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A b s t r a c t 

In t h i s paper we show, how seman t i c n e t s when 
i n t e r p r e t e d a s s o - c a l l e d c o n c e p t u a l schemata can 
be s u c c e s s f u l l y made to s e r v e as common 
d e n o m i n a t o r t o two a s y e t d i s p a r a t e a r e a s o f 
a r t i f i c i a l i n t e l l i g e n c e and r e a l - l i f e d a t a 
management: Knowledge R e p r e s e n t a t i o n and Data 
Base d e s i g n . 

F i r s t , w e d e s c r i b e t h e r e q u i r e m e n t s t o 
Semant ic Ne ts i n t h e c o n t e x t o f p r o d u c t i o n d a t a 
b a s e s . Next we d e s c r i b e t h e au tomated mapping 
between t h e Semant ic Net and ( p o s s i b l y s e v e r a l ) 
DBMSs. 

2 . D i f f e r e n t f a c t o r p r o p e r t y a s s o c i a t i o n s , 
e . g . "An AIRLINE-COMPANY i s f l y i n g a 
COMMERCIAL-AIRCRAFT". 

T h i s a s s o c i a t i o n can a l s o b e read i n t h e 
o t h e r d i r e c t i o n : 

"a COMMERCIAL-AIRCRAFT is f l o w n - b y an A IRL INE-
COMPANY" . 

F u r t h e r m o r e , t h e same e x p r e s s i o n " f l o w n - b y " 
can be used to c o n s t r u c t a r e f e r e n c e to a ( s e t 
o f ) o b j e c t ( s ) : 

" t h e COMMERCIAL-AIRCRAFT f l o w n - b y A IRL INE-
COMPANY XYZ" . 

F u r t h e r we show how t h i s f o r m a l and machine 
a c c e s s i b l e mapping a l l o w s t o e x e c u t e f o r m a l l y 
s t r u c t u r e d E n g l i s h Q u e r i e s , and f o r m u l a t e e x p e r t 
r u l e s i n a d a t a base c o n t e x t . 
I m p l e m e n t a t i o n s t a t u s and r e s e a r c h d i r e c t i o n s f o r 
t h e s e i d e a s a r e g i v e n r e s p . s u g g e s t e d . 

I . INTRODUCTION 

I n t h i s paper w e i n t e n d t o d i s c u s s t h e 
p r a c t i c a b i l i t y o f i n t e r p r e t i n g c e r t a i n t y p e s o f 
s e m a n t i c n e t s as c o n c e p t u a l schemata f o r a c l a s s 
o f r e a l - l i f e p r o d u c t i o n ( p o s s i b l y v e r y l a r g e ) 
d a t a b a s e s . T h i s has t h e d o u b l e advan tage o f 
i n t r o d u c i n g more s e m a n t i c s and i n t e g r i t y i n t o t h e 
d a t a b a s e d e s i g n a s w e l l a s p r o v i d i n g s u p p o r t f o r , 
s a y , a n e x p e r t sys tem b y making t h e " c o n t e n t s " o f 
t h e ne t ( i . e . t h e da tabase " u n d e r " t h e n e t ) 
a v a i l a b l e t h r o u g h a v e r y h i g h l e v e l user 
i n t e r f a c e . 

The t o o l s f o r making t h i s happen m a i n l y 
i n v o l v e a n i n t e l l i g e n t ( i . e . s e m a n t i c s p r e s e r v i n g ) 
mapping between t h e seman t i c ne t and t h e 
u n d e r l y i n g d a t a b a s e s t r u c t u r e , and a u s e r -
f r i e n d l y i n t e r p r e t e r / c o m p i l e r f o r t h i s m a p p i n g . 

I I . SEMANTIC NETS AS A MODELLING METHOD FOR 
PRODUCTION DATA BASES 

As o t h e r s e m a n t i c n e t s (1) (3) (6) a Database 
Semant i c Net (DB-SN) c o m p r i s e s two k i n d s o f 
a s s o c i a t i o n s : 

1 . The t axonomic " i s - a " a s s o c i a t i o n , e . g . 
"a BOMBER is a MILITARY-AIRCRAFT" (see f i g u r e 
1 ) . 

As f a r as i n d i v i d u a l o c c u r r e n c e s a re 
c o n c e r n e d , i t becomes i n a p p r o p r i a t e t o r e p r e s e n t 
them i n t h e s e m a n t i c n e t when d e a l i n g w i t h V e r y 
La rge Data Bases (VLDB) in a p r o d u c t i o n 
e n v i r o n m e n t , and t h i s f o r two r e a s o n s : 

1 . I n a p r o d u c t i o n - D B t h e r e a re i n g e n e r a l t o o 
many i n d i v i d u a l o c c u r r e n c e s ; 

2. P r o d u c t i o n DBS a r e d y n a m i c : 
i n d i v i d u a l o c c u r r e n c e s come and go w i t h a 
t i m e s c a l e c o n s i d e r a b l y s u p e r i o r t o t h a t o f 
changes i n t h e ne t s t r u c t u r e . 

T h e r e f o r e a DB-SN c o n t a i n s o n l y 
o b j e c t t y p e s o f w h i c h t h e i n d i v i d u a l o c c u r r e n c e s 
a re i n s t a n c e s . As a consequence , t h e DB-SN 
c o n t a i n s o n l y f a c t t y p e s , o f w h i c h f a c t s a re 
i n s t a n c e s . 

I n f i g u r e 1 t h e s e o b j e c t t y p e s a r e d e p i c t e d 
a s c i r c l e s . Dashed c i r c l e s f o r t h e l e x i c a l 
o b j e c t t y p e s ( h a v i n g a l i s t a b l e r e p r e s e n t a t i o n ) 
e . g . CONSTRUCTOR-NAME, and s o l i d c i r c l e s f o r t h e 
n o n - l e x i c a l o b j e c t t y p e s , e . g . CONSTRUCTOR. 
N o n - l e x i c a l o c c u r r e n c e s d o n o t have 
t h e m s e l v e s an e x t e r n a l r e p r e s e n t a t i o n b u t can be 
r e f e r r e d t o b y o t h e r l e x i c a l o c c u r r e n c e s . ( I n 
g e n e r a l a r e f e r e n c e t r e e i s s p a n n i n g one o r more 
l e x i c a l o c c u r r e n c e s ) . 

For some o b j e c t t y p e s t h e d i s t i n c t i o n i s no t 
made i n n a t u r a l l a n g u a g e , e . g . MAXIMUM-SPEED, and 
t h u s w e d e p i c t them a s two c o n c e n t r i c c i r c l e s . 
The o b j e c t t y p e s c o n n e c t e d w i t h a i s - a l i n k 
t o a " l a r g e r " t y p e a r e c a l l e d s u b t y p e s . 
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F i g u r e 1 : Example o f a S e m a n t i c Net 



To populate a VLDB means: to q u a l i f y ob jec t 
instances as belonging to an ob jec t (sub)type and 
to add fac t instances. 

Obviously, g iven such freedom to a l t e r the 
popula t ion of the database on the spot , i t 
becomes essen t i a l to provide i n t e g r i t y r u l e s , in 
order to avoid p o l l u t i o n . An example of such an 
i n t e g r i t y ru l e might be that the a i r c r a f t is 
b u i l t - b y only one constructor ( i t i s depicted in 
f i g u r e 1 by a double headed ar row) . Note t h i s is 
a f unc t i ona l dependency. 

Another i n t e g r i t y ru le might be tha t commercial 
a i r c r a f t i s d i s j o i n t from m i l i t a r y a i r c r a f t . The 
DB-SN together wi th i t s i n t e g r i t y ru les 
c o n s t i t u t e a so-ca l led conceptual schema of an 
In format ion System. 

I t is the closeness of these Semantic Nets to 
na tu ra l language concepts tha t w i l l a l low the 
s p e c i f i c a t i o n o f ( i n t e g r i t y ) ru les i n , e . g . 
St ructured Eng l i sh . Examples of simple i n t e g r i t y 
r u l e dec la ra t ions in the (formal) RIDL language 
(4) (see a lso below) are given in f i g u r e 2. 
Words under l ined are RIDL keywords. 

enforce AIRCRAFT is b u i l t - b y 

only one CONSTRUCTOR 

enforce COMMERCIAL-AIRCRAFT 

i s d i s j o i n t from 

MILITARY-AIRCRAFT 

enforce AIRCRAFT having MAXIMUM-SPEED 

i s included i n 

AIRCRAFT having AIRCRAFT-NAME 

enforce COUNTRY is using 

on ly MILITARY-AIRCRAFT 

b u i l t - b y same COUNTRY 

Figure 2 : Example I n t e g r i t y Rules 

Such i n t e g r i t y ru les are g e t t i n g increasing 
a t t e n t i o n in the model l ing of data bases. The 
recent ISO repor t on Conceptual Schemata (9) 
s ta tes tha t a l l o f the i n t e g r i t y ru les should 
appear in the Conceptual Schema. Hence t h i s 
schema must be a s u f f i c i e n t l y powerful t o o l fo r 
spec i f y ing them, and the database manager (the 
schema i n t e r p r e t e r ) s u f f i c i e n t l y powerful to 
enforce them. It must be emphasised here tha t 
the ISO repor t uses the Conceptual Schema in a 
much " r i c h e r " sense than is done in c l a s s i c a l 
database theory . 
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I I I . THE AUTOMATED MAPPING TO A DBMS ENVIRONMENT 

For reasons of storage and manipulat ion 
e f f i c i e n c y , the DB-SN and i t s ru les are 
t r ans la ted to a data base schema. This data base 
schema is expressed in 5th normal form r e l a t i o n s 
and i t s i n t e g r i t y r u l e s . 

The automated mapping to such a data base 
schema cons is ts of three p a r t s : 

1. Analysis of the semantic net 
2. Reference type eva luat ion and generat ion 
3. Trans la t ion of the DB-SN to 5NF r e l a t i o n s 

A. Analysis of the semantic net 

One may view the analyser as a p r a c t i c a l 
implementation of a theorem prover . I t de tec ts 
redundancies, imp l i ca t i ons and incons is tenc ies by 
bu i l d i ng inferences from the semantic net and a 
subclass o f i t s i n t e g r i t y r u l e s . 

We can take the subtype s t ruc tu re as a very 
simple example. If we look at the semantic net 
as a graph, we see tha t the subtype l i n k s 
c o n s t i t u t e a subgraph which in i t s e l f is a set of 
connected d i rec ted graphs. The analyser is 
programmed wi th the fo l l ow ing ru les about these 
d i rec ted graphs: 

1. The graph must conta in no c i r c u i t s . 
2 . A l l arcs are d i s t i n c t (have d i f f e r e n t 

ve r t i ces ) 
3. The graph must conta in exac t l y one ver tex (the 

root ) w i th zero incoming arcs (" indegree" 
ze ro ) . 

One task of the analyser is then of course, 
to refuse subtype s t ruc tu res v i o l a t i n g these 
r u l e s . Inconsis tenc ies may also a r ise between a 
subtype s t ruc tu re and i n t e g r i t y r u l e s : in f i g u r e 
1, i t is obvious tha t adding any new ob jec t type 
which would be a subtype of both PASSENGER-
AIRCRAFT and FIGHTER would r e s u l t in an 
incons is ten t subgraph. 

An example of a redundancy - tha t is 
detected by the analyser - is to s ta te tha t a 
BOMBER is an AIRCRAFT. It is impl ied by the 
statement that a BOMBER is a MILITARY-AIRCRAFT 
and tha t a MILITARY-AIRCRAFT is an AIRCRAFT, 
since a subtype l i n k is a t r a n s i t i v e a s s o c i a t i o n . 

S imi lar redundancies and incons is tenc ies are 
detected when analysing the fac t types and the 
i n t e g r i t y ru les upon them. 

B. Re fe renceab i l i t y analyser and reference type 
generator 

Since i t i s the i n t e n t i o n to process the 
in format ion by a machine (a DBMS) it is a 
requirement tha t every ob jec t is referenceable by 
machine processable ( i . e . l e x i c a l ) o b j e c t s . 
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T h i s i s a c c o m p l i s h e d b y c o n s t r u c t i n g a 
r e f e r e n c e t y p e f o r e v e r y n o n - l e x i c a l o b j e c t 
t y p e . The d i s c u s s i o n o f v a l i d r e f e r e n c e t y p e s i s 
o u t s i d e t h e scope o f t h i s paper and can be f o u n d 
i n ( 8 ) . I n s h o r t , a r e f e r e n c e t y p e can b e seen 
as a d i r e c t e d g r a p h w i t h no l o o p s , e x a c t l y one 
node w i t h i n d e g r e e z e r o ( t h e NOLOT to be 
r e f e r e n c e d ) and a l l l e x i c a l nodes must b e w i t h 
o u t d e g r e e z e r o . The c o n s t r u c t i o n o f t h e d i r e c t e d 
g r a p h i s s u b j e c t t o c e r t a i n v a l i d i t y c o n d i t i o n s , 
s i n c e no t a l l f a c t t y p e s and s u b t y p e l i n k s a re 
e l i g i b l e . 

As an example IATA-TYPE-NR is a good 
r e f e r e n c e t y p e f o r a COMMERCIAL-AIRCRAFT, w h i l e 
t h e AIRLINE-COMPANY i s n o t , s i n c e i t i s n o t 
u n i q u e f o r a COMMERCIAL-AIRCRAFT. 
However , t h e IATA-TYPE-NR is no t a good r e f e r e n c e 
t y p e f o r AIRCRAFT s i n c e o n l y some o f them ( t h e 
c o m m e r c i a l a i r c r a f t ) have such a number. On t h e 
o t h e r hand a l l COMMERCIAL-AIRCRAFT have an 
AIRCRAFT-NAME i n h e r i t e d f rom " b e i n g - a n AIRCRAFT". 

The r e f e r e n c e t y p e g e n e r a t o r t r i e s t o 
c o n s t r u c t a r e f e r e n c e t y p e f o r e v e r y n o n - l e x i c a l 
o b j e c t t y p e u s i n g a n AND/OR g r a p h s e a r c h . T h i s 
i s done a c c o r d i n g t o some o p t i m a l i t y c r i t e r i a , 
f o l l o w i n g some t i e b r e a k i n g r u l e s , and t a k i n g 
i n t o a c c o u n t t h e above men t i oned v a l i d i t y 
c o n d i t i o n s . When i t f a i l s i n d o i n g s o , t h e DB-SN 
i s s a i d t o be non r e f e r e n c e a b l e and c a n n o t be 
mapped to a r e l a t i o n a l d a t a base schema w i t h o u t 
a d d i t i o n a l a s s u m p t i o n s . 

The above m i g h t seem a t r i v i a l t a s k on a 
s e m a n t i c n e t a s d e p i c t e d i n f i g u r e 1 . However , 
i t i s easy t o see t h a t c o m p l e x i t y i n c r e a s e s 
e x p o n e n t i a l l y w i t h t h e s i z e o f t h e s e m a n t i c n e t . 

C . T r a n s l a t i o n o f t h e DB-SN t o 5NF r e l a t i o n s 

The t r a n s l a t i o n t o 5NF r e l a t i o n s o r r e c o r d 
t y p e s i n v o l v e s f o u r ma jo r phases : 

1 . The t r a n s l a t i o n o f t h e n o n - l e x i c a l 
l e v e l t o t h e l e x i c a l l e v e l , mak ing 
use o f t h e i d e n t i f i e d r e f e r e n c e t y p e s . 

2 . The t r a n s l a t i o n o f s u b t y p e s . 
Sub types do n o t e x i s t a t t h e DB 
schema l e v e l . They a r e t r a n s l a t e d 
i n t o i n t e g r i t y r u l e s . 

3 . The g r o u p i n g o f t h e b i n a r y 
a s s o c i a t i o n s i n t o N - a r y r e l a t i o n s . 

4 . The t r a n s l a t i o n o f t h e i n t e g r i t y 
r u l e s . I n t e g r i t y r u l e s e x p r e s s e d o n 
n o n - l e x i c a l f a c t s must b e t r a n s l a t e d 
t o i n t e g r i t y r u l e s e x p r e s s e d o n p u r e 
l e x i c a l a t t r i b u t e s o r c o m b i n a t i o n s 
t h e r e o f . Some i n t e g r i t y r u l e s w i l l 
t a k e a c o m p l e t e l y d i f f e r e n t f o r m when 
e x p r e s s e d in a DB schema. For 
i n s t a n c e , t h e t h i r d i n t e g r i t y r u l e 
e x p r e s s e d i n f i g u r e 2 w i l l b e 
t r a n s l a t e d a s a n u l l v a l u e 
p e r m i s s i o n (see e . g . Date [2 ] on t h e 
a t t r i b u t e MAXIMUM-SPEED i n t h e 
g e n e r a t e d r e l a t i o n "AIRCRAFT". 

I V . MANIPULATING PRODUCTION DATA BASES IN TERMS 
OF A SEMANTIC NET DESCRIPTION 

A s s a i d b e f o r e , our r e s e a r c h i s f ocused o n 
r e a l - l i f e p r o d u c t i o n e n v i r o n m e n t s where v e r y 
l a r g e a n d / o r c o m p l i c a t e d da tabases a re t h e r u l e . 
Such d a t a b a s e s a r e accessed t y p i c a l l y t h r o u g h 
l a r g e s e t s o f a p p l i c a t i o n p rograms o f g r e a t l y 
v a r y i n g t y p e . Most o f t e n , t h e s e w i l l b e w r i t t e n 
in a s u i t a b l e i m p l e m e n t a t i o n language such as 
COBOL, PASCAL, ADA, e t c . and m a n i p u l a t e t h e 
da tabase d i r e c t l y i n i t s r e c o r d f o r m a t : t h e s e 
l anguages p r o v i d e n a t u r a l r e p r e s e n t a t i o n f o r 
r e c o r d - l i k e s t r u c t u r e s . 

O f c o u r s e , i f t h e da tabase was d e s i g n e d and 
imp lemented u s i n g t e c h n i q u e s and g e n e r a t o r s as 
d i s c u s s e d i n s e c t i o n I I I , i t t h e n becomes v e r y 
d e s i r a b l e t o possess a v e r y h i g h l e v e l l anguage 
i n w h i c h one i s a b l e t o d e s c r i b e and m a n i p u l a t e 
t h e i n f o r m a t i o n i n t e rms o f t h e d e f i n i n g s e m a n t i c 
n e t . T h i s l anguage can t h e n be i n t e r p r e t e d on 
t h e t a r g e t da tabase machine r e s u l t i n g f rom t h e 
au tomated mapp ing , o r be t h e sou rce i n p u t f o r 
g e n e r a t o r s o n t h i s m a c h i n e . 

For t h e DB-SN d e s c r i b e d above , such a 
language has been d e f i n e d . I t i s c a l l e d RIDL f o r 
" R e f e r e n c e and I dea Language" and i t s c o m p i l e r i s 
a b l e t o i n t e r p r e t t h e i n f o r m a t i o n p roduced b y t h e 
au tomated mapping i n o r d e r t o t r a n s l a t e back and 
f o r t h between s e m a n t i c ne t c o n c e p t s and t h e 
r e c o r d t y p e s o f t h e g e n e r a t e d d a t a b a s e . 

To show how t h e RIDL s y n t a x a l l o w s to 
m a n i p u l a t e knowledge a t a h i g h e r l e v e l t h a n 
r e c o r d - o r r e l a t i o n - o r i e n t e d s y n t a x e s , w e r e f e r 
t o ( 4 , 5 ) and ( 1 0 ) . A l s o , t h e examples be low 
s h o u l d g i v e a n i n d i c a t i o n o f some o f i t s a l l e g e d 
power . 

On t h e one h a n d , t h e language has a p u r e l y 
f u n c t i o n a l component wh i ch c e n t e r s a round 
i n f o r m a t i o n r e f e r e n c i n g : one a lways s p e c i f i e s 
w h i c h i n f o r m a t i o n i s needed a t a g i v e n p o i n t 
w i t h o u t h a v i n g a t a l l t o p r o v i d e t h e p r o c e d u r e 
t h a t t e l l s how t o o b t a i n i t f r om t h e d a t a b a s e . 
On t h e o t h e r h a n d , a c o m p l e t e p r o c e d u r a l 
component i s a l s o p r e s e n t i n RIDL i n o r d e r t o 
a l l o w p e o p l e t o h a n d l e more e a s i l y " n a t u r a l " 
p r o c e d u r a l a s p e c t s ( e . g . c o m p u t a t i o n s , c o n t r o l 
s t r u c t u r e ) , a s w e l l a s s u p p o r t i n g , e . g . sys tem 
d e s i g n . 

As an examp le , c o n s i d e r t h e RIDL q u e r y (words 
u n d e r l i g n e d a r e keywords o f t h e l a n g u a g e ) : 

l i s t COUNTRY-NAME o f COUNTRY u s i n g 
AIRCRAFT n o t 
b u i l t - b y same COUNTRY 

o f w h i c h t h e meaning s h o u l d b e s e l f - e v i d e n t f r o m 
t h e seman t i c n e t . However , t o b u i l d a n 
a p p l i c a t i o n p rog ram t h a t e x e c u t e s t h i s a t t h e 
g e n e r a t e d r e c o r d - l e v e l i s i n g e n e r a l n o t a 
t r i v i a l t a s k (even i n t h e case above i t i s n o t 
d i f f i c u l t , b u t t e d i o u s ) and c e r t a i n l y i n v o l v e s 
s p e c i f i c programmer e f f o r t . Even i n R IDL , t h e 
above q u e r y can b e e q u i v a l e n t l y f o r m u l a t e d a s : 
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which i l l u s t r a t e s some of i t s "procedura l " 
aspects. Other such const ruct ions are f u l l 
support of procedures and funct ions (wi th ob jec t -
o r i en ted parameter pass ing) , set operat ions and 
the c a p a b i l i t y to def ine macros. 

Note tha t the subject of the l i s t statement 
above is a type of l e x i c a l o b j e c t s . This is 
indeed a requirement: on ly the occurrences in the 
( l e x i c a l ) " l e a f s " of the semantic net have 
l i s t a b l e representa t ions . 

An example of such ru le on the DB-SN of 
f i g u r e 1 might be: 

ru le R01 

when add "COUNTRY C is b u i l d i n g 
MILITARY AIRCRAFT A" 

do 
d e l e t e (COUNTRY minus C) is u s i n g A 
end r u l e 

Note how t h i s r u l e wou ld implement a 
( p o s s i b l e ) en fo r cemen t o f t h e l a s t i n t e g r i t y r u l e 
o f f i g u r e 2 . 
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