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Abstract 

As part of DARPA's Strategic Computing Program, we have moved a large natural 
language system out of the laboratory. This involved: 

o Del ivery  of knowledge a c q u i s i t i o n  so f twa re  to  the  Naval Ocean Sys tems 
C e n t e r  (NOSC) to  bui ld  l ingu is t i c  knowledge  bases ,  such  as d i c t i o n a r y  e n t r i e s  
a nd  case  f rames,  

o D e m o n s t r a t i o n  of the  n a t u r a l  l a n g u a g e  i n t e r f a c e  in a nava l  d e c i s i o n - m a k i n g  
se t t i ng ,  and 

o Del ivery  of the  i n t e r f a c e  so f twa re  to  Texas  In s t rumen t s ,  which has  i n t e g r a t e d  
it  in to  the  to t a l  so f tware  p a c k a g e  of t he  S t r a t e g i c  Computing F lee t  Command 
C e n t e r  Bat t le  Management  P r o g r a m  (FCCBMP). 

The r e s u l t i n g  n a t u r a l  l anguage  i n t e r f a c e  will be de l ive red  to t he  Paci f ic  F lee t  Command 
Center in Hawaii. 

This p a p e r  is an overview of th i s  e f fo r t  in t e c h n o l o g y  t r a n s f e r ,  i nd i ca t ing  t he  
t e c h n o l o g y  f e a t u r e s  t h a t  have  made th i s  poss ib le  and r e f l e c t i n g  upon  what  t he  
e x p e r i e n c e  i l l u s t r a t e s  r e g a r d i n g  t r a n s p o r t a b i l i t y ,  t e c h n o l o g y  s t a t u s ,  and  de l ive ry  of 
n a t u r a l  l anguage  p r o c e s s i n g  ou t s i de  of a l a b o r a t o r y  se t t ing .  The p a p e r  will be most  
va lua b l e  to  t h o s e  engaged  in app ly ing  s t a t e - o f - t h e - a r t  t e c h n i q u e s  to  de l ive r  n a t u r a l  
l a n g u a g e  i n t e r f a c e s  and to  t h o s e  i n t e r e s t e d  in developing t h e  n e x t  g e n e r a t i o n  of 
c o m p l e t e  n a t u r a l  l anguage  i n t e r f a c e s .  

1The work presented here was supported under DARPA contract  ~NOOe14.-85-C--e616. The views 
and conclusions contained in t h i s  document ore those of the authors and should not be 
~n te rpre ted  as necessar i ly  represent ing  the o f f i c i a l  p o l i c i e s ,  e i t h e r  expressed or impl ied,  
of the Defense Advanced Research Pro jec ts  Agency or of the United Sta tes  Government. 
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1 Introduction 

DARPA's Strategic Computing Program in the application area of Navy Battle 

Management has provided us several challenges and opportunities in natural language 

processing research and development. At the beginning of the effort, a set of 

domain-independent software components, developed through fundamental research 

efforts dating back as much as seven years, existed. The IRUS software [1] consists of 

two subsystems: one for linguistic processing and one for adding specifics of the back 

end. The first subsystem is linguistic in nature, while the second subsystem is not. 

Linguistic processing includes morphological, syntactic, semantic, and discourse 

analysis to generate a formula in logic corresponding to the meaning of an English 

input. The linguistic subsystem is application-independent and also independent of 

data base interfaces. (This is achieved by factoring all application specifics into the 

back end processor or into knowledge bases such as dictionary entries and case frame 

rules, that are domain-specific.) The non-linguistic components convert the logical 

form to the code necessary for a given underlying system, such as a relational data 

base. 

The IRUS s y s t e m ,  o r  i t s  c o m p o n e n t s ,  h a d  b e e n  u s e d  e x t e n s i v e l y  in t h e  l a b o r a t o r y ,  

n o t  j u s t  a t  BBN, b u t  a l so  in r e s e a r c h  p r o j e c t s  a t  U S C / I n f o r m a t i o n  S c i e n c e s  I n s t i t u t e ,  

t h e  U n i v e r s i t y  of De laware ,  GTE R e s e a r c h ,  a n d  G e n e r a l  Mo to r s  R e s e a r c h .  However ,  i t  

h a d  n o t  b e e n  e x e r c i s e d  t h o r o u g h l y  o u t s i d e  of a r e s e a r c h  e n v i r o n m e n t .  

Our  g o a l s  in p a r t i c i p a t i n g  in t h e  S t r a t e g i c  C o m p u t i n g  P r o g r a m  a r e  mani fo ld :  

o To t e s t  t h e  c o l l e c t i o n  of s t a t e - o f - t h e - a r t  h e u r i s t i c s  f o r  n a t u r a l  l a n g u a g e  
p r o c e s s i n g  wi th  a u s e r  c o m m u n i t y  t r y i n g  t o  so lve  t h e i r  p r o b l e m s  on  a daf fy  
b a s i s .  

o To t e s t  t h e  h e u r i s t i c s  on  a b r o a d ,  e x t e n s i v e  doma in .  

o To i n c o r p o r a t e  r e s e a r c h  i d e a s  (wh ich  a r e  o f t e n  d e v e l o p e d  in r e l a t i v e  
i s o l a t i o n  in t h e  l a b o r a t o r y )  i n t o  a c o m p l e t e  s y s t e m  so t h a t  e f f e c t i v e  
e v a l u a t i o n  a n d  r e f i n e m e n t  c a n  o c c u r .  

o To c o n t i n u e  t h e  f e e d b a c k  loop  of i n c o r p o r a t i n g  new r e s e a r c h  i d e a s ,  t e s t i n g  
t h e m  in a c o m p l e t e  s y s t e m  wi th  r e a l  u s e r s ,  e v a l u a t i n g  t h e  r e s u l t s ,  a n d  
r e f i n i n g  t h e  r e s e a r c h  a c c o r d i n g l y  on  a r e p e a t e d  b a s i s  f o r  s e v e r a l  y e a r s .  

T h e r e  a r e  s e v e r a l  a c c o m p l i s h m e n t s  in t h e  f i r s t  y e a r  a n d  a ha l f  of t h i s  work .  

F i r s t ,  t h e  IRUS s o f t w a r e  h a s  b e e n  d e l i v e r e d  to  t h e  Naval  O c e a n  S y s t e m s  C e n t e r  (NOSC) 

so  t h a t  t h e i r  t e a m  m a y  e n c o d e  t h e  d i c t i o n a r y  i n f o r m a t i o n ,  c a s e  f r a m e  ru l e s ,  a n d  

t r a n s f o r m a t i o n  r u l e s  f o r  g e n e r a t i n g  q u e r i e s  a p p r o p r i a t e  f o r  t h e  u n d e r l y i n g  s y s t e m s .  

The NOSC s t a f f  i n v o l v e s  a l i n g u i s t  p l u s  i n d i v i d u a l s  t r a i n e d  in c o m p u t e r  s c i e n c e ,  b u t  
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does  n o t  involve e x p e r t s  in n a t u r a l  l a n g u a g e  p r o c e s s i n g  n o r  in a r t i f i c i a l  in te l l igence .  

Second ,  t h e  n a t u r a l  l anguage  i n t e r f a c e  so f tware  has  b e e n  d e l i v e r e d  to  Texas 

I n s t r u m e n t s  (TI), which has integrated it into the Force Requirements Expert System 

(FRESH). D e m o n s t r a t i o n s  of t h e  n a t u r a l  l anguage  i n t e r f a c e  a r e  being given a t  s eve ra l  

c o n f e r e n c e s  th i s  y e a r  as well as to  t h e  navy  p e r s o n n e l  a t  t he  Paci f ic  F lee t  Command 

Cen te r .  Tes t ing  and  e v a l u a t i o n  of IRUS, b o t h  i ts  so f tware  and  t he  knowledge  bases  

de f i ne d  by  NOSC for  t he  FCCBMP, will be c a r r i e d  ou t  in t he  spr ing  of 1956, by the  Navy 

P e r s o n n e l  R e s e a r c h  and  Deve lopment  Cen te r .  

In th i s  s e c t i o n  and  s e c t i o n  two we p r e s e n t  ev idence  t h a t  th i s  is one  of the  most  

ambi t ious  app l i c a t i ons  and  t e s t s  of n a t u r a l  l anguage  p r o c e s s i n g  e v e r  a t t emp ted .  

S e c t i o n  two p rov ides  more  b a c k g r o u n d  r e g a r d i n g  t he  t e c h n i c a l  cha l l enges  i n h e r e n t  in 

t h e  a p p l i c a t i o n  e n v i r o n m e n t  and  in t h e  goals  of t h e  S t r a t e g i c  Computing Program.  

S e c t i o n  t h r e e  d e s c r i b e s  wha t  was c h a n g e d  in e ach  sys tem c o m p o n e n t  to  s u p p o r t  t he  

t e c h n o l o g y  t r a n s f e r .  Sec t ion  f o u r  p r e s e n t s  and i l l u s t r a t e s  the  p r i nc ip l e s  t h a t  have  

b e e n  u n d e r s c o r e d  in moving th i s  s u b s t a n t i a l  AI sys tem from the  l a b o r a t o r y  to  use;  

while some p r inc ip l e s  may a p p e a r  l ike common sense ,  r e p o r t i n g  on all t h e  e x p e r i e n c e  

s hou ld  be va luab le  to  f u t u r e  e f fo r t s .  Sec t ion  five b r i e f ly  d i s cus se s  poss ib le  f u t u r e  

d i r e c t i o n s ,  while s ec t i on  six s t a t e s  o u r  conc lus ions .  

2 Background Constraints and Goals 

The following s e c t i o n s  summar ize  s e v e r a l  c o n s t r a i n t s  and  goals which have  made 

th i s  n o t  only  a demanding cha l l enge  fo r  n a t u r a l  l anguage  p r o c e s s i n g  bu t  also an 

ambi t ious  d e m o n s t r a t i o n  of t he  f ru i t  of AI r e s e a r c h .  

2.1 Multiple Underlying Systems 

The dec i s ion  s u p p o r t  e n v i r o n m e n t  of the  Fleet  Command Cen t e r  Bat t le  

Managemen t  P rog ram (FCCBMP) involves  a su i te  of d e c i s i o n - m a k i n g  tools .  A s u b s t a n t i a l  

d a t a  ba s e  is at  t he  c o r e  of t h o s e  too l s  and  inc ludes  rough ly  40 r e l a t i o n s  and 250 

f ields.  In addi t ion ,  app l i c a t i on  p r o g r a m s  for  drawing and displaying maps, va r ious  

c a l c u l a t i o n s  and add i t i ona l  dec i s i on  s u p p o r t  capab i l i t i e s  a re  p r o v i d e d  in the  

O p e r a t i o n s  S u p p o r t  Group P r o t o t y p e  (OSGP). In a pa ra l l e l  p a r t  of t h e  S t r a t eg i c  

Comput ing  Program,  two e x p e r t  sy s t ems  a r e  being prov ided :  the  Fo rce  Requ i remen t s  

E x p e r t  Sys tem (FRESH) and  t he  Capab i l i t i e s  Assessment  E x p e r t  System (CASES). TI is 

bu i ld ing  t h e  FRESH e x p e r t  sys tem;  t h e  c o n t r a c t  fo r  t h e  CASES e x p e r t  sys tem has  no t  

b e e n  a w a r d e d  as of t he  wri t ing of t h i s  p a p e r .  

The t a r g e t  u s e r s  a r e  navy  c o m m a n d e r s  involved in dec i s ion  making a t  t h e  Paci f ic  
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F l e e t  C o m m a n d  Center; t h e s e  a r e  t o p - l e v e l  e x e c u t i v e s  w h o se  e n e r g y  is  b e s t  s p e n t  on 

n a v y  p r o b l e m s  and d e c i s i o n  m a k i n g  r a t h e r  t h a n  on  t h e  d e t a i l s  of  w h i c h  of f o u r  

u n d e r l y i n g  s y s t e m s  o f f e r s  a g i v e n  i n f o r m a t i o n  c a p a b i l i t y ,  on  h o w  t o  d iv ide  a p r o b l e m  

i n t o  t h e  v a r i o u s  i n f o r m a t i o n  c a p a b i l i t i e s  r e q u i r e d  a n d  h o w  t o  s y n t h e s i z e  t h e  r e s u l t s  

i n t o  t h e  d e s i r e d  a n s w e r .  C u r r e n t l y  t h e y  do  n o t  a c c e s s  t h e  d a t a  b a s e  o r  OSGP 

a p p l i c a t i o n  p r o g r a m s  t h e m s e l v e s ;  r a t h e r ,  o n  a r o u n d - t h e - c l o c k  b a s i s ,  two  o p e r a t o r s  

a r e  a v a i l a b l e  a s  i n t e r m e d i a t e s  b e t w e e n  c o m m a n d e r  a n d  c o m p u t e r .  C o n s e q u e n t l y ,  t h e  

n e e d  f o r  a n a t u r a l  l a n g u a g e  i n t e r f a c e  (NLI) is  P a r a m o u n t .  

2.2 The Need  For Transpor tab i l i ty  

T h e r e  a r e  t h r e e  w a y s  t h a t  t r a n s p o r t a b i l i t y  h a s  b e e n  a b s o l u t e l y  r e q u i r e d  f o r  t h e  

n a t u r a l  l a n g u a g e  i n t e r f a c e .  F i r s t ,  s i n c e  we h a d  n o  e x p e r i e n c e  p r e v i o u s l y  w i t h  t h i s  

a p p l i c a t i o n  d o m a i n ,  a n d  s i n c e  t h e  s c h e d u l e  f o r  d e m o n s t r a t i o n s  a n d  d e l i v e r y  w a s  h i g h l y  

a m b i t i o u s ,  o n l y  t h e  a p p l i c a t i o n - i n d e p e n d e n t  s o f t w a r e  c o u l d  b e  b r o u g h t  t o  b e a r  o n  t h e  

p r o b l e m  i n i t i a l l y ;  t h e r e f o r e ,  t r a n s p o r t a b i l i t y  a c r o s s  a p p l i c a t i o n  d o m a i n s  w a s  r e q u i r e d .  

S e c o n d ,  t h e  u n d e r l y i n g  s y s t e m s  h a v e  b e e n  a n d  will c o n t i n u e  t o  b e  e v o l v i n g .  F o r  

i n s t a n c e ,  t h e  d a t a  b a s e  s t r u c t u r e  is  b e i n g  m o d i f i e d  b o t h  t o  s u p p o r t  a d d i t i o n a l  

i n f o r m a t i o n  n e e d s  f o r  t h e  new e x p e r t  s y s t e m s  a n d  to  p r o v i d e  s h o r t e r  r e s p o n s e  t i m e  in 

s e r v i c e  of h u m a n  r e q u e s t s  a n d  e x p e r t  s y s t e m  r e q u e s t s  t o  t h e  d a t a  b a s e .  

Th i rd ,  t h e  t a r g e t  o u t p u t  of t h e  n a t u r a l  l a n g u a g e  i n t e r f a c e  is s u b j e c t  t o  c h a n g e .  

F o r  i n s t a n c e ,  t h e  c a p a b i l i t i e s  of  FRESH a r e  b e i n g  d e v e l o p e d  in p a r a l l e l  w i t h  t h e  

n a t u r a l  l a n g u a g e  i n t e r f a c e  a n d  t h e  CASES e x p e r t  s y s t e m  h a s  n o t  b e e n  s t a r t e d  a s  of 

t h i s  d a t e .  I n t e r e s t i n g l y  e n o u g h ,  t h e  t a r g e t  l a n g u a g e  f o r  t h e  d a t a  b a s e  c o u l d  c h a n g e  

a s  well .  F o r  i n s t a n c e ,  t h e r e  is t h e  p o s s i b i l i t y  of r e p l a c i n g  t h e  ORACLE d a t a  b a s e  

m a n a g e m e n t  s y s t e m  wi th  a d a t a  b a s e  m a c h i n e ,  in w h i c h  c a s e  t h e  t a r g e t  l a n g u a g e  wou ld  

c h a n g e  t h o u g h  t h e  a p p l i c a t i o n  a n d  d a t a  b a s e  s t r u c t u r e  r e m a i n e d  c o n s t a n t  d u r i n g  t h e  

p e r i o d  of i n s t a l l i n g  t h e  d a t a  b a s e  m a c h i n e .  

2.3 T e c h n o l o g y  Testbed  

The p r o j e c t  h a s  two g o a l s  w h i c h  a t  f i r s t  s e e m  to  c o n f l i c t .  F i r s t ,  t h e  s o f t w a r e  

m u s t  b e  h a r d e n e d  e n o u g h  to  b e  a n  a id  in  t h e  d a i l y  o p e r a t i o n s  of  t h e  F l e e t  C o m m a n d  

C e n t e r .  S e c o n d ,  t h e  d e l i v e r e d  s y s t e m s  a r e  to  b e  a t e s t b e d  f o r  r e s e a r c h  r e s u l t s ;  

f e e d b a c k  f r o m  u s e  of t h e  s y s t e m s  is t o  p r o v i d e  a so l id  e m p i r i c a l  b a s e  f o r  s u g g e s t i n g  

n e w  a r e a s  of  r e s e a r c h  a n d  r e f i n e m e n t  of e x i s t i n g  r e s e a r c h .  

As a c o n s e q u e n c e ,  s o f t w a r e  e n g i n e e r i n g  d e m a n d s  p l a c e d  u p o n  t h e  AI s o f t w a r e  a r e  

q u i t e  r i g o r o u s .  The  a r c h i t e c t u r e  of  t h e  s o f t w a r e  m u s t  s u p p o r t  h i g h  q u a l i t y ,  well  

W o r k e d  ou t ,  n o n - t o y  s y s t e m s .  The  s o f t w a r e  m u s t  a l so  s u p p o r t  s u b s t a n t i a l  e v o l u t i o n  in 
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the heuristics and methods employed as natural language processing provides new 

research ideas that can be incorporated. 

3 Adequacy of the Components 
In this section we present a brief analysis of the adequacy of the various 

components in the system, given that the software had not been built with this domain 

in mind (but had been built with transportability in mind) and given that one of the 

goals of the effort is to provide a flexible technological base allowing evolution of the 

techniques and heuristics employed. 

3.1 Knowledge Representation 

At t h e  s t a r t  of  t h e  p r o j e c t ,  t h e  u n d e r l y i n g  k n o w l e d g e  r e p r e s e n t a t i o n  c o n s i s t e d  of 

a h i e r a r c h y  of c o n c e p t s  ( u n a r y  p r e d i c a t e s ) ,  a l i s t  of f u n c t i o n s  on  i n s t a n c e s  of  t h o s e  

c o n c e p t s ,  a n d  a l i s t  of n - a r y  p r e d i c a t e s .  The  k n o w l e d g e  r e p r e s e n t a t i o n  s e r v e d  s e v e r a l  

p u r p o s e s :  

o To identify the predicate symbols and function symbols that could be used in 
the first order logic representing the meaning of sentences, 

o To validate selection restrictions (case frame constraints) during the parsing 
process. 

Early on we concluded that greater inference capabilities were required. We wanted to 

be able to: 

o S t a t e  a n d  r e a s o n  a b o u t  k n o w l e d g e  of b i n a r y  r e l a t i o n s h i p s .  F o r  i n s t a n c e ,  
e v e r y  v e s s e l  h a s  a n  a r b i t r a r y  n u m b e r  of o v e r a l l  r e a d i n e s s  r a t i n g s  a s s o c i a t e d  
w i t h  i t ,  c o r r e s p o n d i n g  to  t h e  h i s t o r y  of i t s  r e a d i n e s s .  

o R e p r e s e n t  e v e n t s  a n d  s t a t e s  of a f f a i r s  f l ex ib ly .  T h e r e  m a y  b e  a v a r i a b l e  
n u m b e r  of  a r g u m e n t s  e x p r e s s e d  in t h e  i n p u t  f o r  a g i v e n  e v e n t .  F o r  
i n s t a n c e ,  Admi r a l  F o l e y  d e p l o y e d  the  E i s e n h o w e r  y e s t e r d a y  o r  A d m i r a l  F o l e y  

d e p l o y e d  the  E i s e n h o w e r  C3. 2 Also, we n e e d e d  to  b e  a b l e  to  c o u n t  
o c c u r r e n c e s  of e v e n t s  o r  s t a t e s  of a f f a i r s  o v e r  h i s t o r y ,  a s  in  H o w  m a n y  
t i m e s  w a s  the  the  E i s e n h o w e r  C3 ire the  l a s t  12 m o n t h s ?  C o n s e q u e n t l y ,  we 
h a v e  c h o s e n  to  r e p r e s e n t  e v e n t s  a n d  s t a t e s  of  a f f a i r s  a s  e n t i t i e s ,  w h i c h  
p a r t i c i p a t e  in  a n u m b e r  of b i n a r y  r e l a t i o n s h i p s ,  f o r  i n s t a n c e ,  s p e c i f y i n g  t h e  
a g e n t ,  t ime ,  l o c a t i o n ,  e t c .  of t h e  e v e n t .  

T h e r e f o r e ,  t h e  i n i t i a l  ad  h o c  k n o w l e d g e  r e p r e s e n t a t i o n  f o r m a l i s m  w a s  r e p l a c e d  w i t h  a 

m o r e  g e n e r a l  f r a m e w o r k ,  NIKL [10],  t h e  n e w  i m p l e m e n t a t i o n  of  KL-ONE. This  m e t  t h e  

n e e d s  s t a t e d  a b o v e ,  a n d  a l so  p r o v i d e d  i n f e r e n c e  m e c h a n i s m s  [15]  w h i c h  c o u l d  s e r v e  as  

2C3 is an overa l l  readiness ra t ing.  
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a partial consistency checker on the axioms for the navy domain. Of course, there are 

other ways to achieve the 'goals above. However, NIKL was available, and this would be 

its first use in a technology transfer effort, providing us the opportunity to further 

explore the power and limitations of limited inference systems. 

In NIKL, one can state the classes of entities, the binary relations between 

entities (including functional relationships), subclass relationships, and subsumption 

relations among binary relations. It is now used to support: 

o The validation of selection restrictions during the parsing process, 

o Proposal of possible case frame constraints and possible predicates by the 
semantic knowledge acquisition component, 

o Proposal of the meaning of vague relationships, such as "have", and 

o The mapping from first-order logic to relational data base queries. 

Once the more powerful knowledge representation and inference mechanisms [15] were 

available to IRUS, we began using them in unanticipated ways, for instance, the last 

three in the list above. 

3.2 The Lexicon and Grammar 

The current grammar (RUS) [2] and lexicon are based on the ATN formalism [23]. 

Though RUS was designed to be a general grammar of dialogue and was clearly among 

a handful of implemented grammars having the broadest coverage of English, the 

question was how much modification would be needed for the Navy domain, which was 

totally new to us. 

V e r y  few c h a n g e s  w e r e  n e e d e d  t o  t h e  s o f t w a r e  t h a t  s u p p o r t s  t h e  l e x i c o n  a n d  

m o r p h o l o g i c a l  a n a l y s i s .  T h o s e  t h a t  w e r e  r e q u i r e d  c e n t e r e d  a r o u n d  s p e c i a l  m i l i t a r y  

f o r m s ,  s u c h  a s  a l l o w i n g  0 6 M a r 8 6  a s  a d a t e  a n d  0 6 0 0 z  a s  a t ime .  S p e c i a l  s y m b o l s  a n d  

c o d e s  s u c h  a s  t h o s e  a r e  b o u n d  t o  a r i s e  in  m a n y  a p p l i c a t i o n s ,  no  m a t t e r  how 

t r a n s p o r t a b l e  t h e  s o f t w a r e  is .  

Very few modifications to the grammar had to be made; those that have been 

made thus far correspond to special forms and have required very little effort to add. 

Examples include military (and European) versions of dates, such as 6 MaTch 1986. 

This is not to claim that everything a navy user types will be parsed; fully general 

treatments for conjunction, gapping, and ellipsis, are still research issues for us, as 

for everyone else. Rather, the experience testifies to the fact that domain- 

independent grammars can be written for natural language interfaces and that 

modification of them for a new application can be very small. Sager [12] has reported 
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that few rules of the Linguistic String Parser need to be changed when it is moved to 

• a new application. 

The current system handles several classes of ill-formed input, including 

typographical errors that result in an unknown word; omitted words such as 

determiners and prepositions; various grammatical errors such as subject verb 

disagreement and determiner noun disagreement; case errors in using pronouns; and 

elliptical inputs. The strategy is that of [21]. 

3.3 Semantic Interpretation 

Though the software for the semantic interpreter did not depend on domain 

specifics, the limitations of the initial knowledge representation formalism and of the 

class of linguistic expressions for which it could compute a semantic representation 

meant that the semantic interpreter had to be substantially changed. First, the 

semantic interpreter was modified to take advantage of the stronger knowledge 

representation formalism and inference available in NIKL. For instance, the 

interpreter must compute the semantic representation for descriptions of events and 

states of affairs. It now finds the interpretation of X has Y by looking for a relation 

in the knowledge representation between X and Y. 

Second, the semantic interpreter has been changed to correspond more and more 

to general linguistic analysis. One strength of the initial version of the semantic 

interpreter [I] was its ability to handle idiomatic expressions, such as blue /orees. 

Blue /orces refers to U.S. forces, as opposed to forces that are blue (in color). The 

semantic interpreter has been generalized now so that it is much easier to capture 

the general meaning of blue as a predicate, as well as allowing for specification of 

idiomatic expressions, such as blue /orces. 

A major focus in the next year will be continuing modification of the semantic 

interpreter so that we have a fully compositional semantics and an intensional logic, 

rather than a first order logic as the meaning representation of a given sentence. 

The compositional semantics will still allow, of course, for idiomatic expressions. The 

enhanced semantic interpreter will be applicable to a much broader class of English 

expressions, while still being domain-independent and driven by domain--specific case 

frame rules. 

The  s e m a n t i c  i n t e r p r e t e r  d o e s  n o t  a l low f o r  s e m a n t i c  i l l - f o r m e d n e s s  a t  p r e s e n t ;  

r e m o v i n g  t h i s  r e s t r i c t i o n  is  a h i g h  p r i o r i t y  r e s e a r c h  a r e a .  
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3.4 Discourse Phenomena 

Since discourse analysis is the least understood area in natural language 

processing, the discourse processing component in the system is limited. The system 

handles anaphora based on the class of the entity required by the selection 

restrictions upon the anaphor. A benefit of the change in representation making 

events and states of affairs entities is that the simple heuristic above allows the 

anaphor in each of the following sequences to be correctly understood: 

o The  E i s e n h o w e r  w a s  d e p l o y e d  C2. W h e n  d i d  t h a t  OCCUT? 

0 The  E i s e n h o w e r  h a d  b e e n  C3. F fhen  w a s  t h a t ?  

E l l i p t i c a l  i n p u t s  t h a t  a r e  n o u n  p h r a s e s  o r  p r e p o s i t i o n a l  p h r a s e s  a r e  h a n d l e d  as  

fo l lows:  If t h e  c l a s s  of t h e  e n t i t y  i n h e r e n t  in  t h e  e l l i p t i c a l  i n p u t  is  c o n s i s t e n t  w i t h  a 

c l a s s  in t h e  p r e v i o u s  i n p u t ,  t h e  s e m a n t i c  r e p r e s e n t a t i o n  of t h e  n e w  e n t i t y  is 

s u b s t i t u t e d  f o r  t h e  s e m a n t i c  r e p r e s e n t a t i o n  in  t h e  p r e v i o u s  i n p u t .  If n o t ,  t h e  e l l i p s i s  

is  i n t e r p r e t e d  as  a r e q u e s t  t o  d i s p l a y  t h e  a p p r o p r i a t e  i n f o r m a t i o n .  

F a r  m o r e  s o p h i s t i c a t e d  d i s c o u r s e  p r o c e s s i n g  is  a h i g h  p r i o r i t y  n o t  o n l y  f o r  o u r  

p r o j e c t  b u t  f o r  n a t u r a l  l a n g u a g e  w o r k  a l t o g e t h e r .  

3.5 I n t r o d u c i n g  B a c k  end Specifics 

The r e s u l t  of l i n g u i s t i c  p r o c e s s i n g  in  IRUS is a f o r m u l a  in  log ic .  A n o t h e r  

c o m p o n e n t  t r a n s l a t e s  t h e  l o g i c a l  e x p r e s s i o n  r e p r e s e n t i n g  t h e  m e a n i n g  of a n  i n p u t  i n t o  

a n  e x p r e s s i o n  in a n  a b s t r a c t  r e l a t i o n a l  a l g e b r a .  S imple  o p t i m i z a t i o n  of t h e  r e s u l t i n g  

e x p r e s s i o n  is p e r f o r m e d  in t h e  s a m e  c o m p o n e n t .  The  i n i t i a l  v e r s i o n  of t h a t  c o m p o n e n t  

(MRLtoERL) [17] u s e d  l o c a l  t r a n s f o r m a t i o n s  to  t r a n s l a t e  t h e  n - a r y  p r e d i c a t e s  of t h e  

l og i c  i n t o  t h e  a p p r o p r i a t e  s e q u e n c e  of p r o j e c t i o n s ,  j o i n s ,  e t c .  o n  f i l e s  a n d  f i e ld s  of t h e  

d a t a  b a s e .  

A s t r a i g h t f o r w a r d ,  s y n t a x - d i r e c t e d  c o d e  g e n e r a t o r  t r a n s l a t e s  t h e  a b s t r a c t  

r e l a t i o n a l  e x p r e s s i o n  i n t o  t h e  q u e r y  l a n g u a g e  r e q u i r e d  b y  t h e  u n d e r l y i n g  d a t a  b a s e  

m a n a g e m e n t  s y s t e m .  Code g e n e r a t o r s  h a v e  b e e n  b u i l t  f o r  S y s t e m  1022, t h e  B r i t t o n -  

Lee  D a t a  B a s e  Mach ine ,  a n d  ORACLE. An e x p e r i e n c e d  p e r s o n  n e e d s  o n l y  two t o  t h r e e  

w e e k s  to  c r e a t e  t h e  c o d e  g e n e r a t o r .  

With the move to NIKL and the representation of events and states of affairs as 

concepts participating in binary relations, the context-free translation of predicates 

to expressions in relational algebra was no longer adequate. However, the limited 

inference mechanism [15] of NIKL formed a basis for a simplifier [18] as a preprocess 
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to  t h e  MRLtoERL c o m p o n e n t  so t h a t  t he  t r a n s l a t i o n  f rom logic to  r e l a t i o n a l  a l g e b r a  

c ou ld  st i l l  be done us ing  only  loca l  t r a n s f o r m a t i o n s .  F u r t h e r m o r e ,  t he  s implif ier  

e n a b l e d  g e n e r a l  t r a n s l a t i o n  of l ingu i s t i c  e x p r e s s i o n s  whose  d a t a  ba se  s t r u c t u r e  b e a r s  

l i t t l e  r e s e m b l a n c e  to  t h e  c o n c e p t u a l  s t r u c t u r e  of t h e  Engl ish q u e r y  [18]. We be l ieve  

t h e  s impl i f ica t ion  t e c h n i q u e s  can  be g e n e r a l i z e d  f u r t h e r  to  s u p p o r t  t h e  s impl i f ica t ion  

of a s u b c l a s s  of e x p r e s s i o n s  in t h e  i n t e n s i o n a l  logic to  be g e n e r a t e d  by t he  p l a n n e d  

s e m a n t i c  i n t e r p r e t e r  [19]. 

I n t r o d u c t i o n  of b a c k  end  spec i f i c s  fo r  t he  OSGP a p p l i c a t i o n  p a c k a g e  and t h e  

FRESH e x p e r t  sys tem is h a n d l e d  by  an  ad hoc  t r a n s l a t o r  from logic to  t a r g e t  code  a t  

p r e s e n t .  

3.6 Linguis t ic  Knowledge Acquis i t ion  

IRUS's fou r  knowledge  b a s e s  a re :  

o The lexicon,  which s t a t e s  s y n t a c t i c  and  morpho log i ca l  i n fo rma t ion ,  

o The t a x o n o m y  of case  f rame  ru les ,  

o The model of p r e d i c a t e s  in t h e  domain,  s t a t e d  in NIKL, and  

o The t r a n s f o r m a t i o n  ru l e s  fo r  mapping p r e d i c a t e s  in t he  logic in to  
p r o j e c t i o n s ,  joins,  e tc .  of f ie lds  in t he  d a t a  base .  

The f i r s t  two of t h e s e  a r e  l ingu i s t i c  knowledge  bases ;  s o p h i s t i c a t e d  acqu i s i t ion  too l s  

a r e  ava i lab le  to  aid t he  sys tem bu i lde r ,  t h o u g h  no t  n e c e s s a r i l y  t r a i n e d  in AI, to bui ld  

t he  n e c e s s a r y  l inguis t ic  knowledge  a b o u t  t he  v o c a b u l a r y .  

Powerfu l  knowledge a c q u i s i t i o n  too l s  fo r  bui lding t h e s e  d o m a i n - s p e c i f i c  

c o n s t r a i n t s  could  g r e a t l y  ease  t h e  p r o c e s s  of b r ing ing  up  a n a t u r a l  l anguage  i n t e r f a c e  

fo r  a new app l i ca t ion  and c o n s e q u e n t l y  for  b r o a d e n i n g  t h e  app l i cab i l i ty  of NLI 

t e c h n o l o g y .  P e r h a p s  t he  most  power fu l  d e m o n s t r a t i o n  of a c q u i s i t i o n  too l s  to  da t e  has  

b e e n  TEAM [6]. Based on t he  f ie lds  and  fi les of a g iven  d a t a  base ,  TEAM's acqu i s i t i on  

t oo l s  l ead  the  indiv idual  t h r o u g h  a s e q u e n c e  of q u e s t i o n s  to  a c q u i r e  t he  spec i f ic  

l ingu i s t i c  and  domain knowledge  n e e d e d  to  u n d e r s t a n d  a b r o a d  s u b s e t  of l anguage  fo r  

q u e r y i n g  t he  da t a  base .  However ,  s ince  t h o s e  h e u r i s t i c s  a r e  in l a rge  p a r t  speci f ic  to  

t h e  t a s k  of access ing  d a t a  bases ,  t h a t  t e c h n o l o g y  cou ld  n o t  be d i r e c t l y  appl ied  to  t h e  

FCCBMP appl ica t ion ,  which e n c o m p a s s e s  a r e l a t i o n a l  d a t a  base ,  an app l i ca t i on  p a c k a g e  

inc lud ing  b o t h  map drawing and  c a l c u l a t i o n ,  and  e x p e r t  sys tems .  

Knowledge acqu i s i t i on  too l s  fo r  IRUS, deve loped  u n d e r  e a r l i e r  DARPA-funded work  

a t  BBN, were  no t  spec i f ic  to  d a t a  ba se  a p p l i c a t i o n s  and  t h e r e f o r e  cou ld  be appl ied  in 

t h e  FCCBMP. Even if app l i cab i l i t y  of t h e  TEAM h e u r i s t i c s  were  n o t  a problem,  t h e r e  
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are theoretical and technical difficulties in translating English requests into data base 

queries [9] which would argue for a more general approach such as ours. As Scha 

[13, 14] has argued, these difficulties, as well as the issues of transportability and 

generality, suggest keeping linguistic knowledge rather independent of assumptions 

about the back end. 

IRACQ, t h e  s e m a n t i c  a c q u i s i t i o n  t o o l  m a d e  a v a i l a b l e  to  NOSC f o r  s p e c i f y i n g  c a s e  

f r a m e s  a n d  t h e i r  a s s o c i a t e d  t r a n s l a t i o n s ,  is q u i t e  p o w e r f u l .  The  i n i t i a l  v e r s i o n  [11]  

a l l o w e d  o n e  t o  s p e c i f y  t h e  c a s e  f r a m e  f o r  a n e w  w o r d  s e n s e  b y  g iv ing  a n  e x a m p l e  of  a 

p h r a s e  u s i n g  t h a t  w o r d  s e n s e .  F o r  i n s t a n c e ,  if  t he  admira l ,  a v e s s e l ,  a n d  C2 a r e  

k n o w n  to  t h e  s y s t e m ,  t h e n  o n e  c a n  d e f i n e  a new c a s e  f r a m e  f o r  d e p l o y  b y  g iv ing  a 

p h r a s e  s u c h  a s  the  admi ra l  d e p l o y e d  a v e s s e l  C2. The  s y s t e m  s u g g e s t s  g e n e r a l i z a t i o n s  

of  t h e  a r g u m e n t s  s p e c i f i e d  in  t h e  e x a m p l e  u s i n g  t h e  NIKL k n o w l e d g e  b a s e ,  so  t h a t  t h e  

i n f e r r e d  c a s e  f r a m e  is  t h e  m o s t  g e n e r a l  t h a t  t h e  u s e r  a u t h o r i z e s .  F o r  e x a m p l e ,  

g e n e r a l i z a t i o n s  of a d m i r a l  a r e  c o m m a n d i n g  o f f i c e r ,  p e r s o n ,  a n d  p h y s i c a l  o b j e c t ;  

g e n e r a l i z a t i o n s  of v e s s e l  a r e  u n i t ,  p l a t f o r m ,  a n d  p h y s i c a l  o b j e c t ;  g e n e r a l i z a t i o n s  of  C2 

a r e  r a t i n g  a n d  code .  F u r t h e r m o r e ,  b a s e d  o n  t h e  i n t r o d u c t i o n  of t h e  m o r e  g e n e r a l  

k n o w l e d g e  r e p r e s e n t a t i o n  s y s t e m  NIKL, IRACQ is b e i n g  e x t e n d e d  to  p r o p o s e  t h e  b i n a r y  

r e l a t i o n s  t h a t  m i g h t  b e  p a r t  of  t h e  t r a n s l a t i o n  of t h e  n e w  w o r d .  Of c o u r s e ,  if t h e  

r e l a t i o n s  a n d  c o n c e p t s  n e e d e d  a r e  n o t  a l r e a d y  p r e s e n t  in  t h e  d o m a i n  p r e d i c a t e  mode l ,  

t h e  u s e r  c a n  d e f i n e  new c o n c e p t s  a n d  r e l a t i o n s  in  t h e  NIKL h i e r a r c h y  a s  well.  

The  a v a i l a b i l i t y  of  s u c h  k n o w l e d g e  a c q u i s i t i o n  t o o l s  h a s  m a d e  i t  p o s s i b l e  f o r  NOSC 

r e p r e s e n t a t i v e s ,  r a t h e r  t h a n  AI e x p e r t s ,  t o  d e f i n e  t h e  n a v a l  l a n g u a g e  e x p e c t e d  a s  

i n p u t .  We h a v e  f o u n d  t h a t  e v e n  w i th  t h e  t o o l  d e s c r i b e d  a b o v e ,  r e a s o n a b l e  l i n g u i s t i c  

s o p h i s t i c a t i o n  is v e r y  h e l p f u l  in d e f i n i n g  t h e  c a s e  f r a m e s .  In  f a c t ,  a n  i n d i v i d u a l  wi th  a 

m a s t e r ' s  d e g r e e  in l i n g u i s t i c s  is d e f i n i n g  t h e  c a s e  f r a m e s  a t  NOSC. More  s o p h i s t i c a t e d  

t o o l s ,  w h i c h  do n o t  p r e s u p p o s e  o n l y  o n e  k i n d  of b a c k  end ,  a r e  o n e  of t h e  m o s t  

i m p o r t a n t  r e s e a r c h  t o p i c s  f o r  n a t u r a l  l a n g u a g e  i n t e r f a c e s .  T h e s e  wou ld  c o m b i n e  t h e  

s t r e n g t h s  of  t h e  l i n g u i s t i c  k n o w l e d g e  a c q u i s i t i o n  t o o l s  of  b o t h  IRUS a n d  TEAM. 

4 Principles Underscored 
In  t h e  c o u r s e  of t h e  e f f o r t ,  a n u m b e r  of  p r i n c i p l e s  h a v e  b e e n  u n d e r s c o r e d .  M a n y  

of t h e s e  o n c e  s t a t e d  m a y  a p p e a r  to  b e  c o m m o n  s e n s e ;  h o w e v e r ,  we h o p e  t h a t  

i l l u s t r a t i n g  t h e m  f r o m  o u r  e x p e r i e n c e  will p r o v e  h e l p f u l .  
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4 .1  The  N e c e s s i t y  F o r  G e n e r a l  S o l u t i o n s  
t 

The  availability of domain-independent software driven by domain-dependent, 

declarative knowledge bases was of paramount importance because of the following: 

o The application was not only broad (three underlying systems) but also 
evolving (with a fourth system to be added). 

o Great habitability is necessary for delivery to the Pacific Fleet Command 
Center. 

o The time frame for demonstration was relatively short compared to the scope 
of the underlying systems to be covered. 

Furthermore, it is critical that the knowledge bases state a linguistic or domain fact 

once and that the domain-independent software be able to use that one fact in all 

predictable linguistic variations. The reasons are obvious: the efficiency in building 

the knowledge bases, the consistency of stating a fact only once, and the habitability 

of the resulting system which can understand things no matter what form they are 

expressed in. 3 

The  IRUS s y s t e m  a t t a i n s  t h e  g o a l  m e n t i o n e d  a b o v e  r e l a t i v e l y  well; a l i n g u i s t i c  o r  

a p p l i c a t i o n  c o n s t r a i n t  is s t a t e d  o n c e  in t h e  k n o w l e d g e  b a s e  b u t  a p p l i e d  in  al l  p o s s i b l e  

w a y s  in  t h e  l a n g u a g e  p r o c e s s i n g .  This  is  p a r t i c u l a r l y  t r u e  b e c a u s e  of t h e  s u b s t a n t i a l  

g r a m m a r  [2, 3] a n d  to  a l e s s e r  e x t e n t  d u e  t o  the" s e m a n t i c  i n t e r p r e t e r .  R e c o g n i t i o n  of 

t h i s  f a c t  is  p a r t  of t h e  r e a s o n  t h a t  s u b s t a n t i a l  c h a n g e s ,  a s  m e n t i o n e d  in s e c t i o n  

t h r e e ,  a r e  p l a n n e d  in t h e  s e m a n t i c  i n t e r p r e t e r  t o  m a k e  t h e  l i n g u i s t i c  f a c t s  t h a t  d r i v e  

i t  e v e n  m o r e  g e n e r a l .  

3An i n t e r e s t i n g  anecdote that  arose in e a r l y  d iscuss ions in the p lann ing of t h i s  p ro jec t  
centered around the t i g h t  dead l ines  and the breadth of the a p p l i c a t i o n  area.  Since i t  was 
c l e a r  that  one could not cover o l i  th ree  under l y ing  systems in every area fo r  which they 
cou ld  p rov ide  i n fo rma t ion ,  the ques t ion  arose whether to  focus on o subs tan t i a l  subpart of 
the a p p l i c a t i o n  domain i n i t i a l l y  or to s a c r i f i c e  l i n g u i s t i c  coverage to gain in coverage of 
the unde r l y i ng  systems, Because the i n fo rma t i on  needs of the va r ious  navy personnel 
d i f f e r e d  w i d e l y ,  and because the scope of needs seemed imposs ib le  to p r e d i c t ,  navy personnel 
i n i t i a l l y  suggested that  coverage of o l i  poss ib le  i n fo rma t i on  s tored in the under l y ing  
systems was of such importance that  s a c r i f i c e s  regard ing the language understood could be 
mode even i f  there were on ly  one way tha t  o g iven piece of i n fo rma t i on  could be accessed. 
The i n t e r e s t i n g  th ing however is that  as demonstrat ions were g iven,  the f i r s t  th ings people 
request f o l l o w i n g  the demonst ra t ion is  to t r y  var ious  rephros ings of the requests in the 

d e m o n s t r a t i o n ,  thereby in behav ior  i n d i c a t i n g  how important  not being r e s t r i c t e d  to spec ia l  
forms is .  
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4.2 The Necessity of Heuristic Solutions 

In the previous section we have argued for the need of general purpose solutions 

to problems in NLI. Clearly this cannot be taken to an extreme; otherwise one would 

not have an NLI in the foreseeable future, since there are well-known outstanding 

problems for which there is no general, comprehensive solution on the horizon. 

Consequently, heuristic, state-of-the-art solutions are being demonstrated for 

problems such as ambiguity, vagueness, discourse context, ill-formed input, definite 

reference, quantifier scope, conjunction, and ellipsis. Though laboratory use of the 

system embodying that set of heuristics is quite promising, we expect that placing the 

system in the hands of individuals trying to solve their day-to-day problems will 

produce interesting corpora of dialogues that cannot be handled by one or more of 

those heuristics. Careful study of those corpora will tell us not only the effectiveness 

of state-of-the-art solutions but will also suggest new directions of research. 

4.3 The Necessity of Extra-linguistic Elements in a Natural Language Interface 

Having only a natural language processor is not sufficient to provide a truly 

natural interface. Four elements seem highly valuable for typed input: editing, a 

readily accessible history of the session, human factors elements in the presentation, 

and a minimum of key strokes. Editing should include more than deleting the last 

character of the string and deleting the whole string. We are currently relying on 

Emacs, which is readily available on Symbolics workstations. However, that is also 

unattractive because of the arcane nature of the link between the myriad control key 

commands of Emacs and the actual textual tasks the user needs to perform. 

IRUS's on-line history of the session provides reviewing earlier results, editing 

the text of earlier requests to create new ones, and generating a standard protocol 

for routine operations that occur on a regular basis. Our user community anticipates 

a need for both routine sequences of questions as would be useful in preparing daily 

or weekly reports, and ad hoc queries, e.g., when crises arise. 

Issues in presentation are important as well. No matter what the underlying 

application is, IRUS lets it produce output on the complete bitmap screen. A popup 

input window and an optional popup history window can be moved to any part of the 

screen so that all parts of the underlying system's output may be visible. 

Certain operations occur so frequently that one would like to have them 

available on the screen at all times in menus to minimize memory load and key 

strokes. Examples are clearing a window and aborting a request. 
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A f u t u r e  c a p a b i l i t y  t h a t  would be qui te  a t t r a c t i v e  is po in t ing  to  ind iv idua l  d a t a  

i tems,  c l a s se s  of d a t a  i tems,  f ield head ings ,  o r  l o c a t i o n s  o n  m a p s ,  caus ing  t h e  

a p p r o p r i a t e  l i ngu i s t i c  d e s c r i p t i o n  of t h a t  e n t i t y  to  be  made ava i lab le  as p a r t  of t h e  

n a t u r a l  l a n g u a g e  inpu t .  While th i s  is poss ib l e  in t he  f u t u r e ,  p rov id ing  such  a 

c a p a b i l i t y  is n o t  c u r r e n t l y  funded .  

Spe ech  i n p u t  as a mode of communica t ion  would  a lso  be h ighly  des i r ab le ,  even  if 

e x t r e m e l y  l imited ini t ia l ly .  As a c o n s e q u e n c e ,  t h e  n e x t  g e n e r a t i o n  of n a t u r a l  l anguage  

u n d e r s t a n d i n g  sy s t em s  in t he  FCCBMP will i nc lude  mod i f i ca t i ons  spec i f i ca l ly  to  p rov ide  

an  i n f r a s t r u c t u r e  which  could  at  a l a t e r  da t e  s u p p o r t  s p e e c h  input .  

5 Future  Poss ib i6 t i e s  

In add i t i on  to  t he  e n h a n c e m e n t s  we h a v e  m e n t i o n e d  e a r l i e r  r e g a r d i n g  t h e  

s e ma n t i c  i n t e r p r e t e r ,  l inguis t ic  knowledge  a c q u i s i t i o n  too ls ,  and  d i s c o u r s e  p r o c e s s i n g ,  

t h e r e  a re  t h r e e  s u b s t a n t i a l  a r e a s  of r e s e a r c h  and  d e v e l o p m e n t  poss ib le .  F i r s t ,  

r e s e a r c h  in i l l - f o r m e d  inpu t  is n e c e s s a r y  in o r d e r  to  allow for  add i t i ona l  g rammat i ca l  

p rob l e ms  in t he  i npu t  and  for  r e l a x a t i o n  of s e m a n t i c  c o n s t r a i n t s ,  e.g., to  allow fo r  

f i gu re s  of speech .  The prob lem with an i l l - f o r m e d  i n p u t  is t h a t  t h e r e  is no 

i n t e r p r e t a t i o n  which sa t i s f ies  all l inguis t ic  c o n s t r a i n t s .  T h e r e f o r e ,  t he  v e r y  

c o n s t r a i n t s  t h a t  limit s e a r c h  must  be r e l axed ,  t h e r e b y  open ing  P a n d o r a ' s  Box in t e r m s  

of t he  n u m b e r  of a l t e r n a t i v e s  in t he  s e a r c h  space .  Not only  IRUS, bu t  a p p a r e n t l y  all 

sy s t ems  t h a t  p r o c e s s  any  i l l - f o r m e d  inpu t  a t t a i n  t h e  s u c c e s s  t h e y  do by  c o n s i d e r i n g  

v e r y  few kinds  of i l l - f o r m e d  inpu t  and  by  assuming  t h a t  s eman t i c  c o n s t r a i n t s  c an  

n e v e r  be v io la ted .  4 Consequen t ly ,  de t e rmin ing  wha t  t h e  u s e r  mean t  in an  i l l - f o r m e d  

i n p u t  is a s u b s t a n t i a l  p rob lem requ i r ing  r e s e a r c h .  

Second,  we p r o p o s e  explor ing  pa ra l l e l  a r c h i t e c t u r e s  to  add f u n c t i o n a l  capab i l i ty .  

Run t ime p e r f o r m a n c e  of IRUS on a Symbolics m a c h i n e  is qu i te  a c c e p t a b l e .  Typical  

i n p u t s  a r e  fu l ly  p r o c e s s e d  to  give t he  t a r g e t  l a n g u a g e  i n p u t  to  t h e  u n d e r l y i n g  sys tem 

wi th in  a few seconds ;  na t u r a l l y ,  t he  r e l a t i o n a l  d a t a  b a s e  and  u n d e r l y i n g  e x p e r t  

s y s t e ms  a r e  n o t  e x p e c t e d  to  be able  to  p e r f o r m  a t  c o m p a r a b l e  speeds .  The re  a r e  

t h r e e  a r e a s  w h e r e  f u n c t i o n a l  p e r f o r m a n c e  could  be improved  by  para l le l i sm.  

I. The current system ranks the partial parses using both semantic and 
syntactic information, and it explores those partial parses based on 
following up the most promising one first. The technique is relatively 
effective, but clearly not infallible. Finding all interpretations and then 

4Early work on al lowing semantic relaxat ion is reported in [5,  21. 22] .  
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r a n k i n g  them b a s e d  no t  only on loca l  s y n t a c t i c  and  seman t i c  t e s t s  bu t  a l so  
on global  semant ic , ,  p r agmat i c ,  and  d i s c o u r s e  i n fo rma t ion  is c r i t i c a l  to  
improving  t h e  i den t i f i c a t i on  of wha t  t h e  u s e r  i n t e n d e d .  

2. A s e c o n d  a r e a  r e l a t e d  to  t he  f i r s t ,  is g r e a t e r  c o v e r a g e  of i l l - f o r m e d  inpu t .  
As m e n t i o n e d  ea r l i e r ,  i l l - f o r m e d n e s s  r e q u i r e s  r e l ax ing  t h e  ru l e s  t h a t  
c o n s t r a i n  s e a r c h ;  t h e r e f o r e  t h e  s e a r c h  s p a c e  grows d r a m a t i c a l l y  in 
p r o c e s s i n g  an  i l l - f o r m e d  inpu t .  

3. R e a l - t i m e ,  l a rge  v o c a b u l a r y ,  l a rge  b r a n c h i n g  f a c t o r ,  c o n t i n u o u s  s p e e c h  
r e c o g n i t i o n  is b e y o n d  t he  s t a t e  of t h e  a r t ,  and  r e q u i r e s  h igh ly  p a r a l l e l  
m a c h i n e s  to  s u p p o r t  s p e e c h  s ignal  p r o c e s s i n g .  While th i s  is h ighly  des i r ab l e ,  
i t  is n o t  p a r t  of ou r  c u r r e n t  e f fo r t .  

Within t h e  n e x t  two y e a r s  we i n t e n d  to  r e p l a c e  t h e  ATN grammar  with a d e c l a r a t i v e ,  

s i d e - e f f e c t  f r e e  g rammar  and a p a r a l l e l  p a r s i n g  a lgor i thm,  following work  r e p o r t e d  in 

[16]. 

Third,  o u r  evolving sys tem is be ing  i n t e r f a c e d  to  t he  P e n m a n  g e n e r a t i o n  

c o m p o n e n t  f rom u s e / I n f o r m a t i o n  Sc i ences  I n s t i t u t e  (USC/ISI ) [8] .  P e n m a n  is b a s e d  

u p o n  s y s t emi c  l inguis t ics .  The u l t ima te  goal  of t h e  e f f o r t  with USC/ISI is twofold:  to  

have  s y s t em s  t h a t  can  u n d e r s t a n d  w h a t e v e r  t h e y  g e n e r a t e  and  to  a ch i eve  th i s  by 

hav ing  common knowledge  s o u r c e s  fo r  t h e  l ex icon ,  fo r  t he  NIKL model  of domain  

p r e d i c a t e s ,  and  for  d i s c o u r s e  in fo rma t ion .  

6 Conclusions 

Though  t h e  p r o j e c t  will be ongoing  for  s e v e r a l  y e a r s  yet ,  t h e r e  a re  s e v e r a l  

p r e l i m i n a r y  c o n c l u s i o n s  from the  f i r s t  y e a r  and  a ha l f  of e f fo r t ,  given t h e  c o n s t r a i n t s  

and  goals  m e n t i o n e d  in s ec t i on  two. 

1. P rov id ing  l anguage  cove r age  for  th i s  b r o a d  app l i ca t i on  with mul t ip le  
u n d e r l y i n g  sys t ems  has  no t  b e e n  a p rob lem.  However,  s ince  d e t e r m i n i n g  
wha t  sys t em(s )  must  be a c c e s s e d  fo r  a g iven  i n p u t  is a r e s e a r c h  p rob lem 
t h a t  has  b e e n  l i t t le  a d d r e s s e d ,  on ly  simple l ingu i s t i c  c lues  a r e  u s e d  in t h e  
c u r r e n t  ve r s ion .  The prob lem in g e n e r a l  invo lves  n o t  only  r e a s o n i n g  a b o u t  
t h e  c a p a b i l i t i e s  of t he  u n d e r l y i n g  sys t ems  [7] b u t  also s ign i f i can t  l ingu i s t i c  
i s sues .  For  i n s t a n c e ,  if one says  S h o w  me t he  c a r r i e r s  w h o s e  c o n d i t i o n  code  
c h a n g e d  i n  the  las t  24  h o u r s ,  e i t h e r  a l i s t  (from t h e  d a t a  base )  or  a map 
(from OSGP) is a p p r o p r i a t e .  If one says  S h o w  me a d i s p l a y  o[ the  c a r r i e r s  
w h o s e  c o n d i t i o n  code c h a n g e d  i n  the  las t  24  h o u r s ,  only  OSGP is a p p r o p r i a t e .  
The l ingu i s t i c  cue  is d i s p l a y .  F u r t h e r m o r e ,  some c o n t e x t s  f avo r  one  
u n d e r l y i n g  sys tem over  t he  o t h e r ,  r e q u i r i n g  t h e  sys tem to  ma in ta in  a 
d i a logue  c o n t e x t  model, inc lud ing  t h e  u s e r ' s  i n f e r r e d  goals  in t he  d ia logue ,  
in o r d e r  to  i n t e g r a t e  cues  f rom d ia logue  c o n t e x t  with the  l inguis t ic  cues .  

2. The a r c h i t e c t u r e  has  s u p p o r t e d  t r a n s p o r t a b i l i t y  well. For  i n s t a n c e ,  th i s  new 
a p p l i c a t i o n  r e q u i r e d  only minor  c h a n g e s  to  t h e  g rammar  and m o r p h o l o g i c a l  
a n a l y z e r .  As FRESH has  b e e n  f u r t h e r  d e f i n e d  and  as t h e  d a t a  b a s e  
s t r u c t u r e  has  evolved,  only small loca l  c h a n g e s  have  b e e n  r e q u i r e d  to  t h e  
c o n t e n t  of t he  knowledge bases .  Should  a d a t a  ba se  machine  r e p l a c e  t h e  
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c u r r e n t  d a t a  b a s e  m a n a g e m e n t  s y s t e m  in Hawai i ,  o n l y  two  t o  t h r e e  p e r s o n  
w e e k s  s h o u l d  b e  n e e d e d  t o  g e n e r a t e  t h e  n e w  t a r g e t  l a n g u a g e .  H o w e v e r ,  
m o r e  s o p h i s t i c a t e d  l i n g u i s t i c  k n o w l e d g e  a c q u i s i t i o n  t o o l s  n o t  d e p e n d e n t  on  
t h e  t y p e  of t h e  u n d e r l y i n g  a p p l i c a t i o n  s y s t e m  a r e  a c r i t i c a l  g o a l  f o r  NLI b o t h  
f o r  f a r  g r e a t e r  a p p l i c a b i l i t y  of t h e  t e c h n o l o g y  a n d  f o r  f a r  b r o a d e r  
a v a i l a b i l i t y  of NLIs. 

3. The  s u c c e s s  of t h i s  e f f o r t  a s  a t e c h n o l o g y  t e s t b e d  d e p e n d s  o n  e v a l u a t i o n  
a f t e r  i n s t a l l a t i o n  a t  t h e  P a c i f i c  F l e e t  C o m m a n d  C e n t e r  a n d  o n  t h e  s u c c e s s  of  
t h e  a r c h i t e c t u r e  to  s u p p o r t  s u b s t a n t i a l  e n h a n c e m e n t s ,  s u c h  a s  t h e  p l a n n e d  
s e m a n t i c  i n t e r p r e t e r  b a s e d  o n  c o m p o s i t i o n a l  s e m a n t i c s  a n d  t h e  p l a n n e d  
p a r a l l e l  p a r s e r .  H o w e v e r ,  i t  a l r e a d y  h a s  s u p p o r t e d  m a s s i v e  c h a n g e s  well,  
s u c h  a s  t h e  c h a n g e  in  u n d e r l y i n g  k n o w l e d g e  r e p r e s e n t a t i o n  w h e n  NIKL w a s  
i n t r o d u c e d .  

The  p o t e n t i a l  of t h e  t e s t b e d  is g r e a t  b e c a u s e  i t  o f f e r s  e m p i r i c a l  r e s e a r c h  of 
a r e a l i s t i c  k i n d  u n f o r t u n a t e l y  l a r g e l y  l a c k i n g  h e r e t o f o r e ;  t h e  p l a c e m e n t  of  
TQA in t h e  h a n d s  of u s e r s  t o  s o l v e  t h e i r  d a i l y  p r o b l e m s  f o r  a y e a r  [4] is  a 
n o t a b l e  e x c e p t i o n .  The r e s u l t s  of r e s e a r c h  on  h e u r i s t i c s  f o r  d e f i n i t e  
r e f e r e n c e ;  s e m a n t i c  a m b i g u i t y ;  e l l i p s i s ;  s y n t a c t i c a l l y  o r  s e m a n t i c a l l y  i l l -  
f o r m e d  i n p u t ;  a n d  i n f e r e n c e  f r o m  w o r l d  k n o w l e d g e  a n d  c o n t e x t ,  t o  n a m e  a 
few s t u d i e d  in i s o l a t i o n ,  m u s t  b e  t e s t e d  in a c o m p l e t e  s y s t e m .  The  
o p p o r t u n i t y  in  t h e  FCCBMP will h e l p  to  d e t e r m i n e  t h e  e f f e c t i v e n e s s  of s u c h  
h e u r i s t i c s  in a l a r g e  d i v e r s e  a p p l i c a t i o n  d o m a i n  w h e r e  c o m b i n a t o r i a l  i s s u e s  
c a n n o t  be  i g n o r e d .  C o l l e c t i n g  c o r p o r a  in  a n  e x p e r i m e n t  c a n  b e  h i g h l y  
i n s t r u c t i v e ,  as  s h o w n  in [20].  H o w e v e r ,  c o r p u s  c o l l e c t i o n  u s i n g  p e o p l e  
s o l v i n g  t h e i r  own p r o b l e m s  p r o v i d e s  a n  u n c o m m o n  d e g r e e  of r e a l i s m  a n d  
l e g i t i m a c y  to  t h e  e m p i r i c a l  p r o c e s s .  
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