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Abstrac t :  Severa l  m e t h o d s  to r e p r e s e n t  m e a n i n g s  
of words  h a v e  b e e n  p roposed .  H o w e v e r ,  t he y  are 
n o t  u s e f u l  for  i n f o r m a t i o n  re t r ieva l  s y s t e m s ,  be c a use  
t h e y  c a n n o t  deal  with the  ent i t ies  which  c a n n o t  be 
u n iv e r s a l l y  r e p r e s e n t e d  by s y m b o l s .  

In th is  paper ,  we p ropose  a no t i on  of s e m a n U e  
space.  S e m a n t i c  space is an Eue l idean  space where  

words  an d  ent i t ies  are put .  A word is one po in t  in 
the  space.  The  m e a n i n g s  of the word are r e p r e s e n t e d  
as the  spaee con f igu ra t i on  a r o u n d  the  word. The  
ent i t ies  t h a t  c a n n o t  be r e p r e s e n t e d  by s y m b o l s  can 
be ident i f ied in the  space by the  locat ion tile ent i ty  

s h o u l d  be se t t led  in. We also give a learn ing  
m e c h a n i s m  for the  space. We  prove  the  
e f f e c t i v e n e s s  of the  p r o p o s e d  m e t h o d  by an exper i -  

m e n t  on i n f o r m a t i o n  re t r i eva l  for  the s t udy  of 
J ap an ese  l i tera ture .  

1. I n t r o d u c t i o n  
T h e r e  have  b e e n  no t heo r i e s  of s e m a n t i c s  we can 

rely on for bu i ld ing  a large i n f o r m a t i o n  re t r ieva l  sys- 
t em.  Th e  defec t  in the  e x i s t e n t  t heo r i e s  is the  lack 
of e x p l a n a t i o n  of the  m e c h a n i s m  for  ad jus t ing  to tile 
real  world the  f o r m a l  symbo l i c  s y s t e m s  u s e d  in the  
theor ies ;  the  only tMng  they  expla in  is the  re la t ion  
b e t w e e n  n a tu r a l  l anguage  and  the  f o r m a l  s y s t e m .  
T h o s e  t h e o r i e s  a s s u m e  the ex i s t ence  of f ixed and  
u n i v e r s a l  o n e - t o - o n e  r e l a t ions  b e t w e e n  the basic ele- 

m e n t s  in the  f o r m a l  s y s t e m  and  tile en t i t ies  m tile 
real  world. For  e x a m p l e ,  bo th  M o n t a g u e  s e m a n t i c s  

and  the  s i tua t ion  s e m a n t i c s  a s s u m e  tha t  we can 
r e p r e s e n t  the  dog n a m e d  Mor r i s  in the  real  world as 
s o m e  s y m b o l  like M O R R I S  in the  f o r m a l  s y s t e m  and 

tha t  the  re la t ion  b e t w e e n  Morr i s  and  M O R R I S  is 

f ixed and  u n i v e r s a l  [3,2].  
H o w e v e r ,  w h e n  we cons ide r  an i n f o r m a t i o n  

re t r ieva l  s y s t e m ,  especial ly  in the  field of s tudy  on 

l i te ra ture ,  we e n c o u n t e r  p r o b l e m s  where  the a s s u m p -  

t ion does  n o t  hold .  One p r o b l e m  is tha t  there  are 
ent i t ies  t ha t  do n o t  ha ve  u n i v e r s a l  symbo l i c  

r e p r e s e n t a t i o n .  For  e x a m p l e ,  w he n  a r e s e a r c h e r  dis- 
cove r s  a new e n t i t y (o r  n o t i o n )  in l i te ra ture  and  
writes a paper  on tha t  ent i ty ,  the  paper  m u s t  be 
s to red  in the  da tabase  bu t  we do no t  ha ve  appropri-  

ate key words  for tha t  ent i ty .  W h e n  tile enti ty 
b e c o m e s  well k n o w n  in later years ,  it m a y  be n a m e d ,  
for  e x a m p l e ,  ' o v e r t h e r e i s m ' .  H o w e v e r  at the  t ime  
tile ent i ty  is d i s cove red  and  does  n o t  h a v e  the  n a m e  
' o v e r t h e r e i s m ' ,  we m u s t  r e p r e s e n t  tile ent i ty  by a 
f ixed se t  of s y m b o l s ,  b u t  it is no t  easy. A n o t h e r  
p r o b l e m  is tha t  the  r ange  of wha t  is m e a n t  by a s y m -  
bol differs a m o n g  the u se r s  of an i n f o r m a t i o n  
re t r ieva l  s y s t e m .  For  e x a m p l e ,  we c a n n o t  ident i fy  the  
f ixed m e a n i n g  of ' r o m a n t i c i s m ' .  Eve ry  u se r  a s s u m e s  

d i f fe ren t  m e a n i n g s  of ' r o m a n t i c i s m '  and  it is n o t  
easy  to cont ro l  the  m e a n i n g .  The  lat ter  p r o b l e m  has  
b e e n  c o n s i d e r e d  in the  s tud ie s  of fuzzy  m e a n i n g s ,  

bu t ,  so far, the  f o r m e r  p r o b l e m  has  n o t  been  con-  
s ide red  m the s tud ie s  on s e ma n t i c s .  

In order  to solve the  above  m e n t i o n e d  p r o b l e m s ,  

we p ropose  a no t i on  of s e m a n t i e  space and  the  learn-  
ing m e c h a n i s m  of the  space.  Our  a s s u m p t i o n  is tha t  
the  en t i t i es  which cou ld  no t  be r e p r e s e n t e d  by a 
f ixed se t  of s y m b o l s  can be ident i f ied  in s o m e  
s e m a n t i c  space by the  locat ion the  ent i ty  s h o u l d  be 
se t t led  in. A l t h o u g h  w h e t h e r  this  a s s u m p t i o n  is 
un ive r s a l l y  valid is p rob lema t i c ,  we h a v e  p roved  tha t  
th is  a s s u m p t i o n  is effect ive in i n f o r m a t i o n  re t r ieva l  
s y s t e m s  in the  field of s tud ie s  on l i tera ture .  We 

be l ieve  tha t  the  fieht of l i tera ture  i nc ludes  essen t i a l  
p r o b l e m s  and  has  jnst e n o u g h  c o m p l e x i t y  to give as 
e v ide nc e  for a genera l  d i s cus s ion  on s e m a n t i c s .  

The  s e m a n t i c  space is an Euc l idean  space where  
en t i t i es  and  words  are sca t te red .  Tile crucial  po in t  of 
our  idea is t ha t  the  axes  of the  space are no t  g iven  
b e f o r e h a n d  bu t  are g e n e r a t e d  t h r o u g h  learn ing  f r o m  
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tile i n t e r ac t i on  b e t w e e n  a user '  and  the i u f o r m a t i o n  

r e t r i eva l  sy:¢tem. Since tile axes  of t, he  space  are n o t  

g iven  b e f o r e h a n d ,  the  s y s t e m  can ad jus t  the 

conf igura t ion ,  of tile space for  a b s o r b i n g  n e w  ent i t ies .  

In c h a p t e r  2, we descr ibe  in detail  the  n o t i o n  of 

s e m a n t i c  space ,  exp l a in ing  w h a t  are the  en t i t i es  and  

w o r d s  in an i n f o r m a t i o n  r e t r i eva l  s y s t e m  for  lit,era- 

Lure s tud i e s ,  and  we s h o w  h o w  the  m e a n i n g s  of 

words  are r e p r e s e n t e d  in the  space.  

In c h a p t e r  3, we descr ibe  tile lear l t ing m e c h a n i s m  

of the  s e m a n t i c  space.  G e n e r a l l y  speak ing ,  in tile 

s t ud i e s  on m a c h i n e  l ea rn ing ,  it. has  b e e n  r e v e a l e d  
t ha t  the  m e c h a n i s m  for  con t ro l l i ng  the  l ea rn ing  pro-  
cess  is i m p o r t a n t ;  w i t h o u t  s u c h  m e c t l a n i s m s ,  the 

r e s u l t  of tile l ea rn ing  b e c o m e s  Leo gene ra l  or  too 

specific. Ill the  l ea rn ing  p r o c e s s  p r o p o s e d  ill this  

paper ,  we use  a u s e r ' s  sa t i s fac t ion  as tile eon t ro l l h lg  

c r i t e r ion  for' l ea rn ing .  The  r e s u l t  of the  l ea rn ing  is a 

s e m a n t i c  space t ha t  j u s t  m i r r o r s  tile wor ld  of litera- 

tu re  ex i s t ing  in the u s e r ' s  mind .  The  r e a s o n  we use  

the  t e r m  ' l e a r n i n g '  i n s t ead  of ' a c q u i r i n g '  is t ha t  the 

i n f o r m a t i o n  the  s y s t e m  gets  is n o t  tile direct  exprcs.- 

s ion  of the  m e a n i n g s  of words  a user '  has  in his  m i n d  

b u t  ind i rec t  and  part ial  i~tformaLion g iveu  Lhrongh 

the in t e rac t ion  b e t w e e n  a u s e r  and  the i n f o r m a t i o n  

r e t r i eva l  s y s t e m .  
Ill c h a p t e r  4, we eva lua t e  Lhe e f f e c t i v e n e s s  of the 

p r o p o s e d  ideas t h r o u g h  all e x p e r i m e n t .  IL is s h o w n  

LhaL en t i t i es  t h a t  cou ld  n o t  be r e t r i e v e d  by c o n v e n -  

t ional  key  w o r d s  can be rctr ie .ved in our' s y s t e m .  

In c h a p t e r  5, we r e f e r  to r e l a t ed  w o r k s  and  s u m -  

mar ize  o u r  c o n t r i b u t i o n .  

2. S e m a n t i c  S p a c e  

Befo re  g iv ing f o r m a l  d i s c u s s i o n ,  we f irs t  give an 
e x a m p l e  of s e m a n t i c  space.  Fig.1 s h o w s  an e x a m p l e  

of s e m a n t i c  space fo r  p h i l o s o p h i c a l  i s sues  ill artificial 

in te l l igence  ( * ). 

We call f ind ill the  space s h o w n  in F ig . l ,  the  

b o o k  ti t led " G o e d e l ,  E s c h e r ,  B a c h "  wr i t t en  by H o f s -  

t ad tc r ,  as on.e ent i ty .  It has  an i n t e rna l  ID  to p o i n t  

to tire i n f o r m a t i o n  actual ly  s t o r e d  ill b ibl iogr 'aphieal  

da tabase .  Since whaL is m e n t i o n e d  in the  b o o k  t~as 

r e l a t i on  with Goe de l ,  l,~,seher and  Bach,  (~oedeI,  

F, sch.er and Bach are loeaLed near the book. It, must 
be noted tilaL tiler'e ha:!~ been no assurance, in previ- 
ous l ,heories,  tha t  G o e d e l  d e n o t e s  the  f a m o u s  

maLhemaLician e v e r y o n e  k n o w s .  H o w e v e r ,  in o u r  

s e m a n t i c  space,  G o e d e l  c a n n o t  be arbi t rm'y  t h in g s  

b e c a u s e  tile en t i ty  is b o u n d e d  by o t h e r  en t i t i es ,  s o m e  
of which are p o i n t e d  to actual ly  s t o r e d  i n f o r m a t i o n  

ill da tabase .  'File b o o k  " (? ,oede l  Fischer B a c h "  

desc r ibes  s o m e  n e w  n o t i o n .  Since tile n o t i o n  was 

n o t  k n o w n  b e f o r e  the b o o k  was p u b l i s h e d ,  tile 

not.toll does  n o t  h a v e  a u n i v e r s a l  n a m e .  We must .  

r ead  the  who le  thick b o o k  t,o kn.ow exact ly  w h a t  the  
n o t i o n  is. In o t h e r  wor ds ,  s y m b o l s  t,o r e p r e s e n t  t.hc 

no t i on  are ectual to the who le  b o o k  itself. H o w e v e r ,  

we can d e t e r m i n e  tile pos i t i on  of the  u o t i o n ,  b e c a u s e  

we k n o w  the  n o t i o n  has  r e l a t i on  with w h o l i s m ,  

r edue L ion i sm ,  m u ,  G o e d e l ,  E s t h e r ,  l:laeh and  so on. 
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Fig.I An exomple of 
semontic spoce 

(*)Fig. 1 is an explanatory example for the readers who are 
not familiar with Japanese literature. The semantic space made 
by our system is for Japanese literature and is authorized by the 
researchers in that field. The real example is given in chapter 4 
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If t h e  n o t i o n  g e t s  a n a m e  s u c h  as ' H o f s t a d t e r i s m '  

l a te r ,  t h e  n a m e  will be  p u t  in t h e  p o s i t i o n  j u s t  a b o v e  
t h e  b o o k  of H o f s t a d t e r .  U n t i l  t h e n ,  t h e  n o t i o n  is 
i d e n t i f i e d  as S o m e  b l a n k  s p a c e  a b o v e  t h e  b o o k .  

A u s e r  w h o  w a n t s  to ge t  a p a p e r  or  a b o o k  on  
t h e  s a m e  n o t i o n  as o n e  w r i t t e n  in H o f s t a d t e r ' s  b o o k  

can f i nd  t h e  n o t i o n  in t h e  s p a c e  by  l o o k i n g  a t  t h e  

c o n f i g u r a t i o n  of  t h e  space .  
O n e  m i g h t  t h i n k  t h a t  we c a n  r e p r e s e n t  t h e  n e w  

n o t i o n  i n t e n s i o n a l l y .  H o w e v e r ,  in p rac t i ca l  i n f o r m a -  
t i o n  r e t r i e v a l  s y s t e m s ,  it is d i f f icu l t  to fix t h e  s e t  of  

p r i m i t i v e s  f o r  r e p r e s e n t i n g  i n t e n s i o n .  
O n e  m i g h t  a lso t h i n k  t h a t  i d e n t i f i c a t i o n  of t h e  

l o c a t i o n  is  s i m i l a r  to m a k i n g  c o n j u n c t i o n  of s e v e r a l  
k e y w o r d s  or  to u s i n g  a t h e s a u r u s .  H o w e v e r ,  o u r  
s e m a n t i c  s p a c e  h a s  t h e  p r o m i n e n t  f e a t u r e ,  w h i c h  is 

a b s e n t  in u s i n g  k e y w o r d s  er  t h e s a u r u s ,  t h a t  a u s e r  

c a n  e m b e d  h i s  o w n  i d e a s  of m e a n i n g s  in t h e  space .  
T h e  o n l y  c r i t e r i o n  fo r  d e t e r m i n i n g  t h e  space  o r g a n i -  
z a t i o n  is a u s e r ' s  s a t i s f a c t i o n .  E v e r y  u s e r  h a s  h i s  o w n  
space  in o u r  s y s t e m ,  a n d  t h e  s y s t e m  d e s i g n e r  d o e s n ' t  

c a r e  w h e t h e r  o n e  d i r e c t i o n  in t i le space  d e n o t e s  I S A  
r e l a t i o n  or s y n o n y m i c  r e l a t i o n  or  e l se .  E v e n  t i le  u s e r  
h i m s e l f  m a y  n o t  k n o w  w h a t  k i n d  of r e l a t i o n  ti le a x e s  
r e p r e s e n t  in t h e  space .  H o w e v e r ,  as fa r  as t h e  u s e r  
h a s  h i s  o w n  i d e a  a b o u t  h o w  o n e  e n t i t y  is r e l a t e d  wi th  
o t h e r  e n t i t i e s ,  t he  s e m a n t i c  s p a c e  m i r r o r s  t i le  wor ld  
in t h e  u s e r ' s  m i n d ,  a n d  t h e  a x e s  ( m a y b e  in local  
s u b s p a c e )  as a r e s u l t  p l ay  t h e  ro le  of  r e p r e s e n t i n g  t h e  

r e l a t i o n  b e t w e e n  t h e  e n t i t i e s  s u c h  as I S A  r e l a t i o n ,  
s y n o n y m i c  r e l a t i o n ,  t e m p o r a l  r e l a t i o n ,  spa t i a l  r e la -  

t i on ,  or  a m o r e  c o m p l e x  r e l a t i o n .  
So far ,  we h a v e  a l r e a d y  d e s c r i b e d  t h e  m a i n  i dea s  

of  s e m a n t i c  space  t h r o u g h  an  e x a m p l e .  N o w  we g ive  

f o r m a l  d i s c u s s i o n .  
T h e  f i r s t  q u e s t i o n  is w h a t  is t h e  d i m e n s i o u  of t h e  

space .  T h e  d i m e n s i o n  of t he  s e m a n t i c  space  is n o t  

g i v e n  a t  f i r s t  in p r inc ip l e .  T h e  d i m e n s i o n  is d e t e r -  
m i l l e d  as a r e s u l t  of s p a c e  s y n t h e s i s .  M a t h e m a t i c a l  

t h e o r i e s  f o r  c a l c u l a t i n g  t h e  d i m e n s i o n  a re  g i v e n  in 
t h e o r i e s  of m u l t i - d i m e n s i o n a l  s y n t h e s i s  d e v e l o p e d  in 
t h e  s t u d i e s  of  s t a t i s t i c s .  In  o u r  i m p l e m e n t a t i o n ,  we 
l i m i t  t h e  d i m e n s i o n s  to t h r e e  fo r  t h e  s a k e  of s imp l i -  
c i ty  of t h e  s y s t e m .  M o r e o v e r ,  we g ive  one  f i x e d  

m e a n i n g  to o n e  d i m e n s i o n ,  t h a t  is, we g ive  ti le 
m e a n i n g  of s y m b o l i z a t i o n  t o  t h e  ve r t i c a l  ax is .  A t  t h e  
b o t t o m  of t h e  space ,  t i t l es  a n d  a u t h o r s  of  p a p e r s  are  
a r r a n g e d .  A t  t h e  t op  of t i le  s p a c e ,  w o r d s  w h i c h  
u s e r s  u s e  are  a r r a n g e d .  A t  t i le  m i d d l e  of t h e  s p a c e ,  
w r i t e r s  a n d  l i t e r a ry  w o r k s  a n d  s o m e  c o n t r o l l e d  
n o t i o n s  s u c h  as "s ty l i s t ics '  are  a r r a n g e d .  T h e  r e a s o n  
we n a m e d  t i le  ve r t i c a l  ax i s  " s y m b o l i z a t i o n '  is t h a t  t h e  
u p p e r  spac e  is a m o r e  s y m b o l i z e d  wor ld  f r o m  tile 

v i e w p o i n t  of a b i b l i o g r a p h i c a l  d a t a b a s e .  
T h e  s e c o n d  q u e s t i o n  is w h a t  w o r d s  a n d  e n t i t i e s  

are .  In  o u r  s e m a n t i c  s p a c e ,  we d o n ' t  m a k e  c l ea r  dis-  

t i n e t i o n  a m o n g  t h e  t e r m s  " en t i t y ' ,  ' n o t i o n '  a n d  
' w o r d ' .  W h a t  e x i s t  ill o u r  s p a c e  are ,  in a n y  way,  j u s t  
s y m b o l s .  B u t  c o n v e n t i o n a l l y ,  we call  t h e  s y m b o l s  
t h a t  a re  u s e d  by  u s e r s ,  ' w o r d s ' ;  t h e  o n e s  t h a t  a re  
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p o i n t e d  to  b i b l i o g r a p h i c a l  i n f o r m a t i o n  

' e n t i t i e s ( p a p e r s ) ' ,  t h e  o n e s  t h a t  d e n o t e  w r i t e r s  
' e n t i t i e s ( w r i t e r s ) ' ,  t h e  o n e s  t h a t  d e n o t e  w o r k s  
' e n t i t i e s ( w o r k s ) ' ,  a n d  o t h e r s ,  ' n o t i o n s ' .  A s  fo r  t h e  

s y m b o l s  t h a t  d e n o t e  wr i t e r s  a n d  w o r k s ,  t h e y  are  c o n -  
t r o l l e d  by  a n  i n d e p e n d e n t l y  d e v e l o p e d  d a t a b a s e  fo r  
a u t h e n t i c a t i o n .  

T h e  t h i r d  q u e s t i o n  is w h a t  is m e a n i n g .  W e  
d e f i n e  t h e  m e a n i n g  of o n e  s y m b o l  as t h e  sp ace  
c o n f i g u r a t i o n  a r o u n d  t h e  s y m b o l .  M o r e o v e r ,  we 
e x t e n d  ti le n o t i o n  of s y m b o l  to al ly p o i n t  in s e m a n t i c  
s p a c e ,  so  t h a t  we c a n  t r e a t  e n t i t i e s  fo r  w h i c h  a s y m -  

bo l  is I~ot a s s i g n e d .  Ill o t h e r  w o r d s ,  we i d e n t i f y  a 
s y m b o l  wi th  a p o i n t  in space .  F o r  e x a m p l e ,  w h a t  t h e  

l o c a t i o n  fo r  ' H o f s t a d t e r i s m '  m e a n s  is s o m e t h i n g  
b e t w e e n  w h o l i s m  a n d  r e d u e t i o n i s m .  Y o u  can  u n d e r -  

s t a n d  w h a t  ' s o m e t h i n g  b e t w e e n '  in t h e  p r e v i o u s  sei1- 

t e n c e  m e a n s  by  l o o k i n g  a t  t h e  c o n f i g u r a t i o n  of t i le  
n e i g h b o r  space .  F o r  e x a m p l e ,  if y o u  s ee  n e i g h b o r  

"P ro log '  b e t w e e n  ' d e c l a r a t i v e '  a n d  ' p r o c e d u r a l ' ,  y o u  
k n o w  t h a t  " s o m e t h i n g  b e t w e e n '  m e a n s  t i le  s a m e  k i n d  

of r e l a t i o n  as  ' P r o l o g '  b e t w e e n  " d e c l a r a t i v e '  a n d  ' p ro -  
c e d u r a l ' .  It m u s t  be  n o t e d  h e r e  t h a t  t i le s a m e  s y m -  

bol  c a n  be  p u t  in m o r e  t h a n  o n e  l o c a t i o n .  T h i s  a l l ows  
a s y m b o l  to h a v e  s e v e r a l  m e a n i n g s  d e p e n d i n g  o n  
c o n t e x t .  

T h e  las t  q u e s t i o n  on  t h e  s e m a n t i c  space  is w h a t  
t h e  d i s t a n c e  is. T h e  m e a s u r e  of d i s t a n c e  e x i s t s  in 
t h e  u s e r ' s  m i n d .  T h i s  is n o t  e l u s i o n  b u t  e s s e n c e .  
T h e r e  is n o  e x p l a i n i n g  by w h a t  m e a s u r e s  o n e  
r e s e a r c h e r  on  l i t e r a t u r e  j u d g e s  that.  o n e  e n t i t y  is n e a r  
a n o t h e r  en t i t y .  It  is b e c a u s e  e a c h  r e s e a r c h e r  h a s  h i s  
o w n  m e a s u r e s  t h a t  o r ig ina l  p a p e r s  c a n  be  wr i t t en  
[ p e r s o n a l  d i s c u s s i o n  wi th  s o m e  r e s e a r c h e r s  on  l i te ra-  
t u r e ] .  S ince  t h e  s e m a n t i c  space  is b u i l t  fo r  e a c h  
u s e r ,  t h e  p a p e r s  of t h e  a u t h o r s  w h o  h a v e  a q u i t e  
d i f f e r e n t  s e m a n t i c  wor ld  f r o m  t h a t  of t h e  u s e r  m a y  
n o t  h a v e  " p r o p e r "  l o c a t i o n  in t he  s e m a n t i c  sp ace .  
S u t  t h a t  c a u s e s  lit t le p r o b l e m ,  b e c a u s e  s u c h  p a p e r s  
do n o t  i n t e r e s t  tile u s e r  m u c h .  

3. L e a r n i n g  the  S p a c e  
T h e  o u t l i n e  fo r  t h e  u s e  a n d  l e a r n i n g  of s e m a n t i c  

space  fo r  an  i n f o r m a t i o n  r e t r i e v a l  s y s t e m  is as fol-  

lows:  
1. A u s e r  g i v e s  a q u e r y  to t h e  i n f o r m a t i o n  

r e t r i e v a l  s y s t e m .  T h e  q u e r y  is r e c o g n i z e d  as 
a s e q u e n c e  of w o r d s .  P a r s i n g  of t h e  q u e r y  

s e n t e n c e  is n o t  d o n e .  So u s e r s  g e n e r a l l y  
g ive  w h a t  t h e y  t h i n k  are  k e y  w o r d s  fo r  
s e a r c h .  F o r  e x a m p l e ,  a u s e r  w h o  w a n t s  a 
p a p e r  on  t h e  i n f l u e n c e  of G o e t h e  oil 
m o d e r n  J a p a n e s e  l i t e r a t u r e  a s k s  t h e  s y s t e m  
' G o e t h e  m o d e r n  J a p a n e s e  l i t e r a t u r e ' .  

2. T h e  s y s t e m  s e a r c h e s  in t h e  s e m a n t i c  space  fo r  
t h e  s a m e  w o r d s  ti le u s e r  g a v e .  If s u c h  w o r d s  
a re  f o u n d ,  t h e  s y s t e m  p r e s e n t s  to t h e  u s e r  

t h e  n e i g h b o r  s p a c e s  of t h e  w o r d s .  If n o  s u c h  
w o r d s  are  f o u n d ,  t h e  s y s t e m  p r e s e n t s  an  



overv iew of the  whole  space ( m a i n l y  the  

midd le  space,  i.e. t h e  space for  wri ters  a nd  

works) .  
3. Th e  u se r  se lects  s o m e  s u b s p a c e s  tha t  a t t ract  

h im.  
4. Th e  s y s t e m  shows  the  detai ls  of tile b o t t o m  

spaces  of se lec ted  subspaces .  
5. Th e  u se r  se lects  papers  f r o m  a m o n g  t hose  

s h o w n  in the  b o t t o m  spaces .  

6. Th e  s y s t e m  r e - c o n s t r u c t s  the  s e m a n t i c  space 
so t h a t  the  se lec ted  papers  in s tep 5 are 
located  in s h o r t e r  d is tance  and  se lec ted  sub-  

spaces  ill s tep 3 are located in s h o r t e r  dis- 
tance ,  and  t h e n  th.e s y s t e m  puts  tile que ry  
words  in the  locat ion above  the  selected 
papers .  

We have  i m p l e m e n t e d  a s y s t e m  called 
M L 0 ( M o d e l  L e a r n e r  v e r s i o n 0 )  tha t  rea l izes  the  
above  m e n t i o n e d  s teps .  Fig.2 s h o w s  the 
con f igu ra t i on  of the  s y s t e m .  The  s y s t e m  is wri t ten 
in Lisp and  P][,/I. 

Tile m o n i t o r  m o n i t o r s  all tile f u n c t i o n s  of the  
s y s t em .  It has special  var iables  n a m e d  * i n c o n s i s t e n t  
and *attention. 

qnconsistent is the variable for storing a pair' of 

entities for which the distance in the semantic space 

is different from the estimated distance. The estima- 

tion of the distance is done as follows. When the 

initial semantic space is built, the distanec between 

two papers  is e s t i m a t e d ,  with s o m e  n o r m a l i z a t i o n ,  by 

the  inve r se  of the  n u m b e r  of o c c u r r e n c e s  of s a m e  

words  in tile t i t les,  and  the dist.anee b e t w e e n  two 

~ n -m~ . . . .  ~user  c o m m u n i c a t i o n ~ ~  
- ~T~ "[ cont ro l le r  r ' L _ _ _ . . . . J ~ , ~  

i !  Ii "''-- ~ "' user 

I 
manipulator ~ r e c ons t r uctor [ 

i 'T 
'I( semant ic  ) 
~_ space 

1: q 
dalaba se access 

control ler  ] 

. . . .  '. f low of contrail  

Fig.?_ Configuration of the system 

ent i t i es  ( o t h e r  t h a n  papers )  is e s t i m a t e d  by the  
inve r se  of tile n u m b e r  of the  papers  which  inc lude  
b o t h  ent i t ies  in title. W h e n  tile s e m a n t i c  space is 
r e c o n s t r u c t e d ,  the  d is tance  b e t w e e n  en t i t i es  which  a 
u s e r  se lec ted  is e s t i m a t e d  to s o m e  f ixed sma l l  va lue ,  

and  the  d is tance  b e t w e e n  ent i t ies  which the  s y s t e m  
p r e s e n t e d ,  b u t  only one of which  the  u s e r  se lec ted ,  
is e s t i m a t e d  to s o m e  f ixed large va lue .  The  m o n i t o r  

j udge s  tha t  a u se r  is sa t is f ied if the  real  d i s tance  ill 

s e m a n t i c  space is tile s a m e  as the  e s t i m a t e d  d is tance .  
W h e n  the m o n i t o r  de tec ts  the  u s e r ' s  d i ssa t i s fac t ion ,  

i.e. the  d i f ference  b e t w e e n  the real  d is tance  a nd  the  
e s t i m a t e d  d is tance ,  it r eg i s t e r s  in * i n c o n s i s t e n t  the  
pair of en t i t i es  which c a u s e d  the  p r o b l e m .  

*a t t en t ion  is the  w~riable for  l imi t ing  the  space 

for  cons ide ra t ion .  The  m o n i t o r  m o n i t o r s  the  spac.e 
only ill the  scope of *a t ten t ion .  This  i m p r o v e s  the  
efficiency of sea rch  and  r e c o n s t r u c t i o n .  

The  m o n i t o r  t r iggers  the  space r e c o n s t r u c t o r  
af ter  one s e s s ion  of que ry  and  a n s w e r  if * incon-  
s i s t e n t  has  value .  

The  space r e c o n s t r u c t o r  plays the  role of r econ-  
s t rucUng  the  s e m a n t i c  space so tha t  the  u se r  can be 
satisfied.  It u s e s  a heur i s t i c  p r o c e d u r e  for space 
r e c o n s t r u c t i o n  m e n t i o n e d  below. 

1.Select one pair f r o m  * incons i s t en t .  (In the  
c u r r e n t  ve r s ion  of tile s y s t e m ,  the  pair 
which  c a u s e d  tile la rges t  i n c o n s i s t e n c y  is 
se lec ted . )  

2 . Inspec t  tile dens i ty  of the  n e i g h b o r  space for 
each ent i ty  ill the  pair, and  decide to m o v e  
tile ent i ty  with less de nse  n e i g h b o r s .  

3 . E n u m e r a t e  the  posi ible  new pos i t ions  for  the  

m o v i n g  ent i ty .  (Ill the  c u r r e n t  ve r s i on  of 
the  s y s t e m ,  the re  are e igh t  new cand ida te  
pos i t ions  a r o u n d  a n o t h e r  en t i ty  where  the  
d is tance  b e t w e e n  the  two en t i t i es  is equal  to 
the  e s t i m a t e d  va lue . )  

4 .Select  f r o m  a m o n g  t h e m  one pos i t ion  which 
c a u s e s  the  least  new incons i s t ency .  

5 .Check  new i n c o n s i s t e n c i e s  a nd  reg i s te r  t h e m  
in * incons i s t en t .  

6 .Go to s tep 1. 

The  m o n i t o r  m o n i t o r s  the  whole  r e c o n s t r u c t i o n  pro- 
cess  a nd  s tops  the  p rocess  by ra i s ing  the  t h r e s h o l d  to 
judge  the  i n c o n s i s t e n c y  w h e n  it j u d g e s  tha t  the  
r e c o n s t r n e t i o n  t akes  too m u c h  t ime .  

Fig.3 s h o w s  an e x a m p l e  of the  p roc e s s  of space 
r e c o n s t r u c t i o n .  Ill F ig .3(a) ,  the  dis tance  b e t w e e n  the 
en t i t i es  A and  B was 10. L e t ' s  a s s u m e  t h a t  a new 

e s t i m a t i o n  for tile d is tance  is 5. The  r e c o n s t r u c t o r  
looks  a r o u n d  the n e i g h b o r s  of b o t h  ent i t ies ,  and  

decides  to m o v e  tile ent i ty  B b e c a u s e  the  n e i g h b o r s  

of B are less dense  t h a n  those  of A.  The  r e c o n s t r u c -  
tor  se lec ts  one  pos i t ion  t ha t  c a u s e s  the  least  new 
inc ons i s t e nc y ,  f r o m  a m o n g  e igh t  pos i t i ons  a r o u n d  A,  
for  B to be placed in. In F ig .g (b ) ,  ]:3 is placed to the  

left  of A. New i n c o n s i s t e n c i e s  ill the  scope of *at ten-  
t ion suc h  as i n c o n s i s t e n c y  a b o u t  B and  G are 
c h e c k e d  and  r eg i s t e red  in * incons i s t en t .  A f t e r  a few 
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t r ia l  l o o p s  to d e c r e a s e  i n c o n s i s t e n c y ,  t h e  space  s e t t l e s  
in t h e  c o n f i g u r a t i o n  s h o w n  in F i g . 3 ( c ) ,  w h i c h  
i n c l u d e s  n o  i n c o n s i s t e n c y .  

Of c o u r s e  we c a n  u s e  m o r e  m a t h e m a t i c a l  
m e t h o d s  (e .g .  m a t r i x  t r a n s f o r m a t i o n  of d i s t a n c e )  f o r  
s p a c e  r e c o n s t r u c t i o n .  H o w e v e r ,  t h e  a b o v e  m e n -  

t i o n e d  h e u r i s t i c  p r o c e d u r e  w o r k s  m o r e  e f f i c i en t ly  
t h a n  m a t h e m a t i c a l  m e t h o d s ,  b e c a u s e  so m a n y  pa i r s  
c a u s i n g  i n c o n s i s t e n c y  are  n o t  d e t e c t e d  at  o n c e  d u e  to 

t h e  l i m i t a t i o n  of a t t e n t i o n  and  r a t h e r  s m a l l  d e n s i t y  of 
t h e  wor ld  of l i t e r a t u r e .  

4. E v a l u a t i o n  
F i r s t  of  all, we e s t i m a t e d  t h e  s ize  of  t h e  s e m a n t i c  

space .  T h e  n u m b e r  of  w r i t e r s  s t u d i e d  in t h e  f ie ld  of 
r e s e a r c h  on  J a p a n e s e  l i t e r a t u r e  is a b o u t  1900.  T h e  
n u m b e r  of  w o r k s  s t u d i e d  is a b o u t  2200.  F o r t u n a t e l y ,  

t h e s e  n u m b e r s  are  a l m o s t  f i xed .  T h e  n u m b e r  of  
p a p e r s  w r i t t e n  in t h a t  f ie ld  in a y e a r  is a b o u t  5000 .  
H o w e v e r ,  i n t e r e s t  of  o n e  r e s e a r c h e r  is l i m i t e d  to less  
t h a n  o n e  t e n t h  of t h e m .  

W e  t h e n  c o n f i r m e d ,  b y  a s k i n g  s o m e  r e s e a r c h e r s  
a n d  by  a n a l y z i n g  t h e  p r o c e s s  of m a n u a l  e d i t i n g  of 
r e s e a r c h  p a p e r  c a t a l o g u e s ,  t h a t  a l m o s t  all n o t i o n s  in 
r e s e a r c h  on  J a p a n e s e  l i t e r a t u r e  c an  be  p l a c e d  in pos i -  
t i o n s  a m o n g  w r i t e r s  a n d  works .  F o r  t h e  n o t i o n s  t h a t  
c a n n o t  be  p l a c e d  a m o n g  w r i t e r s  a n d  w o r k s ,  a b o u t  
100 n o t i o n s  s u c h  as d i a l e c t o l o g y  were  p r e p a r e d  for  
b u i l d i n g  a n  ini t ia l  space .  

F i n a l l y  we c a r r i e d  o u t  an  e x p e r i m e n t  by  u s i n g  
t h e  i m p l e m e n t e d  s y s t e m .  E s t i m a t i n g  t h e  s ize  of  t h e  

s e m a n t i c  space  fo r  o n e  u s e r ,  we m a d e  an  in i t ia l  space  

in w h i c h  50 w r i t e r s  were  r e g i s t e r e d .  F o r  b u i l d i n g  t h e  

in i t ia l  s p a c e ,  we m a d e  a 50*50  d i s t a n c e  m a t r i x  f o r  
t h e  w r i t e r s  b a s e d  on  ti le i n f o r m a t i o n  f r o m  tile t i t l es  
of ' 5 3 5 6 3  p a p e r s  w r i t t e n  in t h e  las t  t e n  yea r s .  T h e  
in i t ia l  space  m a d e  by  t i le  s y s t e m  is s h o w n  in F i g A .  
'Pile ini t ia l  space  i tself  is i n t e r e s t i n g  e n o u g h  for' 
l i t e r a t u r e  s t u d y .  W e  can k n o w  f r o m  tile space  ti le 
s t r i k i n g  f ac t  t h a t  t i le p o e t  n a m e d  B a s h o u  in t h e  
s e v e n t e e n t h  c e n t u r y  h a s  a s t r o n g  r e l a t i o n  wi th  m a n y  
m o d e r n  n o v e l i s t s .  W e  can  also i n f e r  t h a t  m a n y  
r e s e a r c h e r s  h a v e  spec ia l  i n t e r e s t  in f e m a l e  wr i t e r s ,  
f i n d i n g  ti le s u b s p a e e  w h e r e  a n c i e n t  a n d  m o d e r n  
f e m a l e  wr i t e r s  a re  c l u s t e r e d .  

W e  a s k e d  a r e s e a r c h e r  on  J a p a n e s e  l i t e r a t u r e  to 
s e a r c h  p a p e r s  b a s e d  on  a c o m p l e x  q u e r y .  O n e  q u e r y  
was  " o n  t h e  p r o c e s s  of t r a n s f o r m a t i o n  of f a b l e s  in to  

w r i t t e n  f o r m s ,  h o w  f a b l e s  were  t r a n s f e r r e d  a m o n g  
p e o p l e ,  e c o l o g y  of f a b l e s " ( * ) .  L o o k i n g  a t  t h e  

s e m a n t i c  space ,  he  f i rs t  r o u g h l y  e n c l o s e d  in t h e  sp ace  
a b o u t  t e n  w o r k s  w h i c h  h e  t h o u g h t  to be  r e l a t e d  to 

" f a b l e s " .  G l a n c i n g  a t  t h e  b o t t o m  space  of t h e m ,  

w h e r e  1337 p a p e r s  ( w r i t t e n  in t he  las t  t e n  y e a r s )  
were  s c a t t e r e d ,  he  c o u l d  p o i n t  o u t  112 p a p e r s  w h i c h  
m a t c h e d  t h e  q u e r y .  

T h e  s e l e c t e d  p a p e r s  w h i c h  i n c l u d e d  in tile t i t les  
w o r d s  s u c h  as n a t u r e ,  d e v e l o p m e n t ,  t r a n s f e r ,  f ab l i za -  
l i on ,  or  g e n e r a t i o n  were  g a t h e r e d  in to  on e  s u b s p a c e  
by  t h e  s y s t e m  a f t e r  t h e  s e s s i o n ,  a n d  t h e  u s e r ' s  q u e r y  
was  r e g i s t e r e d  a b o v e  ti le s u b s p a c e .  T h i s  m e a n s  t h a t ,  
n e x t  t i m e ,  t h e  s y s t e m  can  g ive  t h e  a n s w e r s  to t h e  

(*)The query was given in Japanese. This is a tranMation 
made by the au thors  
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s a m e  q u e r y  at  o n c e ,  a n d  c a n  r e g i s t e r ,  in t h e  p r o p e r  
s u b s p a c e ,  n e w  p a p e r s  on  ti le s a m e  n o t i o n .  

T h e  g r e a t e s t  m e r i t  of  t h e  s e m a n t i c  space  was  t h a t  
t h e  s y s t e m  c o u l d  tell  t i le  u s e r  w h a t  it k n e w  a b o u t  t h e  

t h i n g s  r e l a t e d  to t h e  u s e r ' s  r e q u e s t .  In c o n v e n t i o n a l  

s y s t e m s  w h i c h  d e p e n d  on  k e y  w o r d s ,  u s e r s  m u s t  
i m a g i n e  what w o r d s  t h e  s y s t e m  k n o w s ;  in fac t ,  tile 
s u b j e c t  of t h e  e x p e r i m e n t  c o u l d  n o t  g ive  p r o p e r  k e y  

w o r d s  fo r  t h e  c o m p l e x  q u e r y .  In  c o n t r a s t  wi th  th i s ,  
t h e  at~ility of t h e  u s e r  to p o i n t  o u t  t h e  s u b s p a c c s  he  

w a n t s  by  j u s t  g l a n c i n g  at  t he  w h o l e  p r e s e n t e d  space  
was  m o r e  t h a n  we e x p e c t e d .  

5. R e l a t e d  W o r k s  
' £he  m o s t  r e l a t e d  w o r k  is R i e g e r ' s [ 7 , 8 ] .  He  also 

m a d e  s o m e  k i n d  of s e m a n t i c  space  f r o m  t he  i n f e r  ~ 
m a r i o n  of r e l a t i o n s  a m o n g  words .  H o w e v e r ,  h e  m a d e  
t hc  s p a c e  b a s e d  o n l y  oil t i le f r e q u e n c y  of co- 
o c c u r r e n c e s  of  w o r d s  ill s e n t e n c e s .  O u r  s e m a n t i c  
space  carl h a v e  m o r e  realil ,y a b o u t  meo, n i n g s  t h a n  
h i s ,  b e c a u s e  s y m b o l s  t h a t  are  ac tua l ly  c o n n e c t e d  to 

e n t i t i e s  s t o r e d  in t i le d a t a b a s e  e x i s t  in o u r  st)ace. 
In  t h e  s e n s e  of t r e a t i n g  e n t i t i e s  w h i c h  do n o t  

h a v e  s y m b o l i c  r e p r e s e u l ,  a t i o n ,  c o n n e e t i o n i s t  
m o d e l s [ 4 , 9 ]  h a v e  s o m e  r e l a t i o n  wi th  o u r  a p p r o a c h .  

l l o w e v e r ,  it s e e m s  t h a t  t he  e o n n e e t i o n i s t s  h a v e  n o t  
ye t  r e a l i z e d  t he  p r o c e s s  of y i e l d i n g  s y m b o l s  on  c o n  ~ 

n e c t i o n  n e t w o r k s  t h a t  c a n  r e p r e s e n t  s u c h  a b s t r a c t  
n o t i o n s  as dea l t  wi th  by  o u r  s y s t e m .  

F r o m  t h e  m e t h o d o l o g i c a l  p o i n t  of v i ew,  m e t h o d s  
d e v e l o p e d  in t he  s t u d i e s  of  m u l t i - d i m e n s i o n a l  s y n -  
t h e s i s  in s t a t i s t i c s  are  r e l a t e d  to ou r s .  T h e  r e a s o n  we 

h a v e  d e v e l o p e d  m e t h o d s  to c a l cu l a t e  t i le space  
i n d e p e n d e n t l y  f r o m  t h o s e  m e t h o d s  is s i m i l a r  to o n e  
m e n U o n e d  by L e b o w i t z [ 6 ] .  T h a t  ix, we are  noL 
i n t e r e s t e d  in m a t h e m a t i c a l  r i g i d n e s s  of t h e  p r o c e s s  of 
a n a l y z i n g  da ta ,  b u t  in m o d e l i n g  w h a t  o c c u r s  m tile 
h u m a n  m i n d .  

1, 'rein the v i e w p o i n t  of i n f o r m a t i o n  r e t r i e v a l s y s -  
t eens ,  t h e r e  are  m a n y  m o r e  r e q u e s t s  t h a n  t h o s e  
a n s w e r e d  by  o u r  a p p r o a c h .  T h e y  i n c l u d e  t r e a t i n g  

s t r u c t u r e s  of  k e y  w o r d s  m o r e  exp l i c i t l y ,  u n d e r s t a n d -  
ing  ti le u s e r ' s  i n t e n t i o n  f r o m  h i s  q u e r y [ l ] ,  or  m a k i n g  
c o - o p e r a t i v e  r e s p o n s e s [ 5 ] .  H o w e v e r ,  t h e  p r e v i o u s  
s t u d i e s  on  t h o s e  p r o b l e m s  s t a r t e d  i g n o r i n g  tile m o s t  

bas ic  p r o b l e m  of u n d e r s t a n d i n g  a n d  l e a r n i n g  t h e  
m e a n i n g s  of o n e  word .  O u r  w o r k  can  g ive  an 
a s s u r e d  s t a r t i n g  p o i n t  for' t h o s e  f u r t h e r  s t u d i e s .  

6. C o n c l u s i o n  
W e  p r o p o s e d  to r e p r e s e n t  t h e  m e a n i n g s  of w o r d s  

in space .  W e  g a v e  a l e a r n i n g  m e c h a n i s m  fo r  t i le 
space .  W e  p r o v e d  ti le e f f e c t i v e n e s s  of  t h e  p r o p o s e d  

m e t h o d s  in an  i n f o r m a t i o n  r e t r i e v a l  s y s t e m .  

O n e  of t h e  r e a s o n s  we c h o s e  t h e  f ie ld  of 
J a p a n e s e  l i t e r a t u r e  was  t h a t  t h e r e  was  s t r o n g  d e m m l d  
f r o m  th.e r e s e a r c h e r s  in t h a t  f ie ld  to m a k e  a u s e f u l  
s y s t e m ;  s y s t e m s  b a s e d  on  c o n v e n t i o n a l  k e y  w o r d s  

d id  r iot  w o r k  welt  f o r  the f ie ld  of l i t e r a t u r e .  
A n o t h e r  r e a s o n  is t h a t  t h e  f i e ld  o f f e r s  g o o d  

e x a m p l e s  of e n t i t i e s  fo r  w h i c h  u n i v e r s a l  s y m b o l i c  
r e p r e s e n t a t i o n  is diff icul t .  

To  app ly  o u r  m e t h o d  to o t h e r  f i e lds ,  we m u s t  
s o l v e  o n l y  two  p r o b l e m s .  O n e  p r o b l e m  is to s e l e c t  
s y m b o l s  to be  p u t  ill t i le in i t ia l  space .  In  l i t e r a t u r e ,  
w o r k s  a n d  w r i t e r s  p l a y e d  t i le  ro le .  Ti~e o t h e r  p r o b l e m  

is to d e t e r m i n e  c r i t e r i a  f o r  space  c o n f i g u r a t i o n .  W e  
u s e d  a u s e r ' s  s a t i s f a c t i o n  wittl t h e  a n s w e r s  f r o m  th e  

i n f o r m a t i o n  r e t r i e v a l  s y s t e m  as ti le c r i t e r i o n .  If 
t h e s e  two p r o b l e m s  are  s o l v e d ,  o u r  m e t h o d  c a n  be  

a p p l i e d  to a n y  d o m a i n .  " l 'hcsc  p r o b l e m s  do u o t  s e e m  

so diff icul t .  
F r o m  the  v i e w p o i n t  of  ar t i f ic ial  i n t e l l i g e n c e ,  the. 

s e m a n t i c  space  Rives  a ba s i s  f o r  s t u d i e s  on  a b d u e t i o n  

an.d a n a l o g y .  T h e  d i s e o v e r y  of b l a n k  s p a c e  snr.- 
r o u n d e d  by  s y m b o l s  carl l ead  to d i s c o v e r i n g  of n e w  
idea s  by  m a c ] t i n e s .  S iuce  we c a n  m e a s u r e  s e m a n t i c  

s i m i l a r i t y  d i r ec t ly  by  d i s t a n c e  in s e m a n t i c  s p a c e ,  wc 
can  m a k e  a n a l o g i c a l  r e a s o n i n g  b a s e d  oil t h a t  s imilar- .  
ity. F o r  t h e  s a m e  r e a s o n ,  f r o m  t h e  l i n g u i s t i c  p o i n t  of 
v i ew ,  t h e  s e m a n t i c  spac, e e ~ l  be  u s e f u l  f o r  under . .  
s t a n d i n g  m e t a p h o r i c a l  e x p r e s s i o n  s u c h  as " H o f s . .  
t a d t e r  is P r o l o g  b e t w e e n  p r o c e d u r a l  s e m a n t i c s  a n d  
d e c l a r a t i v e  s e m a n t i c s " .  
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