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A b s t r a c t  - -  An a p p r o a c h  t o  e x t r a c t  l i n g u i s -  
t i c  k n o w l e d g e  f r o m  r e a l  l a n g u a g e  b e h a v i o r  i s  
d e s c r i b e d .  T h i s  m e t h o d  d e p e n d s  on  t h e  
e x t r a c t i o n  o f  w o r d  r e l a t i o n s ,  p a t t e r n s  o f  
w h i c h  a r e  o b t a i n e d  by  s t r u c t u r i n g  t h e  
d e p e n d e n c y  r e l a t i o n s  i n  s e n t e n c e s  c a l l e d  
K a k a r i - U k e  r e l a t i o n  i n  J a p a n e s e .  As t h e  
f i r s t  s t e p  o f  t h i s  a p p r o a c h ,  an  e x p e r i m e n t  
o f  a w o r d  c l a s s i f i c a t i o n  u t i l i z i n g  those 
p a t t e r n s  was  made  on  t i l e  4178 s e n t e n c e s  o f  
r e a l  l a n g u a g e  d a t a .  A s y s t e m  was  made t o  
a n a l y z e  d e p e n d e n c y  s t r u c t u r e  o f  s e n t e n c e s  
u t i  1 i z i n g  t h e  k n o w l e d g e  b a s e  o b t a i n e d  
t h r o u g h  t h i s  w o r d  c l a s s i f i c a t i o n  and  t h e  
e f f e c t i v e n e s s  o f  t h e  k n o w l e d g e  b a s e  ~4as 
e v a l u a t e d .  To d e v e l o p  t h i s  a p p r o a c h  f u r t h e r ,  
t h e  r e l a t i o n  m a t r i x  w h i c h  c a p t u r e s  m u l t i p l e  
i n t e r a c t i o n  o f  w o r d s  i s  p r o p o s e d .  

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

In natural language processing, one of 
the major problems to be  solved i s  how to 
describe linguistic and semantic knowledge 
i n  t h e  s y e ] t e m .  I f  we n s e  no  p a r t i c u l a r  
t e c h n i q u e  and  c a p t u r e  t h e  b e h a v i o r  i n  r e a l  
I a n g u a g e  a s  i t i s ,  t h e  n u m b e r  o f  F U ] e s .  
concepts and relations t o  be arranged may 
e x p a n d  s o  much°  Bu t  t h o s e  t h i n g s  c o n t a i n  a l l  
e s s e n t i a l  and  p r i m i t i v e  e l e m e n t s  o f  l a n g u a g e  
that we want to find out at ]east. In this 
P a p e r ,  i t  i s  c o n s i d e r e d  t o  e x t r a c t  p r i m i t i v e  
e l e m e n t s  f r o m  r e a l  l i n g u i s t i c  b e h a v i o r ,  and  
a p p l y  t h e  e l e m e n t s  t o  a n a l y s i s  s e n t e n c e .  As 
t h e  a b o v e - m e n t i o n e d  e l e m e n t s ,  we u s e  a 
r e l a t i o n  b e t w e e n  w o r d s .  ( l t  i s  c a l l e d  
K a k a r i - U k e  r e l a t i o n  i n  J a p a n e s e . )  
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2. Clustering of Words 

2 . 1 .  C l u s t e r i n g  M e t h o d  
The  p r o c e s s  o f  t h e  w o r d  c l a s s i f i c a t i o n  

b a s e d  on  t h e  p a t t e r n  o f  r e l a t i o n s  i s  d o n e  a s  
f o l l o w s .  F i r s t ,  n u m b e r s  o f  s e n t e n c e s  a r e  
p r o v i d e d  and  K a k a r i - U k e  r e l a t i o n s  a r e  g i v e n  
to them. We call those sentences text data. 
Next we get the source side and the sink 
s i d e  p a t t e r n  o f  r e l a t i o n s  f o r  e a c h  w o r d  
a p p e a r i n g  in  t h e  t e x t  d a t a .  Then  we 
c a l c u l a t e  a d i s t a n c e  b e t w e e n  w o r d s .  The  
d i s l a n c e  i s d e f i  n e d  a s  a c o r r e s p o n d e n c e  
b e t w e e n  t h e  p a t t e r n s  t h e m s e l v e s  and  t h e  
f r e q u e n c y  o f  e a c h  r e l a t i o n  m a k i n g  t h e  
p a t t e r n s .  Words  a r e  c l a s s i f i e d  by a 
c l u s t e r i n g  a l g o r i t h m  u s i n g  t h i s  d i s t a n c e .  
The  d i s t a n c e  h a s  t w o  t y p e s ;  o n e  f o r  t h e  
s o u r c e  s i d e  p a t t e r n s  and  t h e  o t h e r  fo r '  t h e  
s i n k  s i d e  p a t t e r n s .  F o r  e a c h  w o r d ,  two 
c l u s t e r i n g  p r o c e s s e s  a r e  a p p l i e d  c o r r e s p o n d -  
ing to those two types o t  distances. In this 
p a p e r ,  t h e  d e p e n d e n c y  s t r t . l c t u r e  i s  c a l l e d  a s  
t h e  k n o w l e d g e  b a s e .  

2 . 2 .  Re.sul  {s 
We made an  e x p e r i  m e n t  o f  w o r d  

c l u s t e r i n g  on  t h e  4178 s e n t e n c e s  o f  t e x t  
d a t a  q u o t e d  f r o m  c o m p u t e r  m a n u a l s .  In  t h i s  
e x p e r i m e n t ,  a s p e c i a l  t r e a t m e n t  was  t a k e n  
f o r  c o m p o u n d  w o r d s  t o  e n s u r e  i n f o r m a t i o n .  
T h e r e  a r e  many c o m p o u n d  w o r d s  in  J a p a n e s e  
s e n t e n c e s  w h i c h  a r e  made by  c o m b i n i n g  w o r d s  
and  a c t  a s  o n e  w o r d .  T h e y  a r e  c a l l e d  F u k u 9 o -  
go  in  J a p a n e s e .  I f  we g r e a t  t h e m  a l l  a s  
d i f f e r e n t  f r o m  e a c h  o t h e r ,  many w o r d s  a p p e a r  
r a r e l y ,  s o  t h a t  t h e  r e l a t i n g  p a t . t e r n s  o f  
e a c h  w o r d  c a n n o t  be  c a p t u r e d  s u f f i c i e n t l y .  
B e c a u s e  o f  t h i s  r e a s o n ,  we a d o p l e d  a 
m e c h a n i s m  t h a t  r e p l a c e s  c o m p o u n d  w o r d s  by  a 
n o r m a l  o n e  i n c l u d i n g  t h e  s a m e  m e a n i n g  
g r a m m a t i c a l  r o l e s  in  g r a m m a r  a s  t h e  f o r m e r .  
T h i s  m e c h a n i s m  c a n  w o r k  a u t o m a t i c a l l y  a s  a 
p a r t  o f  t h e  s y s t e m .  

As t i l e  r e s u l t  o f  t h i s  e x p e r i m e n t ,  i t  
was  o b s e r v e d  a s  e x p e c t e d  t h a t  s e m a n t i c a l l y  
r e l a t e d  w o r d s  t e n d  t o  b e  c o m b i n e d ,  t t o w e v e r ,  
s o m e  w o r d s  w h i c h  h a v e  d i f f e r e n t  m e a n i n g  a r e  
c o m b i n e d  w i t h  a w e l l  c l a s s i f i e d  w o r d  g r o u p ,  
and  s e v e r a l  w e l l  c l a s s i f i e d  g r o u p s  a r e  
c o m b i n e d .  Not  o n l y  s y n o n y m s ,  b u t  a l s o  t h e  
w o r d s  s i m i l a r  i n  s o m e  p a r t s  as t h e  e x t e n s i o n  
o f  t i l e  w o r d s ,  a n d  a l s o  t h e  w o r d s  w h i c h  h a v e  
a common p a r t  i n  t h e  u p p e r  c o n c e p t  t e n d  t o  
be  c o m b i n e d .  I t  i s  i n t e r e s t i n g  t h a t  a n t o n y m s  
t e n d  t o  b e  c o m b i n e d  w i t h  e a c h  o t h e r .  I t  was  
a l s o  f o u n d  t h a t  w o r d s  c o n t a i n e d  i n  t h e  s a m e  
g r o u p  b e l o n g  t o  t h e  s a m e  p a r t  o f  s p e e c h  
a l m o s t  a l w a y s .  
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3.  S e n t e n c e  A n a l y s i s  

3 . 1 .  S e n t e n c e  A n a l y s i s  S y s t e m  ESSAY 
We made ESSAY ( E x p e r i m e n t a l  S y s t e m  o f  

S e n t e n c e  A n a l y s i s )  w h i c h  a n a l y z e s  t h e  d e -  
p e n d e n c y  s t r u c t u r e  u s i n g  t h e  k n o w l e d g e  b a s e .  
We s h o w  t h e  o u t l i n e  o f  t h i s  s y s t e m  i n  F i g . 2 .  
U s i n g  t h e  k n o w l e d g e  b a s e ,  ESSAY a n a l y z e s  t h e  
d e p e n d e n c y  s t r u c t u r e  o f  s e n t e n c e s ,  i f  t h o s e  
p a t t e r n s  a r e  u s e d  3 u s t  a s  t h e y  w e r e  o b t a i n e d  
:from t h e  t e x t  d a t a ,  t h e y  c a n  o n l y  c o v e r  t h e  
r e l a t i o n s  w h i c h  h a v e  a p p e a r e d  i n  t h e  t e x t  
d a t a .  Bu t  t h e  c l u s t e r i n g  p r o c e s s  a l l o w s  t h e  
s y s t e m  t o  c o v e r  m o r e  r e l a t i o n s  t h a n  a p p e a r e d  
i n  t h e  t e x t  d a t a .  
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F i g . 2  General  F low o f  ESSAY 
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F i g . 3  k Sample o f  A n a l y s i s  Results 
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3.2. An Experiment 
We made an experiment of sentence 

analysis with ESSAY. The knowledge base was 
organized from the 4i78 sentences of text 
data quoted from computer manuals. The input 
sentences we provided for the test were not 
c o n t a i n e d  i n  t h e  s e n t e n c e s  u s e d  f o r  
k n o w l e d g e  b a s e  o r g a n i z a t i o n .  A s a m p l e  o f  t h e  
a n a l y s i s  r e s u l t  i s  s h o w n  i n  F i g . 3 .  T h e r e  i s  
a p o s s i b i l i t y  t h a t  a B u n s e t u  ( a  k i n d  o f  
p h r a s e  s t r u c t u r e  e l e m e n t )  h a s  s e v e r a l  w a y s  
o f  p o s s i b l e  d i v i s i o n  i n t o  w o r d s  a n d  E u z o k u -  
q o .  The  s y s t e m  t e s t s  s o m e  c o m b i n a t i o n s  o f  
t h o s e  d i v i s i o n s .  I n  t h i s  f i g u r e ,  EVAL POINT 
i n d i c a t e s  t h e  v a l u e  e v a l u a t e d  f o r  e a c h  
s t r u c t u r e  t h a t  i s  c a l c u l a t e d  f r o m  t h e  
l i k e l i h o o d  o f  e a c h  r e l a t i o n s  c o n s t r u c t i n g  
t h e  s t r u c t u r e ,  we c a n  e x p r e s s  t h e  c o n c l u s i o n  
as follows: 
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Sentence Length (Nulber of Bunsetsu) 

$1: The experiment us  done under tt~o conditions ustn8 and 
ulthout using Fuzoku-$o for Inalysis in order to exulne 
the effect of Fuzoku-go. 

$2: Tim rate at uhlch the analysts succeeds. 
$3: The order of correct candidate In the a~lysis results. 
$&: The rate at vhlch the correct candidate is ranked f i rst .  

Fig.4 Analysis Results of every Sentence Length 



a) There is a problem that the l o n g  
sentence with many Bunsetu often makes too 
many combinations of relation candidates. 

b) There are some cases that no result is 
obtained because only a part of words does 
not have a relation candidates although all 
of others have the correct relations, 

c)  I t  i s  d i f f i c u l t  t o  d e s c r i b e  a p a r a l l e l  
r e l a t i o n  u s i n g  r e l a t i o n s  b e t w e e n  t wo  w o r d s .  
T h e r e f o r e ,  i t  i s  d i f f i c u l t  t o  a n a l y z e  a 
s e n t e n c e  c o n t a i n i n g  p a r a l l e l  r e l a t i o n s .  

d )  T h e  r a t e  a t  w h i c h  t h e  a n a l y s i s  s u c c e e d s  
d e p e n d s  o n  t h e  l e n g t h  o f  t h e  s e n t e n c e .  As 
the sentence becomes l o n g e r ,  the rate 
becomes lower. The average of the rate was 
a b o u t  40 p e r  c e n t .  

T h i s  r e s u l t  i s  s h o w n  i n  F I g . 4 .  

4 .  M o r e  C o m p l i c a L e d  D a t a  S t r u c t u r e  

ESSAY d e c i d e s  t h e  r e l a t i o n s  a c c o r d i n g  
t o  t h e  c o n n e c t i o n  o n l y  b e t w e e n  t wo  w o r d s .  
T h e  o t h e r  p a r t s  o f  t h e  s e n t e n c e  t a k e  n o  r o l e  
i n  t h i s  d e c i s i o n  a t  a l l .  B u t  t h e  r e l a t i o n s  
c o m p l i c a t e d l y  i n t e r a c t  t o  o n e  a n o t h e r  i n  
a c t u a l  s e n t e n c e s .  I n  t h i s  s e c t i o n ,  we 
d e s c r i b e  how t o  d e a l  w i t h  t h e  i n t e r a c t i o n  o f  
t h e  r e l a t i o n s  t o  p r o v i d e  a w i d e r  g r o u n d  f o r  
j u d g i n g  p r o p r i e t y  o f  r e l a t i o n s .  

(he) (to school) (by bus)  (goes) 

~t~;t ~ - ~ * ,  6 ~ ~? < 
(he) (to school) (at 6 o'clock) (goes) 

(a )  

RI R2 R3 R,l 

1 1 / 
R1 
R2 
R3 
R~ 

(b) 

Fig.5 Relation Natrix 

4 . 1 .  C o - o c c u r r e n c e  o f  R e l a t i o n s  
T h e r e  a r e  w o r d ~  r e l a t i n g  t o  m o r e  t h a n  

t w o  o t h e r  w o r d s  a t  t h e  s a m e  t i m e .  As s h o w n  
i n  F i g . 5 ( a ) ,  f o u r  kinds o f  r e l a t i o n s  a p p e a r  
i n  t h e  t e x t  d a t a .  I f  m o r e  t h a n  t w o  k i n d s  o f  
r e l a t i o n s  a p p e a r  a t  t h e  s a m e  t i m e ,  t h e  
f r e q u e n c y  o f  r e l a t i o n s  a r e  c o u n t e d .  T h e n  
f r e q u e n c y  t a b l e  i s  e x p r e s s e d  b y  a m a t r i x  
c a l l e d  r e l a t i o n  m a t r i x  s h o w n  i n  F i g . 5 t b ) .  
T h e  e l e m e n t  Mi i  m e a n s  f r e q u e n c y  o f  Ri 
i t s e l f ,  a n d  t i m  e l e m e n t  M i j  m e a n s  f r e q u e n c y  
o f  a p p e a r a n c e  o f  b o t h  Ri a n d  RJ a t  t h e  s a m e  
t i m e .  T h i s  m a t r i x  i s  o b t a i n e d  f o r  e a c h  w o r d  
t h a t  h a v e  b e e n  r e I a t e d  w i t h  m o r e  t h a n  two  
w o r d s  a t  t h e  s a m e  t i m e .  U t i l i z i n g  t h i s  
m a t r i x ,  we c a n  g e t  w i d e r  g r o u n d  f o r  . j u d g i n g  
p r o p r i e t y  o f  r e l a t i o n s .  When t h e  r e l a t i o n  
" g o  - ( t o 1 -  s c h o o l "  i s  o b v i o u s ,  s e e i n g  
e l e m e n t  M2i a n d  Mi2  ( i # 2 )  o f  t h e  m a t r i x ,  we 
c a n  g e l  p r o b a b i l i t y  o f  e a c h  r e l a t i o n  Ri i n  
t h i s  s i t u a t i o n .  

4 . 2 .  E f f e c t  o f  t h e  r e l a t i o n  M a t r i x  
U s i n g  t h i s  m a t r i x ,  t h e  g r o u n d  f o r  

j u d g i n g  p r o p r i e t y  o f  t h e  r e l a t i o n s  b e c o m e s  
w i d e r '  a n d  t h e  n u m b e r  o f  c a n d i d a t e s  c a n  b e  
e f f e c t i v e l y  r e d t i c e d .  S e c o n d l y ,  b e c a u s e  e a c h  
r e l a t i o n  b e c o m e s  m o r e  r e l i a b l e ,  i t  i s  
e x p e c t e d  t o  g e t  r e l a t i o n s  a c c o r d i n g  t o  t h e  
s e n t e n c e  m e a n i n g .  

5 .  C o n c l u s i o n  
We haw?. i n t r o d u c e d  a b o t t o m  tip a p p r o a c h  

o f  o r g a n i z a t i o n  f o r  a l i n g u i s t i c  k n o w l e d g e  
b a s e .  F o r  t h e  o r g a n i z a t i o n  o f  k n o w l e d g e  
b a s  e ,  c o n  t i n u o u s  h u m a n  e f  f o r  t h a s  b e e n  
r e q u i r e d .  T h e  v o c a b u l a r y  o f  t h e  k n o w l e d g e  
b a s e  d e p e n d s  o n  t h e  q u a n t i t y  o f  t e x t  d a t a .  

l , i n g u i s t i c  k n o w l e d g e  b a s e  o r g a n i z e d  i n  
t h i s  m a n n e r  may n o t  b e  .so p o w e r f u l  a s  t h o . ~ e  
c o n s t r u c t e d  a n a l y l i c a l l y .  B u t  s u c h  m e t h o d  
may  o p e n  a n  a u t o m a t i c  w~iy o f  t h e  k n o w l e d g e  
a c q u i s i t i o n  a n d  t h e r e  may b e  a p o s s i b i l  t y  
t o  d i s c o v e r  r u l e s  a n d  p r o p e r t i e s  w h i c h  we 
h a v e  n e v e r  n o t i c e d .  
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