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ABSTRACT 

Formal d e f i n i t i o n s o f data s t r u c t u r e mappings 
are g i ven and are used to t r a n s f o r m r e l a t i o n a l 
a l g e b r a i c fo rmu la i n t o data base access procedures 
which search a f o r m a l l y d e f i n e d data s t r u c t u r e . 
E s p e c i a l l y , a h i e r a r c i c a l data s t r u c t u r e i s 
i n t roduced to rep resen t a se t o f r e l a t i o n s which 
are i n h e r e n t l y h i e r a r c h i c a l . A r e t r i e v a l procedure 
us ing data accesses a long a two l e v e l h i e r a r c h y is 
ob ta ined from an o r i g i n a l fo rmu la on f l a t r e l a t i o n s 
by a p p l y i n g equ iva lence t r a n s f o r m a t i o n r u l e s and 
data r e p r e s e n t a t i o n mappings. 

1. INTRODUCTION 

Dur ing the l a t e s t decade, da ta base t h e o r i e s 
and data s t r u c t u r e t h e o r i e s have been developed 
i ndependen t l y . In data base a r e a , much research 
has been concen t ra ted on r e l a t i o n a l data base 
t h e o r i e s . As f a r as query p rocess ing is concerned, 
many l o g i c a l query languages as w e l l as deduc t i ve 
query e v a l u a t i o n systems have been proposed. Query 
o p t i m i z a t i o n s and p rocess ing based on r e l a t i o n a l 
a l g e b l a have a l s o been i n v e s t i g a t e d by many 
r e s e a r c h e r s . 

On the o the r hand, t h e o r e t i c a l researches on 
data s t r u c t u r e have been developed in the f i e l d o f 
program c o r r e c t n e s s s t u d i e s [Hoare 7 2 ] . Recen t l y , 
[Hansson 79] developed a framework to f o r m a l l y 
d e f i n e data s t r u c t u r e s and prove c o r r e c t n e s s o f 
programs m a n i p u l a t i n g them. 

In t h i s paper , we w i l l combine the above two 
t h e o r e t i c a l approaches and put them in a framework 
of data a b s t r a c t i o n t h e o r y . Namely, we regard 
r e l a t i o n s as o b j e c t s o f an a b s t r a c t data type and 
r e l a t i o n a l a lgeb ra a s i t s assoc ia ted o p e r a t i o n s . 
Fu r the rmore , we f o r m a l l y d e f i n e data s t r u c t u r e s and 
rep resen t r e l a t i o n s by them. Our f i n a l goa l i s to 
t r a n s f o r m r e l a t i o n a l a l g e b r a i c query fo rmulas i n t o 
data base access procedures which search the 
d e f i n e d data s t r u c t u r e s . E s p e c i a l l y , we cons ide r 
to rep resen t a se t o f r e l a t i o n s which are 
i n h e r e n t l y h i e r a r c h i c a l by a h i e r a r c h i c a l data 
s t r u c t u r e . We show t h a t a r e t r i e v a l procedure 
us ing data accesses a long a two l e v e l h i e r a r c h y can 
be ob ta ined from an o r i g i n a l fo rmu la on f l a t 

r e l a t i o n s by a p p l y i n g equ iva lence t r a n s f o r m a t i o n 
r u l e s and data r e p r e s e n t a t i o n mappings. 

2 . R e l a t i o n and R e l a t i o n a l A lgebra 

F i r s t , we d e f i n e the r e l a t i o n a l data base 
f o r m a l l y . 

D e f i n i t i o n Let D l , . . . , D n be n domains ( n o t 
n e c e s s a r i l y d i s t i n c t ) o f e lements and A l , . . . , A n be 
n i d e n t i f i e r s which are assoc ia ted w i t h D l , . . . , D n 
r e s p e c t i v e l y . A r e l a t i o n R on the set of 
i d e n t i f i e r s { A l , . . . , A n } i s a 
c a r t e s i a n produc t D l x . x Dn 
a t t r i b u t e o f the r e l a t i o n R. The 
a t t r i b u t e se t { A l , . . . , A n } 
R ( A l , . . . A n ) . 

subset o f the 
A i i s c a l l e d an 

r e l a t i o n R on the 
is denoted by 

We use A, B , . . . f o r a s i n g l e a t t r i b u t e and X, 
Y , . . . f o r a se t o f a t t r i b u t e s ( i n c l u d i n g the n u l l 
s e t ) . 

D e f i n i t i o n A r e l a t i o n type R ( A 1 , . . . , A n ) on the 
a t t r i b u t e se t { A l , . . . , A n } i s a se t o f a l l r e l a t i o n s 
on the se t { A l , . . . , A n } . 

A r e l a t i o n R ( A l , . . . , A n ) i s an element o f the 
r e l a t i o n type I R ( A 1 , . . . , A n ) . A concep tua l schema 
which determines the l o g i c a l data s t r u c t u r e i s 
d e f i n e d by a se t o f r e l a t i o n t y p e s . In t h i s paper , 
we regard h i e r a r c h i c a l data o r g a n i z a t i o n s to be 
ma t te rs o f i n t e r n a l schema, which determine the 
p h y s i c a l data s t r u c t u r e . 

F i g . 1 shows an example of a r e l a t i o n a l data 
base where the concep tua l schema is the se t 
{EMP(emp, l o c ) , ROOM(roora#, s e c t ) } . 

Nex t , we d e f i n e the r e l a t i o n a l a l g e b r a i c 
o p e r a t i o n s ( [Codd 7 2 ] , [ R e i t e r 7 8 ] ) . 

D e f i n i t i o n Let R(A,X) be a r e l a t i o n . Then, the 
p r o j e c t i o n I I o f R w i t h respec t to A is a r e l a t i o n 
g i ven by the equa t i on 

II (R) = x : E z [ < z , x > E R]} 
A 

where % r ep resen t s the sequence o f va lues 
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Fig. 2 displays the log ica l structure of the 
data base given in Fig. 1. This diagram is a 
Backman diagram and uses arrows to indicate 
one-to-many mappings ([Backman 69 ] ) . One-to-many 
mappings correspond to h ierarchica l re lat ions and 
the arrows represent the access paths in 
h ierarch ica l data bases; namely, subordinate data 
are retr ieved by specifying the superordinate data 
and the access path between them. 

F ig. 3 shows an example of a concrete tree 
structure which has the log ica l structure given in 
F ig . 2. Traversal from the root node in Fig. 3 
corresponds to re t r i eva l along access path "a" in 
F ig. 2. Given a piece of section Information, we 
select an appropriate arc and fol low it to reach 
the set of roora#'s which belong to the sect ion. 

Let us assume that each set of room#'s forms a 
re la t ion d i s t i n c t i v e l y . We denote a set of room#'s 
under the selector "sect = a i " as ROOM.ai(room#). 
This re la t ion can be defined by a select ion 
followed by a project ion as fo l lows: 

ROOM.ai(room#) 

( 3 - D 

If we regard ai to be a var iab le , then the 
above formula defines any re la t ion under any 
selector. 
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The e v a l u a t i o n of fo rmula (3.4 proceeds as 
f o l l o w s : f i r s t , compute ROOM.INFO(room!) acco rd ing 
t o the d e f i n i t i o n ( 3 - D ; then r e t r i e v e EMP.bj(erap) 
f o r a l l b j i n ROOM.INFO(room!); f i n a l l y c o l l e c t 
them t o g e t h e r . Th is procedure i s e x a c t l y the 
s t r u c t u r a l r e t r i e v a l a long access path compr i s i ng 
" a " and then " b " i n F i g . 2 . However, t h i s 
access method is somewhat d i f f e r e n t from t h a t o f 
the h i e r a r c h i c a l data bases. I n o rder t o r e t r i e v e 
a l l o f the employees who are work ing in room b j , 
the above method r e l i e s upon the use of 
a s s o c i a t i v i t y r a t h e r than a p o i n t e r to access 
EMP.bJ r e l a t i o n . A l though a s s o c i a t i v e r e t r i e v a l 
can be r e a l i z e d very e f f i c i e n t l y w i t h hash ing 
techn iques and /o r s p e c i a l i z e d hardware, i t i s s t i l l 
l e s s e f f i c i e n t than the p o i n t e r access method. We 
w i l l show f u r t h e r t r a n s f o r m a t i o n o f exp ress ion 
(3.4.) based on the data s t u c t u r e mapping to r e a l i z e 
the exact access method of the h i e r a r c h i c a l model . 
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6.CONCLUDING REMARKS 

In t h i s paper , we have represen ted a se t of 
s u b r e l a t i o n s by a f o r m a l l y de f i ned l i s t s t r u c t u r e 
and generated a data r e t r i e v a l procedure which 
man ipu la tes the s t r u c t u r e g i ven a h ighe r l e v e l 
r e l a t i o n a l a l g e b r a i c query f o rmu la . 

The idea t h a t we represent r e l a t i o n s i ns tead 
o f t u p l e s o r va lues i n t u p l e s i s c l o s e l y r e l a t e d t o 
the data a b s t r a c t i o n concept . We do not care the 
d e t a i l e d s t r u c t u r e o f each r e l a t i o n , which i s 
another lower l e v e l problem to be so lved 
s e p a r a t e l y . 

We a l so have shown t h a t d u r i n g the 
t r a n s f o r m a t i o n o f r e l a t i o n a l a l g e b r a i c fo rmulas 
i n t o data s t r u c t u r e m a n i p u l a t i o n p rocedures , 
s i m p l i f i c a t i o n s due to the s t r u c t u r e are per fo rmed. 
We t h i n k t h i s s i m p l i f i c a t i o n process is very 
impor tan t i n data a b s t r a c t i o n t h e o r y . 

[Yonezawa 80] has a t tacked a s i m i l a r problem 
t o ours i n the frame o f f i r s t o rder l o g i c . 
Yonezawa has achieved a very neet method to 
generate r e c u r s i v e procedures f o r r e c u r s i v e l y 
de f i ned q u e r i e s . 

Fu r t he r c o n s i d e r a t i o n is needed to see whether 
our methods can be a p p l i e d to the r e c u r s i v e case or 
n o t . We a l so p lan to app ly our methods to the 
network case. 
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