
MTA SZTAKI Közlemények 37/1987 pp. 171-183

D E S I G N  TOOLS FOR LARGE R E L A T I O N A L  D A T A B A S E  S Y S T E M S

B. T H A L H E I M

Technische Universität Dresden 
Sektion Mathematik 
GDR 8027 Dresden

I N T R O D U C T I O N

Today, d a t a b a s e  is a f a s h i o n a b l e  w o r d .  Two o p p o s i n g  r e s e a r c h  d i ­

r e c t i o n s  in d a t a b a s e s  w e r e  i n i t i a t e d  i n  the e a r l y  7 0 ' s, the in­
t r o d u c t i o n  of the r e l a t i o n a l  m o d e l  a n d  the d e v e l o p m e n t  of s e m a n ­

tic d a t a b a s e  m o d e l s .  The r e l a t i o n a l  m o d e l  r e v o l u t i o n i z e d  the 
f i e l d  b y  d r a m a t i c a l l y  s e p a r a t i n g  d a t a  r e p r e s e n t a t i o n  f r o m  u n d e r ­

l y i n g  i m p l e m e n t a t i o n .  S i g n i f i c a n t l y ,  the i n h e r e n t  s i m p l i c i t y  in 
the r e l a t i o n a l  m o d e l  p e r m i t t e d  the d e v e l o p m e n t  of p o w e r f u l ,  n o n -  
p r o z e d u r a l  q u e r y  l a n g u a g e s  a n d  m a n y  u s e f u l  t h e o r e t i c a l  r e s u l t s .  
M u c h  e f f o r t  is b e i n g  d e v o t e d  to e s t a b l i s h  a c o n c r e t e  f o u n d a t i o n  
f o r  d a t a b a s e  t e c h n o l o g y  in o r d e r  to d e s i g n  m o r e  e f f i c i e n t  an d  

t r a n s p a r e n t  s y s t e m s .  The f i r s t  a n d  a l m o s t  s o l v e d  f o u n d a t i o n  step 
f o r  d a t a b a s e  t e c h n o l o g y  is the p r e c i s e  d e f i n i t i o n  of d a t a  mod e l .

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

jects i n v o l v e d  in a d a t a b a s e  a p p l i c a t i o n .  In the a x i o m a t i c  a p p r o ­
ach, d a t a b a s e  m o d e l s  are d e f i n e d  b y  the p r o p e r t i e s  of its s t r u c ­
t u res and o p e r a t o r s  u s i n g  c o n v e n t i o n a l  m a t h e m a t i c s  a n d  l o g i c  to 

d e f i n e  the s t r u c t u r a l  and b e h a v i o u r a l  p r o p e r t i e s  of o b j e c t s  w i t h i n  
the d a t a b a s e  m o d e l .  The s e c o n d  f o u n d a t i o n  step f o r  d a t a b a s e
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t e c h n o l o g y  is t h e  p r e c i s e  d e f i n i t i o n  oi s e m a n t i c s  of d a t a  model»
I n  terms of l o g i c ,  the s e m a n t i c s  of e a c h  d a t a b a s e  w i t h i n  the d a ­
t a b a s e  model c a n  be d e d u c e d  p r e c i s e l y  b y  the a p p l i c a t i o n  of v a l i d  

i n f e r e n c e  r u l e s  to sets of a x i o m s *  The s e m a n t i c s  of a s y n t a c t i c a l ­

l y  correct s c h e m a  is g i v e n  by the a x i o m s  w h i c h  c h a r a c t e r i z e  the 

d a t a b a s e s  to be accepted, the " r eal w o r l d "  databases.
O n e  of the m o s t  i m p o r t a n t  d a t a b a s e  m o d e l s  is the r e l a t i o n a l  model. 
A l l  d a t a  are s e e n  as bei n g  s t o r e d  in t a bles, w i t h  e a c h  r o w  in the 

tab l e  h a v i n g  the same format* E a c h  r o w  in the table s u m m a r i z e s  
p r o p e r t i e s  of s o m e  object or r e l a t i o n s h i p  in the r e a l  wo r l d .  One 

b e n e f i t  and a i m  o f  the r e l a t i o n a l  m o d e l  is to p r o vide a m e t h d o l o -  
g i c a l  appr o a c h  f o r  de s i g n  of s c h e m a t a  a n d  databases. T h i s  b e n e f i t  
is b a s e d  on a p o w e r f u l  theory w h o s e  k e r n e l  is the t h e o r y  of d e ­

p e n d e n c i e s  an d  c o n s t r a i n t s .  D a t a b a s e  d e p e n d e n c i e s  c a n  b e  seen as 
a l a n g u a g e  f o r  s p e c i f y i n g  the s e m a n t i c s  of databases. They c o n ­

s t i t u t e  an i n h e r e n t  p r o p e r t y  of d a t a b a s e  s y s tems and e x p r e s s  the 
d i f f e r e n t  w a y s  t h a t  data are a s s o c i a t e d  w i t h  one a n o t h e r .  T o day 

w e  k n o w  at l e a s t  f i v e  arreas o f  a p p l i c a t i o n  of d e p e n d e n c y  theory: 
n o r m a l i z a t i o n  f o r  a more e f f i c i e n t  s t o r a g e ,  serch a n d  m o d i f i c a ­

tion; r e d u c t i o n  o f  r e l a t i o n s  to s u b s e t s  w i t h  the same i n f o r m a t i o n  
t o g e t h e r  w i t h  s e m a n t i c  c o n s traints; u t i l i z a t i o n  of d e p e n d e n c i e s  
f o r  d e r i v i n g  n e w  r e l a t i o n s  f r o m  b a s i c  r e l a t i o n s  in t h e  v i e w  c o n ­

c e p t  or in s o - c a l l e d  d e ductive d a t a b a s e s ;  v e r i f i c a t i o n  of d e p e n ­
d e n c i e s  for a m o r e  powerful a n d  u s e r - f r i e n d l y ,  n e a r l y  n a t u r a l  

l a n g u a g e  d e s i g n  o f  databases; t r a n s f o r m a t i o n  of q u e r i e s  into m o r e  
e f f i c i e n t  s e a r c h  strategies.

I n  this p a p e r  s o m e  tools f o r  d a t a b a s e  d e s i g n  w i t h  d a t a b a s e  d e p e n ­
d e n c i e s  are c o n s i d e r e d .  More u s e r - f r i e n d l y  f u n c t i o n a l  d e p e n d e n ­

c i e s  are i n t r o d u c e d  i n  c h a p t e r  1. I n  c h a p t e r  2, the u t i l i z a t i o n  
o f  n e g a t i v e  i n f o r m a t i o n  is e x a m i n e d .  A  r e d u c t i o n  p r i n c i p l e  is 

i n t r o d u c e d  in c h a p t e r  3. The h o r i z o n t a l  d e c o m p o s i t i o h  w i t h  u n i o n  
c o n s t r a i n t s  is a n a l y z e d  in c h a p t e r  4 .

N o w  the m a i n  b a s i c  conc e p t i o n s  are b r i e f l y  introduced.

A  (strong m a n y - s o r t e d  r e l a t i o n a l  d a t a b a s e )  p r e s c h e m a

S = ( U  , R e l  , r  ) is g i v e n  b y  a f i n i t e  s e t  U  o f  a t tributes,

b y  a finite s e t  R e l  = £ P p  • • • , of p r e d i c a t e s  or p r e d i c a t e
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n a m e s  a n d  b y  an a r i t y  f u n c t i o n  X  : R e l  — *”U + w h i c h  a s s o c i a t e s

w i t h  e v e r y  p r e d i c a t e  P  f r o m  R e l  a s t r i n g  "tCP) = 

of U  . L e t  Vn  = (7д Д е и )  be a f a m i l y  of v a r i a b l e s .  The s e t  

L ( S , V U ) o f  ( S , ^ ) - f o r m u l a s  is the s m a l l e s t  s e t  w h o s e  e l e m e n t s  

are s t r i n g s  f r o m  V TT<-> R e l  m e e t i n g  the f o l l o w i n g  conditions:

( 1 ) If P € R e l  w i t h  't CP) = A 1 ...Ak  and V A< (1 -i—k:)

t h e n  P ( x 1 > . . . lX|c) £  L C S j V y )  l or b r i e f l y  P(x) or P  (x ,30 ).

(2) If x , y € V A  t h e n  x = y € L ( S , 7 u ).

(3) If <*, ß € L ( S , V y )  a n d  х € 7 д  f o r  some A<£ U  then

-[(«wiAß), (t o c ), V x «/., 3 x °<.^ - L C S j V y )  .

A  r e l a t i o n a l  data b a s e  s c h e m a  is a p a i r  S = ( S , £ )  of a p r e s c h e ­

m a  S a n d  a set of f o r m u l a s  К  f r o m  L(S, V  c a l l e d  i n t e g r i t y  

c o n s t r a i n t s .

F o r  a g i v e n  p r e s c h e m a  S  = ( U , R e l = £ p ^ ,... , P ^ , h  ) a S - d a t a b a e e  

M  = (Dy , R 1 is g i v e n  by the f a m i l y  = (Бд  J A 6  U)

of d o m a i n s  and by a n  R e l - i n d e x e d  f a m i l y  (R^ 

so that e v e r y  p r e d i c a t e  P i R e l  w i t h  ^:(Р^ ) = A 1 .. .A^ the r e l a ­

t i o n  R ^  is a n o n - e m p t y  f i n i t e  s e t  o f  f u n c t i o n s  r  from
m ,

£ a 1 , =  / r ( P i )/ to jV] d a . w i t h  r ( A i ) e D A. • We d e n o t e

the f u n c t i o n  г b y  an m - t u p l e  (r (A 1 ) ,r ) , . . . ,г ( А ^  I.

N o w  i n t e r p r e t a t i o n s  IM  of V n  o n  S - d a t a b a s e s  M  can be i n t r o ­

d u c e d  as m a p p i n g s  IM : 7 у  — ► D y  w i t h  1 м ( х ) е в д  f o r  х € У д  .

In the u s u a l  way, the ( M , I ^ ) - s a t i s f  a c t i o n  of f o r m u l a s  t d e n o ­

ted by |= * [ l M ] , ca n  be d e f i n e d .  A  f o r m u l a  ^ € L ( S , V TT) is s a i d  
M  и

to be v a l i d  in M  , d e n o t e d  ^  , if M  [ l M l  fo r  each i n t e r -
M

p r e t a t i o n  l y  of V y  on M  . M  is s a i d  to be a m o d e l  of a s e t  

ZT of f o r m u l a s  if a n y  «*e £  is v a l i d  i n  M  .

A  se t  o f  f o r m u l a s  ZT i m p l i e s  a f o r m u l a  i f  f o r  an y  m o d e l  M

, . . ^ R ^ )  of r e l a t i o n s ,
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of ZI |=°i (denoted by ZI \= ) .
* м  *L e t  S = ( S , 2 )  be a s c h e m a .  A  S - d a t a b a s e  is c a l l e d  S - d a t a b a s e

if M  is a m o d e l  of 2  •

A  (Hilbert-style ) f o r m a l  s y s t e m  Г f o r  a  set К  of f o r m u l a s
yr

c o n s i s t s  of a x i o m s  - К  a n d  i n ference r u l e s  —  (ZT- X, = x e K ) .
A  r u l e  —  is c a l l e d  s o u n d  if . A  d e r i v a t i o n  of a f o r m u l a

«с f r o m  a set 2  is a s e q u e n c e  of f o r m u l a s  = °<

w h e r e  each is an axiom, or a m e m b e r  of Z  , or is i n f e r r e d

f r o m  pre c e d i n g  f o r m u l a s  in the s e q u e n c e  b y  an i n f e r e n c e  r u l e  of 

Г  * If there is a d e r i v a t i o n  of *<■ f r o m  Z  in Г  w e  w r i t e  

ZI \ y r ~  X. . A  f o r m a l  s y s t e m  Г is c a l l e d  s o u n d  if f  f r o m  

f o l l o w s  Zj=°<- a n d  is c a l l e d  complete f o r  a class К  if f  f o r  

2 -  К  , «-e К  f r o m  Z  f o l l o w s  К  Vyr •

1 . F U N C T I O N A L  L E F E N L E N C I E S

O n e  of the d i r e c t i o n s  of f u r t h e r  d e v e l o p m e n t  of r e l a t i o n a l  d a t a ­

b a s e  theory a n d  r e l a t i o n a l  dat a b a s e s  is the i m p r o v e m e n t  of

f r i e n d l i n e s s  o f  u s e r  l a n g u a g e s .  Most o f  l a n g u a g e s  p r o p o s e d  o n l y

i d i o s y n c r a t i c  v e r s i o n s  of o p e r a t i o n s  o f  the r e l a t i o n a l  a l g e b r a  or

c a l c u l i  and " a d h o c n e s s "  p r e v a i l e d  o v e r  some c l e a r l y  u n d e r s t o o d

n o t i o n  of s i m p l i c i t y .

G e n e r a l i z e d  f u n c t i o n a l  c o n s t r a i n t s  are f o r m u l a s  f r o m  L C S , " ^ )  

w i t h  S = ({A, ,..., An ^ Д р $, г  ) , Г ( Р )  = A 1 ...An  

Vy1 ... Vym( P  (50 л P  (y ) a . »<. — >  ß ) w h e r e  <̂, and ß  are q u a n t i ­

fier-free, p r e d i c a t e - f r e e  formulas, th e  s e t  of v a r i a b l e s  o c c u r i n g  

i n  P(x) an d  P(y) is e x a c t l y  the s e t  £ y 1 f ...,y J a n d  a s u p e r ­

set of the s e t  o f  v a r i a b l e s  occu r i n g  i n  «к. a n d  fi •
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T h e y  are c a l l e d  in (SDFF 81) B o o l e a n  d e p e n d e n c i e s  an d  c o n s i d e r e d  

i n  (THAL 85).

'Ryample 1. We c o n s i d e r  S = (U= { L E C T U R E R , C O U R S E * U N I T ,  GROJP, R O O M ,

T I M E },^ T I M E T A B L E } , X  ) w i t h  some r e s t r i c t i o n s ,  f o r  instance:

1 ) A n y  r o o m  is r e s e r v e d  o n l y  fo r  one g r o u p  at the same time*
2) I f  there is a l e c t u r e  g i v e n  by m o r e  t h a n  one l e c t u r e r  t h e n  

p a r t i c i p a n t s  are d i f f e r e n t .
The s e  c o n s t r a i n t s  c a n  be f o r m u l a t e d  w i t h  the f o l l o w i n g  f o r m u l a s :  

“ ^ 1  = Y x l ...Vx 5  (P(x 1 ,X 2  ,X 5 ,X 4 ,X 5  ) л Р ( Х |  >Х 2 »Х з >Х 4 ,Х^ ) л  x^=x^

— ►  (x^=X^ V  ( “I x ^ =x^ ) ) )

c^ 2 ~  Y x^ •• .Vx 5  (P(x 1 ,X 2 ,x ^ , x 4 ,x ^ ) a  P( x  ̂, X 2 ,x ^, x 4 >x ^ ) д  

( I  X 1 =x' ) --- >  ( 1  x ^  : X j  ) )

G e n e r a l i z e d  c o n s t r a i n t s  are of i m p o r t a n c e  f o r  a m o r e  n a t u r a l  d e f i ­

n i t i o n  of d e p e n d e n c i e s  of f u n c t i o n a l  k i n d  an d  u n i f i e s  all t h ese 
d e p e n d e n c i e s .  They c a n  be i n t r o d u c e d  i n  a m o r e  i n t u i t i v e  m a n n e r .

B y  T^ the class of a l l  n - a r y  B o o l e a n  f u n c t i o n s  f  (x 1 , . . . ,x^) 
w i t h  f ( 1 , . . . , 1 ) = i f o r  i e { 0 ,li is d e n o t e d .

A  p a i r  (f,g) of n - a r y  f u n c t i o n s  f r o m  (t | x  t ] ) u  (T^ x T ^ )  is

c a l l e d  g e n e r a l i z e d  f u n c t i o n a l  d e p e n d e n c y .

G i v e n  a S - D a t a b a s e  M = ( D U ,R) , U  = { A 1 } ...,An }  . F o r  a B o o l e a n  

f u n c t i o n  f  we can de f i n e  a b i n a r y  r e l a t i o n  ~  orl R  : 

г  у  г' iff f  (©} (г,г') , . . . , (г,r' )) = 1 

w h e r e  fîi (г,г') d e n o t e s  the f u n c t i o n

(r,r' ) =*
0 i f  r ( A . )  /  r' (A. )

1 1 C1 — i^n) .
.. 1 if r ( A i ) = r '  (A ± )

f o r  p a i r s  of n - a r y  Boolej

1= (f,g) if f  f o r  any r.r'fiR f r o m  г  ^  r' f o l l o w s  г ^  r ' . 
M  f  g

N o w  we d e f i n e  1= (f,g) f o r  p a i r s  of n - a r y  B o o l e a n  f u n c t i o n s  : 
M

C o r o l l a r y  1. If f o r  a p a i r  o f  n - a r y  B o o l e a n  f u n c t i o n s  f , g  a n d

a  S - d a t a b a s e  M  = (By,R) |= (f,g) h o l d s  t h e n  (f,g) is a g e n e r a -
M

l i z e d  f u n c t i o n a l  d e p e n d e n c y .  F o r  any g e n e r a l i z e d  f u n c t i o n a l  c o n -
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s t r a i n t  »с w h i c h  h a s  a m o d e l  t h e r e  exis-ts a g e n e r a l i z e d  f u n c t i o ­

n a l  d e p e n d e n c y  (f ,g ) s u c h  t h a t  for an y  S - D a t a b a s e  M  ^
M

i f f  {= (f,g) .
M

E x a m p l e  1 (continued). T h e r e  are B o o l e a n  f u n c t i o n s  f^ (x^,...jX^), 

f 2  (x i I • • • jX^) > g-| (x i > • • • > x 5  ) > 8>2 ̂ X 1 ’ * * * , x 5  ̂ s u c h t h a t  (f^,g^) 

a n d  (f 2 ,g2 ) are e q u i v a l e n t  to 1 an d  2  : 
f^ = x 4 » g-| = x ^  V  x^ , Í 2  = x 2 *\x^ , g 2 - x^ .

S o m e  s p e c i a l  g e n e r a l i z e d  f u n c t i o n a l  d e p e n d e n c i e s  are the s t r o n g  

f u n c t i o n a l  d e p e n d e n c y ,  d u a l  f u n c t i o n a l  d e p e n d e n c y ,  w e a k  f u n c t i o ­
n a l  d e p e n d e n c y  (DEGÏ 82), f u n c t i o n a l  d e p e n d e n c y  (DEAB 85), m o n o ­

t o n i e  f u n c t i o n a l  d e p e n d e n c y  (THAL 87) a n d  k e y  d e p e n d e n c y .  The 
t h e o r y  of all t h e s e  s p e c i a l  g e n e r a l i z e d  f u n c t i o n a l  d e p e n d e n c i e s  

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

n a l  d e p e n d e n c i e s  w h i c h  is b a s e d  o n  the f o l l o w i n g  m a i n  c h a r a c t e r i ­
z a t i o n  t h e o r e m  f o r  i m p l i c a t i o n .

F o r  B o o l e a n  f u n c t i o n s  f , g  t h e  i n e q u a l i t y  f  - g  h o l d s  if f o r  
a n y  v a l u e  &  f r o m  f (s*) = 1 f o l l o w s  g  («^ = 1 .

T h e o r e m  2 (THAL 85). L e t  (f 1 , g 1 ),..., (fm ,gm ), (f,g) be g e n e r a ­

l i z e d  f u n c t i o n a l  d e p e n d e n c i e s .  Then )»•••» J ^  ^ , g )
m

h o l d s  iff A  (f^ — > g ^ )  - f  — *• g  h o l d s .

C o r o l l a r y  5 » L e t  be ( f ^ g ^ ) ,  (f2 ,g2 ) g e n e r a l i z e d  f u n c t i o n a l  

d e p e n d e n c i e s .

1 . I f  f 1 - f 2  a n d  gj - g 2  then {Cf 1 , g 1 )’i ¥  (f2 ,g2 ) •

2 » {(f^,g^), (f 2 ,g 2  ) }  И  (i*iA f 2  >g^ A g 2  ) •

3« Cf 1 » g 1 ̂ » ^2 > ̂2 ̂ ^ ^1v,̂ 2,̂ 1v 2̂ ̂ *
4» I f  £>i ~ ^ 2  then { ( f i , g 1 ), (f2 ,g2 )\ [= (f^,g2 ) •

E x a m p l e  1 (continued). W i t h  t h e o r e m  2 the f o l l o w i n g  g e n e r a l i z e d  

f u n c t i o n a l  d e p e n d e n c i e s  f o l l o w s  f r o m  ( f ^ g ^ ) , .  (f2 ,g2 ) : 

(х4лх5»хз) » (x2ax ,̂x1 ) , (х1лх2лх^,х^лх^) , (х2лх^лх^,х1лх̂ ) .
C o r o l l a r y  4 . F o r  any s y s t e m  2Г of g e n e r a l i z e d  f u n c t i o n a l  d e p e n ­
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d e n c i e s  there e x i s t s  a n  e q u i v a l e n t  f u n c t i o n a l  d e p e n d e n c y  (f^gjj) •

C o r o l l a r y  5 .  T e s t i n g  w h e t h e r  two s e t s  o f  g e n e r a l i z e d  f u n c t i o n a l  

d e p e n d e n c i e s  are e q u i v a l e n t  is N P - c o m p l e t e .  T e s t i n g  w h e t h e r  t w o  
s e t s  of g e n e r a l i z e d  f u n c t i o n a l  d e p e n d e n c i e s  imply the same se t  

of k e y  d e p e n d e n c i e s  is N P - c o m p l e t e .

P r o m  t h e o r e m  2  the k n o w n  a x i o m a t i z a t i o n s  of d i f f e r e n t  c l a s s e s  

of s p e c i a l  g e n e r a l i z e d  f u n c t i o n a l  d e p e n d e n c i e s  can be d e r i v e d .  
S e v e r a l  k i n d s  of c o v e r s  f o r  f u n c t i o n a l  d e p e n d e n c i e s  can be b e t t e r  
s t u d i e d  a n d  u n d e r s t o o d  u s i n g  g e n e r a l i z e d  f u n c t i o n a l  d e p e n d e n c i e s .

2. E X C L U D E D  F U N C T I O N A L  D E P E N D E N C I E S

It is useful, f o r  d a t a b a s e  l o g i c a l  d e s i g n ,  n o r m a l i z a t i o n  an d  

e f f e c t i v e  a l g o r i t h m s ,  to u t i l i z e  the f u l l  i n f o r m a t i o n  on g i v e n  

r e l a t i o n s .  It is w e l l  k n o w n  that f u n c t i o n a l  d e p e n d e n c i e s  are the 
f a v o u r i t e  c o n s t r a i n t s  u s e d  to d e c o m p o s e  r e l a t i o n  schemes. T h i s  

p r i v i l e g e  is c e r t a i n l y  due to the s i m p l i c i t y  of the c o n c e p t  o f  
f u n c t i o n a l  d e p e n d e n c i e s ,  a n d  to t h e i r  w i d e s p r e a d  a p p e a r a n c e  i n  

the r e a l  w o r l d .  H o w e v e r ,  i n  a g r e a t  n u m b e r  of a p p l i c a t i o n s  t h e r e  
is a r e q u i r e m e n t  to a l l o w  v i o l a t i o n  o f  s o m e  f u n c t i o n a l  d e p e n d e n ­

cies, i.e. f u n c t i o n a l  d e p e n d e n c i e s  that ar e  desired, b u t  t h a t  do 
n o t  h o l d  in the r e l a t i o n .  F o r  i n s t a n c e  i f  there is g i v e n  a d a t a ­
b a s e  M  = (Djj,R) a n d  it is of i n t e r e s t  w h i c h  f o r m u l a s  f r o m  a 

c l a s s  of f o r m u l a s  h o l d s  in M  the s t r a t e g y  of r e c o g n i z i n g  the 
v a l i d i t y  of f o r m u l a s  w i l l  be f a s t e r  i f  n e g a t i v e  i n f o r m a t i o n  is 
u s e d  in n e x t  steps.

The f o r m u l a

« ' W ' V ï f t '  ( Р & . Г . Э Т л Р С Г . Г . г 1) — » у  =  у- ) is c a l l e d  

f u n c t i o n a l  d e p e n d e n c y  a n d  f o r  x  = x ,...,x. . v = x . y
V  xk V * * ’ «h ’

d e n o t e d  by X  — >  Y  .

The f o r m u l a

3x=5y3y ( Cx i5r»z ) ( x , y s, z ' ) л  (i(y = y  ' ) ) ) is ca l l e d
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e x c l u d e d  f u n c t i o n a l  d e p e n d e n c y  a n d  f o r  x  = , . . . , x ^  ,

y" = x^ ,...,Xj , X = { a  ̂/ ie{i1 Y = £а ^/
d e n o t e d  by X  X  .

It is easy to f i n d  sound i n f e r e n c e  r u l e s  fo r  f u n c t i o n a l  d e p e n d e n ­

cies a n d  e x c l u d e d  f u n c t i o n a l  d e p e n d e n c i e s .

m  X  — » Y  , X  - »
( 1 ) X  -4. YvJ Z

Ä  (2) £. X . Y — >Z (3) X - » Y u  Z

(4)

(6)

(9)

Y _ i J L (5)

X — % z
X —»Y , X -/■» Z

X u  W

X u  V o  W  — V  Z  u W  X  u X  - A * Z

X  — . X  - A »  Z (7) X  u v  - / »  Y
X

(8 )-  X - Г & . 1  if Y  /  0 
X u Z

X ■Y , XoVoW -/-*» W (10j X —» Y . X -A-YuZ
Y  - A >  Z X -A>Z

0 П  Y - " 2 » x u v o w , i f  z ^  0  .
X -A*-Y

The f o r m a l  s y s t e m  c o n s i s t s  of the a x i o m  { x  - » - X  /  X  S  u }

and the r u l e s  (4 ), (9 ) an d  (1 1 ) •

T h e o r e m  6 . Th e  f o r m a l  s y s t e m  is s o u n d  and c o m p l e t e  fo r  the 

class of f u n c t i o n a l  d e p e n d e n c i e s  a n d  e x c l u d e d  f u n c t i o n a l  d e p e n ­

dencies.

The t h e o r e m  is b a s e d  on the f o l l o w i n g  p r o p e r t y  a n d  t h e o r e m  2.

L e m m a .  L e t  7 2 u - C < 5 b e  a se t  o f  f u n c t i o n a l  and e x c l u d e d  f u n c t i o n a l
d e p e n d e n c i e s .  T h e n  E V * * -  i f f  there is a d a t a b a s e  M  = ( D ^ R )
w i t h  / Й /  = 2  , N  an d  V  c<

M  M

3. D E D U C T I V E  B A S I S  OF R E L A T I O N S

The n o r m a l i z a t i o n  of r e l a t i o n s  is one of the m o s t  i m p o r t a n t  tools 
f o r  d a t a b a s e  d e s i g n .  The c o n c e p t  of s p e c i a l  k i n d s  of d e p e n d e n c i e s



179

h a 3  b e e n  p r o v e d  to be u s e f u l  in the d e s i g n  a n d  a n a l y s i s  of r e l a ­

t i o n a l  d a t a b a s e s .  B e s i d e s  the n o r m a l i z a t i o n  there is p o s s i b l e  
a n o t h e r  " n o r m a l i z a t i o n "  o f  r e l a t i o n s ,  the r e d u c t i o n  of r e l a t i o n s  
to a n e c e s s a r y  b a s i s .  T h i s  b a s i s  w i l l  be c a l l e d  d e d u c t i v e  b a s i s  

s i n c e  u s i n g  s p e c i a l  f o r m u l a s  we get the e n t r y  r e l a t i o n  f r o m  it s  

d e d u c t i v e  basis. I n  m o s t  cases, the d e d u c t i v e  b a sis is more e f f i ­
c i e n t  t h a n  other k n o w n  n o r m a l  forms. D u r i n g  the q u e r y  phase, the 

f o r m u l a s  are u s e d  to g e n e r a t e  all p o s s i b l e  d e r i v a t i o n s  of f a c t s  
a n d  t h e r e b y  make t h e m  a g a i n  e x p l i c i t  in the dat a b a s e .

L e t  S = (U,{P^, X  ) be a p r e s c h e m a  w i t h  U  = { a  ̂,..., and 

l e t  L ( S , V y )  be a set of f o r m u l a s .

A  f o r m u l a  f r o m  L t S , ^ )

V x 1 1 • • (P(xt , , .. > x I n )*- • ^ P ( x 01 , • . )

is c a l l e d  temp l a t e  d e p e n d e n c y  if x 0 i e £ x i i>x 2 i» * * * »x m i  Í f o r  

a n y  i , 1 - i ^ n  , a n d  is c a l l e d  .join d e p e n d e n c y  if m o r e o v e r  f o r  

a l l  i,j ( 1  -i<j-m) and к  O^k^n.) f r o m  f o l l o w s

= X q ^  (no h i d d e n  c o n d i t i o n s  in p r e m i s e ) .

G i v e n  a set 2  o f  t e m p l a t e  depende n c i e s ,  a S - d a t a b a s e  Ы  = 

the s e t  i n t e r p r e t a t i o n s  I(M) o f  on M  .

T h e n  w e  de f i n e  the 22- c l o s u r e  of M  :

C 1 0 ( Z , R )  = R  ,

C l k + 1 (ZT,R) = {  г  /  there is a n  *  = V y  ( P G ^  )л...лР( 5 Гт )-^р( 2 *0 ) ) 

in Z  and I e l ( M )  : I (х± ) 6  C l k  ( H , R )  (1 ^i*m)

and I (x ) = г  îr 

• ^ C l k ( r , R )  ;

C L ( K , R )  = kO o C l ^ Z I . R )  ;

C L ( £ , M )  = ( D y  , C L ( Z J jR) ) -

irQ-1  P ü n n y  7. G i v e n  a d — d a t a b a s e  (Dy,R) and a set of template d e ­

p e n d e n c i e s  2 1  , the r e  is a f i n i t e  n a t u r a l  n u m b e r  i s u c h  that 

C L ( £ , R )  = C 1 . ( 2 : , R )  .
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C o r o l l a r y  8 . F o r  any S - d a t a b a s e  M  an d  a s e t  of templ a t e  d e p e n ­

d e n c i e s  2Г |= E l  .
C L (  S , M )

G i v e n  a set of temp l a t e  d e p e n d e n c i e s  El a n d  a S - d a t a b a s e  M  = 

C L ( 2 , M )  * A  s u b s e t  R' o f  R  is c a l l e d  El-d e d u c t i v e  su b s e t  

if R  = C L (  E T , R ’ ) . A  ^ - d e d u c t i v e  s u b s e t  R' of R  w h i c h  is 

m i n i m a l  is c a l l e d  E l - d e d u c t i v e  b a s i s  of M  .

T h ere are t w o  m a i n  p r o b l e m s .
1 ) G i v e n  a ^ - d e d u c t i v e  b a s i s  R  of M  . H o w  m a n y  steps are n e e ­

d e d  for the c o n s t r u c t i o n  o f  the set C L ( E r , R )  ? G i v e n  a set H  . 
Are there l i m i t s  for the c o n s t r u c t i o n  of the £ J - c l o s u r e  of d a t a ­

b a s e s  ?
2) G i ven R  a n d  El • H o w  to c o n s t r u c t  a E ! - d e d u c t i v e  basis of 

R  ?

F o r  the s e c o n d  p r o b l e m  t h e r e  are some a l g o r i t h m s .  The first 

p r o b l e m  is h a r d e r .  If f o r  a g i v e n  the c o n s t r u c t i o n  of E n ­
closure of d a t a b a s e s  is u n l i m i t e d  t h e n  the u t i l i z a t i o n  of E I -  

ded u c t i v e  b a s e s  is n o t  e f f e c t i v e .  I n  (THAL 84) the f o l l o w i n g  
p r o p e r t y  is p r o ven.

C o r o l l a r y  9. There are t w o  b i n a r y  join d e p e n d e n c i e s  

a n d  a t e m p l a t e  d e p e n d e n c y  ^  s u c h  that f o r  an y  n a t u r a l  i 

a S - d a t a b a s e  = (Dy,R^) exi s t s  w i t h  

C l i ( ^ 1 > ^ 2 !f, R i ) ji C L (  { < 1 ,^< 2 i , R i ) and

C l ^ - C ^ h V  *  C L ( { ^ 3 ^ , R i ) .

A  set 27 o f  join d e p e n d e n c i e s  is c a l l e d  S h e f f e r - s e t  if there 
is an e q u i v a l e n t  join d e p e n d e n c y  .

T h e o r e m  1 0 . G i v e n  a S h e f f e r - s e t  E ?  of j o i n  d e p e n d e n c i e s .  F o r  

a n y  S - d a t a b a s e  M  = ( D y  , R) it h o l d s  that 

CL(ET,M) = ( D y  , Cl., (ET,R)) .
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4. H O R I Z O N T A L  D E C O M P O S I T I O N  W I T H  U N I O N  C O N S T R A I N T S

The purpose of this c h a p t e r  is to i n t r o d u c e  the n o t i o n  of u n i o n  

c o n s t r a i n t s  w h i c h  is a type of d a t a b a s e  c o n s t r a i n t s  n o t  p r e v i o u s ­
l y  d i s c u s s e d  in l i t e r a t u r e  and to s h o w  t h a t  there e x i s t s  a s o u n d  

a n d  complete f o r m a l  s y s tem. In the d a t a b a s e  l i t e r a t u r e ,  t h ere is 
a n u m b e r  of r e s u l t s ,  b o t h  p o s i t i v e  a n d  n e g a t i v e ,  f o r  the e x i s t e n ­
ce of f i n i t e  f o r m a l  syst e m s .  The cla s s  o f  u n i o n  c o n s t r a i n t s  is 
the f i rst c l ass of n o d e p e n d e n c i e s  w h i c h  is k n o w n  to be a x i o m a t i -  

zable. By an u n i o n  c o n s t r a i n t  it is s t a t e d  that the r e  e x i s t s  a 
c o v e r  of the r e l a t i o n  w i t h  p o s s i b i l i t i e s  of ''forgetting” some 
attri b u t e s .

We are g i v e n  a p r e s c h e m a  S  = (U,{P$,t: ) w i t h  U  = £ а , ,... ,A , 

H ( P )  = A 1 .. .Ah  and X , Y  £  U  , X  u Y  = U  .

The p a i r  C x ,y 3  is c a l l e d  u n ion c o n s t r a i n t .

A  S - d a t a b a s e  M  = (Dy,R) s a t i s f i e s  this c o n s t r a i n t  i f  there are

s u b s e t s  R 1 ,R 2  of R  s u c h  that R 1 u  = R  and R  = R 1 (X) +

R p ( Y )  (denoted by 1= £ x ,Y] ) w h ere R r (Z) is the p r o j e c t i o n  o f
M

R' on Z and R' + R "  is the g e n e r a l i z e d  u n i o n  on D TT or the
— u

s u m  (DEAB 85).

O b v i o u s l y ,  the c o n s t r a i n t  [ X o Z , Y u Z 3  c a n  be d e s c r i b e d  w i t h  the 

f o l l o w i n g  f o r m u l a s  f r o m  L i S , ^ )  f o r  d i s j o i n t  X , Y , Z  : 

V I V ÿ V ï W f Ÿ ÿ ' ( P ( x , y , z )  — *>P(x,y',z) V P ( x ' , y , z ) )  .

N o w  w e  can d e f i n e  the f o r m a l  s y s t e m  f*2  .

F o r m a l  s y s t e m  П, .

A x  C U , U 3

( 1 ) if X  - Y  , Y  ^  W  or X  - W  , Y - YCv,wl
(2 )

(jij a  Yj, Y2"3
if X liSX 2  «  Y 1 , X 2  6  y 2

R U



T h e o r e m  1 1 . The s y s t e m  p£ is s o u n d  an d  c o m p l e t e  f o r  the class 

of u n i o n  c o n s t r a i n t s .

The p r o o f  is t h i s  theorem u s e s  a n  e q u i v a l e n c e  b e t w e e n  u n i o n  con­

s t r a i n t s  and b i n a r y  join d e p e n d e n c i e s .
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Design tools for large relational database systems

B. Thalheim

Summary

In the paper some tools for database design with 
database dependencies are considered.
More user-friendly functional dependencies are 
introduced. The utilization of negative information 
is examined. Besides the usual normalization another 
"normalization " of relations, the reduction of re­
lations to a necessary basis is introduced. Finally, 
the horizontal decomposition with union constraints 
is analyzed.

Nagyméretű relációs adatbázis-rendszerek tervezésének 
eszközei

В. Thalheim

összefoglaló

A szerző a különböző függőségi tipusokkal biró adat­
bázisok tervezéséhez szolgáló eszközöket vizsgálja. 
Bevezet újfajta "felhasználó-barátságosabb" funk­
cionális függőségeket. Megvizsgálja a negativ infor­
máció hasznosításának kérdéseit. Bevezet egy uj re­
dukciós elvet. Végül analizálja az egyesités felté­
teleknél a horizontális dekompoziciót.
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