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ABSTRACT: Semantic processing is one of the 
important tasks for natural language processing. 
Basic to semantic processing is descriptions of 
lexical items. The most frequently used form of 
d e s c r i p t i o n  o f  l e x i c a l  i t e m s  i s  p r o b a b l y  F r a m e s  o r  
O b j e c t s .  T h e r e f o r e  i n  w h a t  f o r m  F r a m e s  o r  O b j e c t s  a r e  
e x p r e s s e d  i s  a k e y  i s s u e  for n a t u r a l  l a n g u a g e  
p r o c e s s i n g .  A m e t h o d  o f  t h e  O b j e c t  r e p r e s e n t a t i o n  i n  
P r o l o g  c a l l e d  DCKR w i l l  be  i n t r o d u c e d .  I t  w i l l  be  
s e e n  t h a t  i f  p a r t  o f  g e n e r a l  k n o w l e d g e  and  a 
d i c t i o n a r y  a r e  d e s c r i b e d  i n  DCKR, p a r t  o f  c o n t e x t -  
p r o c e s s i n g  and  the g r e a t e r  p a r t  o f  s e m a n t i c  p r o c e s s i n g  
can  be l e f t  to  t h e  f u n c t i o n s  b u i l t  i n  P r o l o g .  

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

R e l a t i o n s h i p s  b e t w e e n  k n o w l e d g e  r e p r e s e n t e d  i n  
p r e d i c a t e  l o g i c  f o r m u l a s  and  k n o w l e d g e  r e p r e s e n t e d  i n  
Frames or ~Kt~i~K~ fihi~i~ are c l a r i f i e d  by 
[Hayes 80], [Nilsson 80], [Goebel 85],[Bowen 85], et 
al, but their methods requires separately an 
interpreter for their representation. 

The authors have developed a knowledge 
representation form called DCKR (Definite Clause 
Knowledge Representation) [Koyama 85]. In DCKR, each 
of the ~i~%~ composing of a Structured Object 
(hereinafter simply called an ~hJ~Gi) is represented 
by  a Horn  c l a u s e  ( a  P r o l o g  s t a t e m e n t )  w i t h  t h e  " s e m "  
p r e d i c a t e  ( t o  be  e x p l a i n e d  i n  S e c t i o n  2) a s  i t s  h e a d .  
Therefore, an Object can he regarded as a set of Horn  
clauses (slots) headed by the sem predicate with the 
same f i r s t  a r g u m e n t .  From t h e  f o r e g o i n g  i t  f o l l o w s  
t h a t  a l m o s t  a l l  o f  a p r o g r a m  f o r  p e r f o r m i n g  s e m a n t i c  
i n t e p r e t a t i o n s  r e l a t i v e  t o  l e x i c a l  i t e m s  d e s c r i b e d  i n  
DCKR c a n  be  r e p l a c e d  b y  f u n c t i o n s  b u i l t  i n  P r o l o g .  
T h a t  i s ,  m o s t  o f  p r o g r a m m i n g  e f f o r t s  o f  s e m a n t i c  
p r o c e s s i n g  c a n  be  l e f t  to  t h e  f u n c t i o n s  b u i l t  i n  
P r o l o g .  

DCKR w i l l  be  d e s c r i b e d  i n  d e t a i l  i n  S e c t i o n  2 .  
S e c t i o n  3 w i l l  d i s c u s s  a p p l i c a t i o n s  o f  DCKR to  
s e m a n t i c  p r o c e s s i n g  o f  n a t u r a l  l a n g u a g e s .  

2 .  K n o w l e d g e  R e p r e s e n t a t i o n  i n  DCKR 

The following examples of knowledge 
representation in DCKR will be used in Section 3 and 
later. 

:-op(lO0,yfx,'~'), 
op(100,yfx,':'), 
op(90,xfy,'#'). 

01) sem(clyde#t,age:6,_). 
02) sem(clyde#1,P,S) :- 

isa(elephant,P,[clyde#11S]). 
03) sem(elephant#1,birthYear:lg80, ). 
04) sem(elephant#1,P,S) :- 

isa(elephant,P,[elephant#1:S]). 
05) sem(elephant,P,S) :- 

isa(mammal,P,[elephantlS]). 
06) sem(mammal,bloodTemp:warm,). 
07) sem(mammal,P,S) :- 

isa(animal,P,[mammallS]). 
08) sem(animal,P,S) :- 

isa(oreature,P,[animallS]); 
hasa(faee,P,[animallS]); 

hasa(body,P,[animallS]). 

09)  s e m ( a n i m a l , a g e : X ,  ) : -  
b o t t o m o f ( S , B ) ,  
s e m ( B , b i r t h Y e a r : Y , _ ) ,  
X i s  1986  - Y. 

i0) sem(face,P,S) :- 
h a s a ( e y e , P , [ f a c e l S ] ) ;  
h a s a ( n o s e , P , [ f a c e l S ] ) ;  

h a s a ( m o u t h , P , [ f a c e l S ] ) .  

Now t h e  m e a n i n g s  o f  t h e  sem,  i ~  and  h ~ a  
p r e d i c a t e s ,  w h i c h  a r e  i m p o r t a n t  to  d e s c r i p t i o n s  i n  
DCKR, a r e  e x p l a i n e d  l a t e r  u s i n g  t h e  D C K R  e x a m p l e s  
g i v e n  a b o v e .  

The  f i r s t  a r g u m e n t  i n  t h e  sem p r e d i c a t e  i s  t h e  
Q h l ~ !  ngm~. O b j e c t s  a r e  b r o a d l y  d i v i d e d  i n t o  two 
t y p e s ,  i n ~ i E i ~ i ~  and  R E ~ ! Q % X ~ .  P s y c h o l o g i s t s  o f t e n  
r e f e r  t o  p r o t o t y p e s  as  s t e r e o t y p e s .  An O b j e c t  name 
with # represents an in~%~i~i n~ and the one 
without #, a ~K~!~!Z~ n~. For example, clyde#1 and 
elephant, which appears in 01l and 05), represent an 
individual name and a prototype name, respectively. A 
set of Horn clauses, headed by the sem predicate with 
the same individual name or prototype name represents 
an /.~i~i~IA~! object or  a PK~iXP~ object, 
respectively. 

The second argument in the sem predicate is a 
pair composed of a ~!~i nfi~ and a sift! Xg!B~. The 
pair is hereinafter called @ ~ ~iE. 

The description in 02) is to be read as showing 
that clyde#l is an instance of the prototype elephant. 
Here, note that 02) is a direct description of 
i n h e r i t a n c e  of knowledge from prototypes at higher 
level. 02) means that if a prstotype called elephant 
has a property P, the individual clyde#1 also has the 
same property P. 05) arid 07) describe the fact that 
an elephant is a mammal and that a mammal is an 
~nimai. 08) describes the fact that an animal is a 
creature and has a face, body ..... From the 
foregoing it can be seen that the isa predicate used 
for the inheritance of knowledge is a predicate for 
traversing the hierarchy of prototype Objects. 

The predicates, isa and hasa are defined below. 

Ii) isa(Upper,P,S) :- 
P = isa:Upper; 
sem(Upper,P,S). 

12) hasa(Part,X:Y,S) :- 
X == hasa, 
(Y = P a r t ;  

s e m ( P a r t , h a s a : Y , S ) ) .  

The  i ~  p r e d i c a t e  and  t h e  h a ~ a  p r e d i c a t e s  a r e  
used for the inheritance of knowledge through 
s u b o r d i n a t e - s u p e r o r d i n a t e  and  p a r t - w h o l e  r e l a t i o n s ,  
r e s p e c t i v e l y .  

DCKR i s  p r o v i d e d  w i t h  t h e  b o t t o m o f  p r e d i c a t e ,  
w h i c h  i s  u s e d  i n  t h e  b o d y  o f  0 9 ) .  By u s i n g  t h e  
p r e d i c a t e ,  i t  i s  p o s s i b l e  t o  know w h a t  t h e  c a l l i n g  
i n d i v i d u a l  ( t h e  i n d i v i d u a l  t h a t  c a l l e d  t h e  w o r l d  o f  
p r o t o t y p e s )  i s  and  e x t r a c t  t h e  k n o w l e d g e  h e l d  by t h a t  
i n d i v i d u a l .  T h i s  i s  a c c o m p l i s h e d  by  u s i n g  t h e  t h i r d  
a r g u m e n t  i n  t h e  sem p r e d i c a t e ,  s i n c e  i n  the t h i r d  
a r g u m e n t  o f  t h e  sem p r e d i c a t e  i s  s t a c k e d  t h e  r o u t e  
f o l l o w e d  i n  t r a c i n g  t h e  h i e r a r c h y .  

For e x a m p l e ,  09 )  i d e n t i f i e s  the i n d i v i d u a l  
.(caller) B by means of the bottomof predicate and 
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c a l c u l a t e s  h i s  a g e  by u s i n g  B's b i r t h y e a r .  T i l e r e f o r e ,  
i f  

? - s e m ( e l  e p h a n  t # 1 ,  a g e :  X , _ ) .  

is e x e c u t e d ,  09) is r e a c h e d  by t h e  isa p r e d i c a t e  i n  
0 , t ) ,  0 5 )  a n d  0 7 ) .  As a r e s u l t .  

X=6 

i s  d e r i v e d  by  t h e  P r o l o g  i n t e r p r e t e r .  
A l s o ,  i f  

?-sem(elephant#1,P, ). 

i s  exeellted, a l l  p r o p e r t i e s  about e l e p h a n t # l  c a l l  b e  
o b t a i n e d  a s  f o l l o w s :  

P = b i r t h Y e a r : 1 9 8 0 ;  
P = i s a : e l e p h a n t ;  
P = i s a : m a m n l a l  ; 
P = b l o o d T e l n p : w a r n t i  
P = i s a : a n i m a l ;  
P = isa:creature; 
P = a g e : 6  

N s t e  t h a t  a l l  k n o w l e d g e  (SV p a i r s ;  p r o p c F t i e ! ; )  a t  
h i g h e r  l e v e l  prototypes t h a n  e l e p h a n t # 1  is o b t a i n e d  
t t l r ' o u g h  t i r e  u n i f i c a t i o n  m e c h a n i s m  o f  P r o l o g .  [ a  o t h e r '  
w o r d s ,  i n i l e r i  l a n c e  o f  k n o w l e d g e  i s  c a r r i e d  o u t  
a u t o m a t i c a l l y  by  t i l e  f u n c t i o n s  b u i l t  i n  P r o l o g .  

As y e l l  may n o t i c e ' . ,  i f  

? - s e m ( K , Y ,  ) .  

i s  e x e c u t c d ,  t h e  s y s t e m  b e g i n s  c a l c u l a t i n g  a l l  
k n e w l e d F ,  e i t  hat ;  ( a s  X-Y p a i r s ) .  

I f  

9 . . . . sem(~,  i s a  :lllallufla 1 . ) . 

i s  e x e e u t c d ,  i t .  i5.  r) l s s i . b l e  t o  aq~'.es.5 an i l l c ~ . i v i d u a {  oE 
I ~ E P ~ Y t ~  ~t-k %he loy!eL" l(~yet .  .fJiqm a Iqt~DIJ!tAj a t  t i l e  
high~E I r / v ~ . [ :  

X :~ clyde#l; 
X :: e l e p h a n t # l ;  
X = e l e p h a n t  

F i n a l l y ,  if 

? - s e m  ( a n i m a l  , h a s a : X , _ t  . 

i s  e x e c u t e d ,  y o u  may h a v e  t i l e  f o l l o w i n g  r e s u l t s :  

X = f a c e  ; 
X = e y e ;  
X = nose ;  

X = mollth; 

X = body 

F r o m  t h e  f o r e g o i n g  e x p l a n a t i o n ,  y e n  w i l l  
u n d e r s t a n d  t h a t  i !  o_nlg .k_l/p_~£!edge .!~ 4e_s.e_,Eib(2_d ira 
D_CIjR. _i n f_eEfu !ce  !.~t a l~!_oma.t!c,a.[ i Y LJ e E f o E_m._ed_ by  t.f~e 
i~nierp3x~t__e_ r _b~l i ! t  k n ,E~_'o_j_og. 

3. S e m a l l t t e  PPocessing of Natural L a n g u a g e  

3 . 1  D s e c r i p f i o n s  o f  L e x i c a l  I t e m s  i n  DCKR 

S e m a n t i c  p r o c e s s i n g  is o n e  of tile i m p o r t a n t  t a s k s  
f o r  n a t u r a l  l a n g u a g e  p r o c e s s i n g .  B a s l e  to  s e m a n t i c  
p r o c e s s i n g  a r e  d e s c r i p t i o n s  of l e x i e a l  i t e m s .  T h e  
m o s t  f r e q u e n t l y  u s e d  f o r m  o f  d e s c r i p t i o n  o f  l e x i c a l  
i t e m s  i s  p r o b a b l y  F r a m e s  or '  O b j e c t s ,  A m e t h o d  o f  t h e  
O b j e c t  r e p r e s e n t a t i o n  i n  P r o l o g  c a l l e d  DCKR i s  
i n t r o d u c e d  i n  s e c t i o n  2 .  I n  t h i s  s e c t i o n ,  i t  w i l l  be  
s h o w n  t h a t  DCKII r e p r e s e u t a t i o n  o f  l e x i c a l  i t e m s  
e n a b l e s  to a l l e v i a t e  a l o t  of p rogramming  e f f o r t s  of 
s e m a n t i c  p r o c e s s i n g .  

[n  I)CKI1, a l l  O b j e c t  c o n s i s t s  o f  a s e t  o f  s l o t s  
e a c h  o f  w h i c h  i s  r e p r e s e n t e d  by a H o r n  c l a l l s e  h e a d e d  
by t h e  sere p r e d i c a t e .  I l o w e v e r ,  t i l e  f i r s t  aF / fun l e l l t  i n  
tile sere p r e d i c a t e  i s  tile O b j e c t  name. Tile v a l u e s  of 
s l o t s  u s e d  i n  s e m a n t i c  p r o c e s s i n g  a r e  i n i t i a l  l y  
u n d e c i d e d  b u t  a r e  d e t e r n t i n e d  a s  s e m a n t i c  p r o c e s s i n g  
p r o g r e s s e s .  T h i s  i s  r e f e r r e d  to  a s  s l o t s  b e i n K  
s a t i s f i e d  by  f i ] . ! e _ r s .  To b e  t i r e  v a l u e  of a s l o t ,  a 
f i l l e r  m u s t  s t t t i s f y  t i l e  pp.nsty'_a, ir! ls  w r i t t e n  in tile 
s l o t .  

I f  t h e  f i l l e t "  s a t i s f i e s  t h e  c o n s t r a i n t s  w r i t t e n  
i n  a s l o t ,  a c t i o n  i s  s t a r t e d  to  e x t r a c t  a s e m a n t i c  
s t r u c t u r e  o r  t o  m a k e  a m o r e  p r o f o n a d  i n f e r e n c e .  
C o n s t r a i n t s  w r i t t e n  i n  s l o t s  a r e  b r o a d l y  d i v i d e d  i n t o  
t w o ,  s y n t a c t i c  c o n s t r a i n t s  a n d  s e m a n t i c  c o n s t r a i n t s .  
T h e  f o r m e r  r e p r e s e n t s  t h e  s y n t a c t i c  r o l e s  t o  be  p l a y e d  
by f i l l e r s  i l l  sentences. T i l e  l e t t e r  a r e  c o n s t r a i n t s  
on t i l e  m e a n i n g  to  be  c a r r i e d  by  f i l l e r s .  T y p i c a l  
s e m a n t i c  p r o n e s s i n  K p r o c e e d s  r O l l g h l y  a s  f o l l o w s :  

i )  I f  a f i l l e . r  satisfies tire s y n t a c t i c  a n d  s e m a n t i c  
c o n s t r a i n t s  on a s i o t  s e l e c t e d ,  s t a r t  a c t i o n  and  
e n d  w i t h  s u c c e s s .  E l s e ,  go tn  i i )  

i t )  I f  t h e r e  i s  s o o t h e r  s l o t  to s e l e c t ,  s e l e c l  i t  
and I~0 to it. Else, Ko to iii) 

i i i )  I f  t h e r e  i s  a h i g h e r - l e v e l  p r o t o t y p e ,  g e t  i t s  
s l o t  a n d  go to  i t .  E l s e ,  a n d  oe  t h e  a s s u m p t i o n  
t h a t  t h e  s e m a n t i c  p r o c e s s i n g  i s  a f a i l u r e .  

14'FOIII t i l e  semantic p r o c e s s i n g  p r o c e d l l r n s  i l l  i )  
t h r o u g h  i i i )  a b o v e ,  t i l e  f o l l o w i n g  c a l l  be s e e n :  

at 'rile semantic constraints in i) are often expressed 
ill logical formulas. This call be easily done witll 
DCKR as explained later. 

b) The slot selection in it) c a n  use the backtrackin/~ 
m e c h a n i s m  b u i l t  i n  i ~ r o l o g ,  l ee r  i n  I)CK}{ a s l o t  i s  
r e p r e . s e n t e d  a s  a I I o r n  c l a u s e .  

e l  i i i )  c a n  be. e a s i l y  i m p l e m e n t e d  by  t h e  k n o w l e d g e  
i n h e r i t a n c e  m e c h a n i s m  of DCKR e x p i a i o e d  i l l  2 . 1 .  

T h u s ,  i f  l e x i c a [  i t e m s  a r e  d e s c r i b e d  i n  I)CKR, 
p r o g r a m s  c e n t r a l  t o  s e n l a a t  i e  p r o c e s s i n g  c a l l  be  
r e p l a c e d  by the. b a s i c  e o m p l l t & t i o n  m c n h a n i s m  b u i l t  i n  
P r o l o g .  T i l l s  w i l l  be  d e m o n s t r a t e d  by e x a m p l e s  b e l o w .  
C i t e d  f i r s t  i s  a DCKR d e s c r i p t i o n  o f  t h e  l e x l c a l  i t e m  
" o p e n "  [ T a n a k a  8 5 a ] .  

1 3 )  s e m ( o p e n , s u b j : F i l l e r " ~ i n ~ O u t ,  .) : -  
s e m ( F i  1 l e t ,  i s a  : htl l l lan , _)  , 
e x t  r o e  £ s e . u l ( a g e l l  t : F i  11 e . r~ I  n"Ou  t ) ; 
( s e m ( F i l l e r , i s a : e v e n t O p e n , ) ;  

s e m ( F i  1 l e r ,  i s a :  t i l l  n g O p e n  , . )  ) , 
e x t r a e t s e m ( o b j e c t : F i l l e r ~ I n ~ O u t ) ;  
s e m ( t i ' i  i l e t ' ,  i s a :  i n s  t r u m e n t ,  ) , 
e x t r a c t s e m (  i n s  t r u m e n  t : Fi  I 1 e r  *° l n~Out ) 
s e m ( F i l l e r , i s u : w i n d , .  ) ,  
e x t  r a n  t s e m (  r e a s o a  : F i  11 e r  ~ [ n~Ou t ) . 

1 4 )  s e m ( o p e n , o b j : F i l l e r ~ l n ~ O u t ,  ) : -  
( s e m t F i  1 I e r ,  i s a :  e v e n t O p e n , _ )  ; 

s e m ( F i  I 1 o r ,  i s a :  t h i  n g O p e n ,  ) ) ,  
e x t r a e t s e m ( o b j u e t  : F i  1 l e t ~ I n ~ O u t  ) . 

15)  s e m ( o p e n , w i t h : F i l l e r ' ~ I n ~ O u t , _ _ )  : -  
sere ( F i  11 e r ,  i s o :  i ns  t r u m e n  t , ) , 
e x t r a c t s e m ( i  n s  t r u m e n  t : l.'i 1 l e l  "~I n ~ O u t  t 

16) sem(open,P,S) :- 
isa(aetion,P,[openlS]); 
isa(event,P, [ol)enlS]). 

13),i,i) and 15) are slots named sttbj, obj and 
w i t h ,  w h i c h  c o n s t i t u t e  o p e n .  V a r i a b l e  F i l l e r  i s  t i l e  
f i l l e r  f o r  t h e s e  s l o t s .  T h e  s l o t  n a m e s  r e p r e s e n t  t i l e  
s y n t a c t i c  c o n s t r a i n t s  t o  be  s a t i s f i e d  by t i l e  F i l l e r .  
S u b j ,  o b j  a n d  w i t h  s h o w  t h a t  t h e  l , ' i l l e r  m u s t  p l a y  t i l e  
r o l e s  o f  t h e  s u b j e c t ,  o b j e c t ,  and  wi t h - h e a d e d  
p r e p o s i t i o n a l  p h r a s e ,  r e s p e c t i v e l y ,  i n  s e n t e n c e s .  T h e  
b o d y  o f  e a c h  o f  the H o r n  c l a u s e s  c o r r e s p o n d i n g  to  t i l e  
s l o t s  d e s c r i b e s  a p a i r  c o n l p o s e d  o f  s e m a n t i c  c o n s t r a i n t  
a n d  a c t i o n  ( h e r e i n a f t e r  c a l l e d  an  .CA p a i r ' ) .  F o r  
e x a m p l e ,  t i l e  b o d y  o f  1 3 )  d e s c r i b e s  f o u r  CA p a i r s  e o c b  
o f  then l  j o i n e d  by o r ( " ; ' ) .  

T h e  f i r s t  CA p a i r :  
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s e m ( F i l l e r , i s a : h u m a n ,  ) ,  
e x t r a c t s e m ( a g e n t : F i l l e r ~ I n ~ O u t ) ;  

s h o w s  t h a t  if t h e  F i l l e r  i s  a human ( a  s e m a n t i c  
c o n s t r a i n t ) ,  t h e  a c t i o n  e x t r a c t s e m ( a g e n t : F l l l e r ~ I n ~ O u t )  
s t a r t s  m a k i n g  t h e  d e e p  c a s e  o f  t h e  F i l l e r  t h e  a g e n t  
c a s e  t h a t  i s  a d d e d  to  I n  s e n t  to  O u t .  

As d e s c r i b e d  a b o v e ,  c h e c k i n g  s e m a n t i c  c o n s t r a i n t s  
c an  be  r e p l a c e d  by  d i r e c t  P r o l o g  p r o g r a m  e x e c u t i o n .  
T h e r e f o r e ,  r e l a t i v e l y  c o m p l e x  s e m a n t i c  c o n s t r a i n t s ,  
e . g . ,  p e r s o n  o f  b l o o d  t y p e  A o r  AB, c a n  be e a s i l y  
d e s c r i b e d  as  shown  b e l o w :  

s e m ( F i l l e r , i s a : h u m a n , _ ) ,  
( s e m ( F i l l e r , b o o d T y p e : a , ) ;  

s e m ( F i l l e r , b o o d T y p e : a b , _ ) )  

The m e a n i n g  o f  t h e  s e c o n d ,  t h i r d  and  f o r t h  SA 
p a i r  i n  13)  i s  o b v i o u s  now.  

Form t h e  f o r e g o i n g  e x p l a n a t i o n ,  t h e  m e a n i n g  o f  
t h e  s l o t s  i n  14)  a nd  15)  w i l l  be  e v i d e n t .  I n  a d d i t i o n  
to  " w i t h " ,  t h e r e  a r e  many s l o t s  c o r r e s p o n d i n g  to  
p r e p o s i t i o n a l  p h r a s e s ,  b u t  t h e y  a r e  o m i t t e d  t o  
s i m p l i f y  the e x p l a n a t i o n .  

16) shows that i f  the Filler cannot satisfy the 
slots in 30), 31) and 32), the slots in the prototype 
action or event is accessed a u t o m a t i c a l l y  by 
backtracking. This was explained in detail as 
inheritance of knowledge in 2, and provides an example 
of multiple inheritance of knowledge as well. 

The descriptions of 13) through 16) can be 
completely compiled, thus ensuring higher speed of 
processing. This makes a g o o d  contrast with most 
conventional systems which cannot compile a 
description of lexical items because i t  is represented 
as a large data structure. 

3.2 Description of grammar rules 

The DCG notation [Pereira 80] is used to describe 
grammar rules. Semantic processing is performed by 
reinforcement terms in DCG. An example of a simple 
grammar rule to analyze a declarative sentence is 
given below. 

sdec(SynVp,SemSdec) --> 
np(SynSubj,SemSubj), 
vp(SynVp,SemVp), 
(eoncord(SynSubj,SynVp), 
seminterp(SemVp,subj:SemSubj,SemSdec)}. 

The  p a r t  e n c i r c l e d  by  ( } i s  a r e i n f o r c e m e n t  
t e r m .  The  p r e d i c a t e  c o n c o r d  i s  t o  c h e c k  c o n c o r d  
b e t w e e n  s u b j e c t  and  v e r b .  The  p r e d i c a t e  s e m i n t e r p ,  
i n t e n d e d  t o  c a l l  sem f o r m a l l y ,  i s  a s m a l l  p r o g r a m  o f  
a b o u t  f i v e  l i n e s .  In  t h i s  e x a m p l e  t h e  g r a m m a r  r u l e  
c h e c k s  i f  t h e  h e a d  n o u n  i n  S e m S u b j  c a n  s a t i s f y  t h e  
s u b j  s l o t  o f  t h e  m a i n  v e r b  f r a m e  ( e . g . ,  o p e n  i n  13)  - 
1 6 ) )  i n  SemVp and  r e t u r n s  t h e  r e s u l t s  o f  s e m a n t i c  
p r o c e s s i n g  to  S e m S d e c .  T h e r e f o r e ,  we c a n  s e e  t h a t  
t h e r e  i s  l i t t l e  n e e d  t o  p r e p a r e  a P r o g r a m  f o r  s e m a n t i c  
p r o c e s s i n g .  

As s e m a n t i c  p r o c e s s i n g  i s  p e r f o r m e d  by  
r e i n f o r c e m e n t  t e r m s  a d d e d  to  DCG, s y n t a c t i c  p r o c e s s i n g  
and  s e m a n t i c  p r o c e s s i n g  a r e  a m a l g a m a t e d .  T h i s  h a s  
b e e n  h e l d  t o  be  a p s y c h o l o g i c a l l y  r e a s o n a b l e  l a n g u a g e -  
p r o c e s s i n g  m o d e l .  

3 . 3  T e s t  r e s u l t  

Some c o m m e n t s  w i l l  be  made on t h e  r e s u l t s  o f  
s e m a n t i c  p r o c e s s i n g  b a s e d  on t h e  c o n c e p t  e x p l a i n e d  i n  
3 . 1  and  3 . 2 .  The  s e n t e n c e  u s e d  i n  t h e  s e m a n t i c  
p r o c e s s i n g  i s  "He o p e n s  t h e  d o o r  w i t h  a k e y . "  

i n p u t  sen lences: 

He opens the door with a key. 

Semantic structure is: 

sem(open#5,P,S) :- isa(open,P,[open#SIS]). 
sem(open#5,agent:he#4, ). 
sem(open#5,instrument:key#7,). 
s e m ( o p e n # 5 , o b j e c t : d o o r # 6 ,  ) .  
s e m ( h e # 4 , P , S /  : -  i s a ( h e , P , [ h e # 4 1 S ] ) .  
s e m ( d o o r # 6 , P , S )  : -  i s a ( d o o r , P , [ d o o r # 6 1 S ] ) .  
s e m ( d o o r # 6 , d e t : t h e ,  ) .  
sem(key#7,P,S) :- isa(key,P,[key#71S]). 
sem(key#7,det:a,_). 

Besides, results of semantic processing of "the door 
w i t h  a k e y "  a r e  o b t a i n e d  b u t  t h e i r  e x p l a n a t i o n  i s  
o m i t t e d .  

Here it is to be noted that results of semantic 
processing are also in DCKR form. By obtaining 
s e m a n t i c  p r o c e s s i n g  r e s u l t s  i n  DCKR f o r m ,  i t  i s  
p o s s i b l e  to  g e t ,  f o r  e x a m p l e ,  

s e m ( o p e n # J , i n s t r u m e n t : X ,  ) 

f r o m  t h e  i n t e r r o g a t i v e  s e n t e n c e  " W i t h  w h a t  d o e s  he  
o p e n  t h e  d o o r ? "  and  g e t  t h e  a n s w e r  

. . . . . . . . . . . . . . .  I S e m a n t i c  S t r u c t u r e l  . . . . . . . . . . . . . . . .  
l I (DCKR) I 
I . . . . . . . . . . . . . . . . . . . .  [ 

I . . . . . . . . . . .  t 
. . . . . . . . . .  I I n f e r e n c e t  t 
I C o n t e x t  ,, . . . . .  I E n g i n e  I . . . . . . . . . . . . . . . .  I 
I A n a l y s i s {  I I . . . . . . . . .  I I 
I I I I I 

. . . . . . . . . .  I . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 

} . . . . .  I K n o w l e d g e  Base(DCKR + ? ){  I 
. . . . . . . . . .  I I . . . . . . . . . .  
{ S e m a n t i c l  ......... I { . . . . .  l S e n t e n c e }  
I A n a l y s l s l  I . . . . . . . . . . . . . . . . . . .  l I G e n e r a -  I 
: l I D i c t i o n a r y ( D C K R )  I I t i o n  I 
. . . . . . . . . .  I L I . . . . . . . .  I i 

, I I 

. . . . . . . . . . .  { I 
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X = k e y # 7  

b y  m e r e l y  e x e c u t i n g  t h a t .  

4 .  C o n c l u s i o n  

Now the r e l a t i o n s h i p  between DCKR and a natural  
l a n g u a g e  u n d e r s t a n d i n g  s y s t e m  w i l l  be t o u c h e d  on .  
F rom w h a t  h a s  no f a r  b e e n  d i s c u s s e d ,  we c a n  e n v i s i o n  a 
n a t u r a l - l a n g u a g e - u n d e r s t a n d i n g  s y s t e m  a r c h i t e c t u r e  as  
i l l u s t r a t e d  i n  F i g .  1 .  

The  s h a d e d  p a r t s  i n  F i g .  1 a r e  t h o s e  w i l l  be  
achieved by t h e  i n t e r p r e t e r  b u i l t  In  P r o l o g .  F rom t h e  
f o r e g o i n g  e x p l a n a t i o n ,  i t  w i l l  be  s e e n  t h a t  i f  p a r t  o f  
g e n e r a l  k n o w l e d g e  and  a d i c t i o n a r y  a r e  d e s c r i b e d  i n  
DCKR, p a r t  o f  c o n t e x t - p r o c e s s i n g  and  t h e  g r e a t e r  p a r t  
of semantic processing can be l e f t  to  the functions 
b u i l t  i n  P r o l o g .  As f o r  s y n t a c t i c  p r o c e s s i n g ,  the 
g r a m m a r  r u l e s  d e s c r i b e d  i n  DCG [ P e r e i r a  802 
a u t o m a t i c a l l y  c o n v e r t e d  i n t o  a P r o l o g  p r o g r a m ,  and  
p a r s i n g  can  be r e p l a c e d  by  P r o l o g  p r o g r a m  e x e c u t i o n .  

G i v e n  t h e  f o r e g o i n g  f a c t s  and  a s s u m i n g  t h e  
i n f e r e n c e  e n g i n e  to  be  t h e  P r o l o g  i n t e r p r e t e r ,  i t  may 
be c o n c l u d e d  t h a t  a P r o l o g  m a c h i n e  p l u s  s o m e t h i n g  e l s e  
w i l l  be  a n a t u r a l - l a n g u a g e - p r o c e s s i n g  m a c h i n e .  I f  
a s k e d  w h a t  t h a t  s o m e t h i n g  w i l l  b e ,  we m i g h t  s a y  t h a t  
i t  w i l l  be a k n o w l e d g e  b a s e  m a c h i n e .  Anyway ,  t h i s  
c o n c e p t  i s  i n  l i n e  w i t h  w h a t  t h e  J a p a n e s e  f i f t h -  
g e n e r a t i o n  c o m p u t e r  s y s t e m s  p r o j e c t  i s  a i m e d  eL.  

[ A c k n o w l e d g m e n t ]  

A u t h o r s  w i s h  to  e x p r e s s  t h e i r  g r e a t  g r a t i t u d e  to  
Mr. K a z u h i r o  F u c h i ,  t h e  d i r e c t o r  o f  t h e  R e s e a r c h  C e n t e r  
o f  ICOT, and  Dr .  K o i c h i  F u r u k a w a ,  t h e  c h i e f  o f  t h e  
R e s e a r c h  C e n t e r  o f  ICOT, f o r  t h e i r  e n c o u r a g e m e n t s  and  
v a l u a b l e  comments. M r . l t a r u o  g o y a m a , M r . M a n a b u  O k u m u r a ,  
M r . T e r u o  I k e d a ,  M r . T a d a s h i  K a m i w a k i ,  who a r e  s t u d e n t s  
o f  T a n a k a  L a b .  of T o k y o  I n s t i t u t e  o f  T e c h n o l o g y ,  
h e l p e d  us  to  i m p l e m e n t  some a p p l i c a t i o n  p r o g r a m s  b a s e d  
on DCKR. M r s .  S a e h i e  S a l t s  h e l p e d  us  f o r  p r e p a r i n g  
t h i s  m a n u s c r i p t .  
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