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ABSTRACT 

SEED is a database system which suppo r t s  the  data 
eng inee r ing  needs of a so f tware  eng inee r ing  env i -  
ronment .  I t  p rov ides  in fo rmat ion  s t r u c t u r e s  t ha t  
are not  i nco rpo ra ted  in convent iona l  database 
systems,  bu t  are t yp ica l  in the  so f tware  eng inee r -  
ing process.  
Th is  paper  descr ibes  two p r inc ipa l  fea tu res  of 
SEED: how to deal w i th  vague and incomplete in -  
fo rmat ion  w i t h o u t  g i v i ng  up cons is tency  check ing ,  
and the management of  database vers ions  and v a r i -  
ants .  
A p r o t o t y p e  of SEED is used as the database fo r  
an ex i s t i ng  spec i f ica t ion and des ign too l .  

INTRODUCTION 

A so f tware  eng ineer ing  env i ronmen t  uses in fo rma-  
t ion s t r u c t u r e s  tha t  are r a t he r  d i f f e r e n t  f rom those 
p rov i ded  by  convent iona l  database systems.  Bu i l d -  
ing a DBMS fo r  so f tware  eng inee r ing  app l i ca t ions  
t he re fo re  requ i res  the deve lopment  of new, eng i -  
neer ing  o r ien ted  database concepts .  

Ex is t ing  wo rk  on semant ic database model l ing and 
on eng ineer ing  databases ( f o r  an ove rv i ew ,  see 
[12 ] ,  [6]  and the re ferences c i ted t h e r e )  p rov ides  
so lut ions to many po in ts  in the prob lem space. 
However ,  we found no wo rk  address ing  the fu l l  
scope of database requ i rements  when deve lop ing  
tools fo r  so f tware  spec i f icat ion and des ign .  On the 
o the r  hand,  so f tware  eng ineer ing  is a f ie ld  large 
enough to j u s t i f y  ta i l o red  so lu t ions.  

On th is  b a c k g r o u n d ,  we des igned SEED (wh ich  
stands fo r  So f tware  Eng ineer ing  Env i ronmen t  Data-  
base Sys tem) .  A p r o t o t y p e  of SEED was implement -  
ed in a s t r a i g h t f o r w a r d  manner ,  d e r i v i n g  the im- 
p lementat ion concepts f rom the model.  

Our  u l t imate goal was not  to i n ven t  a new database 
model,  b u t  to p r o v i d e  a DBMS tha t  subs tan t i a l l y  
eases the  task  of data eng ineer ing  when bu i l d i ng  a 
so f tware  eng ineer ing  env i ronmen t  cons is t ing  of  a 
set of coopera t ing  too ls .  

* ) w i t h  ETH Zur ich  since January ,  1986 

CONCEPTS 

Concepts f o r  so f tware  des ign 

The concept  of  SEED was s t r o n g l y  in f luenced by  
our  w o r k  on the spec i f ica t ion system SPADES [9]  
and i ts  p redecessor ,  ESPRESO. We t he re fo re  b r i e f -  
ly ou t l ine  ou r  approach to so f tware  des ign .  

We cons ider  spec i f ica t ion and des ign to be evo lu -  
t i o n a r y ,  s t r o n g l y  i n t e r t w i n e d  processes.  T h e i r  goal 
is to model the t a r g e t  so f tware  system. Such a 
model is a semiformal desc r i p t i on  of the  objects  and 
re la t ionsh ips  t ha t  the t a r g e t  system is composed of .  

Development  s ta r t s  w i th  in fo rma l ,  incomplete ,  and 
vague tex tua l  desc r i p t i ons  and evolves to a r a t he r  
formal  rep resen ta t i on  by  ob jec ts  and re la t ionsh ips  
of well  de f ined sor ts .  In fo rmat ion  is accepted inde-  
penden t l y  of  i ts f o rma l i t y  and completeness.  But  at 
any s tage,  the  col lected in fo rmat ion  must  be con-  
s is ten t  (acco rd ing  to the semantics of  a spec i f i ca-  
t ion g rammar ) .  Even tua l l y ,  the  resu l t  must  be 
su f f i c i en t l y  fo rmal ,  complete,  and prec ise to serve 
as a basis f o r  imp lementa t ion .  

The state of the deve lopment  is saved a f te r  eve ry  
l a rge r  mod i f i ca t ion .  Rol lback to p r i o r  states o r  
t r ac i ng  a l t e rna t i ves  al low fo r  e x p l o r i n g  the  des ign 
space and fo r  undo ing  e r r o r s .  

Basic ideas of SEED 

SEED is based on the  e n t i t y - r e l a t i o n s h i p  approach 
[2 ] .  Th is  approach is espec ia l ly  su i ted fo r  so f tware  
deve lopment  w i th  semiformal models. However ,  the  
e n t i t y - r e l a t i o n s h i p  model lacks some fea tu res  t ha t  
are v i t a l l y  needed in a DBMS fo r  so f tware  eng i -  
neer ing  app l i ca t ions :  ob jec t  h ie ra rch ies ,  a soph is -  
t i ca ted cons is tency  concept ,  how to deal w i th  vague 
or  incomplete i n fo rmat ion ,  and management of v e r -  
sions and va r i an t s .  

In SEED, these fea tu res  are added to the e n t i t y -  
re la t ionsh ip  model [ 7 ] .  F igures 1 and 2 g ive  a ge-  
neral  idea of the basic concepts :  F igure  1 shows 
some objects  and re la t ionsh ips  t ha t  are hand led by  
SEED us ing the schema of f i g u r e  2. Th is  schema 
descr ibes  the  data model of  a p r i m i t i v e  spec i f i ca t ion  
system where  act ions,  da ta ,  and data f low may be 
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represented. We use modified ent i ty-re lat ionship 
diagrams for graphic representation. 

Notice the dif ference between f igures 1 and 2: 
Figure 1 gives an example of data that may be 
stored in SEED. Figure 2 shows a SEED-schema 
that defines what kinds of data may be stored. 

In this paper, we focus on two extensions that we 
consider most important: ( I )  the problem of ad- 
mitting vague and incomplete data without loosing 
consistency control and (2) management of versions 
and variants. 

Explanation of f igure 1: 
(1) is an independent object with name 'Alarms'. 
(2) is a relationship 'Read', relating objects 
'AlarmHandler' and 'Alarms' in roles 'by' and 
'from', respectively. All objects below of 'Alarms' 
are dependent objects (sub-objects) .  The name of 
a dependent object is composed of the name of its 
parent and of its role in the context of the parent 
object. Thus, (3) is the object 'Alarms.Text '  con- 
sisting of objects 'Alarms. Text .  Body' and 'Alarms. 
Text .Selector ' .  The latter has the value "Repre- 
sentation". Finally, (4) is a dependent object with 
name 'Alarms. Text .  Body. Keywords [ I ] '  and with 
value "Display".  

by 

Read< > (2) 

Alarms ) (1) 

T e x t  

)~(3) 
~ ~lector 

ContentsT \ ~ K e y w o r d s  [01 

f ~ "Alarmhandling" 
'~'Alarms are ~j" 
represented in ~eywords [1 ] 
an alarm disp> 
matrix" "Display" (4) 

Figure 1: Sample object-relat ionship st ructure 

Explanation of fi~lure 2: 
'Data' is a hierarchical ly s t ructured object class 
with class ~Data.Text' as a subclass, which again 
has the subclasses 'Data.Text .  Body' and 'Data. 
Text .  Selector'. The latter has objects of type 
STRING as instances. 'Data.Text '  has the cardina- 
l i ty 0..16, specifying that any object of class 
'Data' may have from zero up to 16 objects of 
class ~Data.Text'. Classes 'Data' and 'Action ~ are 
related by associations (relat ionship classes) 'Read' 
and 'Write' with cardinalit ies I . . *  and 0 . . * .  ' I . . * '  
means that any instance of 'Data' must have at 
least one 'Read'- ( 'Wri te ' - )  relationship with an in- 
stance of 'Action';  there is no upper bound for the 
number of such relationships. The roles 'from' and 
'by' of the 'Read~-association express that reading 
is from instances of 'Data' by instances of 'Action'.  
The association 'Contained' imposes a tree st ructure 
on the objects that are instances of 'Action' by 
means of the at t r ibute ACYCLIC and the cardinal i ty 
0 . . I  for the role ' in' .  

in Contained 

Data t ~ ~ f r o m  ~ ~ Acti°n j0" "1 ~ - ~  A C Y C L I C , 0 .  .*  

TextT 0--16 ~ by / 1 . . 1  1 . . 1 ~  c°ntainer 

I I .e 0 on 

1..1 ~ x ~ . l  dy 1 I T"'NG I 
Class 

1 STRING I I 1 ~ C o  r ~  (dependent class) ds/ /~  O..16 Sub-Class 
Keywor ntents ~ Association 

l l l l n m .C°r0n   min  omax: un,m, e0  

Figure 2: A sample SEED schema 
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MANAGING VAGUE AND INCOMPLETE INFORMATION 

The normal  app roach  to da tabase cons i s tency  is to  
r e q u i r e  all da ta  in the  da tabase to f u l l y  comp ly  
w i th  the  s t r u c t u r e s  and cons t r a i n t s  g i v e n  in the  
schema. H o w e v e r ,  th i s  app roach  p r e v e n t s  t he  
e n t r y  o f  incomple te  and vague  i n fo rma t i on  in to  t he  
da tabase .  

We use t he  schema of  f i g .  2 f o r  two examples :  

(1 )  We canno t  s to re  t he  i n fo rma t i on  t h a t  t h e r e  is 
a da ta f l ow  f rom ' A l a r m H a n d l e r '  to 'A larms '  
un less we p r e c i s e l y  know w h e t h e r  i t  is a read 
or  a w r i t e ,  because t h e r e  is no schema ca te-  
g o r y  wh ich  f i t s  t he  v a g u e  i n f o rma t i on  abou t  
the  ex i s tence  of  a da ta f l ow .  

(2 )  We canno t  e n t e r  'A la rms '  as an ob jec t  o f  class 
'Data '  w i t h o u t  also e n t e r i n g  a 'Read ' -  and a 
' W r i t e ' - r e l a t i o n s h i p  of  'A la rms '  w i th  ob jec ts  of  
class 'Ac t ion  ~, because t he  da tabase  wou ld  
become i ncons i s t en t  o t h e r w i s e .  Th i s  is due  to  
t he  fac t  t h a t  the  minimum c a r d i n a l i t i e s  o f  t he  
'Read'  and 'Wri te '  assoc ia t ions  r e q u i r e  e v e r y  
ob jec t  of  class 'Data '  to  have  at  least  one 
'Read ' -  and one ' W r i t e ' - r e l a t i o n s h i p  w i th  ob -  
jects of  class ' A c t i o n ' .  

Management  of  v a g u e  and incomple te  da ta  t h e r e -  
f o re  r e q u i r e s  e x t e n d e d  schema s t r u c t u r e s  as wel l  
as a modi f ied  cons i s tency  concep t .  

Vaque data 

Genera l i za t i on  is a wel l  known p r i n c i p l e  f o r  r e p r e -  
sen t i ng  me ta -c lass i f i ca t i ons  ( ' i s - a ' -  r e l a t i o n s h i p s )  
[ 11 ] .  Th is  p r i n c i p l e  can be used to  de f i ne  ca te -  
gor ies  in the  schema t h a t  a l low f o r  dea l i ng  w i th  
v a g u e  da ta  in a wel l  de f i ned  manne r .  We e x t e n d  

gene ra l i za t i on  f rom ob jec t  classes also to  associa-  
t ions  ( r e l a t i o n s h i p  c lasses) .  

Whereve r  we wan t  to a l low f o r  v a g u e  i n f o r m a t i o n ,  
we de f i ne  a h i e r a r c h y  of  g e n e r a l i z a t i o n s :  Genera l -  
ized classes and assoc ia t ions  p r o v i d e  ca tegor ies  to  
e n t e r  v a g u e  da ta .  When t he  know ledge  abou t  these  
data  becomes more p rec ise ,  t h e y  are  moved down in 
the  gene ra l i za t i on  h i e r a r c h y  to  one of  t he  spec ia l -  
i za t ions .  

F igu re  3 shows an example :  The  schema of  f i g .  2 
is mod i f ied  such t h a t  assoc ia t ions  'Wri te '  and 'Read ~ 
are  gene ra l i zed  to 'Access ' •  Class 'Data ~ is spec ia l -  
ized ( i n v e r s e  of  g e n e r a l i z a t i o n )  to ' O u t p u t D a t a '  and 
' l n p u t D a t a ' .  Classes 'Data '  and 'Ac t ion  ~ a re  ge -  
ne ra l i zed  to  ' T h i n g ' .  

Th is  a l lows s to rage  of  v a g u e  i n f o r m a t i o n  l i ke  
" T h e r e  is a t h i n g  w i th  name ' A l a r m s ' " .  When we 
know more abou t  'A l a rms ' ,  e . g .  t h a t  i t  is a data  
ob jec t  wh ich  is accessed b y  act ion 'Senso r ' ,  we 
may make t he  p r e v i o u s l y  s to red  i n f o rma t i on  more 
p rec ise  b y  r e - c l a s s i f y i n g  'A la rms '  in class 'Data ~ 
and i n t r o d u c i n g  an 'Access ' -  r e l a t i o n s h i p  w i t h  
'Sensor ' .  In a n e x t  s tep ,  we m igh t  learn  t h a t  
'A la rms ~ is an o u t p u t .  A g a i n ,  we can make t he  
s to red  i n fo rma t i on  more p rec ise  b y  spec ia l i z ing  t he  
' A c c e s s ' - r e l a t i o n s h i p  to a ' W r i t e ' - r e l a t i o n s h i p .  F ina l -  
l y ,  we cou ld  a r r i v e  at  a p rec i se  i n f o rma t i on  l i ke  
" 'A la rms '  is an o u t p u t  w r i t t e n  tw ice  b y  'Senso r ' ,  
and w r i t i n g  is repea ted  in case of  e r r o r " .  

In g e n e r a l i z a t i o n  h i e r a r c h i e s  of  assoc ia t ions ,  d i f -  
f e r e n t  c a r d i n a l i t i e s  may be used to  e x p r e s s  a d d i -  
t iona l  semant ics .  For examp le ,  t he  c a r d i n a l i t y  I . . *  
of  'Access by '  means t h a t  e v e r y  ob jec t  o f  c lass 
'Ac t i on '  e v e n t u a l l y  must  access at  least  one ob jec t  
o f  class 'Da ta ' .  H o w e v e r ,  t he  c a r d i n a l i t y  0 . . *  o f  
'Read by '  and 'Wri te by '  a l lows e i t h e r  a w r i t e  o r  a 
read access to  sa t i s f y  th i s  c o n d i t i o n .  

I NumberOfWr i tes  E r r o r H a n d l i n g ~ J  ( a b o r t ,  I 
C A R D I N A L I - - - - - " "  ~ 1 1 • .  0 . . I  r e p e a t )  I 

O u t p u t D a t a  1 t °  

II ] ] f rom b y  <~ g e n e r a l i z a t i o n  

I npu tDa ta  11 * 

0 . . *  in Con ta ined  

tO..lO 
|Tex t  

l I T 'NOJ 
F igu re  3: SEED schema w i th  gene ra l i za t i ons  of  classes and assoc ia t ions  
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Incomple te  data  

We a l r e a d y  ment ioned  t h a t  minimum ca rd i na l i t i e s  
r e s t r i c t  t he  t r e a t m e n t  o f  incomple te  i n f o r m a t i o n .  
H o w e v e r ,  we do no t  wan t  to omi t  minimum c a r d i -  
na l i t ies  as t h e y  p r o v i d e  i n fo rma t i on  abou t  the  
des i red  f ina l  s ta te  o f  data  t h a t  is be ing  s to red  in 
the  da tabase .  

The p rob lem is so lved  b y  p a r t i t i o n i n g  the  i n fo rma-  
t ion  t h a t  is p r o v i d e d  b y  the  schema in to  two ca te -  
go r ies :  cons i s tency  and completeness i n f o rma t i on .  
Class and assoc ia t ion membersh ip ,  maximum c a r d i -  
na l i t i es ,  A C Y C L I C - c o n d i t i o n s ,  and a t tached  p roce -  
du res  a re  cons i s tency  i n f o rma t i on .  Minimum c a r d i -  
na l i t ies  and c o v e r i n g  cond i t i ons  f o r  gene ra l i za t i ons  
r e p r e s e n t  completeness i n f o rma t i on .  

( A t t a c h e d  p r o c e d u r e s  may be a t tached  to any  SEED 
schema e lement .  T h e y  are  execu ted  when an i tem 
of  the  c o r r e s p o n d i n g  schema e lement  is u p d a t e d .  
A t t ached  p r o c e d u r e s  are  used to exp ress  complex  
i n t e g r i t y  c o n s t r a i n t s .  A gene ra l i za t i on  is c o v e r i n g  
i f  e v e r y  data item must  f i n a l l y  be spec ia l ized in a 
spec ia l ized class (o r  assoc ia t ion )  o f  th is  gene ra l i za -  
t i on .  ) 

Man ipu la t i ng  v a g u e  and incomple te  data  

Man ipu la t i on  of  vague  data  r e q u i r e s  an o p e r a t i o n  
f o r  r e - c l a s s i f y i n g  an e x i s t i n g  data  i tem w i t h i n  a 
gene ra l i za t i on  h i e r a r c h y .  

As we al low f o r  incomple te  da ta ,  we may have  ob -  
jec ts  w i th  unde f i ned  sub -ob jec t s  and no t  y e t  e x i s t -  
ing r e l a t i onsh ips .  The semant ics o f  such ob jec ts  in 
da tabase ope ra t i ons  is s imple:  When the  da tabase is 
searched f o r  data  t h a t  meet ce r ta in  se lect ion c r i -  
t e r i a ,  an unde f i ned  ob jec t  matches n o t h i n g .  T a k i n g  
jo ins  o r  ca r tes ian  p r o d u c t s  is no t  a f fec ted  b y  un -  
de f ined  i tems. Th is  is due to the  fac t  t h a t  e n t i t y -  
r e l a t i onsh ip  based models de f i ne  these  ope ra t i ons  
on e x i s t i n g  re l a t i onsh ips  o n l y .  

Whenever  an upda te  ope ra t i on  is e x e c u t e d ,  SEED 
checks all cons i s tency  ru les ,  t h a t  are  d e r i v a b l e  
f rom the  cons i s tency  i n fo rma t i on  ment ioned  above ,  
and t h a t  a p p l y  to the  data be ing  u p d a t e d .  Thus  
SEED p e r m a n e n t l y  ensures  da tabase cons i s t ency .  

Formal de tec t i on  of  incomple teness  is p r o v i d e d  b y  
ope ra t i ons  which check  t he  ru les  t h a t  a re  d e r i v a b l e  
f rom the  completeness cond i t i ons  in the  schema. 

VERSIONS AND V A R I A N T S  

Vers ions  

The SEED v e r s i o n  concep t  a l lows ce r ta in  s ta tes of  
t he  da tabase to  be p r e s e r v e d .  I t  aims at  long te rm 
p r e s e r v a t i o n ,  e . g .  when a document  has been 
f i n i shed  or  a p r o d u c t  is re leased ,  as wel l  as at  
s h o r t  te rm l o g g i n g ,  e . g .  sav ing  the  da tabase s ta te  
be fo re  and a f t e r  a session.  H o w e v e r ,  SEED does 
no t  keep a log o f  e v e r y  da tabase u p d a t e .  

Vers ions  are c rea ted  e x p l i c i t l y  b y  t a k i n g  a snap-  
sho t  of  t he  da tabase .  A d d i t i o n a l l y ,  t h e r e  is a lways  
a c u r r e n t  v e r s i o n  r e p r e s e n t i n g  t he  c u r r e n t  s ta te  o f  
t he  da tabase .  E v e r y  upda te  changes th is  s ta te ,  
r ep lac ing  the  current v e r s i o n  w i th  a new one.  
When a c u r r e n t  v e r s i o n  is to be saved ,  an e x p l i c i t  
v e r s i o n  g e n e r a t i o n  must  be p e r f o r m e d  p r i o r  to the  
upda te .  

Vers ions  are  i den t i f i ed  b y  a decimal c lass i f i ca t ion .  
The c lass i f i ca t ion  t r ee  re f lec ts  the  v e r s i o n  h i s t o r y .  

Vers ions  canno t  be mod i f i ed ,  e x c e p t  f o r  de le t i on .  
H o w e v e r ,  a l t e r n a t i v e s  may be c rea ted  b y  se lec t ing  
a h is to r i ca l  v e r s i o n  to become the  c u r r e n t  v e r s i o n  
p r i o r  to the  execu t i on  of  a sequence of  upda te  
ope ra t i ons .  Work then  con t inues  on the  basis of  
th i s  v e r s i o n  un t i l  i t  is saved w i th  a v e r s i o n  c rea -  
t ion  command and the  o r i g i n a l  c u r r e n t  v e r s i o n  is 
se lected aga in .  

Re t r i eva l  of  data  f rom an old v e r s i o n  is pe r f o rmed  
in the  same way  as r e t r i e v a l  f rom the  c u r r e n t  v e r -  
s ion.  The v e r s i o n  of  i n t e r e s t  is se lected p r i o r  to 
the  execu t i on  of  r e t r i e v a l  ope ra t i ons  ( w i t h  the  c u r -  
r en t  v e r s i o n  as a d e f a u l t ) .  SEED de f ines  add i t i ona l  
ope ra t i ons  f o r  h i s t o r y  r e t r i e v a l  and n a v i g a t i o n ,  e . g .  
' f i nd  all ve r s i ons  of  ob jec t  ' A l a r m H a n d l e r ' ,  b e g i n -  
n ing  w i th  v e r s i o n  2 .0 ' .  

Read < ' /  

1.0 

1.0 

by 

con ta ined  

c o n t a i n e r  ~ 

2.0  

2 .0  

1 .0  

C = Current 

Revised Desc r i p t i on  

" "Gene ra tes  a l a r m s ~ C  
f rom process da ta ,  ) 
t r i g g e r s  Operator 

~ . . . . ~  l e r t "  J ~ 2.0  

1.0 

F i g u r e  4a: Sample ob jec ts  and r e l a t i onsh ips  w i th  
ve r s i ons  
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When creating a version we do not save the com- 
plete database. We only store those objects and 
relationships that have been changed after the 
creation of the previous version. Items that have 
been deleted in this interval must also be record- 
ed. This is made easy by marking items as deleted 
instead of removing them physical ly.  

Fig. 4 shows an example of objects with multiple 
versions. The stored versions of an object are re- 
presented as a cluster of ovals. The version of a 
hierarchical ly structured object is composed of the 
versions of its sub-objects. 

In this example, we have information about three 
versions: 1.0, 2.0, and Current .  From this,  we 
can build views to part icular versions. The view to 
a version with number n consists of the objects 
and relationships having the greatest version num- 
ber that is less than or equal to n (provided that 
they are not marked as deleted). Figures 4b and 
4c show the corresponding current  version and 
version 1.0, respectively. 

When the schema is modified, the interpretat ion of 
versions that were created before this modification 
becomes a problem. Therefore,  we must generate 
schema versions, too. 

contained 

f r o m ~  I container ~ 

%  onta,ner 

~ Revised " ~  

Ficjure 4b: Current  version of data items of 
f igure 4a 

Read 

~ ~ / / / R e v i s e d  ~ s c r i p t i o n  

Figure 4c: Version 1.0 of data items of f igure 4a 

Patterns and Variants 

When enter ing information into a database, a user 
often wishes to express common propert ies of data 
that are not reflected exp l ic i t ly  in the schema. For 
example, the schema may define a class of proce- 
dures that  are to be specified. A subclass of this 
class may contain the deadline for  the completion of 
every procedure specif ication. If a user wishes to 
express that some procedures have a common dead- 
line and wants to maintain that deadline value con- 
sistently for  these objects, he/she cannot do so. 

In SEED, a pattern concept is provided for  dealing 
with those situations: Any data item that is enter-  
ed into the database can be marked as a pat tern.  
Patterns are invis ible to any retr ieval  operation 
and are not checked for consistency unless they 
are inher i ted by a 'normal' data item. The se- 
mantics of patterns and inheritance is as follows: 
all retr ieval  operations view patterns as i f  they 
were inserted in the context of the inher i tors.  
However, instead of a real insert ion we establish a 
special inher i ts- re lat ionship between a pattern and 
any of its inher i tors.  Thus pattern information 
cannot be updated in the context of the inher i tors,  
but only in the pattern i tself .  Conversely, any up- 
date of a pattern automatically propagates to all 
inher i tors of that  pattern.  

Returning to the example introduced above, the 
user may define a pattern procedure object with a 
given deadline. Every real procedure object that  
should share this deadline, inher i ts the pat tern.  
The deadline value will be maintained consistent ly,  
as it  is not changeable in the real objects, where- 
as a change in the pattern affects all inher i t ing 
objects in the same way. 

There are several other applications for patterns, 
e.g. for templates, user defined constraints, or 
standardized data environments. 

Patterns also serve as a basis for  managing var i -  
ants: We define a family of var iants to be some 
sets of objects and relat ionships that  have a part  
of the i r  information in common, but d i f fe r  in some 
other parts. This means that  every var iant  shares 
a part  of its objects and relationships with the 
other members of the family (the so called common 
par t ) ,  but has also objects and relationships that  
d i f fer  from the other members (the var iant  par t ) .  
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V a r i a n t s  a re  d i f f e r e n t  f rom a l t e r n a t i v e s :  a l t e r -  
na t i ves  a re  coex i s t i ng  v e r s i o n s  of  t he  da tabase ,  
whereas  v a r i a n t s  e x p r e s s  t h a t  some i n fo rma t i on  in 
t he  da tabase  cons is ts  o f  a common p a r t  and some 
v a r y i n g  p a r t s .  

An example  of  v a r i a n t s  is a set  o f  sys tem c o n f i g u -  
ra t i ons  t h a t  share  most o f  t he  so f twa re  modu les ,  
b u t  d i f f e r  in some h a r d w a r e  d e p e n d e n t  modu les .  

Common and v a r i a n t  p a r t s  o f  a v a r i a n t s  fam i l y  a re  
desc r i bed  b y  normal  i tems. The connec t ions  be-  
tween t he  common p a r t  and t he  severa l  v a r i a n t  
pa r t s  a re  es tab l i shed  b y  p a t t e r n  re l a t i onsh ips  w i th  
e v e r y  v a r i a n t  i n h e r i t i n g  these  p a t t e r n s .  Pa t te rn  
semant ics now g u a r a n t e e  t h a t  al l  v a r i a n t  p a r t s  have  
t he  same re l a t i onsh ips  to  the  common p a r t .  Th is  
cou ld  no t  be assu red  w i t h  o r d i n a r y  r e l a t i o n s h i p s .  

In f i g .  5, t he  common p a r t  is connec ted  to p a t t e r n  
ob jec ts  PO1 and POP b y  p a t t e r n  r e l a t i onsh ips  PR1 
and PR2, r e s p e c t i v e l y .  Both  v a r i a n t s  i n h e r i t  these 
p a t t e r n s .  T h u s ,  t h e y  bo th  have  i n h e r i t e d  r e l a t i on -  
sh ips to the  common p a r t ,  i . e .  t h e y  have i t  in 
common. 

......... i n h e r i t s - r e l a t i o n s h i p  

F i g u r e  5: De f i n i ng  v a r i a n t s  b y  means of  p a t t e r n s  

RELATED WORK 

We shou ld  l i ke  to acknow ledge  t h a t  SEED i nco r -  
po ra tes  many ideas f rom w o r k  on e n g i n e e r i n g  d a t a -  
bases,  semant ic  data  models,  and ex tens ions  of  t he  
e n t i t y - r e l a t i o n s h i p  model .  

Smith and Smith [12]  deal w i th  a da tabase  app roach  
to spec i f i ca t i on ,  focuss ing  on fo rmal  spec i f i ca t i ons .  
n e v e r  and Lockemann [1 ]  also p ropose  an e n t i t y -  
r e l a t i o n s h i p  da tabase  f o r  a so f twa re  e n g i n e e r i n g  
e n v i r o n m e n t .  T h e y  concen t ra te  on the  cod ing  and 
compi la t ion  phase,  w h e r e  i n fo rma t i on  is f u l l y  f o rma-  
l i zed.  Katz and Lehman [8 ]  and T i c h y  [13]  deal 
w i th  v e r s i o n  and c o n f i g u r a t i o n  management  on t he  
leve l  o f  f i les .  

A semiformal  app roach  to so f twa re  deve lopmen t  w i th  
emphasis on the  spec i f i ca t ion  and des ign  phase,  
wh ich  SEED aims a t ,  is no t  cove red  b y  th i s  w o r k .  
The v e r s i o n  concep t  o f  SEED w o r k s  on t he  da ta -  
base,  no t  on f i l es .  

The numerous  ex tens ions  of  t he  e n t i t y - r e l a t i o n s h i p  
model ( [ 3 ] ,  [ 4 ] ,  [ 5 ] ,  [ 1 0 ] )  po in t  ou t  many  so lu -  
t ions  to p a r t i c u l a r  p rob lems and have  been a v a l u -  
ab le source  f o r  the  des ign  of  SEED. H o w e v e r ,  t h e y  
revea l  no concise so lu t ion  to t he  p rob lems of  so f t -  
ware  e n g i n e e r i n g  data  management ,  wh ich  is t he  
main goal o f  SEED. 

DISCUSSION 

Open prob lems 

SEED is c u r r e n t l y  a s ing le  user  sys tem o n l y .  The 
p rob lem of  c o n c u r r e n c y  con t ro l  and v e r s i o n  ma- 
nagement  in a m u l t i - u s e r  e n v i r o n m e n t  have  no t  y e t  
been so lved .  We on l y  have some r o u g h  ideas con-  
c e r n i n g  a two  leve l  app roach :  One cen t ra l  s e r v e r  
runs  the  comple te  da tabase and severa l  c l ien ts  use 
the  s e r v e r  f o r  r e t r i e v a l  o p e r a t i o n s ,  b u t  t ake  local 
copies f o r  mak ing  upda tes .  Data t h a t  has been 
copied to  a c l i en t  f o r  upda te  has a w r i t e  lock in 
t he  cen t ra l  da tabase .  When a c l i en t  sends an up -  
da ted  copy  back to  the  s e r v e r ,  t he  s e r v e r  pu ts  
the  mod i f ied  data  in to  the  cen t ra l  da tabase  in a 
s ing le  t r a n s a c t i o n .  Vers ions  a re  kep t  bo th  loca l l y  
and g l o b a l l y  u n d e r  con t ro l  o f  t he  user  and the  
s e r v e r ,  r e s p e c t i v e l y .  

In o u r  v e r s i o n  concep t ,  we have  no t  y e t  cons ide red  
h i s t o r y  sens i t i ve  cons i s tency  ru les ,  i . e .  ru les  t h a t  
impose c o n s t r a i n t s  f o r  the  t r a n s i t i o n  f rom a g i v e n  
v e r s i o n  to i ts successor .  

DATA  MANIPULAT ION IN SEED 

SEED has been des igned  to  s u p p o r t  t he  data  ma- 
nagement  tasks  o f  so f twa re  d e v e l o p m e n t  too ls .  
Hence,  SEED has an ope ra t i ona l  i n t e r f ace  t h a t  con-  
s ists o f  a set  o f  p r o c e d u r e s .  The SEED p r o t o t y p e  
p r o v i d e s  t he  p r o c e d u r e s  f o r  data  c rea t i on ,  u p d a t e ,  
and s imple r e t r i e v a l  b y  name. Ret r i eva l  w i th  com- 
p lex  que r i es  is no t  s u p p o r t e d .  

S ta te  o f  w o r k  

A p r o t o t y p e  of  SEED is o p e r a t i o n a l .  I t  is c u r r e n t l y  
be ing  i n t e g r a t e d  in to  t he  spec i f i ca t ion  system 
SPADES. Imp lementa t ion  concepts  f o r  v e r s i o n s  and 
v a r i a n t s  have  been d e v e l o p e d ,  b u t  the  imp lement -  
a t ion  is no t  ye t  done.  

The  p rac t i ca l  use of  SEED wi l l  g i ve  us i n s i g h t  in 
i ts bene f i t s  and weaknesses .  The e x p e r i e n c e  ga ined  
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from there will guide the f u r t he r  development of 
the concepts and the implementation of SEED. 

The f i r s t  experiences with SPADES using SEED 
show that  SPADES has become considerably slower, 
but  much more f lex ib le  in the sense that  modif ica- 
t ions of the system and integrat ion of new features 
have become much easier. 
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