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INTRODUCTION 

One o f  t h e  ma in  c o n c e r n s  o f  t h e  t h e o r y  o f  r e l a t i o n a l  
d a t a b a s e s  has been t h e  s t u d y  o f  d a t a  d e p e n d e n c i e s  and 
t h e i r  e f f e c t  on schema c o n s t r u c t i o n .  The t y p e s  o f  d e p e n -  
d e n c i e s  t h a t  we re  s t u d i e d  i n c l u d e  F u n c t i o n a l ,  m u l t i v a l u e d  
and j o i n  d e p e n d e n c i e s  ( a b b r .  Fd, mvd and j d ,  r e s p e c -  
t i v e l y ) ,  and r e c e n t l y  even move g e n v a l  t y p e s  o f  d e p e n d e n -  
c i e s .  A c e n t r a l  i d e a  o f  schema c o n s t r u c t i o n  has been t h e  
n o t i o n  o f  a d e c o m p o s i t i o n ;  i . e . ,  a schema i s  decomposed ,  
using i t s  dependencies, i n to  a c o l l e c t i o n  of smal ler 
" i n d e p e n d e n t "  schemes. The d e p e n d e n c i e s  ave used t o  
ensure tha t  no in format ion is l os t  in the decomposition 
p r o c e s s .  A F o r m a l i z a t i o n  o f  t h e  d e s i r a b l e  p r o p e r t i e s  o f  
decompositions led to the d e f i n i t i o n  of the normal Forms, 
in p a r t i c u l a r  the 4 ' t h  normal Form (4NF) and the p r o j e c t -  
j o i n  n o r m a l  Form (PJNF) ,  w h i c h  ave t h e  u l t i m a t e  d e c o m p o s i -  
t i o n s  when mvds o r  j d s ,  r e s p e c t i v e l y ,  a r e  g i v e n .  

Howeve r ,  t h e s e  n o r m a l  f o r m s  do n o t  s o l v e  t h e  p r o b l e m s  
o f  schema d e s i g n .  I t  i s  known i n  t h e  f o l k l o r e  o f  d a t a b a s e  
t h e o r y  t h a t  Fo r  some d e p e n d e n c y  s t r u c t u r e s  no 4NF ( o r  
PJNF) d e c o m p o s i t i o n  can be c o n s t r u c t e d  w i t h o u t  l o s s  o f  
i n f o r m a t i o n .  P u t  a n o t h e r  way,  t h e r e  ave s t r u c t u r e s  t h a t  
have s e v e r a l  4NF d e c o m p o s i t i o n s ;  c h o o s i n g  any one o f  t h e s e  
may r e s u l t  i n  t h e  l o s s  o f  t h e  i n f o r m a t i o n  r e l a t e d  t o  t h e  
others. This and s i m i l a r  problems motivated some recent 
v e a s e a v c h  c o n c e r n e d  w i t h  t h e  a p p l i c a t i o n  o f  d a t a b a s e  
t h e o r y  t o  p r a c t i c a l  s i t u a t i o n s .  E . g . ,  s e v e r a l  r e s e a r c h e r s  
have t r i e d  to charac te r i ze  database schemas tha t  have a 
" g o o d "  4NF d e c o m p o s i t i o n .  The c h a r a c t e r i z a t i o n  i s  t h a t  
t h e  s p e c i f i e d  s e t  o f  m v d ' s  i s  e q u i v a l e n t  t o  e x a c t l y  one j d  
[BFMMUY, BQ, FMU, L i 2 ,  S c 2 ] .  F u r t h e r m o r e ,  i t  has been c l a i m e d  
( [ S c 2 ] )  t h a t  a l l  " v e a l  w o r l d "  d a t a b a s e  schemas have t h i s  
p r o p e r t y .  O t h e r  d i r e c t i o n s  o f  r e s e a r c h  i n c l u d e  t h e  i n t r o -  
d u c t i o n  o f  c o n c e p t s  l i k e  o b J e c t s  ( [ S c 3 ] )  and m a x i m a l  
o b J e C t S  ( [ M U ] )  w h i c h  can be used t o  b r i d g e  t h e  gap b e t w e e n  
v e a l  w o r l d  s e m a n t i c s  and F o r m a l  d a t a b a s e  schemes.  

The p u r p o s e  o f  t h i s  n o t e  i s  t o  p r e s e n t  a " v e a l  w o r l d "  
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d a t a b a s e  schema t h a t  has t h r e e  4NF d e c o m p o s i t i o n s ,  and i n  
our opinion the~e is no sense in decomposing t h i s  schema, 
e x c e p t  p o s s i b l y  fo~  space c o n s i d e r a t i o n s .  I t  i s  a l s o  
shown t h a t  t h e  c u s t o m a r y  method o f  n o r m a l i z a t i o n  by s t e p -  
w i s e  d e c o m p o s i t i o n  ( [ F a ,  L i l ] )  m i sses  some 4NF d e c o m p o s i -  
t i o n s ,  a t  l e a s t ,  when a p p l i e d  n a i v e l y .  We i n t e n d  o u r  
example  t o  be f o r  4NF t h e o r y  wha t  t h e  example  
{ {C ITY ,  ADDRESS}->ZIP, Z I P - > C I T Y }  i s  f o r  BCNF t h e o r  U. 

THE EXAMPLE 

C o n s i d e r  t h e  r e l a t i o n  d e f i n e d  on t h e  a t t r i b u t e s  
{ E , P , L }  w i t h  t h e  i n t e n d e d  meaning o f  emp loyee ,  p r o j e c t  and 
l o c a t i o n ,  r e s p e c t i v e l y ,  where  a t u p l e  ~ e , p , l >  meams t h a t  
emp loyee  • wo rks  i n  l o c a t i o n  1 f o r  p r o J e c t  p. Assume t h a t  
an employee s h o u l d  be a s s o c i a t e d  w i t h  a l l  l o c a t i o n s  a s s o -  
c i a t e d  w i t h  a p r o j e c t  f o r  w h i c h  he w o r k s ,  and a p r o J e c t  
s h o u l d  be a s s o c i a t e d  w i t h  a l l  l o c a t i o n s  a s s o c i a t e d  w i t h  an 
emp loyee  t h a t  w o r k s  f o r  i t .  T h a t  i s ,  t h e  schema c o n s i s t  
of the a t t r i b u t e  set {E,P,L}  and the set of mvd's {E-~-  
>PIL ,  P - > - > E I L } .  

Now t h i s  schema has t h r e e  4NF d e c o m p o s i t i o n s :  
{EP, EL} ,  {EP, PL} ,  and {EP, EL, PL}  (any o t h e r  4NF d e c o m p o s i -  
t i o n  is equivalent to one of those). However, i t  is  
eas i ly  v e r i f i e d  that  there is no s ingle jd equivalent to 
the given set of mvd's, which means that ,  no matter which 
d e c o m p o s i t i o n  we choose,  we must  add an i n t e r r e l a t i o n a l  
dependency  t o  e n s u r e  t h e  s e m a n t i c  i n t e g r i t y  o f  t he  d a t a -  
base. T h i s  r e n d e r s  m e a n i n g l e s s  t h e  e s s e n t i a l  r a t i o n a l e  o f  
decomposition, which is the a b i l i t y  to maintain the 
i n t e g r i t y  of the database by maintaining separately the 
i n t e g r i t y  of each of the r e l a t i o n s  resu l t i ng  from the 
d e c o m p o s i t i o n .  ( T h i s  p r o b l e m  i s  c a l l e d  t h e  ' S p l i t  Key"  
p r o b l e m  i n  [ L i 2 ] ,  b u t  i t  has n o t h i n g  t o  do w i t h  s p l i t  keys  
as i s  d e m o n s t r a t e d  by ou r  e x a m p l e ) .  

I f  we add a f o u r t h  a t t r i b u t e  C, f o r  c h i l d r e n ,  t h e n  
t h e  above s e m a n t i c s  i s  c a p t u r e d  by t h e  mvd 's  ~ E - ~ -  
>PILC,  P - > - ~ L I E C } .  C o n s i d e r  now t h e  n o r m a l i z a t i o n  p r o c e s s  
f o r  t h i s  example .  We s t a r t  w i t h  t h e  r e l a t i o n  scheme 
{EPLC}.  We can a p p l y  f i r s t  t h e  mvd E - > - > P I L C  t o  g e t  t h e  
4NF d e c o m p o s i t i o n  {EP, ELC} o r  we can a p p l y  f i r s t  t h e  mvd 
P - > - ~ L | E C  and t h e n  the  mvd E - > - > P | L C  t o  g e t  t h e  4NF decom- 
p o s i t i o n  {EP, EC, PL} .  I n  no way can we o b t a i n  {EP, EL, EC} 
w h i c h  i s  a l s o  a 4NF d e c o m p o s i t i o n ,  by u s i n g  o n l y  t h e  g i v e n  
mvd 's .  A b e t t e r  app roach  i s  p r o b a b l y  t h a t  o f  [ L i 2 ]  w h i c h  
t a k e s  i n t o  a c c o u n t  t he  dependency  b a s i s  o f  each o f  t h e  
l e f t  hands s i d e s  o f  t h e  g i v e n  mvd 's .  In  t h i s  case,  t h e  
mvd E - > - > P | L | C  i s  d e r i v a b l e  From t h e  g i v e n  mvd 's .  How- 
e v e r ,  even t h i s  a p p r o a c h  m i s s e s  t h e  4NF d e c o m p o s i t i o n  
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'(EP, EL, EC, PL}.  

As an a s i d e ,  t h i s  example a l s o  shows t h a t  the  c l a i m  
in [Sc2] that  ' t r a n s i t i v i t y  of mvd's is meaningless' is 
, a t  b e s t ,  m i s l e a d i n g .  I t  i s  p o s s i b l e  t h a t  we need t h e  
t r a n s i t i v i t y  ~ u l e  o n l y  t o  compute t h e  dependency bases f o r  
t he  g i v e n  l e f t  s i d e s  and a f t e r  t h a t  i t  i s  n o t  needed any 
more. T h i s  s t i l l  has t o  be j u s t i f i e d  and p~oved. How- 
eve r ,  we c a n n o t  do w i t h o u t  u s i n g  t h i s  ~ u l e .  

L e t  us c o n s i d e r  wha t  m i g h t  be t h e  ' o b J e c t s '  i n  t h i s  
example.  One p o s s i b i l i t y  i s  t h a t  t he  s e t s  EP, EL, PL a r e  
t he  o b j e c t s .  However ,  t h e  jd  * [EP ,  EL, PL]  f a i l s  t o  c a p t u r e  
the semantics of the s i tua t ion .  Another p o s s i b i l i t y  
( w h i c h  we f e e l  i s  p r e f e r a b l e )  i s  t o  c o n s i d e r  EPL as an 
o b J e c t .  In  t h i s  case, we have an o b J e c t  w i t h  non t r i v i a l  
d e p e n d e n c i e s .  T h i s  i s  n o t  t o  say t h a t  c o n c e p t s  l i k e  
' o b J e c t s "  a r e  u s e l e s s .  On t h e  c o n t r a r y ,  t h i s  d i r e c t i o n  o f  
r e s e a r c h  i s  v e r y  p r o m i s i n g .  However ,  one s h o u l d  c o n s i d e r  
c a r e f u l l y  (and p e r h a p s  s u s p i c i o u s l y ? )  a s s u m p t i o n s  l i k e  
" t h e r e  a r e  no d e p e n d e n c i e s  on o b j e c t s " .  

One p roposed  method f o r  t r o u b l e - s h o o t i n g  f a u l t y  d a t a -  
base designs is the s p l i t t i n g  of a t t r i b u t e s  [Be, FMU, Scl ] .  
Thus, one may claim that  the a t t r i b u t e  L is overloaded 
with meaning, and that  i t  should be s p l i t  to L_OF_E and 
L_OF_P (meaning obviously, locat ion of employee and loca-  
t i on  o f  p r o J e c t ,  r e s p e c t i v e l y ) .  A p o s s i b l e  d e c o m p o s i t i o n  
wou ld  be {R(E,L_OF.. .E) ,S(P,L_OF_P),T(E,P)} .  However ,  we 
s t i l l  have to  e x p r e s s  and e n f o r c e  t h e  same s e m a n t i c  c o n -  
a t t a i n t s .  These c o n s t r a i n t s  now t a k e  t h e  fo rm o f  n o n - t y p e d  
t u p l e  g e n e r a t i n g  d e p e n d e n c i e s  [BV ]  as f o l l o w s :  
(1 )  T ( e , p ) / \ S ( p ,  1)=>R(e, 1), 
(2 )  T ( e , p ) / \ R ( e ,  1 ) = > S ( p , 1 ) .  
I t  i s  n o t  a t  a l l  c l e a r  t h a t  t h a t  makes the  p r o b l e m  o f  
m a i n t a i n i n g  t h e  i n t e g r i t y  o f  t h e  d a t a b a s e  e a s i e r .  (No t  t o  
mention the recursive unso l vab i l i t y  of the imp l i ca t ion  
p r o b l e m  f o r  b i n a r y  n o n - t y p e d  d e p e n d e n c i e s  [ B V ] ) .  

CONCLUSIONS 

The h i s t o r y  o f  n o r m a l i z a t i o n  t h e o r y  i s  a b u n d a n t  w i t h  
n a i v e  a s s u m p t i o n s  t h a t ,  b a s i c a l l y ,  c l a i m  t h a t  t h e  w o r l d  i s  
n i c e  and w e l l  behaved. I t  has t a k e n  a s e r i e s  o f  c o u n -  
t e r e x a m p l e s  and n e g a t i v e  r e s u l t s  t o  u p r o o t  some o f  t h e s e  
a s s u m p t i o n s .  I n  t h i s  n o t e  we p r e s e n t e d  one more example  
w i t h  t h e  pu rpose  o f  c a s t i n g  some d o u b t s  on a few more o f  
t h e s e  a s s u m p t i o n s .  In  p a r t i c u l a r ,  t h i s  example p r e s e n t s  
a d d i t i o n a l  e v i d e n c e  a g a i n s t  t h e  s i m p l i s t i c  a p p r o a c h  t h a t  
n o r m a i l z a t i o n  s o l v e s  d a t a b a s e  d e s i g n  p r o b l e m s  by " n o r m a l -  
i z i n g " ,  i . e . ,  decompos ing .  I t  wou ld  p e r h a p s  be b e s t  t o  
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replace "normal izat ion theory" with "database design 
t h e o r y "  s i n c e  t h e  g o a l  o f  t h e  t h e o r y  i s  n o t  t o  t e l l  us how 
t o  n o r m a l i z e  b u t  r a t h e ~  t o  d e v e l o p  r u l e s  and d i r e c t i v e s  
f o ~  t h e  p~ope~ d e s i g n  and use o f  d a t a b a s e  schemes.  

New d i r e c t i o n s  o f  r e s e a r c h ,  e . g . ,  t h e  d e v e l o p m e n t  o f  
c o n c e p t s  l i k e  o b j e c t s  and m a x i m a l  o b j e c t s  seem t o  be a 
s t e p  i n  t h e  ~ i g h t  d i r e c t i o n ,  n a m e l y ,  a d e v e l o p m e n t  o f  a 
g e n e ~ a l  t h e o r y  o f  schema d e s i g n .  H o w e v e r ,  s i n c e  " t h e  t r u e  
t es t  of the theory is demonstrating i t s  ef fect iveness in 
s o l v i n g  day t o  day d a t a b a s e  d e s i g n  p ~ o b l e m s '  ( [ B B g ] ) ,  
n o n - w e l l - b e h a v e d  c a s e s  can n o t  be a v o i d e d ,  and t h e  t h e o r y  
s h o u l d  s u p p l y  e f f e c t i v e  s o l u t i o n s ,  p o s s i b l y  n o t  so e l e g a n t  
as 4NF, t o  t h o s e  cases .  
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