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1 B a c k g r o u n d  

BBN's r e s p o n s i b i l i t y  is to  c o n d u c t  r e s e a r c h  and d e v e l o p m e n t  in n a t u r a l  l anguage  
i n t e r f a c e  t e chno l ogy .  This r e s p o n s i b i l i t y  has  t h r e e  a spec t s :  

o to  d e m o n s t r a t e  s t a t e - o f - t h e - a r t  t e c h n o l o g y  in a S t r a t e g i c  Computing 
app l ica t ion ,  co l l ec t ing  da t a  r e g a r d i n g  the  e f f e c t i v e n e s s  of t he  d e m o n s t r a t e d  
h e u r i s t i c s ,  

! 

o to  c o n d u c t  r e s e a r c h  in n a t u r a l  l anguage  i n t e r f a c e  t e c h n o l o g y ,  as i temized in 
t he  d e s c r i p t i o n  of JANUS l a t e r  in th i s  no te ,  and 

o to  i n t e g r a t e  t e c h n o l o g y  from o t h e r  n a t u r a l  l anguage  i n t e r f a c e  c o n t r a c t o r s ,  
inc lud ing  USC/ In fo rma t ion  Sc i ences  Ins t i t u t e ,  the  Un ive r s i t y  of Pennsy lvan ia ,  
and  the  Un ive r s i ty  of M a s s a c h u s e t t s .  

Of the  t h r e e  in i t ia l  a p p l i c a t i o n s  d e s c r i b e d  in the  overview,  t h e  F lee t  Command 
C e n t e r  Bat t le  Management  P r o g r a m  (FCCBMP) has  been  t h e  a p p l i c a t i o n  providing t he  
domain  in which ou r  work  is be ing  c a r r i e d  out .  The FCCBMP encompasses  the  
d e v e l o p m e n t  of e x p e r t  sy s t em c a p a b i l i t i e s  a t  t he  Pacif ic  F lee t  Command Cente r  in 
Hawaii, and the  d e v e l o p m e n t  of an i n t e g r a t e d  n a t u r a l  l anguage  i n t e r f a c e  to  t he se  new 
capab i l i t i e s  as well as to  t h e  ex i s t ing  d a t a  bases  and g r a p h i c  d i sp lay  faci l i t ies .  BBN is 
deve lop ing  a s e r i e s  of i n c r e a s i n g l y  s o p h i s t i c a t e d  n a t u r a l  l anguage  u n d e r s t a n d i n g  
sys t ems  which will s e r ve  as an i n t e g r a t e d  i n t e r f a c e  to  s e v e r a l  fac i l i t i es  a t  t he  Pacif ic  
F lee t  Command Cente r :  t h e  I n t e g r a t e d  Data Base (IDB), which  c o n t a i n s  in fo rma t ion  
a b o u t  ships,  t h e i r  r e a d i n e s s  s t a t e s ,  t h e i r  capabi l i t i es ,  e tc . ;  t h e  Ope ra t i ons  S u p p o r t  
Group  P r o t o t y p e  (OSGP), a g r a p h i c s  sys tem which can  d i sp lay  l o c a t i o n s  and  i t i n e r a r i e s  
of sh ips  on maps; and t he  F o r c e  R e q u i r e m e n t s  E x p e r t  Sys tem (FRESH) which is being 
bu i l t  by  Texas  I n s t r u m e n t s .  

The t a r g e t  u s e r s  fo r  th i s  a p p l i c a t i o n  a re  nava l  o f f i c e r s  invo lved  in dec i s ion  
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making  a t  t h e  Pac i f i c  F lee t  C o m m a n d  C e n t e r ;  t h e s e  a r e  e x e c u t i v e s  whose  e f f o r t  is 
b e t t e r  s p e n t  on n a v y  p r o b l e m s  a n d  d e c i s i o n  mak ing  t h a n  on  t h e  de t a i l s  of w h i c h  
s o f t w a r e  s y s t e m  o f f e r s  a g iven  i n f o r m a t i o n  c a p a b i l i t y ,  how a p r o b l e m  s h o u l d  be  d iv ided  
to  make  u se  of t h e  v a r i o u s  s y s t e m s ,  o r  how to  s y n t h e s i z e  t h e  r e s u l t s  f rom s e v e r a l  
s o u r c e 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 ;  i n s t e a d ,  on  a r o u n d - t h e - c l o c k  bas i s ,  two o p e r a t o r s  
a c t  as  i n t e r m e d i a r i e s  b e t w e e n  t h e  Navy s t a f f  a n d  t h e  c o m p u t e r s .  The u t i l i t y  of  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  in s u c h  an  e n v i r o n m e n t  is c l e a r .  

The s t a r t i n g  p o i n t  fo r  d e v e l o p m e n 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  s y s t e m  a t  
t h e  Pac i f i c  F l ee t  Comm and  C e n t e r  was  t h e  IRUS s y s t e m ,  w h i c h  h a s  b e e n  u n d e r  
d e v e l o p m e n t  a t  BBN fo r  a n u m b e r  of y e a r s .  A new v e r s i o n  of t h i s  sys t em,  I R U S - 8 6 ,  
h a s  b e e n  i n s t a l l e d  in t h e  FCCBMP t e s t b e d  a r e a  a t  t h e  Pac i f i c  F l e e t  Command  C e n t e r  f o r  
d e m o n s t r a t i o n .  F u r t h e r  b a s i c  r e s e a r c h  on  t h e  p r o b l e m s  of  n a t u r a l  l a n g u a g e  
i n t e r f a c i n g  is c o n t i n u i n g ,  a n d  t h e  r e s u l t s  of t h i s  a n d  f u t u r e  r e s e a r c h  will be  
i n c o r p o r a t e d  i n t o  a n e x t  g e n e r a t i o n  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 y s t e m  ca l l ed  JANUS, to  
be  d e l i v e r e d  to  t h e  Pac i f i c  F l e e t  Command  C e n t e r  a t  a l a t e r  d a t e .  JANUS will s h a r e  
m o s t  of i t s  d o m a i n - d e p e n d e n t  d a t a  wi th  I R U S - 8 6 ,  a n d  it will s h a r e  o t h e r  m o d u l e s  as  
well; I R U S - 8 6  will t h e r e f o r e  be a b l e  t o  evolve  g r a d u a l l y  i n t o  t h e  f ina l  v e r s i o n  of JANUS. 

2 I R U S - 8 6 :  The In i t i a l  Tes t  Bed  S y s t e m  

The a r c h i t e c t u r e  of IRUS [ B a t e s  83] is a c a s c a d e  c o n s i s t i n g  of a s e q u e n c e  of 
t r a n s l a t i o n  modu le s :  

o An ATN p a r s e r  w h i c h  p r o d u c e s  a s y n t a c t i c  t r e e .  

o A s e m a n t i c  i n t e r p r e t e r  w h i c h  p r o d u c e s  a f o r m u l a  of t h e  m e a n i n g  
r e p r e s e n t a t i o n  l a n g u a g e  MRL. 

o A p o s t p r o c e s s o r  f o r  r e s o l v i n g  a n a p h o r a  a n d  e l l ips is .  

o A t r a n s l a t i o n  modu le  w h i c h  p r o d u c e s  a f o r m u l a  of t h e  r e l a t i o n a l  d a t a  b a s e  
l a n g u a g e  ERL ( " E x t e n d e d  R e l a t i o n a l  L a n g u a g e " ) .  

o A t r a n s l a t i o n  modu le  w h i c h  p r o d u c e s  a s e q u e n c e  of c o m m a n d s  fo r  t h e  
u n d e r l y i n g  d a t a  b a s e  a c c e s s  s y s t e m .  

I R U S - 8 6 ,  t h e  v e r s i o n  of IRUS w h i c h  is now i n s t a l l e d  a t  t h e  P a c i f i c  F lee t  C o m m a n d  
C e n t e r ,  is a v e r s i o n  of IRUS w h i c h  is e x t e n d e d  in s e v e r a l  ways .  Two of t h e s e  
e x t e n s i o n s  a r e  e s p e c i a l l y  w o r t h  m e n t i o n i n g :  

o I R U S - 8 6  u s e s  t h e  NIKL s y s t e m  [Moser  83] t o  r e p r e s e n t  i t s  d o m a i n  model ,  i.e., 
t h e  r e l a t i o n s h i p s  b e t w e e n  t h e  p r e d i c a t e s  a n d  r e l a t i o n s  of t h e  m e a n i n g  
r e p r e s e n t a t i o n  l a n g u a g e  MRL. The NIKL d o m a i n  mode l  s u p p o r t s  t h e  s y s t e m ' s  
t r e a t m e n t  of s e m a n t i c  a n o m a l y ,  a n a p h o r a ,  a n d  n o m i n a l  c o m p o u n d s .  
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o IRUS-86 c o n t a i n s  a new module which exp lo i t s  th i s  NIKL domain model to  
simplify MRL e x p r e s s i o n s ;  th is  makes  it  poss ib le  to  t r a n s l a t e  complex MRL- 
e x p r e s s i o n s  in to  ERL c o n s t a n t s ,  t h u s  allowing for  s ign i f i can t  d i v e r g e n c e s  
b e t w e e n  t he  i npu t  English and t he  s t r u c t u r e  of t he  unde r ly ing  da t a  base  

[S t a l l a rd  86]. 

In addition to accessing the NIKL domain model, the parser, semantic interpreter 

and MRL-to-ERL translator access other knowledge sources which contain domain- 

dependent information: 

o the lexicon, 

o t h e  s eman t i c  i n t e r p r e t a t i o n  ru les  fo r  ind iv idua l  c o n c e p t s ,  

o the MRL-to-ERL mapping rules for individual MRL constants, which introduce 

the details of underlying system structure, such as file and field names. 

To p o r t  IRUS to  t h e  navy  domain,  t he  r e l e v a n t  d o m a i n - d e p e n d e n t  d a t a  had  to  be 
suppl ied  to t he  sys tem.  This t a s k  is being a c c o m p l i s h e d  by  p e r s o n n e l  a t  t h e  Naval 
Ocean Sys tems Cen t e r  (NOSC). In August,  1985, BBN p r o v i d e d  NOSC with an  ini t ia l  
p r o t o t y p e  sys tem c o n t a i n i n g  small example  se t s  of l ex ica l  en t r i e s ,  s eman t i c  
i n t e r p r e t a t i o n  ru les ,  and  MRL- to-ERL rules ;  us ing a c q u i s i t i o n  too ls  p rov ided  by BBN, 
NOSC p e r s o n n e l  have  b e e n  e n t e r i n g  the  r e s t  of the  da ta .  

IRUS-86 was de l i ve r ed  to the  FRESH d e v e l o p e r s  a t  Texas  I n s t r u m e n t s  in J a n u a r y  
1986, was in s t a l l ed  in a t e s t  bed  a r e a  of t he  Paci f ic  F lee t  Command Cen t e r  in April 
1986, and  will be d e m o n s t r a t e d  in June  1986. Cu r r en t l y ,  t h e  l ex icon  and the  d o m a i n -  
d e p e n d e n t  ru l e s  of t he  sys tem only c o v e r  a r e l a t i v e l y  small p a r t  of t he  OSGP 
capab i l i t i e s  and the  fi les and a t t r i b u t e s  of t he  I n t e g r a t e d  Data Base. Once enough  
da ta  have  b e e n  e n t e r e d  so t h a t  t he  sys tem c o v e r s  a su f f i c i en t l y  l a rge  p a r t  of t he  da t a  
base,  it will be t r i e d  ou t  in a c tua l  use  by Navy p e r s o n n e l .  This will enab le  us to 
g a t h e r  da t a  a b o u t  t he  way the  sys tem p e r f o r m s  in a r ea l  env i ronmen t ,  and to  f i n e -  
t une  t he  sys tem in v a r i o u s  r e s p e c t s .  For  i n s t a n c e ,  IRUS-86 makes  use  of shallow 
h e u r i s t i c  me thods  to  a d d r e s s  some a s p e c t s  of n a t u r a l  l anguage  u n d e r s t a n d i n g  such  as 
a n a p h o r a  and ell ipsis fo r  which g e n e r a l  so lu t i ons  a r e  s t i l l  r e s e a r c h  i ssues .  The 
FCCBMP app l i c a t i on  p r o v i d e s  a t e s t  bed  in which s u c h  h e u r i s t i c  methods  can  be 
eva lua t ed ,  and  e n h a n c e m e n t s  to  them d e v e l o p e d  and  t e s t e d ,  as p a r t  of t he  
e v o l u t i o n a r y  t e c h n o l o g i c a l  g rowth  i n t e n d e d  to  c o n t i n u e  t h r o u g h o u t  t he  Na tu ra l  
Language  Techno logy  e f f o r t  of t he  S t r a t e g i c  Computing P rogram.  
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3 F u n c t i o n a l  Goals for JANUS 

The IRUS-86 system excels by its clean, modular structure, its broad 
syntactic/semantic coverage, its sophisticated domain model, and its systematic 

treatment of discrepancies between the English lexicon and the data base structure. 

We thus expect that it will demonstrate considerable utility as an interface component 

in the FCCBMP application. Nevertheless, IRUS-86 shares with other current systems 

several limitations which should be overcome if natural language interfaces are to 

become truly "natural". In developing JANUS, the successor of IRUS-86, we shall 

attempt to overcome some of those limitations. The areas of increased functionality 

we are considering are: semantics and knowledge representation, ill-formedness, 

discourse, cooperativeness, multiple underlying systems, and knowledge acquisition. 

3.1 Semantics and Knowledge Representation 

IRUS-86,  l ike most  o t h e r  c u r r e n t  sys tems ,  r e p r e s e n t s  s e n t e n c e  meanings  as 
fo rmulas  of a logical  l a n g u a g e  which is a s l ight  e x t e n s i o n  of f i r s t - o r d e r  logic. As a 
c o n s e q u e n c e ,  many i m p o r t a n t  p h e n o m e n a  in Engl ish have  no equ iva l en t  in the  meaning  
r e p r e s e n t a t i o n  l anguage ,  and c a n n o t  be dea l t  with c o r r e c t l y ,  e.g., modal i t ies ,  
p r o p o s i t i o n a l  a t t i t u d e s ,  g e n e r i c s ,  co l l ec t ive  q u a n t i f i c a t i o n ,  and  c o n t e x t - d e p e n d e n c e .  
Thus,  one f o r e g o e s  one  of t h e  most  i m p o r t a n t  p o t e n t i a l  a s s e t s  of a n a t u r a l  l anguage  
i n t e r f a c e :  t he  c a p a c i t y  of e x p r e s s i n g  complex  seman t i c  s t r u c t u r e s  in a s u c c i n c t  and  
c o m f o r t a b l e  way. 

In JANUS, we will t h e r e f o r e  adop t  a new meaning r e p r e s e n t a t i o n  l anguage  which  
combines  f e a t u r e s  f rom PHILIQAI's e n r i c h e d  l a m b d a - c a l c u l u s  [Scha  76] with ideas  
u n d e r l y i n g  Montague ' s  I n t e n s i o n a l  Logic [Montague  70], and  poss ib ly  a d i s t r i b u t e d  
q u o t e - o p e r a t o r  [Haas 86]. It will have  su f f i c i en t  e x p r e s s i v e  power  to  i n c o r p o r a t e  a 
v e r s i o n  of Car l son ' s  t r e a t m e n t  of g e n e r i c s  [Car l son  79], a v e r s i o n  of Scha ' s  t r e a t m e n t  
of q u a n t i f i c a t i o n  [Scha  81], Montague ' s  t r e a t m e n t  of modal i ty ,  and v a r i o u s  poss ib l e  
a p p r o a c h e s  to  p r o p o s i t i o n a l  a t t i t u d e s  and  c o n t e x t - d e p e n d e n c e .  

In adopting a higher order logic as proposed, one confronts problems of formula 
simplification and the need to apply meaning postulates to reduce the semantic 

representation of an input sentence to an expression appropriate to the underlying 

system, e.g., a relational algebra expression in the case that the underlying system is 

a data base. To do this, we will investigate the limited inference mechanisms of KL- 
TWO [Moser 83, Vilain 85], following up on our previous work [Stallard 86]. The 

advantage of these inference mechanisms is their tractability; discovering their power 
and limitations in this complex problem domain should be an interesting result. 

4 
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3.2 Discourse 

The m e a n i n g  of a s e n t e n c e  d e p e n d s  in m a n y  w a y s  on  t h e  c o n t e x t  wh ich  h a s  b e e n  
s e t  u p  b y  t h e  p r e c e d i n g  d i s c o u r s e .  IRUS a n d  o t h e r  s y s t e m s ,  h o w e v e r ,  c u r r e n t l y  i g n o r e  
m o s t  of t h e s e  d e p e n d e n c i e s ,  a n d  e m p l o y  a r a t h e r  s h a l l o w  mode l  of d i s c o u r s e  s t r u c t u r e .  
To a l low t h e  u s e r  t o  e x p l o i t  t h e  ful l  e x p r e s s i v e  p o t e n t i a l  of a n a t u r a l  l a n g u a g e  
i n t e r a c t i o n ,  t h e  s y s t e m  m u s t  t r a c k  t o p i c s ,  r e f e r e n c e  t imes ,  p o s s i b l e  a n t e c e d e n t s  fo r  
a n a p h o r a ,  e t c . ;  i t  m u s t  be  ab l e  to  r e c o g n i z e  t h e  c o n s t i t u e n t  u n i t s  of a d i s c o u r s e  a n d  
t h e  s u b o r d i n a t i o n  o r  c o o r d i n a t i o n  r e l a t i o n s  o b t a i n i n g  b e t w e e n  t h e m .  A s u b s t a n t i a l  
a m o u n t  of w o r k  h a s  b e e n  d o n e  a l r e a d y  on s e v e r a l  of t h e s e  i s s u e s ,  m u c h  of i t  b y  BBN 
r e s e a r c h e r s  [ S i d n e r  85, H i n r i c h s  81, P o l a n y i  84, G r o s z  86]. R e s e a r c h  in t h i s  a r e a  
c o n t i n u e s  u n d e r  a s e p a r a t e  D A R P A - f u n d e d  c o n t r a c t .  W e . e x p e c t  t o  be  ab le  to  i n t e g r a t e  
some  of t h e  r e s u l t s  of  t h a t  r e s e a r c h  in t h e  JANUS s y s t e m .  

3.3 M-formedness 

A n a t u r a l  i n t e r f a c e  s y s t e m  s h o u l d  b e  f o r g i v i n g  of a u s e r ' s  d e v i a t i o n s  f r o m  i t s  
e x p e c t a t i o n s ,  b e  t h e y  m i s s p e l l i n g s ,  t y p o g r a p h i c a l  e r r o r s ,  u n k n o w n  w o r d s ,  p o o r  s y n t a x ,  
i n c o r r e c t  p r e s u p p o s i t i o n s ,  f r a g m e n t a r y  f o r m s ,  o r  v i o l a t e d  s e l e c t i o n  r e s t r i c t i o n s .  
E m p i r i c a l  s t u d i e s  s h o w  t h a t  as  m u c h  as  25% of t h e  i n p u t  to  d a t a  b a s e  q u e r y  s y s t e m s  is 
i l l - f o r m e d .  

IRUS c u r r e n t l y  h a n d l e s  s o m e  c l a s s e s  of  i l l - f o ' r m e d n e s s  b y  u s i n g  a c o m b i n a t i o n  of 
s h a l l o w  h e u r i s t i c s  a n d  u s e r  i n t e r a c t i o n .  I t  c a n  c o r r e c t  f o r  t y p o g r a p h i c a l  m i s s p e l l i n g s ,  
f o r  o m i t t e d  d e t e r m i n e r s  o r  p r e p o s i t i o n s ,  a n d  f o r  some  u n g r a m m a t i c a l i t i e s ,  l ike  
d e t e r m i n e r - n o u n  a n d  s u b j e c t - v e r b  d i s a g r e e m e n t .  The  JANUS s y s t e m  will e m p l o y  a 
m o r e  g e n e r a l  a p p r o a c h  to  i l l - f o r m e d n e s s  t h a t  will h a n d l e  a l a r g e r  c l a s s  of 
u n g r a m m a t i c a l  c o n s t r u c t i o n s  a n d  a l a r g e r  c l a s s  of w o r d  s e l e c t i o n  p r o b l e m s ,  a n d  t h a t  
will a l so  e x p l o r e  c o r r e c t i n g  s e v e r a l  t y p e s  of s e m a n t i c  i l l - f o r m e d n e s s .  

T h e s e  c a p a b i l i t e s  h a v e  m a j o r  i m p l i c a t i o n s  f o r  t h e  c o n t r o l  of  t h e  u n d e r s t a n d i n g  
p r o c e s s ,  s i n c e  c o n s i d e r i n g  s u c h  p o s s i b i l i t i e s  c a n  e x p o n e n t i a l l y  e x p a n d  t h e  s e a r c h  
s p a c e .  M a i n t a i n i n g  c o n t r o l  will r e q u i r e  c a r e  in i n t e g r a t i n g  t h e  i l l - f o r m e d n e s s  
c a p a b i l i t y  i n t o  t h e  r e s t  of t h e  s y s t e m ,  a n d  a l s o  m a k i n g  m a x i m a l  u s e  of t h e  g u i d a n c e  
t h a t  c a n  b e  d e r i v e d  f r o m  a m o d e l  of t h e  d i s c o u r s e  a n d  u s e r ' s  g o a l s  to  c o n s t r a i n  t h e  
s e a r c h .  

3.4 Cooperativeness 

A t r u l y  h e l p f u l  s y s t e m  s h o u l d  n o t  r e a c t  t o  t h e  l i t e r a l  m e a n i n g  of a s e n t e n c e ,  b u t  
to  i t s  p e r c e i v e d  i n t e n t .  If in t h e  c o n t e x t  of a g i v e n  a p p l i c a t i o n  i t  is p o s s i b l e  to  
c h a r a c t e r i z e  t h e  g o a l s  t h a t  a u s e r  m a y  b e  e x p e c t e d  to  be  p u r s u i n $  t h r o u g h  his  
i n t e r a c t i o n  wi th  t h e  s y s t e m ,  t h e  s y s t e m  s h o u l d  t r y  t o  i n f e r  f rom t h e  u s e r - i n p u t  w h a t  
t h e  u n d e r l y i n g  g o a l  c o u l d  be.  A s y s t e m  c a n  do t h i s  b y  a c c e s s i n g  a g o a l - s u b g o a l  
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hierarchy which links the speech acts expressed by individual utterances to the global 

goals that the user may have. This strategy has been applied successfully to rather 

small domains [Allen 83, Sidner 85]. We wish to investigate whether it carries over to 

the FCCBMP applications. 

3.5 Modelling the Capabilities o_.f Multiple System 

The way in which IRUS-86 decides whether an input sentence translates into an 

IDB query or an OSGP command may be refined. There is a need for work on what 

kind of knowledge would be necessary to interface smoothly and intelligently to 

multiple underlying systems. A reasoning component is needed that can determine 

which underlying system or systems can best fulfill a user's request. Such a 

reasoning component would have to combine a model of the capabilites of the 

underlying systems with a model of the user goals and current intentions in the 

discourse context in order to choose the correct system(s). Such a model would also 

be useful for providing supporting information to the user. 

3.8 Knowledge Acquisition 

F u r t h e r  r e s e a r c h  is a lso  c a l l e d  fo r  to  e x p a n d  t h e  p o w e r  of t h e  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  t h a t  a r e  u s e d  in a d d i n g  to  t h e  l e x i c o n ,  t h e  s e t  of c a s e  f r a m e  r u l e s ,  
t h e ~ m o d e l  of d o m a i n  p r e d i c a t e s ,  a n d  t h e  s e t  of t r a n s f o r m a t i o n  r u l e s  b e t w e e n  t h e  
Meaning  R e p r e s e n t a t i o n  L a n g u a g e  a n d  t h e  l a n g u a g e s  of t h e  u n d e r l y i n g  s y s t e m s .  The 
a c q u i s i t i o n  t o o l s  a v a i l a b l e  in IRUS, u n l i k e  t h o s e  in some o t h e r  s y s t e m s ,  a r e  n o t  t i e d  t o  
t h e  s p e c i f i c  f i e lds  a n d  r e l a t i o n s  in t h e  u n d e r l y i n g  d a t a b a s e .  The a c q u i s i t i o n  t o o l s  
s h o u l d  w o r k  on  t h e  h i g h e r  level  of t h e  d o m a i n  model ,  s i n c e  t h a t  p r o v i d e s  a m o r e  
g e n e r a l  a n d  t r a n s p o r t a b l e  r e s u l t .  The k n o w l e d g e  a c q u i s i t i o n  f a c i l i t i e s  f o r  JANUS will 
a l so  n e e d  to  be  r e d e s i g n e d  to  s u p p o r t  a n d  to  make  maximal  u s e  of t h e  p o w e r  of t h e  
new m e a n i n g  r e p r e s e n t a t i o n  l a n g u a g e  b a s e d  on i n t e n s i o n a l  logic .  

4 New Underlying Technologies  

4.1 Cop ing  w i t h  A m b i g u i t y  

The new f u n c t i o n a l i t i e s  we d e s c r i b e d  in t h e  p r e v i o u s  s e c t i o n ,  a n d  t h e  t e c h n i q u e s  
we i n t e n d  to  u s e  to  a c h i e v e  them,  r a i s e  an  i s s u e  w h i c h  h a s  i m p o r t a n t  c o n s e q u e n c e s  
f o r  t h e  d e s i g n  of JANUS: we will be  f a c e d  wi th  a n  e x p l o s i o n  in t h e  n u m b e r  of 
i n t e r p r e t a t i o n s  t h a t  t h e  s y s t e m  will h a v e  to  p r o c e s s ;  e v e r y  s e n t e n c e  will be  m a n i f o l d  
a m b i g u o u s .  One s o u r c e  of t h i s  p h e n o m e n o n  is t h e  i m p r o v e m e n t  of t h e  s e m a n t i c  
c o v e r a g e  a n d  t h e  b r o a d e n i n g  of t h e  d i s c o u r s e  c o n t e x t .  D i s t i n c t i o n s  a n d  a m b i g u i t i e s  
w h i c h  so f a r  w e r e  i g n o r e d  will be  d e a l t  wi th:  f o r  i n s t a n c e ,  d i f f e r e n t  i n t e r p r e t a t i o n  a n d  
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s c o p e s  of q u a n t i f i e r s  will be  c o n s i d e r e d ,  a n d  d i f f e r e n t  a n t e c e d e n t s  f o r  pronouns .  Even 
m o r e  s e r i o u s  is t h e  p r o c e s s i n g  of i l l - f o r m e d  s e n t e n c e s ,  wh ich  m a y  r e q u i r e  t r y i n g  o u t  
all p a r t i a l  i n t e r p r e t a t i o n s  to  see  w h i c h  one  c a n  be  e x t e n d e d  to  a c o m p l e t e  
i n t e r p r e t a t i o n  a f t e r  r e l a x i n g  one  o r  m o r e  c o n s t r a i n t s .  

To cut down on the processing of spurious interpretations, it is very important 

that interpretations of sentences and their constituents be tested for plausibility at 

an early stage. Different techniques must probably be used in conjunction: 

o Simplification transformations may show that an interpretation is absurd, by 

reducing it to TRUE or FALSE or the empty set. 

o The d i s c o u r s e  c o n t e x t  and  t h e  mode l  of t h e  u s e r ' s  goa l s  i m p o s e  c o n s t r a i n t s  
on  e x p e c t e d  s e n t e n c e s .  

4 .2 P a r a l l e l  Parsing 

Since  some of t h e  t e c h n i q u e s  t h a t  we i n t e n d  to  use  t o  f igh t  t he  a m b i g u i t y  
e x p l o s i o n  a r e  t h e m s e l v e s  r a t h e r  c o m p u t a t i o n - i n t e n s i v e ,  it is c l e a r l y  u n a v o i d a b l e  t h a t  
t h e  i m p r o v e d  s y s t e m  f u n c t i o n a l i t y  t h a t  we aim fo r  will l e a d  to a c o n s i d e r a b l e  i n c r e a s e  
in t h e  a m o u n t  of p r o c e s s i n g  r e q u i r e d .  To a v o i d  a s e r i o u s  d e c r e a s e  of t h e  new 
s y s t e m ' s  r e s p o n s e  t imes ,  we will t h e r e f o r e  move  it  to  a s u i t a b l e  p a r a l l e l  m a c h i n e  s u c h  
as  BBN's B u t t e r f l y  o r  M o n a r c h ,  r u n n i n g  a p a r a l l e l  Common Lisp. This in i t se l f  h a s  
r a t h e r  s e r i o u s  c o n s e q u e n c e s  fo r  t h e  s o f t w a r e  des ign .  It m e a n s  t h a t  f rom t h e  o u t s e t  
we will k e e p  p a r a l l e l i z a b i l i t y  of t h e  s o f t w a r e  in mind.  

We h a v e  b e g u n  to  a d d r e s s  t h i s  i s s u e  in t h e  a r e a  of s y n t a x .  A new d e c l a r a t i v e  
g r a m m a r  is be ing  w r i t t e n ,  which  will u l t i m a t e l y  h a v e  a c o v e r a g e  of Engl i sh  l a r g e r  t h a n  
t h e  c u r r e n t  RUS g r a m m a r ;  t he  g r a m m a r  is w r i t t e n  in a s i d e - e f f e c t - f r e e  fo rma l i sm (a 
c o n t e x t - f r e e  g r a m m a r  with v a r i a b l e s )  so t h a t  d i f f e r e n t  p a r s i n g  a l g o r i t h m s  may be 
e x p l o r e d  w h i c h  a r e  e a s i l y  p a r a l l e l i z a b l e .  The f i r s t  s u c h  a l g o r i t h m  was  i m p l e m e n t e d  in 
May 1986 on  BBN's B u t t e r f l y .  

5 Contr ibut ions  from Other Sites  

5.1 ISI/UMass: Generat ion 

We s h o u l d  n o t  e x p e c t  t h a t  JANUS will a lways  be  ab le  to  a s s e s s  c o r r e c t l y  wh ich  
i n t e r p r e t a t i o n  of a s e n t e n c e  is t h e  i n t e n d e d  one .  In l igh t  of s u c h  s i t u a t i o n s ,  i t  is 
v e r y  i m p o r t a n t  t h a t  t h e  s y s t e m  c a n  give a p a r a p h r a s e  of t h e  i n p u t  t o  t h e  u s e r ,  wh ich  
shows  t h e  s y s t e m ' s  i n t e r p r e t a t i o n .  This may  be  d o n e  e i t h e r  e x p l i c i t l y  o r  as  p a r t  of 
t h e  a n s w e r .  To be  ab le  to  d e v e l o p  s u c h  c a p a b i l i t i e s ,  work  on  N a t u r a l  L a n g u a g e  
G e n e r a t i o n  is n e e d e d .  At USC/ISI  a p r o j e c t  d i r e c t e d  by  William Mann a n d  N o r m a n  
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S o n d h e i m e r  is u n d e r w a y  to  deve lop  t h e  g e n e r a t i o n  sys tem PENMAN, us ing the  NIGEL 
sys t emic  grammar .  PENMAN will be i n t e g r a t e d  to become  the  g e n e r a t i o n  c o m p o n e n t  of 
JANUS. PENMAN i tse l f  cons i s t s  of s e v e r a l  s u b c o m p o n e n t s .  Some of t he se ,  spec i f i ca l ly  
t h e  " t e x t  p l ann ing"  componen t ,  will be  deve loped  t h r o u g h  jo in t  work  be tween  USC/ISI 
and  David McDonald at  t he  U n i v e r s i t y  of Massachuse t t s ,  b a s e d  on the  f a r t e r ' s  
e x p e r i e n c e  with the  MUMBLE sys tem.  

5.2 UPenn:  C o o p e r a t i o n  and  C l a r i f i c a t i o n  

U nde r  t he  d i r e c t i o n  of Aravind  Joshi  and  Bonnie Webber a t  t he  Unive r s i ty  of 
P e n n s y l v a n i a ,  s eve ra l  f o c u s s e d  s t u d i e s  have  b e e n  c a r r i e d  ou t  to  i n v e s t i g a t e  va r i ous  
a s p e c t s  of c o o p e r a t i v e  sys tem b e h a v i o u r  and c l a r i f i c a t i o n  i n t e r a c t i o n s .  (For more 
de ta i l ,  see  t h e i r  p a p e r  in th is  i s sue . )  As p a r t  of t h e  S t r a t e g i c  Computing Na tu ra l  
Lanauge  e f fo r t ,  UPenn will e v e n t u a l l y  deve lop  th is  in to  a module  which can  be 
i n t e g r a t e d  in to  JANUS to f u r t h e r  e n h a n c e  i ts  capabi l i t i es .  
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