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

The long- te rm goal of the User  Software Engineer ing 
(USE) p ro jec t  at the  Univers i ty  of California, San 
Franc isco ,  is to provide an i n t e g r a t e d  homogeneous  
p r o g r a m m i n g  e n v i r o n m e n t  for the  design and 
d e v e l o p m e n t  of i n t e r ac t ive  in fo rma t ion  sys tems.  
Real izat ion of this goal involves the  d e v e l o p m e n t  of new 
Software tools, t he i r  i n t eg ra t i on  with exist ing tools, and 
the  c r e a t i o n  of an in fo rmat ion  sys t em d e v e l o p m e n t  
me thodo logy  in which t he se  tools are  sys temat i ca l ly  
used [1,2]. 

The success fu l  cons t ruc t i on  of in te rac t ive  
in fo rmat ion  sys tems  r equ i r e s  the  ut i l izat ion of pr inc ip les  
of  u s e r - c e n t e r e d  design [3,4,5], combined  with f ea tu re s  
t r ad i t iona l ly  a s soc ia ted  with the s e p a r a t e  areas  of 
p r o g r a m m i n g  languages,  opera t ing  sys tems ,  and da ta  
base  m a n a g e m e n t  [8]. It has b e c o m e  increas ing ly  c lea r  
t h a t  the key to being able to provide  such  a unified view 
l ies  in providing a unified view of da t a  [7]. The po ten t ia l  
benef i t s  of such  a unif icat ion are  cons iderable ,  including: 

1) concep tua l  s implif icat ion of the s y s t e m  s t r u c t u r e  
pe rmi t t ing ,  for example ,  jo in t  design of da ta  
s t r u c t u r e s  and da ta  bases  

E) the e l iminat ion  of dupl ica t ion or incons i s tenc ies  
among  diverse  software componen t s  

3) the  ability to achieve g r e a t e r  re l iabi l i ty  in sy s t em s  
because  of r e d u c e d  d e p e n d e n c e  upon mul t ip le  
sof tware sys tems  

The Progrnmming  Language  PLAI~ 

The p r o g r a m m i n g  language  PLAIN plays a k~y role in 
t ry ing to effect  this unification.  PLAIN t r ea t s  re la t ion  as 
a da ta  type  and inc ludes  a p r o c e d u r a l  (a lgebra- l ike)  se t  
of opera t ions  on re la t ions  and da ta  base objects ,  
including a s imple t echn ique  for associa t ive  access  to 
tup les  and to individual  e l e m e n t s  [8]. This combina t ion  
of p r o g r a m m i n g  language  and d a t a  base ,f-=atures is 
a u g m e n t e d  by the PLA/N faci l i t ies  for abs t r ac t ion  and 
modular i ty ,  which build upon the  concep t s  of Pascal  and 
provide  suppor t  for a sy s t ema t i c  approach  to 
p r o g r a m m i n g  [9]. A c o m p l e t e  spec i f ica t ien  of PLAIN is 
given in [10]. 
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Unlike m a n y  of the  o t h e r  a p p r o a c h e s  tha t  combine  
p r o g r a m m i n g  l anguages  with d a t a  be~e m a n a g e m e n t ,  
PLAIN provides  a d a t a  a b s t r a c t i o n  faci l i ty ( t e r m e d  a 
m o d u l e )  in which d a t a  base  ob jec t s  can  be accessed .  
Opera t ions  upon t h e s e  da t a  ob jec t s  can he e n c a p s u l a t e d  
within the  module ,  t h e r e b y  making  it  possible  to r e s t r i c t  
a c c e s s  to a se t  of p r ede f ined  p r o c e d u r e s  and funct ions  
Upon a set  of re la t ions ,  providing a fo rm of da tabase  
a b s t r a c t i o n  t h a t  is pa r t i cu l a r ly  useful  for t r an s ac t i on -  
b a s e d  sys tems.  

The link to the  f e a t u r e s  of the  opera t ing  s y s t e m  is 
p rov ided  th rough  the  e x t e r n a l  dec la ra t ion ,  which 
p e r m i t s  access  to ob jec ts  within the  e x e c u t i o n  
env i ronmen t ,  including exis t ing da tabases ,  p rev ious ly  
compi l ed  p r o g r a m  units,  and o the r  objects ,  such as 
spec ia l  var iab les  s tor ing  env i ronmen t - spec i f i c  
informat ion .  

The PLAIN m o d u l e  p e r m i t s  bo th  the  in t roduc t ion  of 
new da ta  types  ba sed  upon exis t ing types  and the  
unif icat ion of r e l a t e d  opera t ions  in an e n c a p s u l a t e d  
object ,  providing suppor t  for the  k~y c o n c e p t s  of 
a b s t r a c t i o n  and modula r iza t ion .  

Database  Abstract ion  in  PLAIN 

The combina t ion  of the  m o d u l e  faci l i ty  with f ea tu re s  
for  da t a  base defini t ion and  m an ipu l a t i on  is pa r t i cu l a r ly  
powerful.  Not only does  it  p rov ide  type  checking  tha t  
can  be used  to cons t r a in  ope ra t i ons  Upon da tabases ,  but  
i t  also provides  an e x t r a  level  of " in fo rmat ion  hiding" 
t h a t  makes  it possible  to  m a k e  la rge  pa r t s  of an 
in fo rma t ion  sys t em i n d e p e n d e n t  of t he  da t abase  design. 

Consider  the  exam ple  of a smal l  banking sys tem.  
Among the c lasses  of use r s  t h a t  c a n  be ident i f ied are  
te l le rs .  We can define in formal ly  severa l  act ivi t ies  t ha t  
are p e r f o r m e d  by te l lers ;  for  p u r p o s e s  o[ this example ,  
l e t  us p e r m i t  the  t e l l e r  to p roces s  an accoun t  ho lde r ' s  
depos i t  or withdrawal  and to inform an accoun t  ho lder  of 
the  c u r r e n t  ba lance  in t h a t  a c e m m t .  

We may  then  c o n s t r u c t  an a b s t r a c t  spec i f ica t ion  
[11] of these  opera t ions ,  s ta t ing  p recond i t i ons  and 
pos tcond i t ions  tha t  mus t  be sat isf ied by these  
opera t ions .  Using PLAIN and the  re la t iona l  mode l  of 
data ,  it b e c o m e s  possible  to define a se t  of re la t ions  to 
s to re  the n e c e s s a r y  banking in fo rma t ion  and a m o d u l e  
t e l l e r  t ha t  conta ins  the i m p l e m e n t a t i o n  of the  epe ra t i ons  
deposi t ,  withdraw, and ba lance .  

This module  exports those  opera t ions ,  along with 
two excep t iona l  condi t ions  t h a t  m a y  be  ra i sed  by those  
ope ra t ions  (badacc t  for a bad accoun t  number ;  
overdrawn if a withdrawal  would cause  the a c c o u n t  to 
b e c o m e  imprope r ly  overdrawn).  The use r  of the module  
can  use these  opera t ions  and excep t ions  in a calling 
p rog ram,  bu t  has no a c c e s s  to the  rea l iza t ion  of the 
opera t ions .  
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t y p e  money  = 0 .. 999999.99; idno : O... 99999; 
idno is a t r a n s a c t i o n  iden t i f i ca t ion  n u m b e r  

t ype  t e l le r  = m o d u l e  
exports  

p r o c e d u r e  depos i t  (acct :  i n t ege r ;  amt :  m o n e y  -> rid: idno); 
procedure  withdraw (acc t :  in teger ;  amt :  m o n e y  -> t id:  idno); 
f u n c t i o n  hal (acct :  i n t ege r ) :  money ;  
e x c e p t i o n  b a d a c c t ,  overdrawn;  

i m p o r t s  c h e c k t r a n s ,  check :  modif ied;  info: readcnly;  

ops  
procedure  depos i t  (acct :  i n t ege r ;  a m t :  m o n e y  -> rid: idno); 
i m p o r t s  c h e c k t r a n s ,  cheek :  modif ied;  bal: invck2d;  
begin  

check%.ba lance  := ba l ( acc t )  + amt ;  
c h e c k t r a n s  :+ < [acc t , t i d , t oday ,  l , a m t ] > ;  

| 1 d e n o t e s  t h e  t r a n s a c t i o n  t y p e  cf  d e p o s i t  
t id  := ( t i d +  1) rood IOOCO0 

end  deposit; 

procedure withdraw (acct: integer; amt: mor-ey -> tid: idno); 
imports checktrans, cheek: modified; info: readonly; 
exception badacct, overdrawn; 
begin 

if bal(acct) < amt & ~info[acct].overdraft then 
signal overdrawn 

end  if 
check%.ba l ance  := check% . ba l ance  - amt ;  
c h e c k t r a n s  :+ < [ a c c t , t i d , t o d a y , 2 , a m t ] > ;  

| 2 d e n o t e s  t h e  t r ansac t i o r ,  t y p e  of wi thdrawa l  
t id  := ( t id  + I) rood 100000 

end  withdraw;  

f u n c t i o n  hal (acct :  in teger ) :  money ;  
i m p o r t s  check:  modif ied;  
e x c e p t i o n  bada ce t :  
begin  

check% := c h e c k  [aeet ] ;  
i f  check% = Ol t h e n  

s igna l  b a d a c c t  
e l s e  

bal := check%.ba l ance  
e n d  if 

e n d  bal 
end m odule  

I t  c a n  b e  s e e n  t h a t  t h e  t e l l e r  m o d u l e  i m p o r t s  
r e l a t i o n s  c h e c k t r a n s ,  c h e c k ,  a n d  info ,  a n d  t h e r e f o r e  h a s  
a c c e s s  t o  t h e  a t t r i b u t e s  a n d  d a t a  e l e m e n t z  c f  t h e s e  
r e l a t i o n s .  

Th i s  m o d u l e  is t h e n  u s e d ,  f o r  e x a m p l e ,  in  a m a i n  
p r o g r a m ,  h e r e  c a l l e d  b a n k e r .  Whi le  b a n k e r  ha~  a c c e s s  
t o  r e l a t i o n s  c h e c k ,  c h e c k t r a n s ,  a n d  i n f o  t h r o u g h  t h e  
e x t e r n a l  d e c l a r a t i o n ,  b a n k e r  s e r v e s  o n l y  to p r o c e s s  u s e r  
i n p u t  a n d  t o  i n v o k e  t h e  a p p r o p r i a t e  s u b p r o g r a m s  a n d  
m o d u l e s ,  i n c l u d i n g  o p e r a t i o n s  i n c l u d e d  w i t h i n  t e l l e r .  
N o t e  t h a t  t h e  b o d y  of  b a n k e r  d o e s  l i [ t l e  m o r e  t h a n  
r e p e a t e d l y  r e a d  l i n e s  of  i n p u t ,  t h e n  d i s p a t c h  them_ t~  t h e  
a p p r o p r i a t e  c a s e  l a b e l .  

Th i s  a p p r o a c h  s e r v e s  t o  achieve a n u m b e r  of  
i m p o r t a n t  g o a l s  w i t h  r e s p e c t  t o  t h e  d e s i g n  a n d  
i m p l e m e n t a t i o n  of  i n f o r m a t i o n  s y s t e m s ,  a n d  s u p p o r t  e f  
d a t a  a b s t r a c t i o n ,  i n c l u d i n g  t h e  fo l l owing :  

(1 )  The  s p e c i f i c a t i o n  a n d  i m p l e m e n t a t i o n  of  t h e  
m o d u l e s  c a n  b e  p e r f o r m e d  i n d e p e n d e n t l y  of  t h e  
s p e c i f i c a t i o n  a n d  i m p l e m e n t a t i o n  of  t h e  p r o g r a m .  
S i m i l a r l y ,  t h e  d a t a b a s e  d e s i g n  c a n  b e  c a r r i e d  o u t  
i n d e p e n d e n t l y  of  t h e  p r o g r a m  d e s i g n .  T h e  d a t a b a s e  
d e s i g n  c a n  s i m p l y  b e  i n c l u d e d  in  a n  e x t e r n a l  
d e c l a r a t i o n  w h e n  t h e  g r o g r a m  is r e a d y  f o r  
i n t e g r a t i o n  t e s t i n g  a n d  subsequent release. One  
a c h i e v e s  a n  i n t e g r a t i o n  o f  d a t a b a s e  d e s i g n  a n d  
p r o g r a m  s t r u c t u r e ,  w h i l e  mainta~_ning a s y s t e m a t i c  
a p p r o a c h  t o  b o t h  p r o g r a m  a n d  d a t a  des~.gn. 

p rogram b a n k e r ;  
This p r o g r a m  is a n  ini t ia l  d e s i g n  for  a s i m p l e  bank ing  s y s t e m  

e x t e r n a l  
va t  t id:  idno; today:  i n t ege r ;  
t y p e  te l ler :  module;  

i r J o r e c  = record  
acct: integer; 
name: string; 
address: string; 
phone: char [10]; 
mmnname: string; 
accttype: I..6; 
overdraft: boolean_; 
| true if account car_ be overdrawn 1 

primary: boolean 
e n d  record; 

c h e c k t r a n s r e c  = record  
a c c t :  i n t ege r ;  
| d e n t :  0..9999; 
d a t e :  in t ege r ;  
t t y p e :  1..4; 
amt: money 

e n d  record; 
e h e c k r e c  -- record  

acct: i n t ege r ;  
ba l ance :  m o n e y  

e n d  record; 

~ar inline: s t r ing ;  | ho lds  t h e  c u r r e n t  i n p u t  lir_e 
lnfo: r e l a t i o n  [key  acc t ,  n a m e ]  of  ir_forec; 

| irffo s t o r e s  i n f o r m a t i o n  on  a c c o u n t  ho lde r s  
c h e c k t r a n s :  r e l a t i o n  [key  a c c t ,  i den t ]  o f  c h e c k t r a n s r e c ;  

e h e c k t r a n s  s t o r e s  i n f o r m a t i o n  c n  all 
t r a n s a c t i o n s  for  all a c c o u n t s  I 

check :  r e l a t i o n  [key  a c e t ]  of c h e c k r e c ;  
| c h e c k  holds  t h e  c u r r e n t  b a l a n c e  for  all a c c o u n t s  

he lp t ex t :  r e l a t i o n  [key  l ineno]  o f  
l ineno:  i n t ege r ;  
text: s t r i ng  

e n d  relat ion;  
e n d  external;  

p a t t e r n  c o m m a n d s  : [c r ,  deb ,  ba l ance ,  help,  quit] ;  
s e t  of legal  c o m m a n d s  for  t e l l e r  

c r  = ( ' o r  °, SG); ~ t h e  c r e d i t  c o m m a n d  ] 
dab = ( ' db ' ,  *G); [ t h e  d e b i t  commar_d 
b a l a n c e  = ( ' ba l ' ,  *X, I); ~ t h e  ba l ance  ccmn~_ar_d 
he lp  = (*help ' ,  *G); ~ t h e  he lp  c o m m a n d  I 
qu i t  = ( ' qu i t ' ,  *G); ~ t h e  qu i t  c o m m a n d  ] 

h an d ler  t r oub le ;  
b eg in  

w r i t e  "fatal  i n p u t / o u t p u t  e r r o r  on r ead i ng  c o m m a n d \ r _ ' ;  
s i g n a l  fail [ t e r m i n a t e s  p r o g r a m  or_ t e r m i n a l  I /O e r r o r  I 

e n d  t roub le ;  

b eg in  [ m a i n  p r o g r a m  s t a r t s  h e r e  ] 
loop  

read inl ine ![ioerr: t rouble ] ;  
c a s e  iv3ine m a t c h  c c m r n a n d s  of  

w h e n  or: credit( inlir_e);  
| c r e d i t  r e q u e s t s  a n  a c c o u n t  n u m b e r  and  a m o u n t ,  

t h e n  calls  t e l l e r . d e p o s i t  ] 
w h e n  deb:  debit(iPJir .e);  
| d e b i t  r e q u e s t s  an  accot:v_t n u m b e r  ar_d amour . t ,  

t h e n  calls t e l l e r .w i thd raw 
w h e n  ba lance :  t e l l e r .ba l ( acc t ) ;  
w h e n  help:  f o r e a c h  i i n  h e l p t e x t  

loop  w r i t e  t ex t ,  " \n" 
r e p e a t ;  

| he lp  i n f o r m a t i o n  is s t o r e d  Jr- relaticr_ b_elptext 
e l s e  w r i t e  "illegal c o m m a n d "  

e n d  c a s e  
repeat;  
w r i t e  "goodbye ' ;  

e n d  banke r .  
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(2) I t  is s t r a i g h t f o r w a r d  to  add new database o b j e c t s ,  
n e w  m o d u l e s ,  a n d  n e w  p r o g r a m s  to t h e  i n f o r m a t i o n  
s y s t e m  e n v i r o n m e n t .  F o r  e x a m p l e ,  o t h e r  p r o g r a m s  
c o u l d  b e  d e s i g n e d  to  s u p p o r t  t h e  n e w  a c c o u n t  
d e p a r t m e n t ,  w h i c h  c a n  o p e n  n e w  a c c o u n t s ,  a n d  t h e  
o p e r a t i o n s  d e p a r t m e n t ,  w h i c h  c a n  c lose  a c c o u n t s  
a n d  p r o d u c e  m o n t h l y  s t a t e m e n t s .  ]n e a c h  c a s e ,  a 
n e w  m o d u l e  c o u l d  b e  c r e a t e d  fo r  t h e  n e w  u s e r  c l a s s  
a n d  a new  p r o g r a m  c o u l d  b e  w r i t t e n  to  p r o v i d e  a 
s u i t a b l e  i n t e r f a c e  f o r  t h a t  u s e r  c l a s s .  E a c h  n e w  
p r o g r a m  would  i n v o k e  t h e  a p p r o p r i a t e  m o d u l e  
o p e r a t i o n s ,  e.g.,  n e w a c e o u m t . o p e n n e w ,  a n d  c o u l d  
h a v e  a c c e s s  to  t h e  s a m e  d a t a b a s e ,  in  t h i s  c a s e  t h e  
r e l a t i o n s  info,  c h e c k ,  a n d  c h e c k t r a p s ,  as  n e e d e d .  

(3)  The  a b s t r a c t  s y s t e m  view fo r  e a c h  u s e r  c l a s s  is 
different, since each user class sees only a 
predefined set of operations. Nonetheless, all of the 
d i s t i n c t  v iews w o r k  in  h a r m o n y  w i t h  one  a n o t h e r .  
T a k e n  t o g e t h e r ,  t h e y  f o r m  a c o m p l e t e ,  p o s s i b l y  
d i s t r i b u t e d ,  i n f o r m a t i o n  s y s t e m .  

(4)  This  a p p r o a c h  al lows e f f e c t i v e  e n f o r c e m e n t  of 
a c c e s s  r i g h t s  a n d  i n t e g r i t y  c h e c k i n g .  No te  t h a t  t h e  
o p e r a t i o n s  p r o v i d e d  i n  m o d u l e  t e l k  r do n o t  p e r m i t  
a t e l l e r  to  m a k e  a n y  m o d i f i c a t i o n s  to  rel=~tion info, 
s i n c e  on ly  r e a d o n l y  a c c e s s  is g r a n t e d .  By c o n t r a s t ,  
m o d u l e  n e w a c e o u n t  would  b e  a b l e  to  m o d i f y  r e l a t i o n  
info  in o r d e r  to  m a k e  n e w  e n t r i e s ,  b u t  c o u l d  n o t  
h a v e  a c c e s s  to  r e l a t i o n s  c h e c k  o r  c h e c k t r a n s .  E a c h  
m o d u l e  s e r v e s  to  l i m i t  the p e r m i s s i b l e  o p e r a t i o n s  
fo r  e a c h  u s e r  c l a s s  a n d  to  m a k e  c e r t a i n  t h a t  all  
updates to the database are mad_e through these 
"structured" operations or, alternatively, by a very 
small number of highly trusted systenn n~anngers. 
Each operation checks t h e  validity ef the input and 
of any database modification, making cert~.~n that 
the operation conforms to the pre and pest 
conditions in t h e  abstract specification of that 
operation. 

In such an environment, q~le~F |anguages are used 
for retrieval purposes only and cannot be used to 
make unconstrained updates. In that way, the 
a b s t r a c t  s p e c i f i c a t i o n  a n d  a h s t r ~ t i o n  o p e r a t i o n s  on  
the  d a t a  c a n  b e  p r e s e r v e d .  

(5)  Use  of t h i s  d e s i g n  m e t h o d o l o g y  m a k e s  i t  p a s s i b l e  to  
s e p a r a t e  t h e  d a t a b a s e  m o d e l  a n d  d a t a b a s e  d e s i g n  
f r o m  t h e  m a i n  p r o g r a m .  I n d e e d ,  a v iew of t h e  
d a t a b a s e  c o u l d  b e  p r o v i d e d  t o  t h e  m o d u l e  r a t h e r  
t h a n  p r e s e n t i n g  t h e  d a t a b a s e  i t se l f .  S u c h  a s t e p  
w o u l d  p r o v i d e  m a x i m u m  s e p a r a t i o n  a_no_eng t h e  
v a r i o u s  a s p e c t s  of s y s t e m  des i gn .  I n d e e d ,  t h e  u s e r  
of  t h e  d a t a  n e e d  k n o w  l i t t l e  o r  P o t h i n  S a b o u t  i t s  
r e p r e s e n t a t i o n ,  w h i c h  c o u l d  b e  a c o l l e c t i o n  of fi les 
o r  e v e n  p r o g r a m  d a t a  s t r u c t u r e s  as well  as a 
d a t a b a s e .  

The USE P r o g r a m m i n g  Environn~_e~*~ 
The  g o a l  of t h e  USE p r o j e c t  is to  p r o v i d e  a s e t  of 

t oo l s  a n d  a s y s t e m  d e v e l o p m e n t  m_ethod_elogy t h a t  
f a c i l i t a t e s  t h e  t a s k  of p r o d u c i n g  i n t e r a c t i v e  i n f o r m a t i o n  
s y s t e m s .  This  m e t h o d o l o g y  a n d  t h e  a c c e r n p a n y i n g  too l s  
(of  w h i c h  PLAIN is one ) ,  c o n s t i t u t e  a p r o s r a m r n i n g  
e n v i r o n m e n t  i n t e n d e d  to  e n h a n c e  t h e  p r o d u c t i v i t y  of 
I n d i v i d u a l  s o f t w a r e  d e v e l o p e r s  a n d  pregra~_r~_in5 g r o u p s ,  
as  well  as  to  l e a d  to  h i g h e r  q u a l i t y  s y s t e m s .  

In a d d i t i o n  to  PLAIN, a n u m b e r  of o t h e r  t oo l s  a r e  
b e i n g  d e s i g n e d  and i m p l e m e n t e d  fo r  t h e  USE 
e n v i r o n m e n t ,  i n c l u d i n g :  

(1)  TROLL, a s m a l l  r e l a t i o n a l  d a t a b a s e  h a n d l e r  [12] ,  
t h a t  c a n  b e  u s e d  b o t h  in  c o n j u n c t i o n  w i t h  t h e  PLAIN 
runtime system and as a standalone system; 

(2)  TDI, a too l  fo r  t h e  a u t o m a t i o n  of t r a n s i t i o n  d i a g r a m s  
[13] ,  d e v e l o p e d  in s u p p o r t  of a s p e c i f i c a t i o n  m e t h o d  
f o r  i n t e r a c t i v e  i n f o r m a t i o n  s y s t e m s  [14];  t h i s  t oo l  
m a k e s  i t  p o s s i b l e  t o  b u i l d  r a p i d  p r o t o t y p e s  of 
u s e r / p r o g r a m  d i a l o g u e - b a s e d  s y s t e m s ;  

(3)  t h e  Module  C o n t r o l  S y s t e m ,  a t o o l  to  p r o v i d e  
a s s i s t a n c e  in  t h e  m a n a g e m e n t  of m e d i u m - t o - l a r g e  
s o f t w a r e  p r o j e c t s ,  i n c l u d i n g  v e r s i o n  c o n t r o l ,  
c o n f i g u r a t i o n  c o n t r o l ,  a n d  d o c u m e n t a t i o n  s u p p o r t ;  
a l t h o u g h  it  is i n d e p e n d e n t  of  spec i f i c  d e v e l o p m e n t  
m e t h o d o l o g i e s ,  i t  p e r m i t s  t h e  i n c l u s i o n  of " p o l i c i e s "  
t h a t  c a n  e n f o r c e  c e r t a i n  d i s c i p l i n e s .  

All of t h e s e  t oo l s  a r e  b e ~  i m p l e m e n t e d  in  
c o n j u n c t i o n  w i t h  u s e  of t h e  U n i x  o p e r a t i n g  s y s t e m .  
T a k e n  t o g e t h e r  u p o n  c o m p l e t i o n ,  t h e y  will p r o v i d e  
s u p p o r t  for  a s y s t e m a t i c  a p p r o a c h  to  t h e  s p e c i f i c a t i o n ,  
d e s i g n ,  a n d  d e v e l o p m e n t  of i n t e r a c t i v e  i n f o r m a t i o n  
s y s t e m s  b a s e d  s t r o n g l y  u p o n  c o n c e p t s  ef  m o d u l a r i z a t i o n  
a n d  d a t a  a b s t r a c t i o n .  
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