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A b s t r a c t  

Using a  semant ic  d a t a  model, a program 
has  been developed t h a t  t a k e s  a s  i n p u t  a  
s e t  of  a s s e r t i o n s  about  two da t abase  
schemas and g e n e r a t e s  a  schema f o r  t h e i r  
union. T h i s  schema is then  used f o r  e i t h e r  
a v i r t u a l  o r  p h y s i c a l  r e p r e s e n t a t i o n  of  t h e  
o r i g i n a l  da t abase s .  I n  t h e  c a s e  of  a  
v i r t u a l  merge, q u e r i e s  a g a i n s t  t h e  merged 
d a t a b a s e s  a r e  a u t o m a t i c a l l y  decomposed. I n  
t h e  c a s e  of a  p h y s i c a l  merge, t h e  d a t a  
t r a n s f e r  programs a r e  a u t o m a t i c a l l y  
gene ra t ed .  I n  e i t h e r  c a s e ,  i n t e g r i t y  
c o n s t r a i n t s  may be a u t o m a t i c a l l y  gene ra t ed  
to  e n f o r c e  c o n s i s t e n c y  i n  p l a c e s  where t h e  
two d a t a b a s e s  c o n t a i n  ove r l app ing  
i n fo rma t ion .  The problem is t h e  converse  
o f  prov-iding ' "u se r  views" : g i v e n  two sub- 
s c h e m a s a , a t  "super-schema" c o n t a i n s  both? 

1 I n t r o d u c t i o n  

A number of so f twa re  r e s e a r c h  and 
development e f f o r t s  [l, 2 ,  31 a r e  c u r r e n t l y  
devoted  t o  t h e  problem of  p rov id ing  a  
d a t a b a s e  end-user w i t h  a  u n i f i e d  method o f  
que ry ing  a  number of  p h y s i c a l l y  d i s t i n c t  
da t abase s .  An impor tan t  p a r t  of  t h i s  
problem is t o  c o n s t r u c t  a  g l o b a l  schema 
t h a t  d e s c r i b e s  t h e  u s e r  view of t h e  d a t a ,  
and a l o c a l  schema f o r  each o f  t h e  
component . da t abase s .  A mapping from 
e lements  of  t h e  g l o b a l  schema I n t o  e lements  
o f  t h e  l o c a l  schemas e n a b l e s  q u e r i e s  
expressed  i n  terms of  t h e  globa.1 schema t o  
be decomposed and t r a n s l a t e d  i n t o  a  set  of  
q u e r i e s  a g a i n s t  t h e  local .  schemas. I n  
g e n e r a l  t h e  l o c a l  schema f o r  a  g iven  
d a t a b a s e  w i l l  be a  subschema ( t h e  d a t a  of  
i n t e r e s t  to  t h e  end-user )  of  t h a t  da t abase ,  
and i t  may w e l l  be t h e  c a s e  t h a t  d i f f e r e n t  
l o c a l  schemas w i l l  be expressed  i n  
d i f f e r e n t  d a t a  models. 

I n  t h e  s i m p l e s t  u se  of  t h i s  t echn ique ,  
t h e  g l o b a l  schema i s  no more than  a  
d i s j o i n t  set  of  imag'es of t h e  l o c a l  
schemas. T h i s  p rov ide s  t h e  u s e r  w i th  a  
uniform a c c e s s  method, f o r  t h e  v a r i o u s  
d a t a b a s e s ,  b u t  p rov ide s  no s eman t i c  l i n k s  
between them. The u s e r  who wishes  t o  merge 
i n fo rma t ion  ' from two o r  more of  t h e  
component d a t a b a s e s  w i l l  have t o  write a 

query  which e x p l i c i t l y  performs t h e  merge 
( i f  t h e  query  language a l l o w s  t h i s )  o r  he 
w i l l  have t o  r e s o r t  t o  more cumbersome 
programs. While t o  o u r  knowledge no 
implemented systems y e t  pe rmi t  any more 
s o p h i s t i c a t e d  semant ic  merglng of  
' da tabases ,  p r o p o s a l s  such  as [41 should 
make t h i s  p o s s i b l e  i n  t h e  n e a r  f u t u r e .  

The problem we s h a l l  a t t a c k  i n  t h i s  
paper  is t h a t  of  c r e a t i n g  t h e  g l o b a l  
schema. A t  p r e s e n t  t h i s  is a  t a s k  f o r  an 
a p p l i c a t i o n s  programmer who must n o t  on ly  
be acqua in ted  w i th  t h e  v a r i o u s  da t abase  
management s y s  tems , b u t  a l s o  have an 
i n t i m a t e  unders tand ing  bo th  of t h e  
s t r u c t u r e s  o f  . t h e  component d a t a b a s e s  and 
t h e  needs  of  t h e  end user .  We hope t o  
demons t ra te  t h a t  merging two da t abase  
schemas i n t o  a u n i f i e d  s t r u c t u r e  can  
proceed a u t o m a t i c a l l y  from a few s imple  
a s s e r t i o n s  abou t  t h e  semant ic  r e l a t i o n s h i p s  
between e lements  of  t h e  two schemas. A s  a  
r e s u l t  of t h i s  work, it should be p o s s i b l e  
t o  p rov ide  end-users  wi th  a  program i n  
which they can i n t e r a c t i v e l y  examine a  
v a r i e t y  of l o c a l  schemas and c o n s t r u c t  
t h e i r  i n d i v i d u a l  g l o b a l  schemas f o r  
p a r t i c u l a r  a r e a s  of i n t e r e s t .  Th i s  may be 
e s p e c i a l l y  v a l u a b l e  i n  a  " f ede ra t ed"  
d a t a b a s e  - a r c h i t e c t u r e ,  where t h e r e  is  no 
no t i on  of a  unique g l o b a l  schema from which 
a l l  u s e r  views a r e  de r i ved .  I n s t e a d ,  
g roups  of  u s e r s  a g r e e  t o  s h a r e  c e r t a i n  
S u b s e t s  of d a t a ,  and must c o n s t r u c t  a  
eommon s t r u c t u r e  i n  which t o  r e p r e s e n t  t h e  
sha r ed  d a t a .  

I n  o r d e r  to  i l l u s t r a t e  t h e  problems i n  
performing a merge c o n s i d e r  two ( v e r y  
s imp le )  da t abase s :  
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The arrows i n  t h i s  diagram i n d i c a t e  an  
a t t r i b u t e  r e l a t i o n s h i p ,  f o r  example t h a t  
NAME is an a t t r i b u t e  of ~ 1 .  I n  mergipg 
t h e s e  two d a t a b a s e s  we may be seek ing  j u s t  
t h e  common a t t r i b u t e s :  

o r  we may r e q u i r e  t h a t  a  da t abase  t h a t  
r e p r e s e n t s  bo th  t h e  common a t t r i b u t e s  and 
t h e  a t t r i b u t e s  t h a t  d i s t i n g u i s h  t h e  two 
d a t a b a s e s :  

where w e  have in t roduced  a  new r e l a t i o n s h i p  
( i n d i c a t e d  by ,-Dl. T h i s  is a  sub type  
r e l a t i o n s h i p :  T4 is a  sub type  of T6, and a s  
such  i n h e r i t s  t h e  a t t r i b u t e s  of T6, t h a t  
is, both NAME and ADDRESS a r e  a t t r i b u t e s  o f  
T4. These two r e l a t i o n s h i p s ,  a t t r i b u t e  and 
sub type ,  a r e  p r e c i s e l y  t hose  of agg rega t e  
and g e n e r a l i z a t i o n  proposed by Smith a n d  
Smith [ 5 ,  61. The s imple ,  b u t  impor tan t ,  
p o i n t  t o  be made is t h a t  whi le  t h e  o r i g i n a l  
d a t a b a s e  schemas d i d  n o t  i n c l u d e  sub type  
r e l a t i o n s h i p s ,  i t  may be necessa ry ' .  t o  
i n t r o d u c e  them i n  o r d e r  t o  produce an  
a c c u r a t e  d e s c r i p t i o n  of  t h e  combined d a t a .  

2  The A b s t r a c t  Database  Model 

The example i n  t h e  i n t r o d u c t i o n  is 
o v e r s i m p l i f i e d .  The o r i g i n a l  d a t a b a s e s  
appear  t o  be ' s imp le  r e l a t i o n s  .. The merging 
t e chn ique  t o  be de sc r i bed  w i l l  hand le  more 
complex schemas. I n  p a r t i c u l a r ,  i t  w i l l  
a l l o w  f o r  an  agg rega t i on  of a t t r i b u t e s  
(i.e. a  t ype )  t o  become a  new a t t r i b u t e  
which may be i nco rpo ra t ed  i n  a  h i g h e r  l e v e l  
agg rega t i on .   his approach combining 
h i e r a r c h i c  r e l a t i o n s h i p s  w i th  sub type  
r e l a t i o n s h i p s  i n t o  one d a t a b a s e  model is  
due t o  Smith and Smith [ 5 ,  61 and Hammer 
and McLeod [ 7 ,  8 ) .  However we s h a l l  use  a  
somewhat d i f f e r e n t  formalism. 

A b a s i c  assumption is made t h a t  an 
o b j e c t  is p u r e l y  d e f i n e d  by its a t t r i b u t e s .  
Hence, t w o  o b j e c t s  w i th  t h e  same a t t r i b u t e s  
a r e  a c t u a l l y  i d e n t i c a l .  Th is  assumption 
w i l l  e n a b l e  a  p r o c e s s  of i d e n t i f i c a t i o n  of  
s i m i l a r  s t r u c t u r e s  i n  t h e  two da t abase  
schemas t o  t a k e  p l a c e .  For example, i f  i n  
bo th  d a t a b a s e s  of t h e  p rev ious  example t h e  
NAME a t t r i b u t e  is composed of FIRST-NAME 
and LAST-NAME, then  they  would be 
cons idered  i d e n t i c a l .  The under ly ing  
j u s t i f i c a t i o n  is t h a t ,  had i t  been 
nece s sa ry  t o  d i s t i n g u i s h  between them, an 
a p p r o p r i a t e  a t t r i b u t e  would be a v a i l a b l e .  

The fo l lowing  s e c t i o n  fo rmula tes  a  
d a t a b a s e  model t h a t  i n c o r p o r a t e s  t h e s e  
i dea s .  The r e s u l t s  a r e  f o r  t h e  most p a r t  
e a s y  t o  d e r i v e , '  b u t  d e s c r i b e  what we 
b e l i e v e  t o  be d e s i r a b l e  p r o p e r t i e s  of any 
d a t a b a s e  a b s t r a c t i o n  techn ique .  

2.1 Database Schema 

Le t  P  be a f i n i t e  s e t  o f  p r i m i t i v e  
a t t r i b u t e s .  Def ine Poo by i nduc t i on  a s  
f o l l o w s  : 

I Po = P  
Pn 

Pn+l  = Pn U 2  
A s u b s e t  SSPoo  is h e r e d i t a r y  i f  s6S ==> 
Y t 4 s :  t4S. 

D e f i n i t i o n  1. A f i n i t e  h e r e d i t a r y  s u b s e t  
of Poo is a  d a t a b a s e  schema (ove r  t h e  s e t  
o f  p r i m i t i v e s  P) .  Each e lement  o f  a  
d a t a b a s e  schema is a , d a t a b a s e  type. 

The p r i m i t i v e  a t t r i b u t e s  o f  t h e  schema 
need n o t  a lways be t h e  a c t u a l  a tomic f i e l d s  
o f  t h e  d a t a b a s e  ( c h a r a c t e r  s t r i n g s ,  
numbers, e t c . ) .  Ra ther ,  they  a r e  t hose  
t h a t  t h e  u s e r  h a s  determined a s  p r i m i t i v e  
f o r  t h e  purpose of c o n s t r u c t i n g  t h e  merge. 
For i n s t ance , .  i n  t h e  example of t h e  
i n t r o d u c t i o n  ADDRESS may,be a "composite" 
o b j e c t  ( c o n s i s t i n g  of  CITY and STREET), 
whi le  it is a  p r i m i t i v e  o b j e c t  f o r  t h e  
purpose o f  t h e  merge. 

D e f i n i t i o n  2. Le t  S  be a da tabaae ' schema 
and s, t cS  two d a t a b a s e  types .  Define 

t a t t  s ( t  is a n  a t t r i b u t e  of s )  - 
i f  t s s ,  
t gen s ( t  .is a  g e n e r a l i z a t i o n  of s )  
i f  t $ s .  

, The r e l a t i o n s  a t t  and gen a r e  embedded - 
i n  the '  g iven  schema. Note t h a t ,  s i n c e  gen 
r e q u i r e s  bo th  p a r t i c i p a n t s  t o  be s e t s ,  o n l y  
composi te  t ypes  qan be g e n e r a l i z a t i o n s .  

t h e  a t t r i b u t e  and g e n e r a l i z a t i o n  
W n s  main ta in :  

(1) s att t ,  t gen r ==> s att r ,  
('2) s gen t, t gen r ==> s gen r .  



These p r o p e r t i e s  w i l l  be r e f e r r e d  t o  a s  t h e  
i n h e r i t a n c e  of  a t t r i b u t e s  ( over  
g e n e r a l i z a t i o n s )  and t h e  t r a n s i f i v i t y  of  
g e n e r a l i z a t i o n s .  Thus, s i n c e  T6 is a 
g e n e r a l i z a t i o n  of both T4 and T5, both T4 
and T5 i n h e r i t  NAME and ADDRESS from T6. 
Throughout t h e  fo rmal  d e f i n i t i o n s  we s h a l l  
use  t h e  term g e n e r a l i z a t i o n  i n  p r e f e r e n c e  
t o  sub type .  These r e l a t i o n s h i p s  a r e  
i n v e r s e s  of  one a n o t h e r .  

~ e f i n i t i o n  3. Let  S be a d a t a b a s e  schema 
and s , t c S  two da t abase  t ypes .  ~ e f i n e  

s ~ t  ( t h e  meet of s and t )  = s o  t ,  
s v t  ( t h e  join of s and t )  = s u t .  

The meet and j o i n  o p e r a t o r s  c r e a t e  new 
d a t a b a s e  types  from e x i s t i n g  composite 
t y p e s ,  by t ak ing  t h e i r  i n t e r s e c t i o n  and 
union,  r e s p e c t i v e l y  ( t h e  terms i n t e r s e c t i o n  
and union a r e  r e s e rved  f o r  o p e r a t o r s  on 
d a t a b a s e  p o p u l a t i o n ) .  

Prop 2. Types c r e a t e d  by t h e  meet and j o i n  
o p e r a t o r s  main ta in :  

(1) S U { s n t )  and S U ( s ~ t )  a r e  schemas 
( 2 )  S A ~  gen s and s ~ t  gen t ,  
( 3 )  s gen s V t  and t gen s v t .  

We have been us ing  a g r a p h i c  
' r e p r e s e n t a t i o n  of d a t a b a s e  schema wi th  its 

de r ived  a t t r i b u t e  and genera l i ' za t ion  
r e l a t i o n s .  Each d a t a b a s e  t ype  is 
r ep re sen t ed  by a node. I f  t att s,  t h e r e  
i a d i  e c t e d  a r c  from node s t o  node t: 6-6. I f  t gen s,  t h e r e  i s  a 
d r e c t e d  arrow from node s t o  node -t: 

t ( a n  edge is e i t h e r  an a r c  o r  an  
a +DO row) However, i f  t gen r and s att t 
then  s att r is suppressed  i n  t h e  g r a p h i c  
r ep r e sen t a . t i on .  S i m i l a r l y ,  i f  s gen t and 

PSr then s gen r is suppressed .  The 
d e  i n i t i o n  of a schema i m p l i e s  t h e  
fo l l owing  r e s t r i c t i o n s  on t h e  d e s c r i p t i v e  
g raph  G :  (1.) G is a c y c l i c ,  ( 2 )  G has  no 
p a r a l l e l  a r c s  and no p a r a l l e l  arrows; 
( 3 )  No two nodes of G have t h e  same 
out-going ne ighbors ,  and ( 4 )  A node cannot  
have -an  arrow a s  its o n l y  out-going edge.  

A s  an example of a schema, c o n s i d e r  t h e  
p r i m i t i v e  a t t r i b u t e s  

NAME,SSN,MAJORIDEGREE,D_NAMEISCHOOL 
and t h e  composite t ypes  

' DEPARTMENT = ( D  NAME SCHOOL)., 
STUDENT = (NAME-SSN MAJOR) ,  
GRAD STUDENT = (NAME SSN MAJOR DEGREE),  
INSTEUCTOR = (NAME SSN (D-NAME SCHOOL)) 

Some a t t r i b u t e  r e l a t i o n s h i p s  embedded i n  
t h i s  schema a r e  

SCHOOL a t t  DEPARTMENT, 
NAME a ~ ~ T U D E N T  I 

DEPAR*NT INSTRUCTOR , 
The o n l y  g e n e r a l i z a t i o n  r e l a t i o n s h i p  
embedded i n  t h i s  schema is 

STUDENT gen GRAD-STUDENT. 
The type  o p e r a t o r s  may now be employed t o  
c r e a t e  new types .  The meet of  STUDENT and 
INSTRUCTOR is 

PERSON = STUDENTA INSTRUCTOR = 
(NAME SSN).  

The new e n t i t y  PERSON has  a t t r i b u t e s  NAME 
and SSN, and is f o r  e i t h e r  STUDENT o r  
INSTRUCTOR. The j o i n  of  GRAD-STUDENT and 
INSTRUCTOR is . 

ASSISTANT = GRAD-STUDENTVINSTRUCTOR = 
(SSN NAME MAJOR DEGREE (D-NAME SCHOOL)) 

The type  ASSISTANT has  t h e  a t t r i b u t e s  of 
GRAD-STUDENT and INSTRUCTOR and t h e r e f o r e  
is a t ype  being both GRAD-STUDENT and 
INSTRUCTOR. Some new r e l a t i o n s h i p s  a r e  

PERSON STUDENT, 
INSTRUCTOR gen ASSISTANT. 

The g r a p h i c  r e p r e s e n t a t i o n  is 

N STRUCTOR 

1 
DEGREE 

2.2 Database Assignment 

With t h i s  d e f i n i t i o n  o f  a schema we can 
now d e f i n e .  how t o  "popula te"  i t  wi th  
o b j e c t s .  L e t  S be a d a t a b a s e  schema (ove r  
P ) ,  X a f i n i t e  s e t  of  o b j e c t s  ( t h e  
"popula t ion"  of , t h e  d a t a b a s e )  and 
8 : X x S --> X a ( p a r t i a l )  f u n c t i o n .  8 
a s s i g n s  o b j e c t s  a s  a t t r i b u t e  va lue s  of 
o t h e r  o b j e c t s .  Assume B(x , s )=y .  The 
t r i p l e t  ( x , s , y )  is c a l l e d  a pos se s s ion .  
For each  xt  , t h e  a t t r i b u t e s  a p p l i c a b l e  t o  
x a r e  Tx = i s r s  1 B ( x , s )  is def ined}.  

D e f i n i t i o n  4. Le t  sts be a type  and x(X an 
o b j e c t .  Define - 

x mem s ( x  is a member of  s )  i f  Tx:! s. 
The d o a n  of  s is 
ao.0 - [xrx I x - m e m  sj. 
Each o b j e c t  is a member of a l l  t h e  

t ypes  wi th  a t t r i b u t e s  a p p l i c a b l e  t o  i t .  
Thus, if an o b j e c t  p o s s e s s e s  va lue s  f o r  t h e  
a t t r i b u t e s  SSN, NAME and SCHOOL, i t  is a 
member o f  t ypes  PERSON and STUDENT. Each 
type  d e f i n e s  a domain, which is a l l  t h e  
o b j e c t s  t h a t  are members o f  t h i s  type.  

Prop 3 .  The domains o f , t y p e s  main ta in :  
(1) X E  s,  t en s ==> x mem t ,  
( 2 )  dom(qr t )  = k ( s )  "don( t), 
( 3 )  dom(sv t )  = d o m ( s ) n d o m ( t ) .  



A s  an example of t h e s e  p r o p e r t i e s ,  
c o n s i d e r  t h e  p r ev ious  schema. A l l  members 
of STUDENT a r e  a l s o  members o f  PERSON. 
Ob jec t s  w i th  bo th  GRAD-STUDENT a t t r i b u t e s  
and INSTRUCTOR-~~~U tes ( i . e. o b j e c t s  ' i n  
t h e  i n t e r s e c t i o n  of t h e s e  domains) comprise  
t h e  . domain of ASSISTANT. Ob jec t s  with. 
e i t h e r  STUDENT a t t r i b u t e s  o r  INSTRUCTOR 
a t t r i b u t e s  (i .e.  o b j e c t s  i n  t h e  union of: ! 
t h e s e  domains) comprise t h e  do= of 
PERSON. 

(Note t h a t  t h e  d e f i n i t i o n  of  mem 
a p p l i e s  o n l y  t o  composi te  o b j e c t s  
types .    his r e l a t i o n  can be extended t o  
p r i m i t i v e  o b j e c t s  and t y p e s  a s  fo l lows :  Let' 
s6S be a p r i m i t i v e  type and xex a p r i m i t i v e  
o b j e c t .  x  - mem s i f  3ytX:  B (y , s )=x .  i.e. 
a  p r i m i t i v e  o b j e c t  is a  member of t h e  t ypes  
t h a t  a s s i g n  it a s  an a t t r i b u t e  v a l u e ) .  

D e f i n i t i o n  5. 8 is c a l l e d  an  a s s i g n m e n t t o  
S (over  X )  if 

(1) B(x , s )  is d e f i n e d  ==> 
3 t cS :  s a t t  t ,  x 5 t 
and Q(x,s)mem s ,  

( 2 )  s,tCS p r i m i m e s  ==> 
dom(s )Odom( t )  = pl. 

The c o n d i t i o n s  on an  ass ignment  
g u a r a n t e e  t h a t  each pos se s s ion  .is between 
o b j e c t s  t h a t  a r e  members of r e l a t e d - t y p e s .  
I n  p a r t i c u l a r ,  each o b j e c t  be longs  t o  a t  
least  one domain ( a  p r i m i t i v e  o b j e c t  
belongs t o  e x a c t l y  one domain).  

The above d e f i n i t i o n s  imply % f o r  eve ry  t , s ( S  such t h a t  t - a t t  s 
t h e r e  is a  t o t a l  f u n c t i o n  

: dom(s) --> dom(t )  

t , s c S  such t h a t  t gen s: 
dom(s) Q dom(t )  

Thus, t h e r e  is a  f u n c t i o n  from t h e  
domain of  a l l  members o f  INSTRUCTOR i n t o  
a l l  POSITIONS, a s s ign ing  each member o f  
INSTRUCTOR e x a c t l y  one POSITION. 

For  t h e  purpose of merging two 
d i f f e r e n t  d a t a b a s e s  it is neces sa ry  t h a t  
each composi te  o b j e c t  is i d e n t i f i a b l e  by a  
combinat ion of p r i m i t i v e  a t t r i b u t e s ,  s o :  
t h a t ,  when t h e  two p o p u l a t i o n s  a r e  
c o n s o l i d a t e d ,  i d e n t i c a l  o b j e c t s  can be 
recognized  a s  such. W e  must t h e r e f o r e  
i d e n t i f y  a key r e l a t i o n s h i p  between types .  

D e f i n i t i o n  6. Le t  s , t & S  be types .  
t key s ( t  is a key o f  s )  
i f  t att s and f s t  h a s  i nve r se .  

Thus, a t t r i b u t e  t is a key t o  a t t r i b u t e  
s, i f  each o b j e c t  of t de te rmines  a  unique 
o b j e c t  o f  s. I f ,  f o r  example, t h e  f u n c t i o n  
a s s i g n i n g  each PERSON one SSN is such  t h a t  
d i f f e r e n t  PERSONS have d i f f e r e n t  SSNs, then  
SSN is a key a t t r i b u t e  t o  PERSON. 

P ro  5 The key r e l a t i o n  main ta ins :  
+ i t ,  t m r  "> s * r .  

A s  d e f i n e d ,  a key is a  s i n g l e  
i d e n t i f y i n g  a t t r i b u t e .  However, t h i s  
d e f i n i t i o n  can  be e a s i l y  extended t o  
i nc lude  keys  c o n s i s t i n g  o f  m o r e t h a n  one 
a t t r i b u t e .  By composing keys  each 
non-pr imi t ive  o b j e c t  can be i d e n t i f i e d  by a  
combination o f  p r i m i t i v e  o b j e c t s .  

~ e f i n i t i o n  7. Le t  S  be a  da t abase  schema 
(ove r  P)  and 0  a da t abase  ass ignment  t o  t h e  
schema S (ove r  X ) .  <8,S> is a da t abase  i f  

Y sts, Y x,y mem s: 
Y tts, 8 ( x , t ) = 8 ( y , t )  ==> x=y. 

Th i s  requ i rement  i d e n t i f i e s  a l l  
o b j e c t s  t h a t  p o s s e s s  t h e  a t t r i b u t e s  of a  
g iven  t ype  w i th  i d e n t i c a l  a t t r i b u t e  values., 
I n  o t h e r  words, t h e  'members o f  each t ype  
are d i s t i n g u i s h a b l e  by a t  l e a s t  one 
pos se s s ion .  Consequently,  a  member can  be 
i d e n t i f i e d  by its se t  o f  pos se s s ions .  
Thus, every  t ype  is guaran teed  t o  have a t  
l e a s t  one key: t h e  t r i v i a l  key c o n s i s t i n g  
o f  its complete  a t t r i b u t e  s e t .  

According t o  t h e  d e f i n i t i o n  of  gen, 
e v e r y  containment  between sets of  
a t t r i b u t e s  i m p l i e s  a g e n e r a l i z a t i o n  
r e l a t i o n s h i p  between t h e s e  two types .  For 
example, SIZE = (HAT-SIZE SHOE SIZE)  is a  
g e n e r a l i z a t i o n  o f  CUSTOMER-= (NAME SSN 
ADDRESS HAT-SIZE SHOE-SIZE). However, such 
u n d e s i r a b l e  s i t u a t i o n s  cannot  occur :  s i n c e  
eve ry  Fype h a s  a ' k e y ,  by Prop 5 e v e r y  
g e n e r a l i z a t i o n  r e l a t i o n s h i p  must be 
suppor ted  by a key (i .e.  i f  s gen t then  s 
and t s h a r e  a common key ) .  

D e f i n i t i o n  8.  A t ype  wi th  its domain is a  
d a t a b a s e  class. A naming f u n c t i o n  which 
a s s i g n s  e r  class a unique name is 
assumed. Le t  s be t h e  name of  a c l a s s .  
The t ype  and domain of  t h i s  c l a s s .  w i l l  be 
denoted t y p e ( s ) .  and dom(s ) ,  r e s p e c t i v e l y .  
The d e f i n i t i o n  o f  t h e  da t abase  c l a s s  s is 
t h e r e f  o r e  

s = < t y p e ( s ) , d o m ( s ) > .  
Also,  whenever t y p e ( t )  is a n  e lement  o f  
t y p e ( s 1 ,  t he  name t w i l l  r e p l a c e  t y p e ( t )  i n  
t h e  d e s c r i p t i o n  o f  t y p e ( s ) .  F i n a l l y ,  many 
of  t h e  concep ts  de f i ned  f o r  t y p e s  ( such  a s  
t h e  a t t r i b u t e  and g e n e r a l i z a t i o n  r e l a t i o n s )  
are t r i v i a l l y  extended t o  c l a s s e s .  

T h e . d a t a b a s e  model de sc r i bed  above can  
be summarized a s  fo l lows :  A da t abase  is a  
schema and an  ass ignment .  The schema 
defines t h e  d i f f e r e n t  t e s  ( c r e a t e d  from a 
s e t  of p r i m i t i v e s ) ,  +'?I- w 1, e t h e  ass ignment  
de t e rmines  t h e  d i s t r i b u t i o n  o f  t h e  o b j e c t s  
i n t o  t h e  domains of t h e s e  fypes  ( t h u s  
c r e a t i n g  classes), Four semant lc  r e l a t i o n s  
(s, gen, key and mem) between e lements  o f  
t h e  da t abase ,  as w e r a s  a  s e t  o f  da t abase  
f u n c t i o n s ,  a r e  embedded i n  t h e  da tabase .  



3  Merging Two Databases  

We c a n  now e x p l o i t  t h i s  d a t a b a s e  model 
t o  produce a  fo rmal  d e s c r i p t i o n  o f  t h e  
merge o f  two d a t a b a s e s .  A s  a f i r s t  s t e p ,  
we . d e f i n e  t h r e e  r e l a t i o n s h i p s  between 
d a t a b a s e s :  c o n s i s t e n c y ,  con ta inment  and 
e q u i v a l e n c e .  For  t h e  s a k e  of  b r e v i t y ,  some 
o f  t h e  p r e l i m i n a r y  d e f i n i t i o n s  and r e s u l t s  
a r e  o n l y  summarized. We t h e n  d e f i n e  t h e  
un ion  of  two . c o n s i s t e n t  d a t a b a s e s .  
F i n a l l y ,  a merging a l g o r i t h m  is  i n t r o d u c e d  
t h a t  p roduces  t h i s  union.  

3 . 1  R e l a t i o n s  Between Databases  

Given a  schema S ,  we d e f i n e  two r e l a t e d  
schemas. The schema S t  is o b t a i n e d  by 
removing from S  a l l  t y p e s  t h a t  a r e  "pure"  
g e n e r a l i z a t i o n s .  The span schema S* is 
o b t a i n e d  by augmenting S  th rough  s u c c e s s i v e  
a p p l i c a t i o n s  o f  t h e  meet o p e r a t o r  t o  p a i r s  
o f  t y p e s  ( i f  t h e  i n t e r s e c t i o n  of  t h e i r  
a t t r i b u t e s  i n c l u d e s  bo th  k e y s )  u n t i l  no 
f u r t h e r  t y p e s  a r e  c r e a t e d .  I f  t h e  b a s e  of  
schema S1  is c o n t a i n e d  i n  t h e  b a s e  of  
schema S2, S2 is s a i d  t o  be r i c h e r  t h a n  S1  
( S 1  ( S2) . I f  two schemas S- S2 have 
t h e  same - . b a s e  t h e y  a r e  s a i d  to  be . 
e q u i v a l e n t  ( S l  n~ S2) . 
~ e f  i n i t i o n  9. L e t  S l ,  S2 be t w o  schemas 
l o v e r  P ) .  Assume 81 i s  an ass ignment  to  S1 
( o v e r  x1) and 8 2  is a n  ass ignment  t o  S2 
( o v e r  ~ 2 ) .  L e t  X = X 1  U X2 and S  = S1 U S2 
and d e n o t e  D l  = <01,S1>,  D2 = <02,S2>. 

DI and D2 a r e  c o n s i s t e n t  ( ~ 1  I D2) i f  
v X ~ X ,  v S ~ S :  G ~ ( x , s ) = ~ ~ ( x , s ) .  . . .  
TWO d a t a b a s e s  a r e  c o n s i s t e n t ,  i f  t h e y  have 
no c o n t r a d i c t o r y  p o s s e s s i o n s .  

~1 is c o n t a i n e d  i n  D2 ( ~ 1  ( D 2 )  i f  
S1  ( S2 and V xCX, V sES1: 0 1 ( x , s ) s 8 2 ( x t s ) .  
I f  one s e t  of  p o s s e s s i o n s  is a  s u b s e t  o f  
t h e  o t h e r ,  t h e  former  d a t a b a s e  is c o n t a i n e d  
i n  t h e  l g t t e r .  

D l  and D2 a r e  e q u i v a l e n t  ( ~ 1 d  ~ 2 )  . i f  
S l w S 2  and V xcX, V s t S :  0 1 ( x I s ) ~ 0 2 ( x , s ) .  
I f  t h e  two d a t a b a s e s  have t h e  same s e t s  o f  
p o s s e s s  i o n s ,  they  a r e  e q u i v a l e n t . ,  r t  
f o l l o w s  t h a t  ~1 4 ~2 and D2 4 ~1 imply 
D l d D 2 .  (Two p a r t i a l  f u n c t i o n s  a r e  e q u a l  
( = I  i f  t h e y  have t h e  same v a l u e  whenever 
b o t h  a r e :  d e f i n e d .  ~ f ,  in. a d d i t i o n ,  bo th  
a r e  d e f i n e d  on t h e  same set., t h e y  a r e  
i d e n t i c a l  (z) ) . 
Theorem 1. L e t  D = <8 ,S> be a d a t a b a s e  and 
'let D * = < 8 , S * > .  T h e n ~ * d D .  
D* w i l l  be  c a l l e d  t h e  c a n o n i c a l  form o f  D. 

D e f i n i t i o n  10.  ~ e t  D l  = <01,S1>, 
D2 = <02,S2> be two c o n s i s t e n t  d a t a b a s e s .  
The un ion  of D l  and D2 is 

D l  U D2 = <0,S> , where 
S  = ( S 1  U S2)*  and 0  : X x  S  --> X 

Theorem 2.  D l U D 2  is t h e  s m a l l e s t  
c a n o n i c a l  d a t a b a s e  t h a t  c o n t a i n s  both D l  
and D2. i . e .  

( 1 )  D l  U D2, is a  d a t a b a s e ,  
( 2 )  D l  U D2 = ( D l  U ~ 2 ) * ,  
( 3 )  D l 1  D2 6 D l  U D21 
( 4 )  D l ,  D2 ( D I=> D l  U D2 4 D l  

f o r  e v e r y  d a t a b a s e  D. 

Every ptt, gen and mem r e l a t i o n s h i p  i n  
D l  o r  D2 is p r e s e r v e d  i n  D. A s  f o r  t h e  key 
r e l a t i o n ,  a c l a s s  of  D is keyed on t h e  j o i n  
o f  its key a t t r i b u t e s  i n  D l  and D2. 

3.2 A Merging Algor i thm 

The merge p r o c e s s  t a k e s  p l a c e  i n  two 
phases .  F i r s t , .  t h e  new schema is o b t a i n e d ,  
t h u s  d e t e r m i n i n g  t h e  new att and gen 
r e l a t i o n s .  Then, u s i n g  t h e  new schema, t h e  
p o p u l a t i o n  o f  t h e  new d a t a b a s e  ( t h e  mem 
r e l a t i o n )  and t h e  i d e n t i f i c a t i o n  of this 
p o p u l a t i o n  ( t h e  key r e l a t i o n )  a r e  d e r i v e d .  

I n  p r a c t i c e ,  t h e  g iven  d a t a b a s e s  a r e  
n o t  d e t a i l e d  by a schema-assignment p a i r .  
I n s t e a d ,  e a c h . d a t a b a s e  is d e s c r i b e d  by: 

( 1 )  A se t  o f  type-names wi th  two 
r e l a t i o n s  (e and gen), 

( 2 )  For each  type-name, a  domain of  
o b j e c t s  ( r e l a t i o n  E), 

( 3 )  Between e a c h  two r e l a t e d  domains,  a  
f u n c t i o n ,  

( 4  1' For e a c h  f u n c t i o n ,  a p r e d i c a t e  
i n d i c a t i n g  whether '  t h e  f u n c t i o n  has  i n v e r s e  
( r e l a t i o n  key). 

Of c o u r s e ,  a l l  r e l a t i o n s  and f u n c t i o n s  
shou ld  be.  d e r i v a b l e  from a  l e g a l  schema- 
ass ignment  p a i r .  

Given two. such  d a t a b a s e s , . .  t h e i r  union 
is a r r i v e d  a t  by , t h e  t h e  fol lowing 
( i n f o r m a l l y  d e s c r i b e d )  a lgor i thm:  

( 1 )  Combine t h e  s e t s  o f  p r i m i t i v e  t y p e s  
( t h o s e  n o t  i n  t h e . r a n g e  o f  att or m) i n t o  
one s e t .  T h i s  n e c e s s i t a t e s  a s s e r t l n g  which 
p a i r s  o f  p r i m i t i v e  t y p e s  a r e  i d e n t i c a l .  In  
g raph  n o t a t i o n ,  t h i s  means t y i n g  t h e  two 
s e p a r a t e  g r a p h s  t o g e t h e r  , by merging p a i r s  
o f  t e r m i n a l  nodes.  

( 2 )  ~ e c u r s i v e i y  combine composite t y p e s  
t h a t  have i d e n t i c a l  a t t r i b u t e s .  T h i s  is a  
"bottom-up" p r o c e s s .  I n  graph n o t a t i o n ,  
t h e  r e s u l t  is a  graph i n  which nodes wi th  
s i m i l a r  d e s c e n d a n t s  a r e  merged i n t o  one.  

( 3 )  Augment t h e  schema with  t y p e s  
c r e a t e d  by a p p l y i n g  t h e  meet o p e r a t o r  t o  
e v e r y  two t y p e s ,  i f  t h e  r e s u l t  w i l l  c o n t a i n  
bo th  keys.  I n  g raph  n o t a t i o n ,  a  new node 
is i n t r o d u c e d  by e v e r y  such  a p p l i c a t i o n .  



T h i s  new node is c o n n e c t e d  t o  t h e  o r i g i n a l  
nodes  v i a  a r r o w s ,  and a l l  o u t g o i n g  nodes  
s h a r e d  by t h e  o r i g i n a l  nodes  are 
t r a n s f e r r e d  t o  t h e  new node. I f  i d e n t i c a l  
t y p e s  have. been i n t r o d u c e d ,  t h e y  s h o u l d  be  
combined. The r e s u l t  is a new set  o f  t y p e s  
w i t h  new 3 and gen r e l a t i o n s .  T h a t  is, a 
new g r a p h .  

The " c o n n e c t i o n s n  be tween t h e  two 
o r i g i n a l  schemas are o f  t h r e e  k i n d s .  
Assume s l € S l  and s2CS2. We may have  
( a )  sl and 92  merge i n t o  one  t y p e  scs; 
( b )  s l  and s 2  p roduce  a t h i r d  t y p e  ~ 1 ~ ~ 2 6 s ;  
( c )  s l  and s 2  m a i n t a i n  i n  S: s l  gen s 2 .  

( 4 )  The k e y s  o f  t h e  new schema are 
d e t e r m i n e d  as  f o l l o w s :  I n  t h e  above  t h r e e  
cases t h e  j o i n  of  t h e  k e y  a t t r i b u t e s  o f  s l  
and s 2  is t h e  k e y  t o  e i t h e r  s ( c a s e  a )  o r  
s l ~ s 2  ( c a s e  b )  o r  sl ( c a s e  c ) .  I n  e a c h  
case t h e  j o i n  is g u a r a n t e e d  t o  be  p a r t  o f  
t h i s  t y p e .  A l l  o t h e r  k e y s  are c a r r i e d  o v e r  
f rom t h e  o r i g i n a l  schemas.  

( 5 )  The domains  o f  t h e  new schema are 
d e t e r m i n e d  a s  f o l l o w s :  I n  t h e  above t h r e e  
cases t h e  u n i o n  o f  t h e  domains  o f  s l  and 92 
is t h e  domain o f  e i t h e r  s (case a )  or s l A s 2  
(case b )  or s l  (case c ) .  A l l  o t h e r  domains 
are c a r r i e d .  o v e r  f rom t h e  o r i g i n a l  schemas.  

( 6 )  Assuming t h e  o r i g i n a l  d a t a b a s i s  are 
c o n s i s t e n t ,  t h e  f u n c t i o n s  o f  t h e  new 
d a t a b a s e  are r e a d i l y  d e r i v e d  f rom t h e  
o r i g i n a l '  f u n c t i o n s .  

The above p r o c e d u r e  d e t e r m i n e s  t h e  new 
schema and i t s  k e y s ,  domains and f u n c t i o n s .  
I n  o t h e r  words,  a new d a t a b a s e .  

A s  a n  example o f  a d a t a b a s e  merge 
c o n s i d e r  t h e  p r e v i o u s  U n i v e r s i t y  P e r s o n n e l  
d a t a b a s e  and t h e  f o l l o w i n g  T h e s i s  F i l e  
d a t a b a s e  w i t h  p r i m i t i v e  a t t r i b u t e s  

SSN,NAMEtMAJORtD-NAMEISCHOOLIOFFICEITOPIC 
and compos i t e  t y p e s  

DEPARTMENT = (D NAME SCHOOL), 
STUDENT, = (SSN EAME MAJOR), 
FACULTY = (SSN NAME (DEPARTMENT OFFICE)) 
THESIS = (STUDENT FACULTY TOPIC) . 

The g r a p h i c  r e p r e s e n t a t i o n  o f  t h e  schema is 

Assume now t h a t  a l l  p r i m i t i v e s  w i t h  t h e  
same name are similar.  The merge o f  t h e s e  
d a t a b a s e s  w i l l  b e  

Having t h e  same p r i m i t i v e  a t t r i b u t e s ,  t h e  
two t y p e s  c a l l e d  DEPARTMENT were  merged. 
The meet Of  FACULTY and STUDENT ( i n  t h e  
second  d a t a b a s e )  was i d e n t i f i e d  w i t h  PERSON 
( o f  t h e  f irst  d a t a b a s e ) ,  t h u s  e n a b l i n g  a 
f u r t h e r  merge o f  t h e  two t y p e s  c a l l e d  
STUDENT. , The t y p e  INSTRUCTOR ( i n  t h e  f i r s t  
d a t a b a s e )  was . a  s u b t y p e  o f  P-ERSON (PERSON 
w i t h  DEPARTMENT). I n  the merge i t  was 
e n t e r e d  as a g e n e r a l i z a t i o n  o f  t h e  t y p e  
FACULTY (INSTRUCTOR w i t h  OFFICE). 

3.3 Implemen ta t ion  

A program h a s  been w r i t t e n ,  t h a t  
a c c e p t s  a d e ' s c r i p t i o n  o f  two schemas o f  
a b s t r a c t  d a t a b a s e s ,  a l o n g  w i t h  a s e t  o f  
a s s e r t i o n s  ' on  similar t y p e s .  I t  t h e n  
g e n e r a t e s  a schema f o r  t h e  un ion  d a t a b a s e .  
Once t h e  schema is a v a i l a b l e ,  and w i t h  t h e  
above  r u l e s  f o r  d e t e r m i n i n g  t h e  domains ,  
f u n c t i o n s  and k e y s ,  a q u e r y  l anguage  and 
c o n s t r u c t i o n  p r i m i t i v e s  c a n  be used  t o  
o b t a i n  a p h y s i c a l  r e p r e s e n t a t i o n  o f  t h e  
merge d a t a b a s e .  . 

However', a p h y s i c a l  r e p r e s e n t a t i o n  is 
n o t  needed i n  o r d e r  t o  q u e r y  t h e  un ion  
schema. I n f o r m a t i o n  c o l l e c t e d  d u r i n g  t h e  
merge p r o c e s s  is used by a n o t h e r  program t o  
e n a b l e  q u e r y i n g  o f  t h e  un ion  schema. The 
program decomposes e a c h  q u e r y  t o  a s e t  o f  
q u e r i e s ,  s u b m i t s  them t o  t h e  component 
d a t a b a s e s  and recomposes  t h e  r e s u l t s  t o  
form a n  answer  f o r  t h e  ' o r i g i n a l  que ry .  

T o g e t h e r ,  t h e  'schema-merging program 
and t h e  que ry -decompos i t ion  program p r o v i d e  



t h e  end-user  w i t h  a v i r t u a l  d a t a b a s e  
s y s  t e m .  

Two d a t a b a s e s  may be merged, even 
though they  a r e  n o t  c o m p l e t e l y  c o n s i s t e n t .  
An i n c o n s i s t e n c y  is a mu1 t i - v a l u e d  
f u n c t i o n .  T h i s  may be  a l lowed  i n  t h e  
v i r t u a l  d a t a b a s e ,  a s  its r e s o l u t i o n  
r e q u i r e s  o u t s i d e  h e l p .  During t h e  c o u r s e  
o f  a qu:ry, i f  a n  i n c o n s i s t e n c y  is 
d e t e c t e d ,  i t  is r e p o r t e d  t o  t h e  u s e r .  

4 D i s c u s s i o n  

The o b j e c t  o f  t h i s  p a p e r  h a s  been to  
f o r m a l i z e  a s e m a n t i c  d a t a  model and to  
e x p l o i t  i t  i n  t h e  problem o f  merging two 
d a t a b a s e s .  I n  p a r t i c u l a r  we have d e s c r i b e d  
a g e n e r a l  method o f  p roduc ing  t h e  merge and 
d e f i n i n g  t h e  consequen t  i n t e g r i t y  
c o n s t r a i n t s  on t h e  d a t a .  The method 
a p p e a r s  to work w e l l  when t h e  i n i t i a l  
d a t a b a s e s  are p r o p e r l y  d i f f e r e n t i a t e d  by 
t h e i r  s e m a n t i c  s t r u c t u r e .  However, t h i s  is 
n o t  a lways  t h e  c a s e :  a n  i m p o r t a n t  second 
phase  o f  t h i s  r e s e a r c h  is t o  c o n s t r u c t  a 
program through which t h e  u s e r  may " r e p a i r "  
t h e  s e m a n t i c s  o f  t h e  i n i t i a l  d a t a b a s e s  a t  
t h e  same t i m e  t h a t  t h e  merge is 
c o n s t r u c t e d .  A s  a n  example,  c o n s i d e r  

The method d e s c r i b e d  w i l l  p roduce.  a 
d a t a b a s e  i n  which T2 is a g e n e r a l i z a t i o n  o f  
T1. T h i s  would be  t h e  c o r r e c t  merge i f  .T2 
s t o o d  f o r  e n r o l l m e n t s  and T1 s t o o d  f o r  
completed e n r o l l m e n t s  ( i . e .  e n r o l l m e n t  f o r  
which a g r a d e  h a s  been a s s i g n e d ) .  However, 
it would be  t o t a l l y  i n c o r r e c t  i n  t h e  c a s e  
t h a t  T1 s t o o d  f o r  e n r o l l m e n t s .  b u t  T2 

' i n d i c a t e d  t e a c h i n g  a s s i g n m e n t s  ( i .e .. 
r e l a t i o n s h i p s  o f  t e a c h i n g  between p e r s o n s  
and c o u r s e s ) .  ~ h ' a t  h a s  happened i n  t h i s  
c a s e  is t h a t  o u r  i n i t i a l  a s sumpt ion  t h a t  a n  
o b j e c t  is e n t i r e l y  d e f i n e d  by its 
a t t r i b u t e s  does  n o t  h o l d .  A program t h a t  
a t t e m p t s  to merge T1 and T2 must  be 
c o r ~ e c t e d  by d i s a m b i g u a t i n g  t h e s e  
a t t r i b u t e s .  By a back- t rack ing  p r o c e s s ,  
t h e  t w o  c l a s s e s  of  SSN must be s e p a r a t e d  by 
c o n s t r u c t i n g  STUDENT and INSTRUCTOR 
s u b t y p e s .  Once t h i s  h a s  been done,  t h e  
merge c a n  p roceed  c o r r e c t l y .  

Another problem wi th  t h e  merging 
p r w e s s  a s  we have d e s c r i b e d  it is t h a t  it 
o p e r a t e s  o n l y  on t h e  s u b t y p e  s t r u c t u r e .  
There  a r e  c e r t a i n  c a s e s  i n  which i t  is 
d e s i r a b l e  to  modify t h e  a t t r i b u t e  s t r u c t u r e  
d u r i n g  t h e  merge. Again, t h i s  can be  
performed by u s e r  i n t e r a c t i o n .  

The problem o f  merging d a t a b a s e s  h a s  
been e x p l o r e d  through t h e  use  o f  a s p e c i f i c  
approach to  d a t a b a s e  s e m a n t i c s .  I t  is 
p o s s i b l e  t h a t  similar r e s u l t s  cou ld  be 
d e r i v e d  f o r  t h e  r e c e n t  s e m a n t i c  
* e x t e n s i o n s m  o f  t h e  r e l a t i o n a l  model 
[91 101.  These  have y e t  t o  be 
i n v e s t i g a t e d .  

Among t h e  commonly used t y p e s  of 
d a t a b a s e  management sys tems ,  t h e  m o s t  
awkward merging problems a r e  u s u a l l y  
c r e a t e d  by CODASYL systems.  The model we 
p ropose  b e a r s  some r e l a t i o n s h i p  t o  t h e  
CODASYL model: p r i m i t i v e  a t t r i b u t e s  
c o r r e s p o n d  to  CODASYL f i e l d s  and composi te  
a t t r i b u t e s  c o r r e s p o n d  to CODASYL s e t s  . 
However t h e r e  is no way t h a t  w e  may s p e c i f y  
a g e n e r a l i z a t i o n  r e l a t i o n s h i p  i n  CODASYL. 
When, a s  f r e q u e n t l y  happens,  a 
g e n e r a l i z a t i o n  r e l a t i o n s h i p  h a s  t o  be 
r e p r e s e n t e d ,  t h e r e  a r e  t w o  methods 
a v a i l a b l e  t o  t h e  CODASYL d e s i g n e r .  One is 
to c r e a t e  a . r e c o r d  c l a s s  f o r  t h e  most 
g e n e r a l  t y p e  and have f i e l d s  f o r  a l l  
a t t r i b u t e s  o f  a l l  s u b t y p e s  o f  t h i s  t y p e .  
I n  a d d i t i o n ,  a boolean f i e l d  must  be added 
f o r  each  s u b t y p e  i n d i c a t i n g  whether o r  n o t  
i t  is d e f i n e d .  The o t h e r  method is t o  
c r e a t e  a s e t  f o r  e a c h  s u b t y p e  whose r e c o r d s  
c o n t a i n  t h e  a d d i t i o n a l  a t t r i b u t e s  f o r  t h a t  
type .  Such s e t s  must be c o n s t r a i n e d  t o  
have 0 or 1 member r e c o r d s .  The cho ice  o f  
method is p u r e l y  one o f  e f f i c i e n c y  ( i n  both  
s p a c e  and t i m e )  . 

Given t h a t  a set  o f  s t a n d a r d i z e d  
a p p l i c a t i o n  programs cou ld  b e  developed 
b o t h  t o  g e n e r a t e  t h e  a p p r o p r i a t e  s u b t y p e  
s t r u c t u r e s ,  i n  CODMYL and to p r o v i d e  a 
un i fo rm a c c e s s  .method f o r  them, we s e e  no 
d i f f i c u l t y  i n  a p p l y i n g  t h e  t e c h n i q u e s  
deve loped  i n  t h i s  p a p e r  i n  a n  o p e r a t i o n a l  
CODASYL environment .  
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