
COLnVG S2, ~ Ho~t~ ( ~  / 
No~h~ollar, d Pub~h~g Comply 
0 Acwleml~ 1982 

A l e e r n t n g  o f  object  sti-uetures by v e r b a l i s l  
Norlhivo Abe,  Saburo  TsuJi 

Faculty of Engineering Science 
Osaka Univers i ty  

Toyonaka Osaka JAPAN 

In t h i s  p a p e r  ae  a t t e m p t  of  l e a r n i n g  by v e r b a l i s m  i s  shown in  
o r d e r  t o  c r e a t e  t h e  mo d e l s  f o r  a n ~ i d e n t i f ~ c a t i o n  of  unknown 
o b j e c t s .  When we e x p e c t  a c o m p u t e r  t o  r e c o g n i z e  o b j e c t s ,  t h e  
l o d e l s  o f  them ~must be g i v e n  t o  i t ,  however  t h e r e  a r e  c a s e s  
where  some o b j e c t s  may no t  b e , m a t c h e d t o  t h e  mo d e l s  or  t h e r e  i s  
no mode l  w i t h  w h i c h  o b j e c t  i s  compared .  At t h a t  t i m e ,  t h i s  
s y s t e m  can augment  o r  c r e a t e  new d e s c r i p t i o n s  by b e i n g  
e x p l i c i t l y  t a u g h t  u s i n g  v e r b a l  i n s t r u c t i o n s .  

1. IntrodUction 
We have  r e p o r t e d  t h e  s t o r y  u n d e r s t a n d i n g  s y s t e m  w h i c h  u s e s  b o t h  

l i n g u i s t i c  and p i c t o r i a l l i n f o r m a t i o n  in  o r d e r  to ,  r e s o l v e  t h e  mean ing  
o f  g i v e n i s e n t e n c e s  and i m a g e s .  In  t h i s  r e s e a r c h ,  we have  b e l i e v e  t h a t  
a c o r r e c t  mean ing  of  t h e  g i v e n  s e n t e n c e s  i s  o b t a i n e d  i f  t h e  r e l a t i o n s  
among noun . p h r a s e s ,  wh ich  c o r r e s p o n d  I t o  o b j e c t s  in  t h e  images ,  
c o n s i s t e n t  w i t h  t h e  r e l a t i o n s  o b s e r v e d  among o b j e c t s  in  t h e  i mag es .  

The J f a c t  t h a t  t h i s  i d e n t i f i c a t i o n  : o f  o b j e c t s  and t h e  
i n t e r p r e t a t i o n  ~:of t h e  g i v e n  s e n t e n c e s  s u p p l e m e n t s  e a c h  o t h e r  
s i m p l i f i e s  b o t h  t h e  d e t e c t i o n  of  o b j e c t s  and d i s a m i b i g u a t i o n  of  word 
s e n s e  or  p r e p o s i t i o n a l  g r o u p s .  In  S p i t e  of  t h e s e  e f f e c t s ,  t h i s  
f o r l a l i s n  has  a d e f e c t  t h a t  i t  r e q u i r e s  a d d i t i o n a l  k n o w l e d g e  s o u r c e s ,  
t h e  model o f  o b j e c t s  t h a t  w i l l  a p p e a r  i n p t h e  i mag es .  A l l  of  m o d e l s  of  
o b j e c t s  o r  a c t o r s  t h a t  a r e  s u p p o s e d  to  a p p e a r  in ,  t h e  p i c t u r e  must  be 
g i v e n  to  our  s y s t e m  in  o r d e r  t o  a c h i e v e  i t s  p u r p o s e s .  But i t  i s  no t  
e a s y  f o r  us t o  s t o r e  a l l  o f  such  mo d e l s  in  a c o m p u t e r .  I f  a p e r s o n  
who d o e s  no t  know. w e l l  a b o u t  t h e  d e t a i l s  o f  t h i s  s y s t e m  w a n t s  t o  
i n t e r a c t , w i t h  i t~  he w i l l  g i v e  up t o  u se  t h e  s y s t e m ,  as  he knows 
n o t h i n g  !of  t h e  r e p r e s e n t a t i o n ~  of  mo d e l s  in  t h e  c o m p u t e r .  To make 
m a t t e r s  w o r s e ,  t h e r e ,  a r e  q u i t e  many v a r i a t i o n s  in  r e a l  o b j e c t s  w h i c h  
we w i l l .  e n c o u n t e r  i n  t h e  r e a l  w o r l d .  For  e x a m p l e , w e  can s e e  v a r i o u s  
t y p e  of  h o u s e s .  ~:In t h e  t r a d i t i o n a l  AI s y s t e m ,  :a  g e n e r i c  model i s  
u t i l i z e d J  t o  i d e n t i f y  such  c l a s s  of  o b j e c t s .  But i t  i s  n o t  e a s y  f o r  
such  a s y s t e m  to  d i s c r i m i n a t e  i d i o s y n c r a s y  of  v a r o u s  o b j e c t s ,  i F i g . l  
shows a p a r t ~  of  s ample  s t o r y  u s e d  to  e x p e r i m e n t  i t s  s t o r y  
u n d e r s t a n d i n g  c a p a b i l i t y .  Even i f  t h e  s y s t e m  i s  s u p p o s e d  to  be g i v e n  
a g e n e r i c  model ( f o r  e x a m p l e ,  BOGLE) t h a t  r e p r e s e n t s  b o t h  OBAQ and 
OJIRO, t h e  s y s t e m  w i l l  n o t  be a b l e  t o  d i s c r i m i n a t e  t h e m .  The s y s t e m  
n e e d s  some , p r o p e r  model f o r  0BAQ and OJIRO. But i f  a new c h a r a c t e r  
wh ich  has  some s i m i l a r  p o i n t s  to;0BAQ and OJIR0 a p p e r e s  i n  t h e  s t o r y ,  
some m o d i f i c a t i o n s l  t o  t h e  BOGLE model a r e  r e q u i r e d . ,  Thus 
g e n e r a l i z a t i o n  p r o c e s s  c o u l d  n o t  be a c o m p l i s e d  in  a d v a n c e ,  bu t  s h o u l d  
be a c h i e v e d  t h r o u g h  e x p e r i a n c e .  

When, we a r e  a s k e d  to  do some t a s k ,  we a r e  u s u a l l y  g i v e n  
i n f o r m a t i o n s  c o n c e r n i n g  t o  t h e  o b j e c t s  of  t h a t  t a s k  and ~ t h e i r  
p r o c e s s i n g  m e t h o d .  In  c a s e  where  we e n c o u n t e r  some~unkown o b j e c t s  ~n 
t h e  c o u r s e  of  t h e  taskL we can  c o n s t r u c t  aJ more g e n e r i c  ,model  
i n c l u d i n g  them ~ t o g e t h e r  w i t h  a , e r e a t i o n  of  i n s t a n c e  mo d e l s  f o r  t h o s e  
i n d i v i d u a l s  by d~manding an e x p l a n a t i o n  to  a p e r s o n  who knows w e l l  
abou t  t h o s e  o b j e c t s .  In  t h i s ~ r e a l  s i t u a t i o n ,  i t  c a n n o t  be e x p e c t e d  
t h a t  a l e a r n i n g  p r o c e s s  p r o c e e d s  s u c c e s s f u l l y  l i k e  t h e  e x p e r i m e n t  
s t u d i e d  :by W i n s t o n ,  as  t h e  a s s u m p t i o n  f a i l s  of  s u c c e s s  t h a t  t h e  
s a m p l e s  can  be a r r a n g e d  c o n v e n i e n t l y  f o r  t h e  l e a r n i n g .  We u s u a l l y  
augment  o u r  k n o w l e d g e  by e x p l i c i t l y  b e i n g  t a u g h t  abou t  m i s s i n g  or  
i n s u f f i c i e n t  p a r t s  of  t h e  known m o d e l s .  

In  o r d e r  t o  r e a l i z e  t h i s  t y p e  of  l e a r n i n g ,  t h e r e  a r e  two i m p o r t a n t  
p r o b l e m s  to  be s o l v e d .  F i r s t  i s  an e x p l a n a t i o n  c a p a b i l i t y .  U n l e s s  a 
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c a p a b i l i t y  t o  convey  o n e ' s  o b s c u r e  p o i n t s  t a  h i s  p a r t n e r : i s  g i v e n  to  
t h e  s y s t e m ,  i t  i s  d i f f i c u l t  f o r  t h e  s y s t e m  t o  o b t a i n  good i n s t r u c t i o n s  
f rom i t s  p a r t n e r L  

Second  i s  a : : p o i n t  t h a t  f r o m i w h a t  k i n d  of  l e v e l s  of  k n o w l e d g e  
s t a t e  t h e  s y s t e m ~ : s h e u l d  s t a r t  i t s  l e a r n i n g  p r o c e s s .  Sh o u l d  an i n i t i a l  
s t a t e  o f ~ k n o w l e d g e  be g i v e n  in  fo rms  of  an i n n e r  r e p r e s e n t a t i o n  or  be 
e x p l a i n e d  in  n a t u r a l  l a n g u a g e ?  We s e l e c t  t h e  f o r m e r  a p p r o a c h  by j u s t  
t h e  f o l l o w i n g  r e a s o n .  Ve t h i n k  i t  q u i t e  d i f f i c u l t  t o  g i v e  a c l e a r  v iew 
to  unknown o b j e c t  w i t h o u t  r e f e r r i n g  t o  m o d e l s .  So we r e s t r i c t  a c l a s s  
of  o b j e c t s  l e a r n e d  by our  s y s t e m : t o  t h e  g r o u p  of  o b j e c t s  of  w h i c h  t h e  
s y s t e m  can  . o b t a i n  c l e a r  v i e w s  c o n c e r n i n g  to  t h e i r  c o n d i t i o n s  t h r o u g h  
t h e  c o m p a r i s o n  w i t h  t h e i r  s i m i l a r  e x a m p l e .  

But t h e  a s s u m p t i o n  i s  n o t  r e q u i r e d  t h a t ,  e x a m p l e s  s h o u l d  be 
d i f f e r e n t  in  o n l y  one or  two p o i n t s  a t  most  f rom t h e  unknown o b j e c t .  
Many, d i s c r e p a n c i e s  b e t w e e n  t h e  o b j e c t  and i t s  mo d e l s  a r e  p e r m i t t e d  to  
e x i s ~  b e c a u s e  s u c h  d i f f e r e n c e s  can  be e x p l a i n e d  e x p l i c i t y  in  t h e  
l a n g u a g e ,  by a t e a c h e r .  And t h r o u g h  a c o g n i t i o n  of  a n a l o g i c a l  or  
d i s c r e p a n t  p o i n t s  o f  o b j e c t s  b e l o n g i n g  t o  t h e  same c o n c e p t u a l  c l a s s ,  a 
g e n e r a l i z a t i o n  p r o c e s s  i s  i n v o k ed  t h a t  c r e a t e s  a common c o n c e p t  t o  
them.  

~. D e s c r i p t i o n  for  O b j e c t  
The 'mode l  d e s c r i p t i o n  used  in  t h i s  p a p e r  i s ,  t h e  same one shown in  

t h e  p a p e r [ I ]  e x c e p t  f o r  t h e  u s a g e  of  t h e  f rame r e p r e s e n t a t i o n  to  
d e s c r i b e ~  r e l a t i o n s  among s u b p a r t s o f  t h e  m o d e l .  Let  e x p l a n  u s i n g  an 
e x a m p l e .  F i g . 2  shows t h e  OBAQ, who i s  an a c t o r  o f  t h e  ' s a m p l e  s t o r y  
shown in  F i g . l i  To d e s c r i b e  l o c a t i o n  of  s u b p a r t s  of  t h i s  mo d e l ,  i t s  
main p a r t  i s  e n c l o s e d  by a r e c t a n g l e  as  shown in  F i g . 2 .  Then t h i s  
r e c t a n g l e  i s  d e v i d e d  i n t o  9 s u b r e g i o n s  and t h e  l o c a t i o n  of  i t s  
s u b p a r t s ,  i s  d e s c r i b e d  in  t e r m s  of  t h e s e  s u b r e g i o n s .  Yhen some of  
t h e s e  s u b p a r t s  i h a s  a l s o  s u b p a r t s ,  t h e y : a r e  h i e r a r c h i c a l l y  d e s c r i b e d  
in  t h e  s i m i l a r  way. And t h e  r e l a t i o n s  b e t w e e n  t h e s e  s u b p a r t s  i s  
r e p r e s e n t e d  u s i n g  t h e  f rame,  s t r u c t u r e s .  The f r ame  s t r u c t u r e s  
c o r r e s p o n d i n g  t o : t h e  DBAQ model i s  g i v e n  in  F i g . 3  ( t h i s  f i g u r e  shows a 
h y p o t h e t i c a l  model o f  OJIRO o b t a i n e d  f rom t h e  copy of  OBAQ f r a m e , )  

3. FraRe R e p r e s e n t a t i o n  
The s l o t  AKO means a w e l l - k n o w n  r e l a t i o n  A-KIND-OF, ana t h e  CLASS 

i n d i c a t e s  w h e t h e r  t h e  f rame  i s  g n e r i c  or  i n s t a n c e  f r a m e .  I f  t h e  f rame  
i s  g e n e r i c ,  t h e n  i t  ha s  two s l o t ,  GEN~ r e c o r d i n g  i t s  lower  c l a s ~  of  
g e n e r i c  f r a m e s  and [NST r e c o r d i n g  i t s  i n s t a n c e  f r a m e s .  The F[G s l o t  
r e p r e s e n t s  a p i c t o r i a l  r e r a t i o n ,  t o  i t s  p a r e n t  f r a m e .  T h i s  s l o t  means 
t h a t  t h e  p a r t  c o r r e s p o n d i n g  to  t h i s  f r ame  i s  a s u b p a r t  of  t h e  , f r a m e  
s t o r e d  in  t h e  PART and t h a t  i t  can  be found  by l o o k i n g  f o r  t h e  r e g i o n  
d e s i g n a t e d  in  POS- And t h e  f a c e t  01R d e s c r i b e s  a r e l a t i o n  wh ich  t h i s  

~ a r t  has  t o  i t s  p a r e n t ~  T h e r e  a r e  t h r e e  r e l a t i o n s  c o n c e r n i n g  to  t h e  
In as  shown in  F i g . 2  and c o n c e r i n g  to  t h e  POS, many c o m b i n a t i o n s  of  

s u b r e g i o n s  a r e  ~ p e r m i t t e d  w h i c h  can  be e x p r e s s e d  w i t h  t h e  s y m b o l s ,  
L , C , R . a n d  U,C,D.,:  E s p e c i a l l y  t h e  s y mb o l s  o ** a r e  u sed  to  d e s i g n a t e  
t h e  l o c a t i o n s  shown in  F i g . 4 .  The s l o t  SH~P r e p r e s e n t  w h e t h e r  t h e  p a r t  
c o r r e s p o n d i n g  t o  t h i s  f rame i s  a r e g i o n ( ~ E G )  or  a b ranch(BR A) The 
SU~P s l o t  r e c o r d s  i t s  s u b p a r t s  and t h e i r  l o c a t i o n s  of  or  r e i a t i o n s  t o  
t h i s  p a r t  a r e  d e s c r i b e d  in  t h r e e  f a c e t s  as  sho~n a b o v e .  E s p e C i a l l y  
when t h e  ~HAP c o n d i t i o n  i s  0~A, t h ~ s  f rame  has  a ~ B B  s l o t  ~ n s t e a d  of  

~ F i g  1. 
He pu~ it, He ~l ls  OJ|RO. OJl~O takes ~t. A s a m p l e  s t o r y  

HI gives O$IRO the apple. 
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SUOPslot and a b r a n c h  s t r u c t u r e  i s  r e c o r d e d  h e r e .  An e x a m p l e  : o f  
b r a n c h  i s  shown i n  F i g . 5 .  The COL s l o t  r e c o r d s  a c o l o r  o f  t h i s  p a r t  
and a s l o t  CONCEPT means t h a t  t h i s  frame i s  p r e p a r e d  f o r  t h e  
c o n c e p t u a l  c o n s i s t e n c y '  o f  f r a m e s  and n o t  f o r  p i c t o r i a l  r e l a t i o n .  In 
a d d i t i o n t t o  t h e s e  s l o t s ,  t h e r e  a r e  s e v e r a l  s l o t s ,  WAKE, SEX, NUM and 
so  on.  T h e s e  a r e  p r e p a i r e d  , t o  g e n e r a t e  a s e n t e n c e  f o r  s t a t i n g  a 
r e a s o n  why t h i s l  frame i s  r e q u i r e d  or an e x p l a n a t i o n  a b o u t  why 
d i s c r e p a n c i e s  b e t w e e n  an o b j e c t  and i t s  model  can he  found o u t  in  i t s  
m a t c h i n g : p r o c e s s .  

4 .  B a s i c : S t r a t e g y  o f  L e a r n i n g  
The s y s t e m  t r i e s  t o  g e n e r a t e , a  model  f o r  t h e  unknown o b j e c t  by 

r e f e r r i n g  t o  an a n a l o g i c a l  model  and u s i n g  a t e a c h e r ' s  i n s t r u c t i o n ,  
and s i m u l t a n e o u s l y  i t  a u g m e n t s  t h e  c o n c e p t  t r e e s ~ o f  o b j e c t s .  At t h a t  
t i m e ,  t h e  f i r s t  k e y  f o r  a d e t e c t i o n  o f  a n a l o g y  i s  a s sumed  t o  be  in  
l o c a t i o n s  o f  s u b p a r t s  o f  o b j e c t s .  When we a r e  t o l d  t h a t  an unknown 
o b j e c t  i s  s i m i l a r  t o  a c e r t a i n  o b j e c t  amOng v a r i o u s  p o i n t s  o f  v i e w ,  we 
u s u a l l y  e x p e c t  t h a t  many s u b s t r u c t u r e s  h a v i n g  s i m i l a r  f e a t u r e s  w i l l  be 
found in  t h e  same l o c a t i o n  as  t h e  r e f e r e d  o b j e c t •  Of c o u r s e , , t h e r e  
a r e  many e x a m p l e s  t h a t  r e s e m b l a n c e  in  a I o c a t i o n ~  i s  n o t  u s e f u l  hut  
p r e v e n t s c t h e  program from a c h i e v i n g  a c o r r e c t  d e t e c t i o n  o f  a n a l o g y .  At 
t h a t  c a s e ,  t h e  t e a c h e r  s h o u l d  e x p l i c i l t y  t e l l  t h e  program t o  i g n o r e  
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FIG PAR~ J-BODY 

DIR IN 
PO~ ( ( Z * )  C) 

SHAP IVAL PEG 
SUBP 8VAL J - L I P  
COL SVAL " P INK 

RI CHT~EYE J-R-IDtI~O 
I[~STANCE kKO SVAL 
J-BODY CLASS eVAL 
IN FIG PkP~ 
( ( L )  U) Dill  
KEG POS 
J - K - p U P I L  SHAF $VAL 

RI G~T-HAND 
INSTMICE 
J~BODY 
cOUT 
( ( L )  C) 
KEG 

8VAL ~I~ I TE . COL SVAL WHITE 

F i q  3. Frame c o p i e d  f r o m  OBAO f rame.  
BS 

/ 
B2 m Branches 

B? B9 

• B10 

(B1 (B~ N I L  B3 N I L  B4 (B5 N I L  B6 N I L  B7 

* *  and 03IRO (B8 N I L  B9 N I L  B10 NIL))) 
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t h i s  s t a n d a r d  and t o  u s e  o t h e r  m e t h o d s  s u c h  a s  s i m i l a r i t y  i n  r e l a t i o n s  
or  s h a p e s  or  c o l o r s  o f  o b j e c t s .  ,As we u s u a l l y  employ  t h e s e  v a r i e t y  
way t o  d e t e c t  a n a l o g y  and  r e c o r d  t h e s e  e x p e r i n c e s  i n t o  our  memory ,  we 
c a n  e a s i l y  d e c i d e  what  m e t h o d  s h o u l d  be u s e d  t o  c o m p a r e  t h i n g s .  We c a n  
n o t  s a y  t h a t  t h e  p r o g r a m  h a s  l e a r n e d  s o m e t h i n g  u n t i l l  t h e s e  m e c h a n i s m s  
r e c o r d i n g  a s t a n d a r d s  t o  compar  t h i n g s  i n t o  memory a r e  r e a l i z e d  i n  t h e  
program. 

5.  S c e n a r i o  
C: What Is  o J t r o ?  
T :  O J I R O  I S  OHA@'S BItOTEER, 
C :  D o e s  o J i r o  r e s e m b l e . o b a q ?  
T :  Y E S .  BU T  O J I R O  HAS J U S T  ONE H A I R .  ( 1 )  
C :  A c o l o r  o f  h i s  b o d y  I s  n o t  w h i t e .  
I t  i s  y e l l o w .  I s  i t  t r u e  ? ( n o t e ~  t h a t  
a c o l o r  o f  O J I R O ' S  BODY i s  y e l l o w )  ( 2 )  
T :  Y E S .  
C :  l h a v e  f o u n d  h i e  b o d y .  I h a v e  f o u n d  
h i s  h a i r .  l h a v e  f o u n d  h i s  l e f t  h a n d .  
I h a v e  f o u n d  h i s  r ' i g h t ,  h a n d .  
B u t  I c a n n o t  f i n d  h i s  m o u t h .  (3 )  
T :  WHAT ARE YOU D O I N G ?  
C :  I h a v e  f o u n d  a r e d  b r a n c h  t o  t h e  l e f t  
o f  h i s  r i g h t . h a n d  a s  a c a n d i d a t e  o f  h i s  
m o n t h .  B u t  i t  i s  d i f f e r e n t  f r o m  h i s  m o d e l .  
Do y o u  n e e d  a n o t h e r  e x p l a n a t i o n  o f  t h e  
l o c a t i o n  o f  h i s  m o u t h  ? ( 4 )  
T :  Y E S .  
C: Do y o u  w a n t  a n  e x p l a n a t i o n  i n : a b s o l u t e  
c o o r d i n a t e  ? 
T: NO. 
C :  I t  I s  t o  t h e  r i g h t  o f  h i s  l e f t  h a n d  i n  
t h e  i m a g e .  Do y o u  w a n t  a n o t h e r  e x p l a -  
n a t i o n  i n  a b s o l u t e  c o o r d i n a t e ?  ( 5 l  
T-" Y E S .  
C :  I t  i s  i n  the~ c e n t e r : o f  t h e  m i d d l e  p a r t  
o f  h i s  b o d y  I n  t h e  i m o g e .  ( 6 )  
T :  E X PL A IN  THE D I F F E R E N C E  BETWEEN THE 
MDDEL AND O B J E C T .  
C :  On w h a t  p a r t  d o  y o u  w a n t  a n  e x p l e r ~ a t i o n ?  
T :  IqDUTII. (7) 
C: The m o u t h  o f  t h e  m o d e l  i s  d i f f e r e n t  
f r o m  t h a t  o f  t h e  m o d e l  i n  t h e  p o i n t ~  o f  
l o c a t i o n ,  s h a d e ,  s u b p a r t  a n d  c o l o r .  

Do y o u  n e e d  m o r e  e x p - l a n a t i o n ?  ( e l  
T :  YES .  
C :  T h e  m o u t h  I s  a l l  t h e  m i d d l e  p a r t  o f  
h i s  b o d y ,  a n d  t h a t  o f  t h e  o b j e c t  i s  i n  
t h e  c e n t e r  o f  t h e  m i d d l e  p a t r  o f  h i e *  
b o d y .  T h e  s h a p e  o f  t h e  m o d e l  i s  e p i n k  
r e g i o n ,  a n d  t h a t  o f  t h e  o b j e c t  i s  a r e d  
b r a n c h .  T h e  m o u t h  o f  t h e  m o d e l  h a s  a l i p ,  
b u t  t h a t  o f  t h e  o b J e c t  h a s  n o t  s u b p a r t .  
T :  O J I B O ' S  NOUTH I S  A RED L I N E .  ( 9 )  
C :  1 h a v e  f o u n d  h i s  m o u t h .  B u t  I c a n n o t  
f i n d  h i s  r i g h t - e y e .  
T :  WHAT ARE YOU DOING?  
C :  I h a v e  f o u n d  a b l a c k  r e g i o n  i n  t h e  
c e n t e r  o f  t h e  m i d d l e  p a r t  o f  h i e : b o d y  a s  
a c a n d i d a t e  o f  h i s  r i g h t - e y e .  B u t  i t  i s  
d i f f e r e n t  f r o m  h i s  m o d e l .  ( 1 0 )  
T :  EXPLAIN O J I R O ' S  B I G e T - E Y E .  
C :  W h i c h  d o  y o u  m e a n  t h e  m o d e l  o r  o b j e c t ?  
T :  HODEL. , 
C :  I t  i s  a w h i t e  r e g i o n  w h i c h  i s  a b o v e  
h i s  m o u t h  i n  t h e  m o d e l .  Do y o u  w a n t  a n o -  
t h e r  e x p l a n a t i o n ?  
T :  NO. 
T :  DOES I T  HAVE SUBPAIbTS?  
C :  Y e s ,  h i s  r i g h t - e y e  h a s  a p u p i l  i n  t h e  
m o d e  1.  
T :  O J I R O ' S  R I C H T - E Y E  l S  A BLACK ~ I O N .  
C :  I h a v e  f o u n d  h i s  r i g h t - e y e .  I h a v e  f o u n d  
h i s  l e f t - e y e .  F i n a l l y ,  I h a v e  f o u n d  o J i r o .  
T :  EXPLAIN O J I H O .  
C :  He i s  a k i n d  o f  b o g l e .  
T :  EXPLAIN O J I R O ' S  STRUCTURE.  
C :  O J i r o  is a y e l l o w  r e g i o n  a n d  h i e  b o d y  
h a s  a h a i r ,  a m o u t h ,  e y e s  a n d  h a n d s .  

5. Example 
We would llke to explain how the dialog shown in 5. has been 

obtained. By (I~ the program generate OIJRO model from OBAQ model 
shown in Fig.3:~ and constructs a frame tree consisting from a BOGLE 
frame and the OBAQ frame, is stored as an instance of the BOGLE frame. 
But it records~in its STM thatlthere is just one hair as the teacher 
said so. Next, C~looks for a candidate region of OJIRO using the 
copied model. In.the second frame, OBAQ, TABLE, APPLE, CLOCK and OJIRO 
are drawn, but as the first four,objects have been appeared in the 
first frame, in this case C can find OJIRO by looking for new objects. 
But regrettably a color of the region (yellow) which seems to be 
OJ-IRO'S. body(J-BODY) being different from that of the model(white), 
this cause a complaint shown in (2) and by accepting a T's agreement C 
can believe its correctness and T can also think C in a right state. 
Consequently, C changes value of C0L in J-BODY into YELLOW. 

Next~ C t r i e s  a v e r i f i c a t i o n i o f  J-HAIR w h i c h  i s  t h e  ~ f i r s t  member 
o f  Scots'r; w h e r e  Scou ' r={J-HAIR,J-HAND} 

As C c a n  be awa re  of  t h e  f a c t  t h a t  J-HAIR i s  a h a i r  by i t s  AK0 
s l o t  and  t h a t  t h e r e  i s  a n o t e  on t h e  h a i r  i n  STM, i t  c a n  know t h a t  
0 J I R 0 ' S  ~ h a i r  c a n n o t  be  r e c o g n i z e d  o n l y  by r e f e r r i n g ~ t o  t h e  c o p i e d  
m o d e l .  S i n c e  t h e  j u s t  one  a l t e r a t i o n  i n  t h e  number  of  h a i r s  i s  
r e c o r d e d f  t h e r e , ,  C t h i n k s  t h e i r  l o c a t i o n  t o  be same a s  t l ~  model 
s p e c i f i c a t i o n ,  end  c a n  f i n d  a l i n e  i n  t h e  ( (C)U)  p a r t  of  J -B0bY.  I t  
e n d s  t h e  v e ~ f f i c a t i o n  of  J-HAIR by s t o r i n g  (H1 N IL) .  i n t o  SUBB ~ l o r  io 
p l a c e  o f : ( L 1  NIL L2 NIL L3 N IL) .  In  a s i m i l a r  ~ay  t o  t h i s ,  C b e g i n s  t o  
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i d e n t i f y  J-HAND, however  C can  be aware  of  t h a t  i t  s h o u l d  10ok f o r  
J-R-HAND and J-L-HAND, as  ~ h e r e  i s  a CONCEPT s l o t  in  J-HAND. So C 
s u c c e e d s  in  t h e  i d e n t i f i c a t i o n * o f  t h e m ~ b e c a u s e . o f  a p e r f e c t  ma tch  in  
t h e i r  l o c a t i o n s ,  c o l o r s  and s u b s t r u c t u r e S .  

The r e s u l t  o f  t h i s  s t e p s  i s  r e p o r t e d  in  ( 3 ) .  N e x t , .  t h e  
i d e n t i f i c a t i o n  p r o c e s s  p r o c e e d s  to  S in  and C s t a r t s  a v e r i f i c a t i o n  of  
J-MOUTH,~where SIxffi(J-MOUTH, J -EYE) .  As t h e  l o c a t i o n a l  c o n s t r a i n t  f o r  
t h i s  p a r t  i s  ( ( * * ) C ) ,  w h i c h  means t h a t  i t  o c c u p i e s  ( ( L ) C ) ,  ( ( C ) , C )  and 
( ( R ) , C )  of  J-BODY, t h e  c h e c k  i s  a t t e m p t e d  w h e t h e r  j u s t  one  c a n d i d a t e  
can be found  f o r  e a c h  o f . t h e s e  3 s u b r e g i o n s .  In  t h i s  c a s e ,  n o t h i n g  i s  
found  f o r  ( ( L ) C ) l a n d  ( (R)C)  bu t  s e v e r a l  p a r t s  a r e  found  in  ( (C)C)  of  
J-BODY. So t h i s  p r o c e s s  i s  s u s p e n d e  d and i d e n t i f i c a t i o n  of  o t h e r  
p a r t s  (J~R-EYE and J-L-EYE) i s  a t t e m p t e d ,  bu t  t h e  same a m b i g u i t y  as  
t h e  above  o c c u r s  and t h i s  c a u s e s  t h e  i d e n t i f i c a t i o n  s t e p s  t o  be 
s u s p e n d e d .  C o n s e q u e n t l y ,  f o r  e a c h  one of  t h e s e  3 p a r t s , , t h e i r  r e s u l t s  
a r e  j u s t  same ~each  o t h e r ;  t h e r e  a r e  3 ~ p a r t s  in  t h e  ( ( C ) C ) o f  J-BODY 
and t h e y l a r e  c a n d i a d e s  f o r  J-MOUTH, J-R-EYE and J-L-EYE. Then C 
a v a i l s  o f  t h e  r e l a t i o n a l  c o n s t r a i n t  o n i l o c a t i o n s  of  them in  o r d e r  t o  
c l a r i f y  t h e i r  c o r r e s p o n d e n c e s  as  f a r  as  . p o s s i b l e .  I t  i n f e r s ,  t h a t  
J-MOUTH , p r o b a b l y  l o c a t e s  i n  a lower  p o s i t i o n  t h a n  J-EYE, b e c a u s e  t h e  
l o c a t i o n * o f  J-MOUTH i s  ( ( * * ) C )  and t h a t  o f  J-R-EYE and J-L-EYE i s  
( (L)U)  and ( (R)Ut  r e s p e c t i v e l y  ( i n  t h i s  example  n o t e  t h a t  t h e  l o c a t i o n  
of  J-EYE, ( ( * * ) U )  can  be a l s o  a v a i l a b l e ) ~  And i t  i s  a l s o . d e c i d a b l e  i f  
w h i c h  b l a c k  r e g i o n  c o r r e s p o n d s  to  J -L(R)-EYE u s i n g ,  t h e  r e l a t i o n  
b e t w e e n  ( (L)U)  and ( ( R ) U t .  By t h i s  a s s u m p t i o n  on a v a i l a b i l t y  of  t h e  
r e l a t i o n a l  c o n s t r a i n t s ,  C can  d i s c o v e r  one p o s s i b l e  c o r r e s p o n d e n c e  
b e t w e e n  t h e  model and o b j e c t .  Then o t h e r  p r o p e r t i e s  a r e  t e s t e d :  But 
r e g r e t t a b l y ,  d i s c r e p a n c i e s  a r e  found  f o r  b o t h  h i s  mouth and e y e s .  The 
c a n d i d a t e  f o r  h i s  mouth i s  a l i n e  s e g m e n t ,  w h e r e a s  t h e  model s a y s  t h a t  
i t  i s  a r e g i o n  and t h a t  i t  ha s  a s u b s t r u c t u r e .  S i m i l a r y  t h e  c a n d i d a t e  
f o r  h i s  l e f t ( r i g h t )  eye  i s  a b l a c k  r e g i o n , b u t  i t s  model d e s c r i p t i o n  i s  
t h a t  i t  i s  a w h i t e  r e g i o n  w i t h .  a s u b s t r u c t u r e . .  At t h e  p r e s e n t . s t a t e  
of  p r o g r a m ,  any e s t i m a t i o n  on w h i c h  i s  more p l a u s i b l e  i s . n o t  r e a l i z e d  
r e g a r d i n g  to  t h e  a c c o r d a n c e  of  t h e s e  p r o p e r t i e s ,  C s i m p l y  c o m p l a i n s  
abou t  t h e i r  d i s a g r e e m e n t s  in  t h e  o r d e r  of  t h e i r  d i s c o v e r y .  

T h e r e f o r e  i t  a t  f i r s t  c o m p l a i n s  of  h i s  mouth as  shown in  ( 4 ) .  
Given  t e a c h e r * s  i n s t r u c t i o n  on a. s h a p e  of  mouth ,  C i s  c o n v i n c e d  of  h i s  
d e c i s i o n  and add a new s l o t  SUBB in  p l a c  e of  SUBP and r e c o r d s  (H~ NIL) 
i n t o  i t  b e c a s e  i t  ha s  found  t h a t  h i s  mouth i s  n o t  a r e g i o n  bu t  a l i n e  
s e g m e n t .  Here  i n s t e a d  of  t h e  i n s t r u c t i o n J ( 9 ) ,  T can  say  t h a t  C s h o u l d  
be b e l i e v e  t h e  g i v e n  image c o r r e c t .  In  t h a t  c a s e ,  C s u p p o s e  i t s  
d e c i s i o n  t o  be r i g h t  and d o e s  t h e  same t h i n g  a s  t h e  a b o v e .  The 
d i f f e r e n c e  b e t w e e n  t h e s e  two c a s e s  i s  t h a t  t h e  l a t t e r  has  a h i g h  r i s k  
in  t h e  c o r r e c t n e s s  of  i t s  c o n c l u s i o n .  

Nex t ,  C c o m p l a i n s  a b o u t  t h e  d i s c r e p a n c i e s  of  h i s  e y e s .  Note  h e r e  
t h a t  n o t h i n g  i s  s t a t e d ,  abou t  h i s  l e f t - e y e  o n c e a n  i n s t r u c t i o n  on h i s  
r i g h t - e y e  i s  g i v e n  t o  i t ,  b e c a u s e  t h e y  have  t h e  same p r o p e r t i e s  
c o n c e r n i n g  to  b o t h  t h e i r  mo d e l s  and o b j e c t  p a r t s .  In  c a s e  where  one 
of  them i s  no t  same,  a q u e s t i o n  i s  a s k e d : a b o u t  t h e  d i f f e r e n c e  b y : C .  

T. Use o f  G e n e r i c  Frames  
As m e n t i o n e d  in  4 . ,  OBAQ f rame c a u s e s  BOGLE f rame t o ~ b e  g e n e r a t e d  

as  a g e n e r i c  e n e ,  and OJIRO f rame ~ is  o b t a i n e d  t h r o u g h  l e a r n i n g  
p r o c e s s .  At p r e s e n t  our  p r o g r a m  ~us t  makes f rame,  t r e e s  in  w h i c h  OJIRO 
and OBAQ f rame a r e  c h i l d  of  BOGLE. 

A r e a s o n  f o r  t h i s ~ i s  p a r t l y  due to  a l a c k  of  c o n d s i d e r a t i o n  how 
s i m p l e  p i c t o r i a l i d e s c r i p t i o n s  can be c o m p i l e d  f rom v a r i o u s  t y p e s  of  
d e v i a t i o n s  in  s l o t  v a l u e s .  An a n o t h e r  r e a s o n  i s  t h a t  t h e r e  i s  a 
d a n g e r  of  p a r t i a l  r e a r r a n g e m e n t s  of  f r a m e s  t r e e s ~  In t h e  e x a m p l e ,  we 
a t  f i r s t  b e l i e v e  OBAQiframe to  be an i n s t a n c e ,  f r ame  bu t  i t  may t u r n  
ou t  t h a t i i t  i s  n o t  an i n s t a n c e  when o t h e r  e x a m p l e s  no t  mat.ched to  t h i s  
f rame a p p e a r s  i n : i m a g e ,  b e c a u s e  t h e r e  a r e  many v a r i e t i o n s  in  h i s  s h a p e  
as  he can  wink or  move h i s  e y e s  or  open h i s  mouth .  A f t e r  p r o g r a m  have  



N. ABE and S. TSUJI 

e x p e r i n c e d  t h e s e  e x a m p l e ,  i t  s h o u l d  ~:,~ke a g e n e r a l  c o n c e p t  of  OBAQ and 
a r r a n g e  f r a m e  t r e e s  by e r a s i n g  u n n e c e s s a r y  i n s t a n c e s  a b o u t  h im.  

As a m o r e  i m p o r t a n t  p r o b l e m ,  s . r a t e g i e s  t o  d i s c o v e r  c u e s  f o r  
f i n d i n g  a n a l o g y  b e t w e e n  s u b p a r t s  mus .  b e l s t o r e d  i n  some s l o t s  of  t h e i r  
m o d e l ;  t h a t  i s ,  t h e  l o c a t i o n a l  con~ a i n t  i s  a u s e f u l  cue  f o r  human,  
a n i m a l s  and  so on ,  b u t  i s  n o t  a d e q ,  i f o r  d o o r s  and w i n d o r s  of  h o u s e s .  

Though t h e r e  a r e  some inco~ , e t e  p o i n t s  i n  t h e  c o n s t r u c t i o n  of  
f r a m e  t r e e s ,  p r o g r a m  c a n  u s e  a po, 1on of  them t o  i d e n t i f y  s u b p a r t s  of  
t h e  o b j e c t  t o  be  l e a r n e d .  For  e ~ a m p l e ,  s u p p o s e  t h a t  w e , w o u l d  l i k e  t o  
t e a c h  a c h a r a c t e r  Q-KO by r e f e r r i n ~  t o  OJIBO. Let  s u p p o s e  t h a t  Q-RO 
r e s e m b l e s  t o  him v e r y  much e x c e p t  f o r  h e r  e y e s  b u t  t h a t  t h e y  a r e  
r a t h e r  s i m i l a r  to  OBAQ's. In  t h e  c o u r s e  of  i d e n t i f i c a t i o n  of  h e r ,  i f  
OBAQ f r a m e  i s  n o t  s t o r e d ,  p r o g r a m  w i l l  c o m p l a i n  a b o u t  h e r  e y e s  as  w e l l  
as  i n  t h e  l e a r n i n g  of  OJIRO f rom OBAQ. However  i t  c a n  u s e  OBAQ'S e y e s  
i n  t h e  1 r e c o g n i t i o n  of  h e r  e y e s  by t r a c i n g  i t s  AKO l i n k  and  f i n d i n g  
OBAQ f r a m e ,  a f t e r  a f a i l u r e  i n  t h e  m a t c h i n g  of  h e r  e y e s  to  O J l R O ' s .  Of 
c a u s e ,  i t  d o e s  n o t  do t h a t  w i t h o u t  t e a c h e r ' s  p e r m i s s i o n ~  h u t  w i l l  a s k  
f o r  h i s  a p p r o v a l s ;  

8.  E x p l a n a t i o n  C a p a b i l i t y  " 
I t  i s  n e c e s s a r y  f o r  t e a c h e r  t o  be  g i v e n  s u f f i c i e n t  e x p l a n a t i o n s  

a b o u t  t h e  l e v e l  of  k n o w l e d g e  t h e  c o m p u t e r  h a s  a t t a i n e d .  U n l e s s  t h e  
c o m p u t e r ~ c a n  t e l l  h im what  i t  i s ~ l o o k i n g  f o r ,  what  i t  h a s  a l r e a d y  
f o u n d ,  what  s o r t  of  d e s c r e p a n c i e s  i t  s u f f e r s  f rom,  he  c a n n o t  g i v e  
~ r o p e r  i n s t r u c t i o n s  l e a d i n g  t h e  ~compu te r  t o  a s a t i s f a s t o r y  s t a t e .  

h e r e  a r e  many s e n t e n c e  g e n e r a t i n g  and  e x p l a n a t i o n  s y s t e m s ,  h o w e v e r  an  
e x p l a n a t i o n  s y s t e m  l i k e  t h i s  r e s e a r c h  h a s  n o t  b e e n  i n v e s t i g a t e d  i n  t h e  
p o i n t  t h a t  ou r  s y s t e m  t r i e s  t o  g i v e  i t s  p a r t n e r  an  e x p l a n a t i o n  or  
p i c t o r i a l  f e a t u r e s  of  o b j e c t s  t o : b e  m o d e l e d  by t r a n s l a t i n g  s e n t e n c e s  
n o t  f rom t h e  c a s e  f r ame ,  of  s e n t e n c e s  b u t  f rom f r a m e s  c o r r e s p o n d i n g  t o  
t h e  p i c t o r i a l  m o d e l s .  N a t u r a l l y s u c h  an  e x p l a n a t i o n  i s  on l o c a t i o n s ,  
s h a p e s ,  : c o l o r s  and  r e l a t i o n s  t h a t  m o d e l s  o r  o b j e c t s  h a v e ,  and mus t  be  
g i v e n  in ,  t h e  fo rms  t h a t  t h e  p a r t n e r  c a n  e a s i l y  u n d e r s t a n d  what  t h e  
s y s t e m  knows .  'For  t h i s  p u r p o s e ,  t h e  e x p l a n a t i o n  on l o c a t i o n s  i s  f i r s t  
a t t e m p t e d  u s i n g  t h e  r e f e r r e d  t h i n g s  i n  t h e  d i a l o g ,  and i s  f i n a l l y  
g i v e n  i n  an  a b s o l u d e  c o o r d i n a t e  b a s e d  on t h e  9 s u b r e g i o n s  i f  t h e r e  i s  
no r e f e r e n c e  or  t h e  r e f e r e n c e  s t a c k  becomes  empty .  ( 4 ) , ( 5 ) , ( 6 )  in  t h e  
S c e n a r i o ~  shows < t h i s  m e c h a n i s m .  The n e x t  i m p o r t a n t  t h i n g  i s  t h a t  a 
p a r t n e r  may e x p e c t  a d e t a i l  e x p l a n a t i o n  f o r  s o m e t h i n g ,  b u t  e x p e c t  j u s t  
a s i m p l e  one  f o r  o t h e r s .  R e g r e t t a b l y  t h e  p r e s e n t  s a t e  of  ou r  p r o g r a m  
c a n n o t  d e t e c t  h i s  demand l i k e  t h i s  or  r e s o l v e  a m b i g u o u s  p o i n t s  of  h i s  
q u e s t i o n l  t h e n  i t  mus t  a s k  h im a b o u t  h i s  r e q u i r e  a s  shown i n  ( 7 ) .  In  
t h i s  c a s e ,  t h e r e i a r e  a l s o  many t h i n g s  t o  be  e x p l a i n e d ,  howeve r  t h e  
p o i n t s  a r e  o n l y  s t a t e d  by t h e  p r o g r a m  and  t h e  d e t a i l  e x p l a n a t i o n  i s  
l e f t  t o  t h e  p a r t n e r  a s  i n  ( 8 ) .  We b e l i e v e  t h i s  me thod  p r o p e r  b e c a u s e  
of  e a s i n e s s  of  e x p l a n a t i o n s .  

The c o m p a r i s o n  b e t w e e n  t h i n g s  a r e  l i s t e d  i n  a b o v e  of  (9)  i n  o r d e r  
t o  c l a r i f y  t h e i r ~ d i f f e r e n c i e s .  I f  more d e t a i l  on t h e  l i p  i s  n e e d e d ,  
t h e  p a r t n e r  c a n  a s k  t h e  s y s t e m  a b o u t  i tL On a c c o u n t  of  l i m i t e d  s p a c e ,  
t h o u g h  we c a n n o t  s t a t e  a s u f f i c i e n t  : d i s c u s s i o n ,  t h e r e  a r e  many 
p r o b l e m s  t o  he  i m p r o v e d  on how t h e  s y s t e m  s h o u l d  g r a s p  p a r t n e r ' s  
i n t e n t i o n  o r  r e q u i r m e n t s .  They mus t  be  s o l v e d  f o r  g i v i n g  s i m p l e  
e x p l a n a t i o n  t o  t h e  p a r t n e r .  
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