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ABSTRACT 

The t a s k  o f  u n d e r s t a n d i n g  u n e d i t e d  n a v a l  
s h i p - c o - s h o r e  m e s s a g e s  i s  i m p l e m e n t e d  i n  t h e  
p r e s e n c e  o f  a l a r g e  d a t a b a s e  o f  domain  s p e c i f i c  
k n o w l e d g e .  The p r o g r a m  u s e s  i n t e r n a l  s y n t a c t i c  and  
s e m a n t i c  e x p e c t a t i o n s  to  a n a l y z e  t h e  t e x t s  and co 
c o r r e c t  e r r o r s  t h a t  a r i s e  d u r i n g  u n d e r s t a n d i n g ,  
s u c h  as  s y n t a c t i c  e r r o r s ,  m i s s i n g  p u n c t u a t i o n ,  and 
e r r o r s  o f  s p e l l i n g  and  u s a g e .  The o u t p u t  o f  t h e  
s y s t e m  i s  a v e i l - f o r m e d  E n g l i s h  t r a n s l a t i o n  o f  t h e  
m e s s a g e .  T h i s  p a p e r  d e s c r i b e s  some o f  t h e  
knowledge  m e c h a n i s m s  t h a t  have  been  i m p l e m e n t e d  i n  
t h e  NOMAD s y s t e m .  

I .  I n t r o d u c t i o n  

C o n s i d e r  t h e  f o l l o w i n g  m e s s a g e ,  

LOCKED ON OPEN FIRED DIW. 

This is an actual naval message containing sentence 
b o u n d a r y  p r o b l e m s ,  m i s s i n g  s u b j e c t s  and o b j e c t s ,  an  
i n c o r r e c t  v e r b  c o n j u g a t i o n ,  and an a b b r e v i a t i o n  f o r  
"dead  i n  w a t e r . "  The NAVY r e c e i v e s  many t h o u s a n d s  
o f  s h o r t  m e s s a g e s  l i k e  t h e  one above  i n  v e r y  
" s c r u f f y "  f o r m ,  and t h e s e  m e s s a g e s  have  =o be p u t  
i n t o  a more r e a d a b l e  form b e f o r e  t h e y  can  be p a s s e d  
t h r o u g h  many h a n d s .  Hence t h e r e  i s  an  o b v i o u s  
b e n e f i t  co p a r t i a l l y  a u t o m a t i n g  t h i s  e n c o d i n g  
process.  

Most l a r g e  t e x t - u n d e r s t a n d i n g  s y s t e m s  t o d a y  
would no t  be a b l e  to  a u t o m a t e  t h e  e n c o d i n g  p r o c e s s  
m e n t i o n e d  above  b e c a u s e  t h e y  were d e s i g n e d  u n d e r  
t h e  a s s u m p t i o n  c h a t  t h e  i n p u t  t e x t  c o n s i s t s  o f  
w e l l - f o r m e d  and logical s e n t e n c e s  s u c h  as  n e w s p a p e r  
s t o r i e s  and o t h e r  e d i t e d  t e x t s .  The NOMAD s y s t e m ,  
h o w e v e r ,  was d e s i g n e d  to  u n d e r s t a n d  n a v a l  t e x t  t h a t  
c o n t a i n s  u n g r a ~ a t i c a i  o r  o n l y  p a r t i a l l y  c o m p l e t e  
s e n t e n c e s .  

T h i s  p a p e r  e x p l a i n s  some knowledge  m e c h a n i s m s  
t h a t  u n d e r l i e  t h e  r e a d e r ' s  a b i l i t y  Co u n d e r s t a n d  
s c r u f f y  t e x t  and how t h e s e  m e c h a n i s m s  a r e  
i m p l e m e n t e d  w i t h i n  t h e  NOMAD s y s t e m .  

T h i s  r e s e a r c h  was s u p p o r t e d  i n  p a r t  by t h e  Naval  
Ocean S y s t e m s  C e n t e r  g r a n t  N 0 0 1 2 3 - 8 1 - C - I 0 7 8 .  

I I .  C a t e g o r i e s  of E r r o r s  

We h a v e  e n c o u n t e r e d  t h e  f o l l o w i n g  p r o b l e m s  i n  
u n d e r s t a n d i n g  Navy m e s s a g e s .  They  a r e  l i s t e d  i n  
t h e  o r d e r  o f  f r e q u e n c y  o f  t h e i r  o c c u r r e n c e s .  The 
o r d e r  was d e t e r m i n e d  by e x a m i n i n g  t h e  l i s t  o f  
m e s s a g e s  p r o v i d e d  by t h e  Nava l  Ocean S y s t e m s  
C e n t e r .  For  e a c h  e r r o r  t y p e ,  NOMAD's m e t h o d  o f  
r e c o g n i z i n g  and  c o r r e c t i n g  t h e  p r o b l e m  a r e  
d e s c r i b e d ,  and t h e  ~Jodule w h i c h  i s  r e s p o n s i b l e  f o r  
t h e  c o r r e c t i o n  i s  i d e n t i f i e d .  

A. Unknown words  

C o n s i d e r  t h e  m e s s a g e ,  

PEGASUS FRD 2 TALOS AT VICTOR 

NOMAD does  no t  i - ~ e d i a t e l y  r e c o g n i z e  "FRD" as  a 
word i n  t h e  d i c t i o n a r y .  O f t e n  t h e  m e s s a g e  s e n d e r  
v i i i  u s e  an  ad hoc a b b r e v i a t i o n  o f  a word o r  
m i s s p e l l  a word .  Any word n o t  found  Co be in t h e  
d i c t i o n a r y  i s  f i r s t  p u t  t h r o u g h  a s i m p l e  s p e l l i n g  
c o r r e c t i o n  p r o c e d u r e .  I f  none  o f  t h e  p o s s i b l e  
c o r r e c t i o n s  a r e  r e c o g n i z a b l e  t h e n  a m o r p h o l o g i c a l  
a n a l y z e r  i8  a p p l i e d  to  r e c o g n i z e  d i f f e r e n t  p o s s i b l e  
c o n j u g a t i o n s  o f  a a v e r b .  

I f  t h i s  f a i l s ,  a m e c h a n i s m  c a l l e d  FOUL-UP 
( G r a n g e r ,  1977) i s  t r i g g e r e d .  The FOUL-UP 
m e c h a n i s m  h a n d l e s  unknown words  by u s i n g  t h e  
program's own syntactic and semantic expectations 
Co create a temporary definition Chat would allow 
ic continue normally. FOOL-UP would later revise 
the definition of the unknown word by combining the 
e x p e c t a t i o n s  g e n e r a t e d  b a s e d  on p r e v i o u s  
i n f o r m a t i o n  w i t h  t h e  r o l e  t h e  unknown word i s  
p l a y i n g  i n  t h e  c u r r e n t  c o n t e x t .  

B. Xissiu~ sub jec t  an_~d objects 

C o n s i d e r  t h e  following m e s s a g e  of two 
sentences,  

CONSTELLATION SAW KASNIN. LOST CONTACT. 

A s c r i p t - b a s e d  ( S c h a n k  and A b e l s o n ,  1977) 
i n f e r e n c e r  g e n e r a t e s  e x p e c t a t i o n s  to  fill t h e  
s u b j e c t  and o b j e c t  o f  e ach  s e n t e n c e .  H e r e ,  t h e  
word "SAW" as  a c o n j u g a t i o n  o f  "SEE" would g i v e  
a r i s e  to  e x p e c t a t i o n s  r e l a t e d  to  d e t e c t i o n  and 
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i d e n t i f i c a t i o n .  The i n f e r e n c e r  a l s o  u s e s  knowledge  
a b o u t  t y p i c a l  s e q u e n c e s  of e v e n t s  (identify b e f o r e  
f i r e )  ( C u l l i n g f o r d ,  1977) and r e l a t i o n s h i p s  be tween  
t h e i r  p a r t i c i p a n t s  ( f r i e n d  and f o e ) .  

C. Ambi2uous word u s a g e  

Examine t h e  f o l l o w i n g  m a s s a g e ,  

CONTACT GAINED ON KASHIN. 

The example  can  be i n t e r p r e t e d  a s  e i t h e r  " C o n t a c t  
was g a i n e d  on K a s h i n "  m e a n i n  K ' ~ e  c o n t a c t e d  K a s h i n "  
o r  "Our c o n t a c t  (e s h i p )  made h e a d i n g  t o w a r d s  
K a s h i n . "  NOMAD p i c k s  one o f  t h e  m u l t i p l e  maan inEs  
of t h e  ~ i & u o u s  word ,  and c a l l s  a b lame a s s i g n z e n C  
module  to  check  f o r  g o a l  v i o l a t i o n s ,  p h y s i c a l  
i m p o s s i b i l i t i e s ,  and o t h e r  s e m a n t i c  c o n f l i c t s  to  
make s u r e  t h a t  t h e  i n t e r p r e t a t i o n  was c o r r e c t .  I f  
t h e  module  d e t e c t s  any  c o n f l i c t ,  NOMAD a t t e m p t s  Co 
u n d e r s t a n d  t h e  s e n t e n c e  u s i n g  a a d i f f e r e n t  mean ing  
o f  t h e  ambiguous  word .  

D. M i s s i n g  s e n t e n c e  and c ~ a u s e  b o u n d a T i e s  

C o n s i d e r  t h e  f o l l o w i n g  m e s s a g e ,  

VISUALLY LOCKED ON AND TRACKING CHALLENGED UNIT NO 
REI~LT OPEN FIRED TIME 0129 .1  

NOMAD u s e s  s e m a n t i c  e x p e c t a t i o n s  end s y n t a c t i c  
e x p e c t a t i o n s  to  d e t e c t  m i s s i n g  b o u n d a r i e s .  
"VISUALLY LOCKED ON" i s  u n d e r s t o o d  Co be • c o m p l e t e  
s e n t e n c e  b e c a u s e  t h e r e  a r e  no e x p e c a c i o n e  p e n d i n g  
when "AND" i s  r e a d .  "TRACKinK" i s  u n d e r s t o o d  co be 
t h e  v e r b  of t h e  s econd  s e n t e n c e .  With  a v e r b  
c h o s e n  and e x p e c a t i o n s  f o r  an  a c t o r  p e n d i n g ,  
°CRALLZNCED" i s  u s e d  as  an  a d v e r b  d e s c r i b i n g  
"UNIT' .  The s e c o n d  p h r a s e  ends  b e f o r e  "NO REPLY 
. . . "  a s  a g a i n  t h e r e  e r e  no e x p e c a c i o n s  p e n d i n g  aC 
ch in  p o i n t .  The p h r a s e  "NO REPLY" h a s  e x p e c t a t i o n s  
for c o m m u n i c a t i o n  v e r b s  to  follow it, and t h u s  when 
t h e  c l a u s e  "OPEN FIRED" i s  e n c o u n t e r e d ,  t h e  f i n a l  
s e n t e n c e  boundr  7 i s  i d e n t i f i e d .  

E. WTonK t e n s e  

C o n s i d e r  t h e  f o l l o w i n g  f r a g m e n t  s e n t e n c e  f rom 
our  f i r s t  e x a m p l e ,  

OPEN FIRED. 

The ~ o r p h o l o g i c a l  a n a l y z e r  i s  u s e d  a l s o  to  c o r r e c t  
the tense of a word. eg. OPEN FIRED --> OPEN 
FIRE. The s c r i p t - b a s e d  inferencer then determines 
the tense of the given action using its knowledge 
about typical sequences of events, eg. LOCKED ON. 
OPEN FIRED. --> LOCKED ON. OPENED FIRE. 

III. Human Interface 

NOMAD u s e s  a g e n e r a t o r  s p e c i f i c a l l y  d e s i g n e d  
for t h e  n a v a l  domain  co p roduce  a yell formed 
translation of the input message. This " p r e t t y "  
form o f  t h e  i n p u t  m e s s a g e  i s  checked  by a u s e r  to 
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a s s u r e  chaC NOMAD h a s  c o r r e c t l y  u n d e r s t o o d  t h e  
m e s s a g e .  I f  NOMAD i s  t h e n  t o l d  i t  h a s  i n c o r r e c t l y  
u n d e r s t o o d  t h e  message, a l t e r n a t i v e  word 
d e f i n i t i o n s  and  o c h e r  s e m a n t i c  c h o i c e s  a r e  made i n  
a s e c o n d  a t t e m p t  a t  u n d e r s t a n d i n g .  

A.  rhe99naraCgr 

The g e n e r a t o r  h a s  been  t a i l o r e d  to  a d d r e s s  
some o f  t h e  p r o b l e m s  t h a t  o c c u r  i n  d e s c r i b i n g  n a v a l  
a c t i v i t i e s  [ T a y l o r ,  1 9 8 2 ] .  Many o f  t h e  messages 
a r e  c h a r a c t e r i z e d  by i n c o m p l e t e  end c h a n g i n g  
d e s c r i p t i o n s  o f  a c t o r s .  These  d e s c r i p t i o n s  c o n t a i n  
i n f o r m a t i o n  Chat  may be unknown bu t  d o e s n ' t  c h a n g e  
(name,  t y p e  o f  s h i p ,  e t c . )  a l o n g  w i t h  t e m p o r a l  
i n f o r m a t i o n  ( l o c a t i o n  and  damage s t a t u s ) .  The 
NOMAD g e n e r a t o r  p r o d u c e s  u n a m b i g u o u s  d e s c r i p t i o n s  
of a c t o r s  while uaincaining b r e v i t y .  

ZV. an  Example 

The f o l l o w i n g  i s  an  a c t u a l  example  showing  t h e  
c n p a b i l i C y  o f  NOMAD to  h a n d l e  m u l t i p l e  p r o b l e m s  
found  ~ a m e s s a g e .  

INPUTMESSAGE: 

PERISCOPE SIGHTED BY CONSTELLATION ABT 2000 YDS OFF 
POET (~I~, AND HS ~ELO VECTEED TO DATUM. GREEN 
I ~ J , R S  SIGHTED AYTZR VISUAL ON PERISCOPE. HS 
GAIN~DACTZVE CTCAND CONDUCTED TWo ATTACKS. 

Two p o s s i b l e  p a r a p h r a s e s  a r e  g e n e r a t e d :  

P ~ E I  : 

The C o n s t e l l a t i o n  i d e n t i f i e d  an enemy s u b m a r i n e  
t h a t  van  a t  225 d e g r e e s  2000 m i l e s  f rom t h e i r  
l o c a t i o n .  A h e l i c o p t e r - s q u a d r o n  p u r s u e d  t h e  enemy 
s u b m a r i n e .  The h e l i c o p t e r - s q u a d r o n  i d e n t i f i e d  some 
g r e e n  f l a r e s .  By u s i n g  an  a c t i v e  s o n a r ,  t h e  
h e l i c o p t e r - s q u a d r o n  i d e n t i f i e d  t h e  enemy s u b m a r i n e ,  
and t h e y  f i r e d  t w i c e  a t  t h e  enemy s u b m a r i n e .  

PARAPHRASE2: 

The Constellation identified an enemy submarine 
that was at 225 degrees 2000 miles from their 
location. A helicopter-squadron pursued the enemy 
submarine. The Constellation identified some green 
flares. By using an active sonar, the 
helicopter-squadron identified the enemy submarine, 
and they fired twice at the enemy submarine. 

The , . - i n  d i f f e r e n c e  c h a t  i s  shown in  t h e  
p a r a p h r a s e s  i s  t h e  i d e n t i t y  o f  t h e  s u b j e c t  o f  t h e  
s econd  s e n t e n c e .  NOMAD g i v e s  p r e f e r e n c e  i n  t h i s  
c a s e  to the second paraphrase because "AFTER VISUAL 
ON PEEISCOPE" implies that the subject of the 
second sentence is the same as in the first 
sentence. However, the user is given the final 
c h o i c e .  



V. Conc lue ions  

The a b i l i t y  to u n d e r s t a n d  t e x t  i s  dependent  on 
the  a b i l i t y  to u n d e r s t a n d  what i s  be ing  d e s c r i b e d  
in  the  t e x t .  ~ence ,  a r e ade r  o f ,  s a y ,  E n g l i s h  t e x t  
must  have a p p l i c a b l e  knowledge of bo th  the  
s i t u a t i o n s  cha t  may be d e s c r i b e d  in  t e x t s  ( e . g . ,  
a c t i o n s ,  s c a r e s ,  s equences  of e v e n t s ,  g o a l s ,  
methods of a c h i e v i n g  g o a l s ,  e t c . )  and t he  t he  
s u r f a c e  s t r u c t u r e s  t h a t  appear  i n  t he  l a n g u a g e ,  
i . e . ,  t h e  r e l a t i o n s  between the  s u r f a c e  o rde r  of  
appea rance  of words and p h r a s e s ,  and t h e i r  
c o r r e s p o n d i n g  meaning s t r u c t u r e s .  

The p r o c e s s  of  t e x t  u n d e r s t a n d i n g  i s  t he  
combined a p p l i c a t i o n  of t h e s e  knowledge s o u r c e s  as 
a r e a d e r  p roceeds  t h rough  a t e x t .  Th i s  f a c t  
becomes c l e a r e s t  when we i n v e s t i g a t e  the  
u n d e r s t a n d i n g  of  t e x t s  t h a t  p r e s e n t  p a r t i c u l a r  
problems to a r e a d e r .  Human u n d e r s t a n d i n g  i s  
i n h e r e n t l y  t o l e r a n t ;  people  a re  n a t u r a l l y  a b l e  to 
i g n o re  mtny t ypes  of  e r r o r | ,  o m i s s i o n s ,  poor 
c o n s t r u c t i o n s ,  e t c . ,  and ge t  s t r a i g h t  to the  
meaning of the  t e x t .  

Our t h e o r i e s  have t r i e d  to  t ake  t h i s  a b i l i t y  
i n to  accoun t  by i n c l u d i n g  knowledge and mechanisms 
of e r r o r  n o t i c i n g  and c o r r e c t i n g  as i m p l i c i t  p a r t s  
of  our p r o c e s s  models of  l anguage  u n d e r s t a n d i n g .  
The NOMAD s y s t e m  i s  the  l a t e s t  i n  a l i n e  of  
" t o l e r a n t *  l anguage  u n d e r s t a n d e r s ,  b e g i n n i n g  w i th  
FOUL-UP, a l l  based on the  u se  of knowledge of 
s y n t a x ,  s e m a n t i c s  and p r a g m a t i c s  a t  a l l  s t a g e s  of 
the  u n d e r s t a n d i n g  p r o c e s s  to cope w i t h  e r r o r s .  
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