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ABSTRACT 

A m o d i f i c a t i o n o f p r e d i c a t e l o g i c , 
c a l l e d m u l t i l a y e r e d l o g i c , i s d i s c u s s e d . 
I t i s d e s i g n e d a s t h e k n o w l e d g e r e p r e s e n ­
t a t i o n l a n g u a g e f o r d e s c r i b i n g t h e s y s t e m s 
t h a t uses e n g i n e e r i n g k n o w l e d g e t o s u p p o r t 
t h e s y s t e m a n a l y s i s and d e s i g n . A m u l t i 
l e v e l d a t a s t r u c t u r e i s used t o r e p r e s e n t 
t h e c o m p l e x s y s t e m s i n w h i c h a n a b s t r a c t 
e n t i t y a t a l e v e l o f a b s t r a c t i o n i s f o r m e d 
a s t h e c o l l e c t i o n o f t h e e n t i t i e s a t t h e 
n e x t l o w e r l e v e l . M u l t i l a y e r e d l o g i c 
a d a p t s t o t h i s s t r u c t u r e o f t h e s y s t e m and 
mee ts t h e c o n d i t i o n s f o r s u p p o r t i n g 
a n a l y s i s and d e s i g n o f comp lex s y s t e m s . 

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

I n o r d e r t o a n a l y z e and d e s i g n l a r g e 
s y s t e m s , a s t r u c t u r e d a n a l y s i s and d e s i g n 
m e t h o d o l o g y has t o b e e m p l o y e d . T h i s 
i n v o l v e s t h e c o n c e p t o f m u l t i p l e l e v e l s o f 
a b s t r a c t i o n whe re a t each l e v e l o f 
a b s t r a c t i o n , t h e s y s t e m i s v i e w e d composed 
o f a n e t w o r k o f e n t i t i e s . A b s t r a c t 
e n t i t i e s a t t h e n e x t h i g h e r l e v e l o f a b ­
s t r a c t i o n i s f o r m e d a s t h e c o l l e c t i o n o f 
t h e s e e n t i t i e s . A t t h e h i g h e s t l e v e l o f 
a b s t r a c t i o n , t h e s y s t e m i s a s i n g l e e n t i t y 
w h i l e a t t h e l o w e s t l e v e l , t h e s y s t e m i s 
composed o f p r i m i t i v e e n t i t i e s . Each 
p r i m i t i v e e n t i t y has some f u n c t i o n a l i t y 
w h i c h i s s p e c i f i e d , i n a d v a n c e , f o r each 
o b j e c t s y s t e m . Sys tems o f more c o m p l e x 
f u n c t i o n a l i t y a r e composed o f t h e m . Here 
b y f u n c t i o n a l i t y , w e i n c l u d e v a r i o u s c o n ­
cepts ' o t h e r t h a n t h e s t r u c t u r a l r e l a t i o n ­
s h i p s , such a s a t t r i b u t e , p r o p e r t y , f u n c ­
t i o n e t c . o f a n e n t i t y . When t o d e f i n e 
t h e a b s t r a c t e n t i t y a t a l e v e l o f a b s t r a c ­
t i o n , t h e i n t e r n a l s t r u c t u r e o f t h e e n t i t y 
a t t h e n e x t l o w e r l e v e l need n o t b e k n o w n , 
b u t t h e s e e n t i t i e s can b e t h o u g h t o f a s 
p r i m i t i v e s a t t h a t l e v e l o f a b s t r a c t i o n . 
Some e n t i t i e s a t t h e same l e v e l a r e i n t e r ­
c o n n e c t e d t o each o t h e r t o f o r m t h e n e t ­
wo rk o f e n t i t i e s . Thus t h e s p e c i f i c a t i o n 
o f t h e s t r u c t u r e o f a s y s t e m i s r e c u r s i v e 
i n n a t u r e . 

A s y s t e m c a n b e s p e c i f i e d e i t h e r 
d i r e c t l y b y s p e c i f y i n g i t s s t r u c t u r e o r 

i n d i r e c t l y b y s p e c i f y i n g i t s b e h a v i o r . 
G e n e r a l l y s p e a k i n g , t o a n a l y z e a s y s t e m i s 
t o o b t a i n t h e b e h a v i o r o f t h e s y s t e m g i v e n 
i t s s t r u c t u r e . Hence t h e s t r u c t u r e o f 
t h e s y s t e m has t o b e s p e c i f i e d i n t e r m s o f 
t h e p r i m i t i v e e n t i t i e s b e f o r e i t can b e 
a n a l y z e d . On t h e o t h e r h a n d , t o d e s i g n a 
s y s t e m i s t o o b t a i n t h e s t r u c t u r e o f t h e 
s y s t e m g i v e n t h e b e h a v i o r . I n g e n e r a l , 
t o f i n d t h e c o m p l e x s t r u c t u r e t o have t h e 
s p e c i f i e d b e h a v i o r i s n o t a n easy t a s k . 
One needs t o g e n e r a t e a t e n t a t i v e s t r u c ­
t u r e and examine i t w h e t h e r i t has t h e 
s p e c i f i e d b e h a v i o r . The s y s t e m can b e 
s p e c i f i e d b y s p e c i f y i n g t h e s t r u c t u r e and 
t h e f u n c t i o n a l i t y o f t h e p r i m i t i v e e n ­
t i t i e s a t t h e l o w e s t l e v e l . B u t v e r y 
o f t e n i t i s n e c e s s a r y t o g i v e t h e e x p l i c i t 
d e s c r i p t i o n o n ( p a r t o f ) f u n c t i o n a l i t y o f 
a n e n t i t y a t a n a r b i t r a r y l e v e l . T h u s , 
each a b s t r a c t e n t i t y has t h r e e p a r t s : (1) 
t h e c o m p o n e n t s , (2) t h e i n t e r c o n n e c t i o n 
b e t w e e n t h e e n t i t i e s i n t h e same l e v e l and 
(3) t h e d e s c r i p t i o n o n f u n c t i o n a l i t y . 
These p a r t s a r e r e p r e s e n t e d i n t h e s y s t e m 
d e s c r i b e d b e l o w b y t h e h i e r a r c h i c a l s t r u c ­
t u r e f o r (1) i n w h i c h each e n t i t y a t any 
l e v e l o f a b s t r a c t i o n i s r e p r e s e n t e d b y a 
node and each node i n t h e c o l l e c t i o n a t 
t h e l o w e r l e v e l i s l i n k e d t o t h e uppe r 
n o d e , b y t h e t a b l e o f c o n n e c t i o n f o r (2) 
and b y t h e l o g i c a l f o r m u l a f o r ( 3 ) . 

I n t h i s p a p e r , w e w i l l d i s c u s s a 
k n o w l e d g e r e p r e s e n t a t i o n l a n g u a g e d e s i g n e d 
t o d e a l w i t h t h i s s t r u c t u r e . U n l i k e many 
o f t h e CAD l n g u a g e i n v o l v i n g t h e h a r d w a r e 
d e s c r i p t i o n l a n g u a g e [ 3 , 4 ] , t h i s l a n g u a g e 
i s d e s i g n e d t o use e n g i n e e r i n g k n o w l e d g e 
t o s u p p o r t t h e a u t o m a t i c t r a n s f o r m a t i o n 
be tween t h e s t r u c t u r e o f t h e s y s t e m and 
i t s b e h a v i o r . 

T h i s l a n g u a g e i s based o n t h e p r e d i ­
c a t e l o g i c because i t i s s u i t e d f o r d e ­
s c r i b i n g t h e i n t e r c o n n e c t i o n s b e t w e e n t h e 
e n t i t i e s i n t h e t a b l e f o r m and f u n c ­
t i o n a l i t y o f a n a b s t r a c t e n t i t y . The 
e n t i t y - c o m p o n e n t r e l a t i o n a l s o can b e r e p ­
r e s e n t e d b y p r o v i d i n g t h e s y s t e m w i t h a n 
a t o m i c f o r m u l a o f t h e f o r m (COMPONENT x y) 
mean ing t h a t x i s a componen t o f y . How­
e v e r , t h e n , t h e r e p r e s e n t a t i o n o f t h e 
comp lex s t r u c t u r e o f t h e s y s t e m w i l l b e 
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composed of a number of i ns tances of the 
atomic formula and s y n t h e s i z i n g , r e s t r u c ­
t u r i n g and ana lyz ing the s t r u c t u r e shou ld 
be achieved by means of the l o g i c a l i n f e r ­
ence. I t i s an i n e f f i c i e n t way o f p r o ­
cess ing the s t r u c t u r e . Because these 
p rocess ing can be f o r m a l i z e d to a l a r g e 
e x t e n t by v iew ing the en t i t y - componen ts 
r e l a t i o n as the se t -e lemen ts r e l a t i o n , an 
e f f i c i e n t procedure t o dea l w i t h the 
s t r u c t u r e can be de f i ned w i t h o u t l oss of 
g e n e r a l i t y . For t h i s purpose we modi fy 
the syntax o f p r e d i c a t e l o g i c t o r e s t r i c t 
the scope o f the q u a n t i f i e r s j u s t to the 
re fe renced s t r u c t u r e . We c a l l t h i s system 
m u l t i l aye red l o g i c (MLL i n s h o r t ) . 

I I Express ion in MLL 

The d e f i n i t i o n of MLL is mos t l y the 
same w i t h the o r d i n a r y f i r s t order l o g i c 
except the scope of each v a r i a b l e is 
r e s t r i c t e d to a s p e c i f i e d se t and a lso the 
se t can be an a b s t r a c t e n t i t y in the 
h i e r a r c h i c a l s t r u c t u r e mentioned i n the 
l a s t s e c t i o n v iew ing the c o l l e c t i o n o f the 
lower l e v e l e n t i t i e s as the s e t . 

There is the concept o f p r e d i c a t e 
l o g i c w i t h the r e s t r i c t e d domain o f 
v a r i a b l e s , named many so r ted l o g i c (MSL in 
s h o r t ) . Here, the formula 
=>(MORTAL x ) ] in the o r d i n a r y f i r s t o rder 
l o g i c is w r i t t e n as , (MORTAL x) 
where the v a r i a b l e x is r e s t r i c t e d to the 
set 'man'. 

Now r e f e r r i n g to the h i e r a r c h i c a l 
s t r u c t u r e o f (upper h a l f o f ) F i g . l , l e t ' s 
cons ider an express ion "There is some 
polygon in the po lyhedron H such t h a t , 
f o r every edge l i n e i n t h i s po l ygon , i t s 
l e n g t h i s # 1 " . Th is i s the case where 
the o b j e c t being desc r i bed is an edge l i n e 
which i s r e f e r r e d t o not d i r e c t l y bu t 

i n d i r e c t l y th rough the known e n t i t y H v i a 
e n t i t i e s a t the i n t e r m e d i a t e l e v e l 
(polygon) . 

L e t ' s t r y t o rep resen t i t by us ing 
MSL. "Some polygon in H" p a r t is denoted 

, where x rep resen ts some polygon in 
H , w h i l e " f o r every edge l i n e in t h i s 
po lygon" p a r t , i n the s p i r i t o f MSL, 
should be w r i t t e n as , r e s u l t i n g in 
the f o r m u l a , 

[LENGTH it 1) ($1) 
Note t h a t x is a v a r i a b l e r e p r e s e n t i n g a 
polygon in H and at the same t ime a domain 
of another v a r i a b l e y (edge l i n e ) . That 
i s , the p r e f i x o f the formula r e f l e c t s the 
g i ven h i e r a r c h i c a l s t r u c t u r e . Thus MLL 
is the n a t u r a l ex tens ion of MSL to a l l ow 
an o b j e c t being any a b s t r a c t e n t i t y in the 
s t r u c t u r e . 

Th is idea is extended to the case 
where the s t r u c t u r e is not s p e c i f i e d but 
i t i s asked to f i n d such a s t r u c t u r e , 
g i ven the set o f p r i m i t i v e e n t i t i e s , t o 
s a t i s f y the s p e c i f i e d c o n d i t i o n . Th is i s 
the case of au tomat ic s y n t h e s i s of the 
s t r u c t u r e us ing the set of components L. 
In the syntax o f m u l t i l aye red l o g i c , a 
symbol * is used to denote a power - se t . 
Let *L denote the power-set of L (but the 
empty set is e x c l u d e d ) . For example, i f 
L is a set of l i n e s , then *L can be 
i n t e r p r e t e d as a set compr is ing a l l p o l y ­
gons composed of l i n e s in L. S i m i l a r l y , 
* ( * L ) d e f i n e s a set t h a t comprises a l l 
po lyhedra composed of L. In g e n e r a l , n-
t h o rder power-set i s d e f i n e d r e c u r s i v e l y 

Suppose to ask the system to syn the ­
s i z e a po lyhedron of the volume #b by 
us ing the g i ven se t of the l i n e s L as the 
edge l i n e s . Then the system should o b t a i n 
at f i r s t the se t S of polygons as the 
subset of * L , and t h e n , a se t of po lyhedra 
V as the subset of *S w h i c h , in t u r n , is 
a subset of * 2 L . The c o n d i t i o n of an 
element x of *L being a polygon is t h a t a 
cha in of l i n e s con ta ined in x forms an 
e lementary c y c l e and every l i n e i n t h i s 
cha in is on the same p l a n e . Let the con­
d i t i o n be represented (POLYGON x ) . S i m i ­
l a r l y , the c o n d i t i o n o f an e n t i t y y in * 2 L 
being a po lyhedron is t h a t y s a t i s f i e s 
Eular e q u a t i o n . Let the c o n d i t i o n be 
represen ted (POLYHED y x ) . Then the 
requ i rement i s r e p r e s e n t e d , 



S. Ohsuga 393 

) ($3b) 
are l e g a l express ions and are e q u i v a l e n t 
to (F z) which con ta ins on l y the 
e s s e n t i a l i n f o r m a t i o n invo lved t h e r e i n . 
We c a l l it the base exp ress ion . Then 
the system should o b t a i n the base 
express ion fo r the formula l i k e ( $ 3 ) . 

Assume t h a t there is a common ground 
l e v e l and a l e v e l is assigned to each 
e n t i t y r e l a t i v e to t h i s ground l e v e l . An 
i - t h l e v e l e n t i t y i s denoted x i . 

We c a l l he rea f t e r the q u a n t i f i e r -
va r i ab le -doma in t r i p l e , (Q x / X ) , QVD in 
sho r t where Q represents e i t h e r V or 3 . 
As shown in ( $ 3 ) , the r e p r e s e n t a t i o n of 
the p r e f i x p a r t becomes d i f f e r e n t even 
w i t h the same m a t r i x , depending on the 
s t r u c t u r e re ferenced by the f o rmu la . 
Hence the set of the v a r i a b l e s , say X, be­
long ing to a s t r u c t u r e and appear ing in 
the p r e f i x is not equel to the set X' of 
the v a r i a b l e s in the same s t r u c t u r e but 
appearing in the m a t r i x . Let the h ighes t 
l e v e l and the lowest l e v e l o f the v a r i ­
ables in X be n and k wh i l e those of the 
v a r i a b l e s in X' be m and \ r e s p e c t i v e l y . 
For example, in case of ($3b) , X={u , v, w} 

X' = {w}, n= i+2 , k = i , m=i+1, l = i . In 
g e n e r a l , n>m and 1>k. More than one 
groups of v a r i a b l e s be longing to the 
d i f f e r e n t s t r u c t u r e s can appear in the 
same f o r m u l a . The order of QVD in the 
p r e f i x a f f e c t s the meaning of the expres­
s i o n . In case of MLL, however, t h i s order 
-meaning mapping is not one- to-one as is 
the case o f o rd i na r y p red i ca te l o g i c , 
because, f o r the v a r i a b l e s be long ing to 
the same s t r u c t u r e , the order in the 
s t r u c t u r e , from the top to the bot tom, 
precedes the order in the p r e f i x . 

For example, compare 
(F y) w i t h Both 
of them are de f i ned in r e l a t i o n to the 
s t r u c t u r e X of F i g . l . The orders of 
v a r i a b l e s in the p r e f i x and the s t r u c t u r e 
re ferenced c o i n c i d e in the f i r s t one wh i l e 
the o rders d i f f e r in the second one. 
However, y can not be s p e c i f i e d unless x l t l 

i s f i x e d , and the s t r u c t u r a l order ac­
qu i r es a p r i o r i t y . Then we i n t e r p r e t e the 
second formula the same as the f i r s t one. 

Suppose the formula is not in the base 
fo rm. I t i s poss ib le to modify the 
s t r u c t u r e , by the f o l l o w i n g theorems, so 
t h a t both the h ighes t l e v e l and the lowest 
l e v e l o f the v a r i a b l e s invo lved in the 
p r e f i x and i n the ma t r i x agree, s t i l l 
keeping the l o g i c a l equivalence of the 
fo rmulas* 

Theorem : There is a base formual f o r any 
non-base f o r m u l a . 

Refer to [ 5 ] f o r the procedure to 
o b t a i n the base f o r m u l a . In the f o l l o w -
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ABSTRACT 
A m o t i v a t i o n i s g i v e n t o i n t r o d u c e i n ­
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f o r t h e i n t e r p r e t a t i o n o f i n d e f i n i t e d e ­
s c r i p t i o n s a re b r i e f l y d i s c u s s e d . 
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p r o g r a m m i n g l a n g u a g e s , o b j e c t - o r i e n t e d 
s y s t e m s , d e s c r i p t i o n l a n g u a g e s , r e a s o n i n g , 
c o n s t r a i n ! p r o p a g a t i o n . 

1. INTRODUCTION 

A f o r m in LISP or a t e r m in PROLOG can 
be v i e w e d as a d e s c r i p t i o n , i . e . an e x p r e s ­
s i o n w h i c h r e f e r s t o a n e n t i t y i n a domain 
o f d i s c o u r s e . Forms and t e r m s a r e b o t h d e ­
f i n i t e d e s c r i p t i o n s . They a re s u b j e c t t o 
two r e s t r i c t i o n s 

( i ) The u n i q u e n e s s c o n d i t i o n : A desc rip-
l i o n may onJy d e n o t e a u n i q u e r e f e r e n t , i t 
c a n n o t be a m b i g u o u s . For exampJe , ( F a t her 
John ) i s a l l o w e d because John can o n l y 
have one f a t h e r , b u t ( B r o t h e r John ) i s no t 
a l l o w e d because John may have more t h a n 
one b r o t h e r and i t i s t h e r e f o r e n o t c l e a r 
w h i c h one i s i n t e n d e d . 

( i i ) The c o m p u t a b i l i t y c o n d i t i o n : when 
t h e r e f e r e n t o f a d e s c r i p t i o n i s needed 
d u r i n g i n t e r p r e t a t i o n , i t s h o u l d b e com­
p u t a b l e . For e x a m p l e , t h e e x p r e s s i o n 
( F a t h e r John ) must be c o m p u t a b l e when i t 
i s needed o t h e r w i s e a n e r r o r c o n d i t i o n 
oc cu r s . 

V a r i a b l e s can a l s o be v i e w e d as d e s c r i p ­
t i o n s . T y p i c a l l y , t h e u n i q u e n e s s and com­
p u t a b i l i t y c o n d i t i o n s h o l d f o r t h e n t o o : 
a v a r i a b l e may have o n l y one v a l u e ( w i t h i n 
a g i v e n e n v i r o n m e n t o f c o u r s e ) and t h e 
v a l u e s h o u l d b e r e t r i e v a b l e when n e e d e d , 
o t h e r w i s e a n e r r o r c o n d i t i o n (unbound 
v a r i a b l e ) r e s u l t s . 

D e s c r i p t i o n s t h a t may have more t h a n 
one p o s s i b l e r e f e r e n t o r whose r e f e r e n t i s 
n o t c o m p u t a b l e a t t h e t i m e i t i s needed 
a r e c a l l e d i n d e f i n i t e . W e want t o d e v e l o p 
a s y s t e m where d e f i n i t e a s w e l l a s i n d e f i ­
n i t e d e s c r i p t i o n s can b e u s e d . 

For e x a m p l e , ( G r e a t e r t h a n 1 0 ) , w h i c h d e ­
n o t e s an unknown number g r e a t e r t h a n 10 , 
o r ( D i v i s o r 1 2 ) , w h i c h d e n o t e s a d i v i s o r 

o f 12 , i . e . 1 , 2 , 3 , ^ , 6 o r 12 , a re i n d e f i n i t e 
d e s c r i p t i o n s w h i c h w o u l d b e a l l o w e d i n t h e 
s y s t e m . Note t h a t t h e c o n j u c t i o n o f ( G r e a ­
t e r t h a n 10) and ( D i v i s o r 12) u n i q u e l y r e ­
f e r s t o 12. I n o t h e r w o r d s , t h e c o n j u n c t i o n 
o f i n d e f i n i t e d e s c r i p t i o n s may b e d e f i n i t e . 

A d e f i n i t e d e s c r i p t i o n p r o v i d e s a d e t e r ­
m i n i s t i c method t o compute t h e r e f e r e n t 
when n e e d e d . A n i n d e f i n i t e d e s c r i p t i o n e x ­
p r e s s e s a c o n s t r a i n t o n i t s r e f e r e n t . Com­
p u t a t i o n v i t h i n d e f i n i t e d e s c r i p t i o n s c o n ­
s i s t s o f o p e r a t i o n s o v e r c o n s t r a i n t s . For 
e x a m p l e , ( G r e a t e r t h a n 10) e x p r e s s e s t h e 
c o n s t r a i n t t h a t t h e r e f e r e n t has t o s a t i s ­
f y t h e p r e d i c a t e ( l a m b d a (X) (> 10 X ) ) . 
( D i v i s o r 12) i n t r o d u c e s t h e c o n s t r a i n t t h a t 
t he r e f e r e n t has to be a member o f ( 1 , 2 , 3 , 
)< , 6 , 1 2 ) . The p r e d i c a t e can be a p p l i e d to 
f i l t e r members o u t o f t h i s s e t , s o t h a t tho 
c o n j u n c t i o n o f t h e two d e s c r i p t i o n s y i e l d s 
12 . 

I n r e c e n t y e a r s t h e r e have been some 
p r o p o s a l s t h a t a re r e l e v a n t t o t h i s researd i 
Concep ts l i k e l a z y e v a l u a t i o n ( H e n d e r s o n 
and M o r r i s , 1 9 7 6 ) , or f u t u r e s (Hew i11 , 1 977 ) 
make i t p o s s i b l e t o d e l a y e v a l u a t i o n u n t i l 
needed o r u n t i l s u f f i c i e n t i n f o r m a t i o n i s 
a v a i l a b l e . 

The c o n c e p t o f a l o g i c a l v a r i a b l e as 
used in PROLOG ( K o w a l s k i , 1977) can be v i e ­
wed as a way to r e l a x t h e c o m p u t a b i l i t y 
c o n d i t i o n , because a l o g i c a l v a r i a b l e can 
b e used even t h o u g h i t s r e f e r e n t i s n o t 
known o r o n l y p a r t i a l l y k n o w n . Note however 
t h a t a l o g i c a l v a r i a b l e can b e bound t o 
o n l y one o b j e c t a t t h e t i m e , w h i c h w o u l d 
make i t n e c e s s a r y t o b a c k t r a c k 5 t i m e s b e ­
f o r e 1 2 y i e l d s a s u c c e s s f u l m a t c h i n t h e 
p r e v i o u s example ( b u t see K o r n f e l d , 1 9 8 3 ) . 

Because t h e e v a l u a t i o n p r o c e s s needed 
t o d e a l w i t h i n d e f i n i t e d e s c r i p t i o n s r e ­
sembles t e c h n i q u e s used t o i m p l e m e n t c o n ­
s t r a i n t p r o p a g a t i o n , t h e r e a r e some i n t e ­
r e s t i n g r e l a t i o n s t o c o n s t r a i n t l a n g u a g e s 
a s w e l l ( c f . B o r n i n g ( 1 9 8 O ) , S t e e l e and 
S u s s m a n ( 1 9 8 0 ) 

There a r e f o u r m o t i v a t i o n s f o r s t u d y i n g 
i n d e f i n i t e d e s c r i p t i o n s . F i r s t t h e y can b e 
i n c o r p o r a t e d i n o r d i n a r y p r o g r a m m i n g l a n ­
g u a g e s , p a r t i c u l a r l y i n o b j e c t - o r i e n t e d 
l a n g u a g e s i n w h i c h d e f i n i t e d e s c r i p t i o n s 



2. NAMES AND SPECIAL OBJECTS 
The s i m p l e s t f o r m o f a d e s c r i p t i o n i s a 

name w h i c h u n i q u e l y i n d e n t i f i e s a n e l e m e n t 
i n t h e domain o f d i s c o u r s e . A name i s an 
atom o r a d a t a s t r u c t u r e c o n t a i n i n g o n l y 
names as e l e m e n t s . Sequences and s e t s a r e 
c o n s i d e r e d t o h e p r i m i t i v e d a t a s t r u c t u r e s . 
Fo r e x a m p l e , JOHN, [JOHN MARY JAMES] and 
(JOHN MARY JAMES) a r e examp les of names. 

T h e r e a r e t h r e e s p e c i a l o b j e c t s i n t h e 
s y s t e m . The u n d e f i n e d o b j e c t o r a l l - o b j e c t , 
t h e n u l l - t h i n g o r empty o b j e c t , and t h e 
o v e r d e f i n e d o b j e c t . The names o f t h e s e o b -

5. DESCRIPTIONS OF THE DOMAIN 
T h e r e a r e a v a r i e t y o f t h i n g s t h a t could 

be know a b o u t t h e doma in o f a d e s c r i p t i o n . 
We want to have c o n s t r u c t s t h a t a r e a b l e 
t o e x p r e s s t h i s p a r t i a l i n f o r m a t i o n . Here 
a r e some examp les : 

ENUMERATION OF THE POSSIBLE MEMBERS. 
A n e x p r e s s i o n o f t h e f o r m ( E l e m e n t - o f 
X 1 . . . . X e x p r e s s e s t h e c o n s t r a i n t t h a t t h e i n r e f e r e n t has to be e i t h e r X 1 . . . . o r X . 
Fo r e x a m p l e , a n a l t e r n a t i v e d e s c r i p t i o n 
f o r ( B r o t h e r J o h n ) c o u l d b e ( E l e m e n t - o f 
George J a m e s ) . 

1. DOMAIN VS. REFERENT 
The f i r s t key i d e a is t h a t we make a 

d i s t i n c t i o n be tween t h e domain o f a d e s ­
c r i p t i o n and i t s r e f e r e n t . The r e f e r e n t 
i s t h e e l e m e n t d e n o t e d b y t h e d e s c r i p t i o n . 
The doma in i s t h e s e t o f p o s s i b l e e l e m e n t s 
o u t o f w h i c h t h e r e f e r e n t has t o b e cho-
s e n . For t h e d e s c r i p t i o n ' u n e v e n ' t h e 
doma in i s t h e s e t o f uneven numbers and 
t h e r e f e r e n t i s a n e l e m e n t o u t o f t h i s 
s e t - a l t h o u g h i t i s unknown w h i c h o n e . 
The domain o f ' t h e b r o t h e r o f J o h n ' i s 
e q u a l t o a l l b r o t h e r s o f J o h n . The r e f e ­
r e n t i s one e l e m e n t ou t o f t h i s s e t . 

The d i s t i n c t i o n be tween domain and r e ­
f e r e n t a l l o w s t h e c o n s t r u c t i o n o f a c l e a r 
s e t - t h e o r e t i c s e m a n t i c s f o r a d e s c r i p t i o n 
l a n g u a g e . B y m a k i n g i t p o s s i b l e t o g i v e 
p a r t i a l d e s c r i p t i o n s o f t h e d o m a i n , i t 
r a i s e s t h e e x p r e s s i v e Power o f t h e language 
A l s o t h e e x p l i c i t r e p r e s e n t a t i o n o f c o n ­
s t r a i n t s o n t h e doma in makes t h e d e d u c t i o n 
more p o w e r f u l . O f t e n we know a l o t a b o u t 
t h e domain o f a d e s c r i p t i o n b u t n o t i t s 
r e f e r e n t . B y o p e r a t i n g a t t h e l e v e l o f 
d o m a i n s , we can somet imes r e d u c e t h e 
domain u n t i l i t i s a s i n g l e t o n , i . e . u n t i l 
t h e r e i s a u n i q u e r e f e r e n t l e f t . These 
p o i n t s w i l l b e i l l u s t r a t e d i n t h e r e s t o f 
t h e p a p e r . F i r s t w e i n t r o d u c e d e s c r i p t i o n 

t y p e s . 

4 . DESCRIPTIVE CONNECTIVES 
The d e s c r i p t i v e c o n n e c t i v e s d A n d , d O r , 

N o t , d E i t h e r and dAncinot a r e used t o com­
bine d e s c r i p t i o n s . They s h o u l d n o t be c o n ­
tused w i t h t h e p r o p o s i t i o n a l c o n n e c t i v e s 
used t o combine s t a t e m e n t s i n p r e d i c a t e 
calculus . 

The d e s c r i p t i v e c o n n e c t i v e s r e f l e c t s e t -
t h e o r e t i c r e l a t i o n s be tween t h e domains o f 
the component d e s c r i p t i o n s . The r e f e r e n t 
of (dAnd d1 d 2) is an e l e m e n t o u t of t h e 
i n t e r s e c t i o n of t h e domains of d1 and d 2 . 
The r e f e r e n t o f ( d O r d1 d 2) is an e l e m e n t 
5ut o f t h e u n i o n o f t h e doma ins o f d1 and 
d2 . The r e f e r e n t o f ( d E i t h e r d l d2) i s an 
e lemen t o f t h e domain o f d l o r o f t h e d o ­
main o f d 2 b u t n o t o f b o t h . The r e f e r e n t 
o f ( d A n d n o t d l d2 ) i s an e l e m e n t o u t o f 
t h e s e t - t h e o r e t i c d i f f e r e n c e be tween t h e 
doma ins o f d1 and d 2 . (dNOT d) i s an a b ­
b r e v i a t i o n o f ( d A n d n o t T d ) , i . e . dNot 
i n d i c a t e s a s e t - t h e o r e t i c d i f f e r e n c e w i t h 
t h e doma in o f t h e a l l - d e s c r i p t i o n . Thus 
(dNo t f e m a l e ) i s e q u i v a l e n t t o ( d A n d n o t 
T f e m a l e ) . 

I t i s easy t o p r o v e t h a t T and N IL a c t 
a s t h e i d e n t i t y and z e r o - e l e m e n t f o r t h e s e 
c o n n e c t i v e s . A n a l o g u e s e x i s t s a l s o f o r t h e 
o t h e r p r o p o s i t i o n a l l a w s , such as De 
M o r g a n ' s . 

a l r e a d y p l a y a n i m p o r t a n t r o l e . Second they 
can b e i n c o r p o r a t e d i n k n o w l e d g e r e p r e s e n ­
t a t i o n l a n g u a g e s , p a r t i c u l a r l y i n t h e r e ­
c e n t g e n e r a t i o n o f d e s c r i p t i o n l a n g u a g e s 
(see e . g . W i n o g r a d ( 1 9 8 2 ) , A t t a r d i and 
S i m i ( 1982) ) . 

T h i r d , because i n d e f i n i t e d e s c r i p t i o n s 
f e a t u r e p r o m i n e n t l y i n n a t u r a l l a n g u a g e , 
t h e r e l a t i o n be tween f o r m a l l a n g u a g e s and 
n a t u r a l l a n g u a g e s p r o m i s e s t o become more 
t r a n s p a r e n t . F i n a l l y , i n d e f i n i t e d e s c r i p ­
t i o n s can be used as a component o f q u e r y 
l a n g u a g e s f o r d a t a b a s e s . I t w o u l d make i t 
p o s s i b l e t h a t a u s e r s u p p l i e s c o n s t r a i n t s 
i n t h e f o r m o f i n d e f i n i t e d e s c r i p t i o n s 
t o r e f e r t o a n o b j e c t i n t h e da tabase- . 

I n t h i s s h o r t p a p e r a f u l l t r e a t m e n t o f 
t h e d e s c r i p t i o n s y s t e m i s i m p o s s i b l e . I n ­
s t e a d w e o n l y i n t r o d u c e some b a s i c l i n ­
g u i s t i c c o n s t r u c t s and m e n t i o n some p r o p e r ­
t i e s o f t h e e v a l u a t i o n mechan i sm. 

l e c t s a r e T ( t o p ) , N I L , and 1 . ( . b o t t o m ; . 
?he domain o f T i s t h e u n i v e r s e o f d i s c o u r ­
se. The domain o f N IL i s t h e empty s e t . 
?he domain of 1 is o v e r d e f i n e d . When at a 
: e r t a i n p o i n t a s u b e x p r e s s i o n r e f e r s t o t h e 
) v e r d e f i n e d o b j e c t , t h e n t h e who le e x p r e s -
; i o n r e f e r s t o t h e o v e r d e f i n e d o b j e c t . 

3. DESCRIPTIONS BASED ON CONCEPTS 
The second t y p e o f d e s c r i p t i o n s i s o f 

the f o r m < c o n c e p t > or ( < c o n c e p t > < arg > . . . 
; a r g >) f o r n > 1. A c o n c e p t may e i t h e r be 
L f u n c t i o n , i n w h i c h case a u n i q u e r e f e r e n t 
:an be computed g i v e n r e f e r e n t s as a r g u -
l e n t s . For e x a m p l e , (+5 10) i s a d e s c r i p ­
t i o n w i t h r e f e r e n t 15 . But a c o n c e p t need 
to t be a f u n c t i o n . For e x a m p l e , ( D i v i s o r 
2 ) i s a d e s c r i p t i o n w i t h p o s s i b l e r e f e -

•en ts 1 , 2 , 3 , 4 , 6 and 12. D i v i s o r i s a con-
cept bu t n o t a f u n c t i o n . 
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PARTIAL ENUMERATION. A d e s c r i p t i o n of 
t h e f o r m (INCLUDES X) e x p r e s s e s t h a t t h e 
r e f e r e n t comes o u t o f a domain t h a t has 
X as a member. For e x a m p l e , i f i t i s known 
t h a t George i s one o f t h e b r o t h e r s o f John 
t h e n ( i n c l u d e s George) i s a n a l t e r n a t i v e 
d e s c r i p t i o n f o r ( B r o t h e r J o h n ) . 

CARDINALITY OF DOMAIN. The d e s c r i p t i o n 
( N u m b e r - o f X ) w i t h X an i n t e g e r , i n d i c a ­
t e s t h a t t h e c a r d i n a l i t y o f t h e domain i s 
e q u a l t o X . For e x a m p l e , i f i t i s known 
t h a t John has two b r o t h e r s , t h e n ( B r o t h e r 
John ) can be d e s c r i b e d as ( N u m b e r - o f 2 ) . 

The d e d u c t i o n r u l e s f o r t h e d e s c r i p t i v e 
c o n n e c t i v e s i n c l u d e r u l e s f o r d e a l i n g 
w i t h such domain d e s c r i p t i o n s . For example, 
t h e r e f e r e n t o f (dAnd ( B r o t h e r John ) ( F r i e n d 
F r a n k ) ) , where ( B r o t h e r John ) i s ( E l e m e n t -
o f George James) and ( F r i e n d F r a n k ) i s 
( E l e m e n t - o f George M a r y ) , i s e q u a l t o 
George because George i s t h e o n l y e l e m e n t 
i n t h e i n t e r s e c t i o n o f t h e domains o f two 
d e s c r i p t i o n s . 

6. VARIABLES 
V a r i a b l e s a re d e s c r i p t i o n s w h i c h s t a r t 

o u t a s i n d e f i n i t e members o f t h e u n i v e r s e 
and g r a d u a l l y assume t h e i r domain as con-
s t r a i n t s a c c u m u l a t e . V a r i a b l e s a r e p r e c e ­
ded by t h e symbo l : and a re l e x i c a l l y s c o ­
ped w i t h i n t h e e x p r e s s i o n i n w h i c h t h e y 
o c c u r , a l t h o u g h t h e y may o c c u r anywhere i n 
t h e d e s c r i p t i o n . For e x a m p l e , i n (dAnd : 
Y 5 ) , o r i t s e q u i v a l e n t (dAnd 5 : Y ) , t h e 
r e f e r e n t o f : Y w i l l b e e q u a l t o 5 • V a r i a ­
b l e s i n t h e d e s c r i p t i o n sys tem t h u s behave 
l i k e l o g i c a l v a r i a b l e s . 

7. CONVERSE DESCRIPTIONS 
If ( F a t h e r George ) i~s a~~de sc r i p t i o n f o r 

J o h n , t h e n ( w i t h F a t h e r John ) i s a n a l t e r ­
n a t i v e d e s c r i p t i o n f o r G e o r g e . A d e s c r i p ­
t i o n o f t h e f o r m ( w i t h < c o n c e p t > < d e s c r i p -
t i o n > i s c a l l e d a c o n v e r s e d e s c r i p t i o n , b e ­
cause i t d e n o t e s t h e c o n v e r s e o f a c o n c e p t . 

8. EVALUATION 
The g o a l o f e v a l u a t i o n i s t o f i n d t h e 

name o f t h e r e f e r e n t o f a d e s c r i p t i o n , i . e . 
a v a l u e . When a d e s c r i p t i o n i s d e f i n i t e , 
i t s r e f e r e n t can b e computed and e v a l u a t i o n 
p r o c e e d s a s o r d i n a r y a p p l i c a t i v e e v a l u a t i o n 
When t h e d e s c r i p t i o n i s i n d e f i n i t e , t h e 
r e s u l t f r o m e v a l u a t i o n i s a c o l l e c t i o n o f 
c o n s t r a i n t s o n t h e r e f e r e n t , c a l l e d a c o n ­
s t r a i n t c l u s t e r . 

These c o n s t r a i n t s t a k e t h e f o r m o f a 
p r e d i c a t e t h a t t h e r e f e r e n t has t o s a t i s f y , 
g e n e r a t o r s w h i c h c o u l d s t a r t e n u m e r a t i o n 
o f t h e domain i f n e e d e d , and c o n s t r a i n t s 
on t h e domain such as a l i s t o f i t s members 
a l i s t o f t h e e l e m e n t s n o t i n t h e d o m a i n , 
a p a r t i a l l i s t o f t h e members , t h e c a r d i ­
n a l i t y o f t h e d o m a i n , e t c . 

The e v a l u a t o r w i l l a t t e m p t t o p r o c e e d 
w i t h t h e c o m p u t a t i o n even t h o u g h p a r t i a l 
r e s u l t s a r e c o n s t r a i n t c l u s t e r s . D e d u c t i o n 
r u l e s f o r t h e d e s c r i p t i v e c o n n e c t i v e s 

o p e r a t e o v e r c o n s t r a i n t c l u s t e r s . 
For e x a m p l e , i f t h e c o n s t r a i n t c l u s t e r s 

o f two d e s c r i p t i o n s c o n t a i n s p r e d i c a t e s , 
t h e n t h e c o n s t r a i n t - c l u s t e r o f t h e c o n j u n c ­
t i o n o f t h e two d e s c r i p t i o n s w i l l c o n t a i n 
t h e A N D - c o n j u n c t i o n o f t h e two p r e d i c a t e s . 
Thus (dAND ( G r e a t e r t h a n 10) ( L e s s t h a n 5 ) ) 
r e s u l t s i n ( ( P r e d i c a t e ( l a m b d a ( x ) ( a n d 
(> x 1 0 ) ( < x 5 ) ) ) ) ) -

The e v a l u a t i o n p r o c e s s w i l l a l s o a t t e m p t 
t o a p p l y f u n c t i o n s t o c o n s t r a i n t c l u s t e r s . 
For e x a m p l e , when a n e x p l i c i t doma in i s 
k n o w n , c o m p u t a t i o n s can be p e r f o r m e d by 
mapp ing t h e f u n c t i o n . For e x a m p l e , ( + ( e l e -
m e n t - o f 1 2) ( e l e m e n t - o f 3 4) is e q u a l to 
( e l e m e n t - o f 4 5 6 ) . 

Note however t h a t i t i s p o s s i b l e t o s p e ­
c i f y d e s c r i p t i o n s whose r e f e r e n t w i l l n o t 
b e c o m p u t a b l e because i t w o u l d r e q u i r e t h e 
i n t r o d u c t i o n o f much more k n o w l e d g e . For 
e x a m p l e , t h e d e s c r i p t i o n (dAnd Even P r i m e ) 
has o n l y one r e f e r e n t , namely 2 , b u t t h i s 
c a n n o t b e d e t e r m i n e d f r o m k n o w i n g p r e d i c a ­
t e s o r g e n e r a t o r s o n t h e component d e s c r i p ­
t i o n s t h e m s e l v e s . 

9. CONCLUSION 
W e a r g u e d f o r t h e i n t r o d u c t i o n o f i n d e ­

f i n i t e d e s c r i p t i o n s , s k e t c h e d some l i n g u i s ­
t i c c o n s t r u c t s and b r i e f l y i n d i c a t e d a 
p o s s i b l e e v a l u a t i o n . 
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