, When an incorrect presumption is 
detected, it is more cooperative to 'correct 
the presumption than to give a direct 
response. Such a response can be called a 
Corrective Indirect Res orse. For example, 
imagine question A t t e r e d  in a 
cooperative conversation when the 
respondent knows that no departments sell 
knives. 

4A. Which departments that sell 
knives also sell blade sharpeners? 
48. None. 
4C. No deparments sell knives. 

Although 4 8  is a direet, correct response 
in this context, it is less cooperative 
than 4C. This effect is explained by the 
fact that 4 A  presumes that some departments 
sell knives. To be cooperative, the 
respondent should correct the questioner's 
misimpression with an indirect response, 
informing the questioner that no 
departments sell knives (4C). (The direct, 
correct response 4 8  will reinforce the 
questioner's mistaken presumption in a 
cooperative conversation through it's 
failure to state otherwise.) A failure to 
produce corfective indirect responses is 
highly inappropriate in a cooperative 
conversation, and leads to "stonewallingn - 
the qjving of very limited and precise 
responses that fail to address the larger 
goals and beliefs of the questioner. 

RELEVANCE TO DB Q U E R I E S  -- 
an answer to be either true or false (for a 
more detailed discussion see [Keenan 731). Most NL computer systems stonewall, 
These subtleties of the concept of because their designs erroneously assume 
presupposition are irrelevant to this that simply producing the correct, direct 
discussion, because false responses to response to a query insures a cooperative 
questions are considered a-priori to be response. (50 a great extent, this 
uncooperative.  assumption results from t'he view that NL 



f u n c t i o n s  i n  t h i s  domain s imply  as a 
h igh- leve l  query language.)  U n f o r t u n a t e l y ,  
t h e  domain of  most r e a l i s t i c  D B ' s  are 
s u f f i c i e n t l y  complex t h a t  t h e ,  user of a NL 
query  f a c i l i t y  (most l i k e l y  a  ne i v e  u s e r )  
w i l l  f r e q u e n t l y  make i n c o r r e c t  p resumpt ions  
i n  h i s  o i  h e r  q u e r i e s .  A NL syi 
o n l v  capab le  of a d l r  

stem t h a t  is --- 
ect  r e s p o n s e i J r  

- 
-Consider t h e  

1 exchange w i t h  a 
t y p i c a l  NL query  system: 

Q: Which s t u d e n t s  g o t  a g r a d e  of  F  I n  
CIS500 i n  S p r i n g ,  "773 

R: N i l .  [ t h e  empty s e t ]  
Q: Did anyone f a i l  CIS500 i n  S p r i n g ,  
7 7 3  
Rr No. 
Q: How many people  passed  CIS500 i n  

S p r i n g ,  '773 
R: Zero. 
Q: Was CIS500 g i v e n  i n  S p r i n g  '773 
RT No* 

A c o o p e r a t i v e  N L  query sys tem should  
be a b l e  t o  d e t e c t  t h a t  t h e  i n i t i a l  q u e r y  i n  
t h e  d i a l o g  i n c o r r e c t l y  presumed t h a t  CIS500 
was o f f e r e d  i n  S p r i n g ,  ' 7 7 ,  and respond 
a p p r o p r i a t e l y ,  T h i s  a b i l i t y  is e s s e n t i a l  
t o  a NL system t h a t  w i l l  f u n c t i o n  i n  a  
p r a c t i c a l  environment ,  because t h e  f a c t  
t h a t  NL is used i n  t h e  i n t e r a c t i o n  w i l l  
imply t o  t h e  u s e r s  t h a t  t h e  normal 
c o o p e t a t  i v e  conven t ions  fo l lowed i n  a human 
d i a l o g  w i l l  be observed by t h e  machine. 
The CO-OP query  sys tem,  d e s c r i b e d  below, 
obeys a  number of c o b v e r s a t i o n a l  
convent  i o n s .  

While t h e  d e f i n i t i o n  of presumpt ion  
g i v e n  above may be o f  i n t e r e s t  from a  
l i n g u i s t i c  s t a n d p o i n t ,  it l e a v e s  much t o  be 
d e s i r e d  a s  d computa t iona l  t h e o r y .  
Although it p r o v i d e s  a d e g c r i p t i v e  model of  
c e r t a i n  a s p e c t s  of c o n v e r s a t i o n a l  b e h a v i o r ,  
it does  not  p rov ide  a n  adequa te  b a s i s  f o r  
computing t h e  presumpt ions  of a q i v w  
q u e s t i o n  i n  a  r easonab le  way. By  l i m i t i n g  
t h e  domain of a p p l i c a t i o n  t o  t h e  a r e a  of 
d a t a  r e t r i e v a l ,  i t  is p o s s i b l e  t o  show t h a t  
t h e  linguistic s t r u c t u r e  of q u e s t i o n s  
encodes c o n s i d e r a b l e  i n f o r m a t i o n  a b o u t  t h e  
presumpt ions  t h a t  t h e  q u e s t i o n e r  h a s  made. 
T h i s  s tructure can be e x p l o i t e d  t o  compute 
a  s i q n i  f i c a n t  c l a s s  of p r e s u m p t i o n s  and 
p r o v i d e  a p p r o p r i a t e  c o r r e c t i v e  i n d i r e c t  
responses .  

LANGUAGE DRIVEN VS. - DOMAIN DRIVEN INFERENCE 

A long s t a n d i n g  o b s e r v a t i o n  i n  A 1  
r e s e a r c h  is t h a t  knowledge a b o u t  t h e  world - bo th  p rocedura l  and d e c l a r a t i v e  - is 
r e q u i r e d  i n  o r d e r  t o  unders t and  NL.* 
Consequent ly ,  a  great  d e a l  of s t u d y  h a s  
gone i n t o  de te rmin ing  j u s t  what t y p e  of 

knowledge is r e q u i r e d ,  and how t h a t  
knowledge is t o  be o r g a n i z e d ,  a c c e s s e d ,  and 
u t i l i z e d .  One p r a c t i c a l  d i f f i c u l t y  w i t h  
sys tems a d o p t i n g  t h i s  approach is t h a t  t h e y  
r e q u i r e  t h e  encbding o f  l a r g e  amounts of 
world knowledge t o  be p r o p e r l y  t e s t e d ,  or 
even t o  f u n c t i o n  a t  a l l .  I t  is n o t  e a s y  t o  
d e t e r m i n e  i f  a  p a r t i c u l a r  f a i l u r e  o f  a 
s y s t e m  is due t o  qn inadequacy i n  t h e  
formal ism o r  s imply  an i n s u f f i c i e n t  b a s e  o f  
knowledge. F r e q u e n t l y ,  t h e  C o l l e d t i o n  and 
encoding o f  t h e  a p p r o p r i a t e  knowledge is a  
p a i n s t a k i n g  and time consuming t a s k ,  
f u r t h e r  h i n d e r i n g  an e f f e c t i v e  e v a l u a t i o n .  
Most NL systems t h a t  f o l l o w  t h i s  paradigm 
have a  common proper ty :  t h e y  decompose t h e  
i n p u t  i n t o  a s u i t a b l e  "meani ngm 
r e p r e s e n t a t i o n ,  and r e l y  on v a r i o u s  
d e d u c t i o n  and/or reaSoning mechanisms t o  
p r o v i d e  t h e  Y i n t e l l i g e n c e n  r e q u i r e d  t o  draw 
t h e  n e c e s s a r y  i n f e r e n b e s .  I n f e r e n c e s  made 
i n  c h i s  wav can be c a l l e d  domain** d r i v e n  
i n f e r e n c e s  ,* because t h e y  a r e  m o t i v a m  
t h e  domain i t s e l f  ***. 

While domain d r i v e n  i n f e r e n c e s  are 
s u r e l y  e s s e f i t i a l  t o  a n  unders t and ipg  of N L  
(and w i l l  be  a r e q u i r e d  p a r t  of any 
comprehensive c o g n i t i v e  model of human 
i n t e l l i g e n c e ) ,  t h e y  a l o n e  a r e  n o t  
s u f f i c i e n t  t o  Produce a  r e a s o n a b l e  
unders t and ing  of NL. Consider  t h e  
f o l l o w i n g  s t o r y :  

John is p r e t t y  c r a z y ,  and sometimes 
does  s t r a n g e  t h i n g s .  Yes terday  he went 
t o  S a r d i  's f o r  d i n n e r .  H e  s a t  down, 
examined t h e  menu, a r d e r e d  a s t e a k ,  and 
g o t  up and l e f t .  

For a  NL system t o  i n f e r  t h a t  something  
unusual  has happened i n  t h e  s t o r y ,  it m u s t  
d i s t i n g u i s h  t h e  s t o r y  from t h e  e v e n t s  t h e  
s t o r y  d e s c r i b e s .  A q u e s t i o n  a n s w e r m  
sys tem t h a t  would respond to "What d i d  John 
eat?" w i t h  'A s t e a k .  " c a n n o t  be s a i d  t o  
unders t and  t h e  s t o r y .  A s  q sequence  of 
e v e n t s ,  t h e  passage  c o n t a i n s  n o t h i n g  
unusual  - i t  simply o m i t s  d e t a i l s  t h a t  can 
be f i l l e d  i n  on t h e  tpsis of common 
knowledge a b o u t  r e s t a u r a n t s .  As a t s t o r y ,  

* Fdr example, t o  unders t and  t h e  s t a t e m e n t  
"I bought a  b r i e f c a s e  y e s t e r d a y ,  and today 
t h e  hand le  broke o f f  ." i t  is n e c e s s a r y  t o  
know t h a t  b r i e f c a s e s  t y p i c a l l y  ha ve 
handles .  
** "Domain" h e r e  is meant t o  i n c l u d e  
g e n e r a l  world knowledge, knowledge a b o u t  
t h e  s p e c i f i c  c o n t e x t ,  and i n f e r e n c i a l  r u l e s  
of a  genera& and[or s p e c i f i c  n a t u r e  a b o u t  
t h a t  knowledge. 
*** Of c o u r s e ,  t h e s e  i n f e r e n c e s  a r e  
a c t u a l l y  made on t h e  b a s i s  of d e s c r i  t i o n s  
of  t h e  domain ( t h e  i n t e r n a  * 
r e p r e s e n t a t i o n )  and n o t  t h e  domain i t s e l f .  
What is t o  be e v a l u a t e d  i n  such  sys tems  is 
t h e  s u f f i c i e n c y  of t h a t  d e s c r i p t i o n  i n  
r e p r e s e n t i n g  t h e  domain. 



however, it r a i s e s  e x p e c t a t i o n s  t h a t  t h e  
e v e n t s  do not .  Drawing t h e  i n f e r e n c e  "John 
d i d n ' t  e a t  t h e  s t e a k  h e  ordered."  r e q u i r e s  
knowledge about  t h e  language i n  a d d i t i o n  t o  
knowledge about  t h e  domain. I n f e r e n c e s  
t h a t  r e q u i r e  language r e l a t e d  knowledge c a n  
be c a l l e d  l anguage \d r fven  - i n f e r e n d a s .  

Language d r l v e n  i n f e r e n c e s  can be 
c h a r a c t e r i z e d  a s  fo l lows:  they  a r e  based on  
t h e  f a c t  t h a t  a  s t o r y ,  d i a l o g ,  u t t e r a n c e ,  
etc. i k  a  d e s c r i p t i o n ,  and t h a t  t h e  
d e s c r i  t i o n  i t s e l f  may e x h i b i t  u s e f u r  A not  a s s o c i a t e d  wi th  t h e  TFXG .--I - -  - being d e s s b e d . *  T h e s e  mi tw 
propertie-ed by s p e a k e r s  t o  encode - - 
e s s e n t i a l  informat ion-  -- a  knowledge of  
language r e l a t e d  conven t ions  is r e q u i r e d  t o  
unders tand NL. 

Language dr i ven i n f e r e n c e s  have 
s e v e r a l  use£ u l  p r o p e r t i e s  i n  a  
computa t iona l  framework. F i r s t ,  be ing  
based on g e n e r a l  knowledge a b o u t  t h e  
language ,  they d o  n o t  r e q u i r e  a l a r g e  
i n f u s i o n  of knowledge t o  o p e r a t e  i n  
d i f f e r i n g  domains. A s  a  r e s u l t ,  t hey  a r e  
somewhat more amenable t o  encoding  i n  
computer sys tems ( r e q u i r i n g  less 
programming e f f o r t ) ,  and t end  t o  be more 
t r a n s p o r t a b l e  t o  new domains. Second, t h e y  
do n o t  appear  to  be a s  s u b j e c t  t o  runaway 
i n f e r e n c i n g ,  i. e. t h e  i n f e r e n c i n g  is 
d r i v e n  (and hence con t ' ro l l ed )  by t h e  
phraging  of t h e  i n p u t .  T h i r d ,  t h e y  can 
of t e n  ach ieve  r e s u l t s  approximat ing  t h a t  of 
domain d r  lven  i n f e r e n c e  t e c h n i q u e s  w i t h  
s u b s t a n t i  a l l y  l e s s  computa t ional  machinery 
and e x e c h t i o n  t ime,  

A s  a  s imple  example, c o n s i d e t  t h e  c a s e  
of f a c t i v e  verbs.  The s e n t e n d e  "John 
d o e s n ' t  know t h a t  t h e  B e a t l e s  broke up. 1) 

c a r r i e s  t h e  i n f e r e n c e  t h a t  t h e  B e a t l e s  
broke up. T r e a t e d  a s  a domain d r i v e n  
in£  e r e ~ c e ,  t h i s  r e s u l t  might t y p i c a l l y  be 
achieved a s  fo l lows .  The s e n t e n c e  could be 
p a r s e d  i n t o  a  r e p r e s e n t a t i o n  i n d i c a t i n g  
J o h n ' s  l ack  of knowleqge of t h e  B e a t l e s '  
breaku'p. E i t h e r  immediately o r  a t  some 
s u i t a b l e  l a t e r  t ime,  a  p rocedure  might be 
invoked t h a t  encodes t h e  knowledge "For 
someone t o  n o t  know something,  t h a t  
something has  t o  be t h e  case." The 
i n f e r e n c i a l  procedures  can then  updatp t h e  
knowledge base accordi r iq ly .  A s  a language 
d r i v e n  i n f e r e n c e ,  t h i s  i n f e r e n c e  can be 
regarded a s  a  l e x i c a l  p r o p e r t y ,  i.e. t h a t  
f a c t i v e  v e r b s  p resuppose  t h e i r  complements, 
and t h e  complement immedlatezy a s s e r t e d ,  
namely, t h a t  t h e  B e a t l e s  broke up. (Note 
t h a t  t h i s  p r o c e s s  canno t  be r e a s o n a b l y  s a i d  
t o  "unders tandw t h e  u t t e r a n c e ,  b u t  a c h i e v e s  
t h e  Same r e s u l t s , )  E f f e c t i v e l y ,  c e r t a i n  

---- -------------------------------------- 
* I n  t h e  s t o r y  example, assumpt idns  abou t  
t h e  connectedness  of t h e  s t o r y  and t h e  
u n i f o r m i t y  of t h e * l e v e l  o f  d e s c r i p t i o n  g i v e  
r i s e  t o  t h e  i n f e r e n c e  t h a t  John d i d n ' t  e a t  
what ,he ordered .  These assumpti,ons a r e  
conven t ions  i n  t h e  language,  and not  
p r o p e r t i e s  of t h e  s i t u a t i o n  being 
d e s c r i b e d  . 

i n f e r e n c e  r u l e s  have been encoded d i r e c t l y  
i n t o  t h e  l e x i c a l  and s y n t a c t i c  s t r u c t u r e  of  
t h e  language - f a c i l i t a t i n g  t h e  drawing of 
t h e  i n f e r e n c e  w i t h o u t  r e s o r t i n g  t o  g e n e r a l  
r e a s o n i n g  p rocesses .  

Another ( s i m p l e r )  t y p e  of language 
d r i v e n  i n f e r e n c e s  a r e  t h o s e  t h a t  r e l a t e  
s p e c i f i c a l l y  to t h e  s t r u c t u r e  of t h e  
d i s c o u r s e ,  and n o t  t o  i t ' s  meaning. 
Consider  t h e  i n t e r p r e t a t i o n  of a n a p h o r i c  
r e f e r e n c e s  such  a s  " fo rmern ,  " l a t t e r " ,  
" v i c e  v e r s a m ,  n r e s p e c t i v e l y n ,  e t c .  These 
words e x p l o i t  t h e  l i n e a r  n a t u r e  of  language 
t o  convey t h e i r  meaning. To i n f e r  t h e  
a p p r o p r i a t e  r e f e r e n t s ,  a  N L  sys tem m u s t  
r e t a i n  a  s u f f i c i e n t  amount of t h e  s t r u c t u r e  
of  t h e  t e x t  t o  de te rmine  t h e  r e l a t i v e  
p o s i t i o n s  of p o t e n t i a l  r e f e r e n t s ,  I f  t h e  
sys tem " d i g e s t s m  a  t e x t  i n t o  a  non- l inea r  
r e p r e s e n t a t i o n  (a  common p r o c e d u r e ) ,  it is 
l i k e l y  t o  l o s e  t h e  i n f o r m a t i o n  r e q u i r e d  f o r  
unders t and ing ,  

The CO-OP sys tem,  d e s c r i b e d  below, 
demons t ra te s  t h a t  a language d r i v e n  
i n f e r e n c e  approach t o  computa t iona l  Systems 
can t o  a  c o n s i d e r a b l e  e x t e n t  produce 
a p p r o p r i a t e  NL behavior  i n  p r a c t i c a l  
domains wi thou t  t h e  overhead of a  d e t d i l e d  
and comprehensive world model. By l i m i t i h g  
t h e  domain of d i s c o u r s e  t o  DB q u e r i e s ,  t h e  
lexical and syntactic i t r u c t u r e  of t h e  
q u e s t i o n s  encodes s u f f i c i e n t  i n f o r m a t i o n  
a b o u t  t h e  u s e r ' s  b e l i e f s  t h a t  a  s i s n i f i c a n t  - 
c l a s s  of presumpt ions  can  be Eomputed on a  
W y T a n g u a g e  d r i v e n - s i z  

- -  

CO-OP: A COOPERATIVE QUERY SYSTEM - 
The des ign  and a  p i l o t  implementa t ion  

of a  NL query sys tem (CO-OP) t h a t  p r o v i d e s  
c o o p e r a t i v e  r e sponses  and o p e r a t e s  w i t h  a 
s t a n d a r d  (CODASYL) DB sys tem h a s  been 
completed.- I n  a d d i t i o n  t o  producing  d i r e c t  
answers ,  CO-OP is capab le  of producing  a  
v a r i e t y  of i n d i r e c t  r e s p o n s e s ,  i n c l u d i n g  
c o r r e c t i v e  i n d i r e c t  responses .  The des ign  
methodology of t h e  sys tem is based on two 
o b s e r v a t i o n s :  

1) To a  l a r g e  e x t e n t ,  t h e  i n f e r e n c i n g  
r e q u i r e d  t o  d e t e c t  t h e  need f o r  an  
i n d i r e c t  response  and t o  s e l e c t  * t h e  
a p p r o p r i a t e  one can be d r i v e n  d i r e c t l y  
f r ~ m  t h e  l e x i c a l  and s y n t a c t i c  
s t r u c t u r e  of  t h e  i n p u t  q u e s t i o n ,  and 

2 )  t h e  in fo rmat ion  a l r e a d y  encoded i n  
s t a n d a r d  ways i n  DB sys tems complement% 
t h e  language r e l a t e d  knowledge 
s u f f i c i e n t l y  t o  produce  a p p r o p r i a t e  
c o n v e r s a t i o n a l  behav io r  w i t h o u t  t h e  
need f o r  s e p a r a t e  "world knowledgen o r  
"domain s p e c i f i c  knowledge" modules, 

Consequent ly ,  t h e  i n f e r e n c i n g  mechanisms 
r e q u i r e d  t o  produce. t h e  c o o p e r a t i v e  
r e s p o n s e s  a r e  domain t r a n s p a r e n t ,  i n  t h e  

d 



sense t h a t  t h e y  w i l l  p roduce  a p p r o p r i a t e  
b e h a v i b r  w i t h o u t  m o d i f i c a t i o n  f rom a n y  
s u i t a b l e  DB system.  These  mechanisms c a n  
t h e r e f o r e  be t r a n s p o r t e d  t o  nbw D B ' s  
w i t h o u t  m o d i f i c a t i o n .  

To i l l u s t r a t e  t h i s  c l a i m ,  a d e t a i l e d  
d e s c r i p t i o n  o f  t h e  method by which 
c o r r e c t i v e  i n d i r e c t  r e s p o n s e s  are  p roduced  
f o l l o w s .  

THE META QUERY LANGUAGE 

Most DB q u e r i e s  c a n  be viewed a s  
r e q u e s t i n g  t h e  s e l e c t i o n  o f  a s u b s e t  ( t h e  
r e s p o n s e  s e t )  from a p r e s e n t e d  s e t  of 
e n t i t i e s .  ( t h i s  a n a l y s i s  f o l l o w s  [Belnap  
761 ) . Normal ly ,  t h e  p r e s e n t e d  s e t  is p u t  
t h rough  a series of r e s t r i c t i o n s ,  each  of 
which p r o d u c e s  a  s u b s e t ,  u n t i l  t h e  r e s p o n s e  
se t  is found ,  T h i s  view is f o r m a l i z e d  i n  
t h e  p r o c e d u r e s  t h a t  m a n i p u l a t e  a n  
i n t e r m e d i a t e  r e p r e s e n t a t i o n  o f  t h e  q u e r y ,  
c a l l e d  t h e  Meta Query Lan ua e (MQL). 

The MQL is a  g r a p  -I+=- s t r u c t u r e ,  where 
t h e  nodes  r e p r e s e n t  se ts  ( i n  t h e  t h e  - 
ma t h e m a t i c a l ,  n o t  t h e  DB s e n s e )  " p r e s e n t e d "  
by t h e  u s e r ,  and h e  e d g e s  r e p r e s e n t  b i n a r y  
r e l a t i o n s  d e f i n e d  on t h o s e  sets, d e r i v e d  
from t h e  l e x i c a l  and s y n t a c t i c  s t r u c t u r e  o f  
t h e  i n p u t  que ry .  C o n c e p t u a l l y ,  t h e  d i r e c t  
r e s p o n s e  t o  a  query  is a n  N-place r e l a t i o n  
r e a l i z e d  by o b t a i n i n g  t h e  r e f e r e n t  of t-he 
sets i n  t h e  DB, and compoqing them 
a c c o r d i n g  t o  t h e  b i n a r y  r e l a t i o n s ,  Each 
c o m p o s i t i o n  w i l l  have t h e  e f f e c t  of 
s e l e c t i n g  a  s u b s e t  of t h e  c u r r e n t  sets. 
The s u b s e t s  w i l l  c o n t a i n  t h e  e l e m e n t s  t h a t  
s u r v i v e  ( p a r t i c i p a t e )  i n  t!he r e l a t i o n .  
( A c t u a l l y ,  t h e  r e s p o n s e s  a r e  r e a l i z e d  i n  a  
much more e f f i c i e n t  f a s h i o n  - t h i s  is 
s i m p l y  a  c o n v e n i e n t  v iew,)  

A s  a n  example,  c o n s i d e r  t h e  q u e r y  
"Which s t u d e n t s  g o t  F s  i n  L i n g u i s t i c s  
c o u r s e s ? "  a s  diagrammed i r  FIGURE 1, 

Meta Query  Language r e p r e s e n t a t  i o n  of 
"Which s t u d e n t s  g o t  F s  i n  ~ i ' n g u i s t i c s  
c o u r s e s ? "  

FIGURE 1 

T h i s  q u e r y  would be p a r s e d  a s  p r e s e n t i n g  4 
s e t s  " s t u d e n t s " ,  "Fs" ,  ' ~ i n g u i s t i c s ~  , and 
" c o p r s e s  ". (The sets " L i n g u i s t i c s "  and 
"Fsw may appea r  c o u n t e r i n t u i t i v e ,  bu t  

s h o u l d  b e  viewed as s i n g l e t o n  e n t i t i e s  
assumed by t h e  u s e r  t o  e x i s t  somewhere i n  
t h e  DB.) The d i r e c t  answer  t o  t h e  q u e r y  
woulg be  a 4 p l a c e  r e l a t i o n  c o n s i s t i n g  o f  a 
column o f  s t u d e n t s ,  g r a d e s  ( a l l  F s ) ,  
d e p a r t m e n t s  ( a l l  L i n g u i s t i c s ) ,  and c o u r s e s .  
For  c o n v e n i e n c e ,  t h e  columns c o n t a i n i n g  
s i n g l e t o n  s e t s  ( g r a d e s  and d e p a r t m e n t s )  
would be removed, and t h e  r e m a i n i n g  l ist  o f  
s t u d e n t s  and a s s o c i a t e d  c o u r s e s  p r e s e n t e d  
t o  t h e  u s e r .  

E x e c u t i n g  t h e  q u e r y  c o n s i s t s  of  
p a s s i n g  t h e  MQL r e p r e s e n t a t i o n  o f  the, q u e r y  
t o  a n  i n t e r p r e t i v e  component t h a t  p r o d u c e s  
a  q u e r y  s u i t a b l e  f o r  e x e c u t i o n  on a  CODASYL 
DB u s i n g  i n f o r m a t i o n  a s s o c i a t e d  f o r  t h i s  
l u r p o s e  w i t h  t h e  l ex i ca l  items i n  the MQL, 
(The s p e c i f i c  knowledge r e q u i r e d  t o  p e r f o r m  
- h i s  t r a n s l a t i o n  is encoded p u r e l y  a t  t h e  
Leg i~a l  l e v e l :  t h e  o n l y  a d d i t i o n a l  domain 
d e p e n d e n t  knowledge r e q u i r e d  is a c c e s s  t o  
t h e  00 schehla:) 

The MQL, by e n c o d i n g  some o f  t h e  
s y n t a c t i c  r e l a t i o n s h i p s  p r e s e o t  i n  t h e  N L  
q u e r y ,  c a n  h a r d l y  be p a i d  t o  c a p t u r e  t h e  
meaning of t h e  q u e s t i o n :  it is m e r e l y  a 
c o n v e n i e n t  r e p r e s e n t a t  i o n  f o r m a l i z i n g  
c e r t a i n  l i n g u i s t i c  c h a r a c t e r i s t i c s  of  thee 
q u e r y ,  The p r o c e d u r e s  t h a t  ma i n i p u l a t e  
t h i s  r e p r e s e n t a t i o n  t o  g e n e r a t e  i n f e r e n c e s  
a r e  based  on o b s e r v a t i o n s  of a g e n e r a l  
n a t u r e  r e g a r d i n g  t h e s e  s y n t a c t i c  
r e l a  t i o n s h i p s .  C o n s e q u e n t l y ,  t h e s e  
i n f e r e n c e s  axe l a n g u a g e  d r i v e n  i n f e r e n c e s ,  

COMPUTING CORRECTIVE INDIRECT RESPONSES 

The c r u c i a l  o b s e r v a t i o n  r e q u i r e d  t o  
p r o d u c e  a r e a s o n a b l d  set of c o f r e c t i v e  
i n d i r e c t  r e s p o n s e s  is t h a t  t h e  MQL 
p r e s u m e s  t h e  non-empt i n q s s  - - of - 
c o n n e c t e d  subgraphs .  Each c o n n e m  
s u b g r a p h  c o r r e s p o n d s  t o  a  p r e s u m p t i o n  t h e  
user h a s  made a b o u t  t h e  domain o f  
d i s c o u r s e ,  C o n s e q u e n t l y ,  s h o u l d  t h e  
i n i t i a l  q h e r y  r e t u r n  a n u l l  r e s p o n s e ,  t h e  
c o n t r o l  s t r u c t u r e  c a n  check t h e  u s e r s  
p r e s u m p t i o n s  by p a s s i n g  e a c h  c o n n e c t e d  
s u b g r a p h  t o  t h e  i n t e r p r e t i v e  component t o  
check i t 's  non-emptiness  ( n o t i c e  t h a t  each  
s u b g r a p h  i t s e l f  c o n s t i t u t e s  a w e l l  formed 
q u e r y ) .  Should  a  p re sumpt ion  p r o v e  f a l s e ,  
a n  a p p r o p r i a t e  i n d i r e c t  r e s p o n s e  c a n  be 
g e n e r a t e d ,  r a t h e r  t h a n  a m e a n i n g l e s s  o r  
m i s l e a d i n g  d  i r % c t  r e s p o n s e  of "None. " 

F o r  example,  i n  t h e  q u e r y  of FIGURE 1, 
t h e  subgra f ih s  and t h e i r  c o r r e s p o p d i n g  
c o r r e c t i v e  i n d i r e c t :  r e s p o p s e s  a r e  ( t h e  
numbers r e p r e s e n t  t h e  sets t h e  s u b g r a p h s  
c o n s i s t  o f ) :  

1) "1 d o n ' t  know of any  s t u d e n t s , "  
2 )  "1 d o n ' t  know of any Fs." 
3)  *I d o n ' t  know of a n y  c o u r s e s , "  
4 )  "1 d o n ' t  know o f  an? L i n g u i s t i c s . "  
1 , 2 )  "1 d o n ' t  know of a n y  s t u d e n t s  

t h a t  g o t  Fs." 
2 ,3 )  "1 d o n ' t  know of any  F s  i n  



c o u r s e s .  " 
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3,4)  "I d o n ' t  know of  any L i n g u i s t i c s  
cfburses. 

1 , 2 , 3 )  "I d o n ' t  know of a n y  s t u d e n t s  
t h a t  g o t  F s  i n  cou r se s . "  

2,3 ,4 )  "1 d o n ' t  know of any F s  i r  
l i n g u i s t i c s  courses ."  

Sdppose t h a t  t h e r e  a r e  no l i n g u i s t i c s  
c o u r s e s  i n  t h e  DB. Ra the r  t h a n  p r e s e n t i n g  
t h e  d i  t ec t ,  c o r r e c t  answer o f  nNone,n t h e  
c o n t r o l  s t r u c t u r e  w i l l  p a s s  each  connec ted  
subgraph  i n  t u r n  t o  be e x e c u t e d  a g a i n s t  t h e  
DB. I t  w i l l  d i s c o v e r  t h a t  no l i n g u i s t i c s  
c o u r s e s  exigt i n  t h e  DB, and s o  w i l l  
respond w i t h  "1 d o n ' t  know of any 
l i n g u i s t i c s  cou r se s . "  T h i s  c o r r e c t i v e  
i n d i r e c t  r e sponse  (and a l l  r e sponses  
g e n e r a t e d  th rough  t h i s  method) w i l l  e n t a i l  
t h e  d i r e c t  answer ,  s i n c e  t h e y  w i l l  e n t a i l  
t h e  e m p t i n e s s  of  t h e  d i r e c t  r e sponse  s e t .  

Several a s p e c t s  of this p r o c e d u r e  are 
w ~ r t h y  of n o t e .  First, a l t h o u g h  t h e  
s e l e c t i o n  of t h b  r e sponse  is dependent  on 
knowledge oS t h e  domain (as  encoded i n  a 
v e r y  g e n e r a l  s e n s e  i n  t h e  DB s y s t e m  - n o t  
a s  s e p a r a t e  theorems,  s t r u c t u r e s ,  o r  
programs);  - t h e  

r e sumpt ions  is 
Somain s p e c i f i c  
i n f e r e n c e s  a r e  d r  

computa t ion  - of th  e  - 
independent  of 
Because  the= .. - 

i v e n  s o i e l y  by t h e  p a r s e r  
o u t p u t  (MQL r e p r e s e n t a t i o n ) ,  t h e  p r o c e d u i e s  
t h a t  de t e rmine  the presumpt ions  (by 
computing subgraphs )  r e q u i r e  no knowledge 
of t h e  DB. Consequent ly ,  p roduc ing  
c o r r e c t i v e  i n d i r e c t  r e s p o n s e s  from a n o t h e r  
DB,  or even a n o t h e r  DB sys tem,  r e q u i r e s  no 
changes  t o  t h e  i n f e r e n c i n g  p rocedures .  
Second ly ,  t h e  mechanism f o r  s e l e c t i n g  t h e  
i n d i r e c t  r e s p o n s e  is  i d e n t i c a l  t o  t h e  
p rocedure  f o r  e x e c u t i n g  a que ry .  No 
a d d i t i o n a l  c o m p u t a t i o n a l  machiner  need be 
invoked t o  select 4 i ~ e ~  

c ~ m p u t a t i o n a  1 r e s  onse- -dl? P 6: i nvo lved  i n  check ing  and 
c o r r e c t i n g  t h e  u s e r s  p r e s ~ r n p t i o ~ i s  is n o t  
i n c u r r e d  u n l e s s  it h a s  been de t e rmined  t h a t  
an i n d i r e c t  response  may be r e q u i r e d .  
Should t h e  q u e r y  succeed  i n i t i a l l y ,  no 

e n a l t  i n  e x e c u t i o n  t ime w i l l  be  a i d  f o r  
b d b n i t y  - to roddce-e- k- P i i m r ~  
re sponses .  I n  a d e i t  on t h e o n l y  I n c r e a s e  
i n  'space overhead is a  s m a l l  c o n t r o l  
program t o  produde t h e  a p p r o p r i a t e  
subgraphs  ( t h e  l i n g u i s t i c  g e n e r a t i o n  of t h e  
i n d i r e c t  r e sponse  is e s s e n t i a l l y  f r e e  - i t  
is a  t r i v i a l  a d d i t i o n  t o  t h e  p a r a p h r a s e  
component a l r e a d y  used i n  t h e  p a r s i n g  
p h a s e ) .  

C o r r e c t i v e  i n d i r e c t  r e s p o n s e s ,  
produced i n  t h i s  f a s h i o n ,  a r e  language 
d r i y e n  i n f e r e n c e s ,  because  theiy a r e  d e r i v e d  
d i r e c t l y  from t h e  s t r u c t u r e  o f  t h e  que ry  a s  
r e p r e s e n t e d  by  t h e  MQL. I f  t h e  q u e r y  were 
ph ra sed  d i f f e r e n t l y ,  a  d i f f e r e n t  s e t  of 
p resumpt ions  would be computed. ( T h i s  is 
n o t  a d-rawback, a s  i t  might  seem a <  f i r s t  - 
it i n s u r e &  t h a t  t h e  r e s p o p s e  w i l l  be  i n  
terms t h a t  t h e  u s e r  u n a e r s t a n d s . )  For t h e s e  
r e a s o n s ,  c o r r e c t i p e  i n d i r e c t  r e s p o n s e s ,  
made p o s s i b l e  by a  ' c a r e f u l  c h o i c e  of 

r e p r e s e ~ t a t i o n s  and a s s o c i a t e d  a l g o r i t h m s ,  
oLb 

are  produced i n .  a  domain t r a n s p a r e n t  
f a s h i o n  w i t h  minimal sys t em ove rhead  u s i n g  
knowledue a l r e q d y  a v a i l a b l e  i n  t h e  DB. 

A - SHORT SAMPLE SESSION 

T h i s  s e c t i o n  c o n t a i n s  an example 
i n t e r a c t i o n  w i t h  t h e  p r e l i m i n a r y  
implementa t ion  o f  t h e  CO-OP s y s t e m  a s  i t  
dow s t a n d s .  An a c t u a l  s e s s i o n  h a s  been 
a b s t r a c t e d  and commented he re .  

CO-OP i ~ ,  c u r r e n t l y  implemented on a  
DEC KI-10 ' under  TOPS-10 ma in ly  i n  
UCI-RUTGERS-LISP, and runs  i n  ~ S K  words, 
i n c l u d i n g  t h e  SEED DB system. SEED is a  
commerc i a l l y  a v a i l a b l e  CODASYL DB sys tem,  
marketed by I n t e r n a t i o n a l  Data  Base 
Sys tems ,  Xnc. [Gerritsen 781.  The DB is a  
l i v e  ohe, used by t h e  N a t i o n a l  C e n t e r  For 
Atmospher ic  Research  (NCAR) i n  Boulder  Co. 
t o  keep  t r a c k  of t h e i r  computer u s e r s ,  
p r o j e c t s ,  r e s e a r c h  s p o n s o r s ,  e tc ,  The 
pr imary  purpose  of t h e  DB is  t o  t r a c k  t h e  
u s e  of NCAR l i a c i l i t i e s ,  f o r  a c c o u n t i n g  and 
o t h e r  uses. 

The u s e r  i n  t h e  example is a  
h y p o t h e t i c a l  Computer S c i e n c e  depa r tmen t  
c h a i r p e r s o n  who h a s  h e a r d  t h a t  t h e  NCAR DB 
c o r l t a i n s  i n f o r m a t i o n  a b o u t  who is 
s p o n s o r i n g  r e s e a r c h  i n  v a r i o u s  a r e a s ,  and 
is i n t e r e s t e d  i n  s e c u r i n g  some r e s e a r c h  
funds .  S/he b e l i e v e s  ( i n c o r r e c t l y ,  it 
t u r n s  o u t )  t h a t  f u n d s  a r e  a v a i l a D b l e  t o  
s t u d y  mass storage. S/he b e g i n s  by a s k i n g :  

Q: Who s p o n s o r s  a c t i v e  p r o j e c t s  i n  mass 
s t o r a g e ?  

R: I d o n ' t  know of any  p r o j e c t s  i n  mass 
s t o r a g e  

The sys t em is unaware a f  any  p r o j e c t k  i n  
mass s t o r a g e ,  and s o  e x p l i - c i t l y  c o r r e c t s  
the u s e r s  p resumpt ion  t h a t  t h e r e  a re  some. 
The use r  t r i e s  a more g e n e r a l  q u e s t i o n .  

Q: Who s p o n s o r s  r e s e a r c h  i n  computer 
s c i e n c e ?  

R: I d o n ' t  know of anyone t h a t  s p e n s o r s  
r e s e a r c h  i n  computer s c i e n c e .  

Again,  a  c o s r e d t i v e  i n d i r e c t  r e s p o n s e  - but 
t h i s  t ime s t a t i n g  t h a t  no s p o n s o r s  art 
known, r a t h e r  t h a n  t h a t  no s u i t a b l t  
p r o j e c t s  a r e  known. I n  a d d i t i o n  t o  be ing  
a b l e  t o  g e n e r a t e  c o r r e c t i v e  i n d i r e c t  
r e s p o n s e s ,  t h e  sys t em can  choose  t h e  most 
a p p r o p r i a t e  one when more t h a n  one is 
a p p l i c a b l e .  T h i s  is done by o b s e r v i n g  t h a t  



t h e  subgraphs  of an MQL query are p a r t i a l l y  list ( s o r t e d  by contact) ,  a long wi th  t h e  
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ordered  accord ing  t o  a subgraph r e l a t i o n ,  p r o j e c t s  they  sponsor .  Although t h e  user 
and i t  is most a p p r o p r i a t e  t o  c o r r e c t  t h e  h a s  presumed t h a t  t h e r e  is ordy one c o n t a c t  
"least" f a i l i n g  subgraphs  wi th  r e s p e c t  t o  a t  Nasa Headquar ters ,  t h e  sys tem p r o v i d e s  
t h i s  o r d e r i n g ,  t h e  e n t i r e  list, wi thou t  o b j e c t i n g ,  T h i s  

G e t t i n g  nowhere, t h e  c h a i r p e r s o n  now and o t h e r  forms of s l o p p y  r e f e r e n c e  a r e  
asks:  t o l e r a t e d  by t h e  system, 

Q: What a re  t h e  a r e a s ?  
CONCLUSION 

and r e c e r ~ e s  a list of t h e  a r e a s  of 
i n t e r e s t  ($/he knew t h a t  t h e .  p r o w t s  a t  
NCAR a r e  grouped accor&ing to a 
predetermined list of a r e a s  of i n t e r e s t ) ,  
i d e n t i f i e d  by t h e  a r e a  number and name. 
S/he observes  t h a t  a r e a  #6 ( d a t a  
p r o c e s s i n g )  and a r e a  412 (numerical  
methods) 'look i n t e r e ~  t i n g ,  and f o l l o w s  up 
with:  

Q: Who sponsors  p r o j e c t s  i n  a r e a  6 1  

The response  is a L i s t  of sponsor  names 
wi th  a s u p p o r t i v e  i n d i r e c t  component of t h e  
p r o j e c t s  t h e y  sponsor i n  a r e a  6 ,  t h e  name 
of t h e  a r e a  (becausg o n l y  t h e  number was 
s u p p l i e d  - t h e  system d o e s n ' t  c u r r e n t a y  
remember t h a t  i t  j u s t  provided t h e  a r e a  
name t o  t h e  u s e r ) ,  and t h e  p r o j e c t  numbers 
of 4 t h e  sponsor8)d p r o j e c t s .  The u s e r  now 
d e c i d e s  t h a t  Nasa Headquar te r s  looks  t h e  
most promis ing ,  and s o  asks :  

Q: What is sponsored i n  numerical  methods 
by Nasa Headquarters?  

A f t e r  checking the  DB, t h e  sys tem d i s c o v e r s  
t h a t  Nasa Headquarters  doesn 't sponsor  
any th ing  i n  numerical  methods. 
~ d d i t i o n a l l y ,  i t  is unable t o  d e t e c t  any 
f a i l e d  presumptions on t h e  p a r t  of t h e  
user ,  I t  t h e r e f o r e  p r o v i d e s  a  nega t ive  
response  followed by a  s u g g e s t i v e  i n d i r e c t  
respynse  l i s t i n g  t h e  p r o j e c t s  t h a t  Nasa 
Headquar ters  sponsorS i n  any  a r e a ,  i n  t h e  
hope t h a t  t h i s  w i l l  be h e l p f u l  t o  t h e  user .  

R: I d o n ' t  know of anyth ing  i n  numerical  
methods t h a t  Nasa Headquar ters  sponsors .  
But you might be i n t e r e s t e d  i n  any th ing  
t h a t  Nasa Headquarters  sponsors.. .  

A f t e r  pe rus ing  t h i s  list, t h e  c h a i r p e r s o n  
concludes  t h a t  a l though t h e  p r o j e c t s  don ' t  
look very  promising, s h e  w i l l  g e t  i n  touch 
wi th  Nasa Headquarters.  S/he asks:  

Q: Who is t h e  c o n t p c t  a t  Nasa Headquar ters?  

The problem of  producing  a p p a r e n t l y  
i n t e l l i g e n t  behavior  from a NL system h a s  
t r a d i t i o n a l l y  been viewed i n  A r t i f  i c i a l v  
I n t e l l i g e n c e  a s  a  problem of model l ing  
human c o g n i t i v e  p r o c e s s e s ,  o r  model l ing 
knowledge abou t  t h e  r e a l  world. I t  has 
been dembnstrated h e r e  t h a t  such approaches  
must i n c l u d e  a  pragmat ic  t h e o r y  of t h e  
convent ions  and p r o p e r t i e s  of t h e  use  of 
language, t o  f u n c t i o n  e f f e c t i v e l y .  Domain 
d r i v e n  i n f e r e n c e s  must  be complemented by 
language d r i v e n  i n f e r e n c e s  t o  a p p r o p r i a t e l y  
p rocess  NL,  F u r t h e r ,  i t  has  been argued 
t h a t  language d r i v e n  i n f e r e n c e  mechanisms 
h e l p  t o  c o n t r o l  t h e  i n f e r e n c e  p rocess ,  and 
ca n provide  a more g e n e r a l  and 
computa t iona l ly  a t t r a c t i v e  so$u t ions  t o  
many problems p r e v i o u s l y  thought  t o  r e q u i r e  
domain d r i v e n  i n f e r e n c e .  

A d e s c r i p t i u e  t h e o r y  of orrc cype of 
c o o p e r a t i v e  i n d i r e c t  response t o  
i n a p p r o p r i a t e  q u e s t i o n s  h a s  been p r e s e n t e d ,  
and extended t o  a  p r e s c r i p t i v e  
(computa t ional )  theory  by r e s t r i c t i n g  t h e  
domain of a p p l i c a t i o n  t o  DB query  systems. 
Th i s  t h e o r y  h8s been implemented u s i n g  
language d r i v e n  mechanisms i n  t h e  des ign  of  
CO-OP, a c o o p e r a t i v e  q u e r y  system. $he 
r e s u l t  is t h e  g e n e r a t  i o n  of a p p r ~ p r i a t e  
c o r r e c t i v e  i n d i r e c t  responses  i n  a 
computa t iona l ly  e f f i c i e n t  and domain 
t r a n s p a r e n t  f a sh ion .  
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