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The architecture of ar~ leptementable 
relational DBeS is Oiscussedt the ~eta-database 
for wn|ch is organ]zec In the tore of a set of 
felt tables. Pethodology for working with text is 
shown (ir~cluain_~ automatic coding)~ as well as 
sen a n t i c  t e x t  c o n t r o l .  A s c h e m a t i c  examp le  o f  a 
meta-~ataoase Js shown° 

At the  s t a r t  o f  t h e  1950=s  - -  t h e  t t m e  o f  t h e  d e v e l o p m e n t  o f  
COBCL - -  t h e  need t o  s e p a r a t e  d a t a  a t t r i b u t e  d e s c r i p t i o n  f rom the  
0 e s c r | ~ t t o n  o f  oa to  p r o c e s s i n g  p r o c e d u r e s  became a p p a r e n t .  

R e c e n t l y  t t  has become o b v t o u s  t h a t  t h e  n u c l e u s  o f  any  d a t a b a s e  
managemert  sys tem (DB~E) must  be a f u n c  o f  s y s t e m  tn f o r m a t  i o n  
concernirg the database [1]. To thls fund9 Jn partJcular~ 13eLong the 
d a t a b a s e  schemas ( c o n c e p t u a t ~  i n t e r n a l  and e x t e r n a l )  and the  
c i c t t o n a r l e s  o f  t e = t u a t  i n f o r m a t i o n ,  w h i c h  a r e  t o g e t h e r  c a t t e ~  tI~e 
m e t a - d a t a D a s e .  

For  a r e L a t i o n d L  DBe$, t e x t u a l  i n f o r m a l | o n  i n c L u G e s  n o t  o n l y  t he  
names o f  a t t r t b u t e s t  d o m a t n s t  and r e l a t i o n s h i p s  a c c o m p a n i e d  by t h e i r  
s c h e m a t i c  f e a t u r e s  (and  t h e  synonyms o f  t h e s e  n a m e s ) ,  b u t  a l s o  t he  
names o!  such  " n o n - s t a n c a r d "  e n t i t i e s  as  t h e  Oocument  f o rms  s u p p o r t e d  
by t h e  Oata | n p u t  s y s t e e ~  I n t e r p r e t a b l e  c o n o t t 4 o n s  f o r  d a t a b a s e  
s e m a n t i c  i n t e g r i t y  i~23t ] n f 0 r m a t t o n  on u s e r s  e t c .  Zn t h i s  r e g a r d ,  a 
s e p a r a t e  p r o b l e m  a r i s e s  tn  o r g a n i z i n g  s t o r a g e  and t e x t  D r o c e s s I n ~  f o r  
c o n s t r u c t i n g  t h e  m e t a - O a t a b a s e .  A s o l u t i o n  t o  t h i s  p r o b l e m  t s  used t n  
d e v e l o p i n g  a ~ e t a t i o n a L  h y b r i d  DBPS [ 3 - 5 3 .  

The I d e a  t o  s e p a r a t e  t e x t  i n f o r m a t i o n  a c c o r d i n g  t o  s t o r a g e  t y p e  
has a l r ~ a a y  Deen o r o p o s e d ,  by way o f  examDte~ f o r  w o r k i n g  w i t h  
d i c t i o n a r i e s  usec  1o r  p r o c e s s i n g  messages tn  n a t u r a l  Language  t n  
f a c t o g r a ~ h t c  I n f o r m a t i o n  r e t r i e v a l  s y s t e m s  [ E ] ~  as w e l l  as f o r  
r e l a t i o n a l  ~B~3 [ 7 3 t  i n  o r d e r  t o  p r o v i d e  c o n v e n i e n t  s t o r a g e  anO 
e f f e c t i v e  cemory  u t i l i z a t i o n .  However  t h e  methcd  d e s c r t b e c  be low  t o r  
I ~ r o c e s s t n g  t e x t  p r e s u p p o s e s  n o t  o n l y  t h e  e f f e c t i v e  = c o n v o l u t i o n  = o f  
t e x t  v a l u e s ,  b u t  a l s o  ( t h i s  has a p p a r e n t l y  n o t  been 1 3 r e v i o u s L y  
p r o p o s e d )  s u a a o r t s  t h e  r e l i a b i l i t y  and s e w a n t i c s  o f  t e x t  d a t a  I n  
i m p l e m e n t i n g  a r e l a t i o n a l  DBPS. 

T e x t s  t n  a c a t a b a s e  a r e  o r g a n i z e d  i n  t h e  fo rm o f  s y s t e m  name 
t a b L e s ~  i . e .  groul~ed l n t o  ( t e x t )  d o m a i n s °  T e x t  v a l u e s ~  w h i c h  a r e  
names o f  schema e l e m e n t s  ( a t t r | b u t e s t  doma ins9  r e L a t J o n s t  t e s t s  e t c . )  
a r e  s t o r e d  tn  s p e c i a l  s y s t e m  t a b l e s 9  u h t c h  a re  c a l l e d  schema t a b l e s .  
ALL t e x t  t a b l e s  tn t h e  d a t a b a s e  a r e  o r g a n J z e c  t n  t h e  same u a y t  
i . e .  i O e n t i c a t  i n  c o n s t r u c t i o n .  However  schema t a b l e s 9  i n  a d d t t J o n  t o  
t h e i r  P a s t c  componen t  9 c o n t a i n  a d d i t i o n a l  I n f o r m a t i o n  on a c t u a l  
e n t i t i e s  f rom t h e  g i v e n  t a b l e .  U s i n g  such  an a p p r o a c h  9 the  
m e t a - d a t a b a s e ~  as recommended i n  [ 1 3 9  I s  an i n t e g r a l  c o m p o n e n t  p a r t  o f  
t he  d a t a b a s e .  Thus t  as comDarec  f o r  e x a m p l e  t o  [ 8 ] 9  t h e  l e t a - d a t a b a s e  
i s  a c t u a l l y  used f o r  p r o v i d i n g  0 a t a  t n t e g r t t y o  
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A t r a d i t i o n a l  s t a g e  in  c o n s t r u c t l n , ;  an i n f o r m a t i o n  ~ r o c e s s f n . ;  
s y s t e m  i s  s t i l t  " c l a s s i f i c a t i o n  anO c o o i n g  =.  7he s y s t e m  b e i n g  
d i s c u s s e d  h e r e  i m p l e m e n t s  a u t o m a t i c  c o d i n g  o f  a l l  t e x t  v a l u e s ,  t h e r e b y  
• ak ir)cJ i t  p o s s i b l e  t o  a v o t c  manual  c o c i n g .  Fo r  each t e l t ~  a 
t h r e e - b y t e  hash code ranc. i n g  f rom O to  1~77215  ( = 2 2 4 - 1 )  ts  q e n e r a t e d .  
The f o u r t h  b y t e  s e r v e s  as t h e  c o l l i s i o n  d e s c r t m t n a t o r  anO tn  t h i s  u a y t  
each t e x t  i s  g i v e n  a u n l o u e  f o u r - b y t e  code i n  t t s  t e x t  t a b l e  ( i n  i t s  
d o m a l n ) .  ( h o t e  t h a t  tn  ou r  h a s h ~ f u n c t t o n  t e s t ,  t h e r e  were  no 
c o l l i s i o n s  ~n c o d | n 9  d o m a i n s  c o n s i s t i n g  o f  10000 a c t u a l  t e x t s  w i t h  a 
L e n g t h  o f  f rom 1 t o  25& b y t e s .  The t e s t  u t i l i z e d  a o c u m e n t a t t o n  t e x t s  
f o r  t h e  CB,H$ b e i n g  d i s c u s s e d  h e r e ,  w h i c h  w e r e  s t o r e d  i n  d i r e c t  a c c e s s  
v o l u m e s ~  and s e t  ug f o r  e d i t i n g  and p r i n t i n g . )  I n  a l l  u s e r  r e l a t i o n s  
( a n d  tn  o t h e r  oat  abase  t a b l e s )  a r e  s t o r e d  n o t  t e x t s  b u t  t h e i r  
f o u r - b y t e  c o d e s ,  i n  so f a r  as a l l  numer4caL  a t t r 4 b u t e  v a l u e s  s t o r e d  
i n  t h e  r e l a t i o n s  a l s o  t a k e  up a f i x e d  number  o f  b y t e s ,  t t  i s  c l e a r  
t h a t  a l l  u s e r  r e l a t i o n s  have  i d e n t i c a l  s t r u c t u r e  - -  l i n e s  of  c o n s t a n t  
l e n g t h .  

T h i s  k i n d  o t  a a t a b a s e  o r g a n i z a t i o n ,  t . e .  u s e r  r e l a t i o n s ,  t s  v e r y  
c o n v e n i e n t  f o r  e x e c u t 4 n q  any  o o e r a t  t o n  on t h e  d a t a b a s e .  T h i s  
s i m p l i c i t y  i s  a t t a i n e d  b e c a u s e  o f  t he  Wcomp |.ex n o r q a n t z a t t o n  o f  
m e t a - o a  t a b a s e  t e x t  t a b l e s .  1"he r e c o r d s  o f  t h e s e  t a b l e s  a re  o f  
v a r i a b l e  t e n g t h ~  w h i c h  t s  d e t e r m i n e d  by t h e  l e n g t h  o f  a t e x t  v a l u e r  
the number  o f  d e c l a r e d  s y n o n y m s t  and o t h e r  4 n f o r m a t t o n .  

S e l f - c o n t a i n e d  t e x t  s t o r a g e  Bakes I t  p c s s ] b t e  t o  " e x p l a i n "  t o  t h e  
s y s t e m  the  s e m a n t i c  e q u i v a l e n c e  o f  s y n t a c t i c a l l y  d i f f e r e n t  t e x t  
v a l u e s ,  t . e .  i n t r o d u c e  t h e  c c n c e g t  o f  s y n o n y m s .  E x a m p l e s  o f  t h e s e  
v a l u e s  i n c l u d e  "za . r  ko -z  e le  n z j "  E ' b r 4 g h t - g r e e n =  ] ,  W ]a rkoz  e tenj~_~ = 
E " b r  i g h t g r e e n = ] ,  anO m j f a r k / z e  LM [ Wbr / , ; r  h i d  T h i s  t y o e  o f  t e x t  
v a r t a t 4 o n  t s  n a t u r a l  t n  i n p u t t t n q  I n f o r m a t i o n  f rom a c t u a l  (and  n o t  
s p e c i a l l y  s e t - u p  f o r  p u n c h i n c )  document  s .  Thus a l l  semant  tea t Ly 
e Q u t v a l e r t  b u t  s y n t a c t i c a l l y  n o n - t d e n t  t c a L  t e x t  v a l u e s  must  be 
r e p r e s e n t e d  u n i q u e l y  i n  t h e  d a t a b a s e  - -  by  some k i n d  o f  r e f e r e n c e  
F e t a l o n n / _ t 3  v a l u e .  Cn t h e  o t h e r  h a n o i  t r  o r O e r  t o  i n f o r m  t h e  s y s t e m  
o f  t h e  c o m p l e t e  s e t  o f  v a l u e s  e q u i v a l e n t  t o  t h e  ~ ] v e n  v a l u e r  c e r t a i n  
s p o t | a t  f a c i l i t i e s  a r e  e s s e n t i a l  - -  a s y n o n y m i c  a p l ~ a r a t u s .  Terms t h a t  
a re  c o n v e n i e n t  and n a t u r a l  f o r  t he  a c t u a l  u s e r  a r e  u s e d  as s y n o n y x s .  
A s u f f i c i e n t  number  o f  synonyms  (up  t o  2 5 4 )  a r e  a l l o w e d  f o r  each  
r e f e r e n c e  t e x t .  

The s y s t e m  d e s c r i b e d  h e r e  f o r  p r o c e s s i n g  and s t o r i n g  t e x t  v a l u e s  
has made I t  p o s s i b l e  to  m a i n t a i n  s e m a n t i c  I n t e g r i t y  o f  t e x t  d o m a i r s t  
i n c l u d i n g  d a t a b a s e  s e c u r i t y  t n  t he  e v e n t  o f  e r r o r s  t n  t h e  t e x t s .  F o r  
t h i s  r e a s o n t  b e f o r e  L o a d i n g  t h e  I n f o r m a t i o n  ( f o r  e x a m p l e ,  f r o m  
dOCuments)  t h e  u s e r  f e t a l  t o n s  must  be I n d e p e n d e n t  t y  f i l l e d  w t t h  
r e l e v a n t  t e x t  doma tns  by r e f e r e n c e  t e x t  v a l u e s  and t h e i r  a p p r o p r i a t e  
s y n o n y m s .  Dynamic  m o d i f i c a t i o n  and a u g m e n t a t i o n  o f  t h e s e  d o m a i n s  t s  
l t k e w t s e  s u b s e q u e n t l y  e x e c u t e d  t n o e o e n d e n t t y ,  l h u s  t t  i s  assumed t h a t  
a l l  n e w l y  e n t e r e d  t e x t s  ( t h e  f i r s t  t t m e  b e i n g  t h e  o n l y  t t m e )  must  be 
v t s u a l l y  c h e c k e d .  
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Text domain support in actual oractice ~s a respcns|bIllty cf the 
administrator for the actual application; for this purDose~ he has at 
his dlspGsaL special utIL|t~es and forms for Infcrmatlon InDut. 

Any t e x t  a t t r i o u t e  v a l u e  e n t e r e d  i n t o  the d a t a b a s e  i s  c h e c k e a  by 
t h e  s y s t e m  f o r  i t s  e x i s t e n c e  ( i n  t h e  fo rm o f  a r e f e r e n c e  [ e t a L c n ~ ]  o r  
synonym)  t n  the  r e l e v a n t  doma in  f o r  t h e  g i v e n  a t t r i b u t e °  A t e x t  no t  
f o u n d  In  t h e  Oomain t s  c o n s i d e r e d  t o  be an e r r o r .  U~on f i n d i n g  the 
t e x t  tn  t h e  ooma|n~ t h e  s y n o n y m i c  a p p a r a t u s  a l w a y s  L o c a l i z e s  t he  
r e f e r e n c e  t e x t  and i t s  s y s t e m  c o r e .  I t  i s  t h e  a c t u a l  code t h a t  t s  t he  
r e p r e s e n t a t i v e  o f  t h e  N h o t e  s e t  o f  s e m a n t i c a l l y  e a u t v a t e n t  v a l u e s  i n  
r e l a t i o n a l  DBMS o p e r a t i o n s  t h a t  I n t e r p r e t  t ~ e  c a l c u l a t i o n  o f  t he  
r e l a t i o n s .  

As ~ r u l e r  t t  i s  o n l y  O o s s l b t e  t o  g e t  a r e f e r e n c e  v a l u e  f r o e  t h e  
d a t a b a s e .  H o w . p e r t  t f  n e c e s s a r y t  one of  t h e  synonyms  may be d e c l a r e d  

~ 

t o  be a " v e r b a l  name" w h i c h  may be g i v e n  I n s t e a d  o f  the  r e f e r e n c e ~  by 
s p e c i a l  r e q u e s t .  F o r  examp te~  t h e  r e f e r e r c e  " L a t v i a n  SSR" may have  
t h e  synonyms  = L a t v i j a d  PSR'~ = L a t v i a ~  L 3 S R ' t  and the  v e r b a l  name 
= L a t v i a n  S o v i e t  S o c i a l i s t  R e p u b l i c ' .  i f  f o r  each r e f e r e r ,  ce v a l u e  a 
v e r b a l  name t s  g i v e n  i n  ano t l ~e r  n a t u r a l  t a n g u a g e t  t h e n  t h e  e n t i r e  
s y s t e m  may work  e q u a l l y  w e l l  i n  two L a n g u a g e s .  

I t  s h o u l d  be n o t e d  t h a t  t n  t h e  i;BMS d e s c r i b e d  h e r e t  t h e  c o n c e p t  
o f  domain  t s  used  o n l y  t n  c o n n e c t i o n  w i t h  t h e  o r g a n i z a t i o n  o f  s t o r a g e  
anO t e x t  p r o c e s s i n g .  Domains  a r e  t r e a t e d  as named a b s t r a c t  
( i n t e r p r e t e d }  d a t a  t y p e s  ( c o w p a r e  w i t h  [ S J t  f o r  examt~te}  and tn  t he  
m e t a - d a t a b a s e  f o r  each doma|n~ a l l  i n f o r m a t i o n  d e s c r t b | n g  t h e  oomatn  
i s  s t o r e c .  I t  i s  p o s s i b l e  t o  g i v e  t h e  r ange  f o r  n u m e r i c a l  base ty l )esw 
f o r  exam~Le~ c o m p l e t e  d i v i s i b i l i t y  f o r  t h e  base t y p e  " i n t e g e r "  e t c .  
Thus c l c s a t n s  w i t h  c o m p l e t e l y  c o r r e s p o n d t n g  c h a r a c t e r  t s t i c s  bu t  
d i f f e r e n t  names a re  t r e a t e d  as d i f f e r e n t l y  I n t e r l ~ r e t e c  r a t a  t y p e s  (a 
t r a d ~ t t o r a L  e x a m p l e  a r e  t h e  t y p e s  = h e i g h t "  and " w e ] q h t ' :  base  t y p e  
M t n t e g e r  e . r a n g e  1 - 2 5 0 )  ~ ~ h i c h  makes t t  p o s s i b l e  to  r e j e c t  
s e m a n t i c a l l y  t L L c g t c a L  o p e r a t i o n s  on r e L a t t e n s .  

W i t h  t h e  m e t a - d a t a b a s e  o r g a n i z a t i o n  as d e s c r i b e d  he re~  i t  t s  
p o s s i b l e  t o  a u t o m a t i c a l l y  t e s t  d a t a  e n t e r e d  I n t o  t h e  s y s t e m  f o r  
c o r r e s p o n d e n c e  t c  a l l  c h a r a c t e r i s t i c s  o f  t h e  r e l e v a n t  d o m a i n s °  I n  
t h i s  way t  s t o r e d  Oata  i s  d y n a m i c a l l y  ma tched  w i t h  i t s  d e s c r i p t i o n  | n  
t h e  m e t a - e a t a b a s e .  

To i l l u s t r a t e  t h e  a r c h i t e c t u r e  d e s c r i b e d  h e r e ,  an e x a m p l e  d i a g r a m  
i s  q | v e ~  ( c f -  O r a w i n g ) t  i n  w h i c h  t h e  t e c h n i c a l  d e t a i l s  a r e  o m t t t e d ~  
w i t h  h a s h - c o d e  t e x t  v a l u e  ( o n l y  f o r  t L L u s t r a t | v e  p u r a o s e s )  c o n s i d e r e d  
t o  be t h e  h a s h - c o d e = s  f i r s t  t h r e e  s y m b o l s .  ( A c t u a l  hash  codes  a re  
ass IgneO I n  t h e  f o L L o w i n g  amy.  P r i o r  t c  h a s h t n g l  t h e  t e = t  t s  
n o r m a L i z e d t  t . e .  a l l  s e m a n t i c a l l y  v a l u e l e s s  gal0s a r e  removed f r o m  the  
t e x t .  Then t h e  t e x t  i s  decomposed I n t o  t h r e e - b y t e  f t e t o s ~  w h i c h  a re  
t r e a t e O  as I n t e g e r  n u m b e r s .  These numbers  a r e  summed uDt to  w h i c h  I s  
added t h e  L e n g t h  o f  t h e  t e x t .  The r e s u l t  t s  d i v i d e d  by t h e  i n t e g e r  

-Z1- 



number c l o s e s t  to  224 -1 which i s  the p r o d u c t  of two prime numbers. 
The remainoer  f ro~  the c l v i s i c r  is  the hash c o t e . )  In  aLL the t e x t  
t a b l e s  for  the r e f e r e n c e  va lue  ( ' e " ) ,  a t l s t  of synonyms i s  shown i f  
t h e y  e x i s t ,  as weLL as i n d i c a t i o n  o f  a r e f e r e n c e  f o r  t h e  s y n o n y m  
( " s " ) .  The i n v e r s e  L i s t  o f  r e l a t i o n s ,  t o  t h e  schema o f  w h i c h  b e L o r g s  
t h e  g i v e ~  d o m a t n t  i s  shcwn  i n  t h e  d o m a i n  t a b l e ,  and  t h e  L i s t  o t  
a t t r i b u t e s  and t h e i r  c o r r e s p o n c t n g  d o m a i n s  t h a t  b e l o n g  t o  t h e  schema 
o f  t h e  g i v e n  r e l a t i o n  t s  shown  i n  t h e  r e l a t i o n  t a b l e °  ( F o r  
| t t u s t r a t i v e  pu rposes ,  i t  i s  assumed t h a t  the names of  a t t r i b u t e s  
c o r r e s D o r . d  t o  t h e  names o f  t h e i r  d o m a i n s ;  t h i s  t s  g e n e r a l l y  n o t  s o . )  
C t h e r  scheB, a f i e l d s  i n  t h e  s y s t e m  t a b l e s  a r e  n G t  s h o w n  t n  t h e  e x a m c L e  
so as n o t  t o  o v e r l o a d  t h e  d i a g r a m  ( s u c h  as a L i s t  o f  d o c u m e n t s  f r o m  
w h i c h  t h e  a c t u a l  r e l a t i o n s  may be f i l l e d ;  a L i s t  o f  p a r a w e t e r s  
¢ e s c r i b I r g  t n e  d o ~ a t n  as  an a b s t r a c t  ( i n t e r p r e t a b l e )  r a t a  t y p e  e t c . ) .  

The c a t a D a s e  schema t n c L u c e s :  

~ o = a l n s :  

y e a r  r e c o r d  was s e t  
n u m b e r  o f  s t u d e n t  c a r d  

t a k e  i n t e g e r  v a l u e s  ( b a s e  t y p e  Ts )  

t y p e  o f  s p o r t  
s t a d i u m  
s t u d e n t  s u r n a m e  

t a k e  t e x t  v a l u e s  ( b a s e  t y p e  T)  

r e l a t i o n s :  

SPORTZP, G A C T I V I T I E S  ( n u m b e r  o f  s t u d e n t  c a r P ,  s t u d e n t  s u r n a m e ,  t y p e  o f  
s p o r t ,  s t a d i u m ) ;  

RECORD I~CLDER ( t y p e  o t  s p o r t ,  y e a r  o f  
number  o1 s t u o e n t  c a r d ) .  

r e c o r d  s e t ,  s t u d e n t  s u r n a m e ,  

B a s i c  t a b l e  o r g a n i z a t i o n  and  o r g a n i z a t i o n  o f  i n f o r m a t i o n  i n p u t  
f r o m  d o c u m e n t s  i s  d i s c u s s e d  t n  more d e t a i l  i n  i ' i t  5 ] .  I n  t h e  p r o p o s e d  
r e l a t i o n a l  DBMS a r c l ~ i t e c t u r e t  s y s t e m  t a b L e s t  t . e .  d o m a i n  d e s c r i p t i o n  
t a b t e s t  r e l a t i o n  O e s c r i p t i o n  t a b l e s ,  t e z t  a t t r i b u t e  v a l u e  t a b l e s ,  
i n v e r s e  t a b l e s  e t c . t  a r e  t h e  a c t u a l  m e t a - d a t a b a s e .  W i t h  t h i s  k i n d  o f  
o r g a n t z a t t o n t  i t  i s  c o m p a r a t i v e l y  e a s y  t o  m o d i f y  s c h e w a  i n f o r m a t i o n  on 
t h e  d a t a b a s e  ( w h i c h  i s  u n a v o t d a b L e l t  m e a n w h i l e  p r e s e r v i n g  a p p l i c a t i o n  
s o f t w a r e  t n O e p e n c e n c e  f r o m  t h e  d a t a  as  r e c o m m e n c e 0  t n  [ 1 ] .  ( I n  
p a r t i c u l a r ,  a u t o m a t i c  " t u n i n g  = o f  d o c u m e n t  i n p u t  p r o g r a m s  £43  ~s 
p r o v i d e d  f o r  c h a n g e s  i n  schema c h a r a c t e r i s t i c s  r e l a t e d  t o  t h e  r e l e v a n t  
Ooma~ns and r e l a t i o n s ° )  
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Meta-database 
Domain table 

YEAR 0 E YEAR RECORD SETI..-tllRECoI'"ITrs 
,,OOo s . l .U.o I 
NU"o ~ =~UO~N~ CAR~ ,U.~.I"O00 =~Uo!'"t~ ACTOI'"t~ i 

--l~u~,o~ ~uo~,~ ~u~,~,~l~Oot...l~l~c~ol~ol...1~ 1 
/FIO0 S FIOISURN o 

A To' A,T,V,T,i,I,U,oISU,,o 

Text value tables 

ITYPE 0 ISTA o ISURN 0 

SKA 0 E SKATING 
u l  

EQU 0 E EQUEST SPORT EQS 0 

EQSo is EsiEQUo 
TRA 0 E TRACK AND FIELD 1 

SKI 0 E SKIING l 

Database (user relations) 

ACT 0 

7901 

7902 

7903 

7904 

7905 

IUA I 

IUA 0 

St00 

IUA 0 

YANS 0 

TRA 0 

NULL 

SKI 0 
SKA 0 

EQU 0 

DIN 0 
NULL 

DAU 0 

DAU 0 

IPPoI 

DAU 0 E DAUGAUA 

OIN 0 E DINAMO 

~IPP 0 E IPPODROM 

IUA 0 E 

ilUA 1 E 
~KON 0 E 
SID 0 E 

STA 0 S 
YANSoIE 

REC 0 

!'SKAo 1976 IUAo 7615 

EQUo 1979 IYANCo 7905 

TRA 0 1970 SKA 0 7047 

SKIo 1973 IUA 0 7328 
• • . • • ° • • • • • 

IVANENKO 

IVANOV 1 
KONNIKOVA I 
SlDOROV 

I 

~ROS~ ~,sol 
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I t  is obvious tha t  the a r c h i t e c t u r e  Oescrl~.eO here is not bound 
to an a c t u a l  p h y s i c a l  o r g a n i z a t i o n  of  r e c c r d s  on c t r e c t  a c c e s s  
oev lces .  I t  Is only reQuireD that  access to records be p o s s i b l e  
s e q u e n t i a l l y  as w e l l  as by k e y .  

The sof tware implementa t ion  of  t h i s  h y b r i d  r e l a t i o n a l  CBMS [ 3 - 5 ]  
uses the a r c h i t e c t u r e  oescr lbed h e r e i n .  Data are o h y s l c a l L y  s tored i n  
a "Oynamic  page s p a c e "  [ ~ 3 ,  organized on t h e  B t r e e  p r i n c i p l e °  T h i s  
k i n d  o f  p h y s i c a l  o r g a n i z a t i o n  t s  c u r r e n t l y  r e c o g n i z e d  t o  De v e r y  
c o n v e n i e n t  and e f f i c i e n t  [ 1 0 3 .  

The approach aescr lbed here0 p r o v i d i n g  a un i fo rm o r g a n i z a t i o n  of 
a l l  r e l a t i o n a l  DBM3 m e t a - d a t a b a s e  s y s t e , ~  t a b l e s  and mak inq  a l l o w a n c e s  
f o r  d a t ~  s e m a n t i c s ,  i s  p r o b a b l y  a new o n e ;  t h i s  c o m p l e t e s  a 
n o n - t r i v i a l  d e v e l o p m e n t  s t a g e  f o r  r e l a t i o n a l  DBFS. The m e t a - d a t a b a s e  
a r c h i t e c t u r e  ( ~ t s c u s s e d  he re  i s  f o r  t h e  most  p a r t  i m p l e m e n t e d  tn  P L / 1 .  
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