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ABSTRACT 

A u s a b l e  p r o t o t y p e  Ada 
p a c k a g e  l i b r a r y  h a s  b e e n  
d e v e l o p e d  a n d  i s  c u r r e n t l y  
b e i n g  e v a l u a t e d  f o r  u s e  i n  
l a r g e  s o f t w a r e  d e v e l o p m e n t  
e f f o r t s .  T h e  l i b r a r y  system 
is  comprised of a n  Ada-orien- 
t e d  d e s i g n  l a n g u a g e  u s e d  t o  
f a c i l i t a t e  t h e  c o l l e c t i o n  of  
r e u s e  i n f o r m a t i o n ,  a r e l a -  
t i o n a l  d a t a  base  t o  s t o r e  
reuse i n f o r m a t i o n ,  a s e t  o f  
r e u s a b l e  Ada c o m p o n e n t s  a n d  
t o o l s ,  and a set  of g u i d e l i n e s  
g o v e r n i n g  t h e  s y s t e m ' s  use. 
The prototyping exercise is 
d i s c u s s e d  a n d  t h e  l e s s o n s  
l e a r n e d  a r e  p r e s e n t e d .  O u r  
e x p e r i e n c e s  i n  deve lop ing  t h e  
p r o t o t y p e  l i b r a r y  and l e s s o n s  
l e a r n e d  f r o m  it h a v e  l e d  t o  
t h e  d e f i n i t i o n  o f  a compre-  
h e n s i v e  t o o l  set t o  f a c i l i t a t e  
s o f t w a r e  reuse. 

* Ada i s  a trademark o f  t h e  
U . S .  D e p a r t m e n t  o f  D e f e n s e  
(AJPO)  . 

W i t h  t h e  r i s i n g  demand 
f o r  c o s t - e f f e c t i v e  product i o n  
o f  s o f t w a r e ,  s o f t w a r e  r euse  
h a s  b e c o m e  i n c r e a s i n g l y  
i m p o r t a n t  a s  a p o t e n t i a l  
s o l u t i o n  t o  l o w  p rogrammer  
p r o d u c t i v i t y .  I n  t h e  A d a  
programming l anguage ,  e x p l i c i t  
s u p p o r t  i s  p r o v i d e d  f o r  
s o f t w a r e  r e u s e  t h r o u g h  t h e  
" p a c k a g e "  a n d  " g e n e r i c "  
l a n g u a g e  f e a t u r e s .  Unfo r tu -  
n a t e l y ,  t h e  c o n c e p t  o f  Ada 
s o f t w a r e  r e u s e  i s  n o t  a 
p a n a c e a  f o r  our c u r r e n t  
s o f t w a r e  p r o d u c t i v i t y  p r o b -  
l e m s .  The n o t i o n  of s o f t w a r e  
r e u s e  h a s  b e e n  p o p u l a r  f o r  
d e c a d e s .  B u t  i m p l e m e n t i n g  
h i g h  d e g r e e s  o f  r e u s e  h a s  
u s u a l l y  f a i l e d ,  w i t h  t h e  
e x c e p t i o n  o f  some e f f o r t s  i n  
f a i r l y  narrow areas ( b u s i n e s s  
a n d  c o m p i l e r  a p p l i c a t i o n s )  . 
T h e  c h a l l e n g e  t h e n ,  i s  t o  
r e c o g n i z e  t h e  c o n t r i b u t i o n s  
t h a t  t h e  Ada l anguage  can  make  
t o  a s o f t w a r e  reuse e f f o r t  
w h i l e  a t  t h e  s a m e  t i m e  
i d e n t i f y i n g  a n d  r e s o l v i n g  
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language-independent  problems.  
Based  on t h e  p r o m i s e  o f  t h e  
Ada programming l a n g u a g e  we 
undertook t h e  development of a 
p r o t o t y p e  Ada package l i b r a r y .  

T h e  p r o t o t y p i n g  e x e r c i s e  
i n c l u d e d :  

0 .  a n  e x a m i n a t i o n  o f  t h e  
r e a s o n s  f o r  low s o f t w a r e  
reuse i n  t h e  p a s t ,  

o i d e n t i f i c a t i o n  o f  
a c t i v i t i e s  a n d  t o o l s  
w h i c h  w o u l d  s u p p o r t  a 
r e u s e  m e t h o d o l o g y  t h a t  
s p a n s  t h e  s o f t w a r e  
d e  v e 1 opmen t 1 i f  e - c y c l e  
from r e q u i r e m e n t s  t h rough  
m a  i n  t enance  , 

o t h e  d e v e l o p m e n t  o f  a 
p h  a s e d  i m p 1  emen t a  t i o n  
p lan  f o r  s o f t w a r e  reuse 
t h a t  d e f i n e s  a d e v e l o p -  
ment  p a t h  from p r o t o t y p e  
t o  a n  o p e r a t i o n a l ,  
mu l t i - company ,  geograph- 
i c a l l y  d i s t r i b u t e d  
sys t em,  

o d e v e l o p m e n t  of a p r o t o -  
t y p e  f o r  t h a t  m e t h o d -  
o l o g y ,  

o t h e  d e v e l o p m e n t ,  acqui-  
s i t i o n ,  and e v a l u a t i o n  of 
r e p r e s e n t a t i v e  p a c k a g e  
e n t r i e s ,  and 

o a n  e x a m i n a t i o n  of user 
i n t e r f a c e  t e c h n i q u e s  t h a t  
c o u l d  be used t o  maximize 
communica t ions  between a 
r e u s e  s y s t e m  a n d  i t s  
users.  

A s  d i s c u s s e d  a b o v e ,  
s o f t w a r e  reuse i s  n o t  a new 
c o n c e p t .  S i g n i f i c a n t  e f f o r t s  
h a v e  b e e n  underway s i n c e  t h e  
e a r l y  1 9 6 0 ' s  t o  i m p r o v e  
s o f t w a r e  d e v e l o p m e n t  produc-  
t i v i t y  th rough  reuse ( c o n s i d e r  
t h e  e a r l y  o b s e r v a t i o n s  o f  
McI l roy  a b o u t  t h e  b e n e f i t s  of 
reuse p r e s e n t e d  a t  t h e  NATO 
S o f t w a r e  E n g i n e e r i n g  mee t ing  
i n  G a r m i s h  i n  1 9 6 8 )  
ISTANDISH83 J . An a n a l y s i s  of 
t h e  p r o b l e m s  a t t e n d i n g  reuse 
h a s  l e d  t o  t h e  i d e n t i f i c a t i o n  
of  s e v e r  a1 p o t e n t  i a1 h i n d r  an -  
c e s  t o  r e u s e  JSTANDISH83, 
BROID0851. These impediments  
t o  reuse can  be c a t e g o r i z e d  as  
t e c h n i c a l ,  e c o n o m i c ,  a n d  
p o l i t i c a l  o b s t r u c t i o n s .  Some 
t y p i c a l  p r o b l e m s  t h a t  h i n d e r  
reuse i n c l u d e :  

o l a c k  o f  u n i v e r s a l  
s t a n d a r d s  f o r  component  
c o m p o s i t i o n ,  l e v e l  o f  
d o c u m e n t a t i o n ,  c o d i n g  
t e c h n i q u e s  , t e s t i n g ,  
etc. ,  

o d i f f i c u l t y  i n  t r a n s f e r -  
r i n g  a n  u n d e r s t a n d i n g  of 
t h e  pu rpose  of a s o f t w a r e  
r o u t i n e  f r o m  t h e  a u t h o r  
t o  t h e  p o t e n t i a l  reuser, 

o h i g h e r  i n i t i a l  d e v e l o p -  
m e n t  c o s t s  a n d  l o n g e r  
s c h e d u l e s  , 

o r i s k  m a n a g e m e n t  i s sues  
s u c h  a s  w a r r a n t y ,  
l i a b i l i t y ,  a n d  a c c o u n t -  
a b i l i t y  , 
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o t h e  " n o t  i n v e n t e d  h e r e "  
syndrome, and 

o t h e  l a c k  o f  p r i d e  
t y p i c a l l y  e x h i b i t e d  when 
r e u s e  h a s  been  s e l e c t e d  
i n  a s o f t w a r e  development 
p r o j e c t  o v e r  o r i g i n a l  
development .  

W h i l e  t h e  p r o b l e m s  
i m p e d i n g  r e u s e  a r e  s i g n i -  
f i c a n t ,  t h e  l a r g e  s i z e  a n d  
c o s t  o f  a m a j o r  s o f t w a r e  
d e v e l o p m e n t  e f f o r t  p r o v i d e s  
s u b s t a n t i a l  m o t i v a t i o n  t o  
i m p r o v e  p r o d u c t i v i t y  through 
reuse.  Although Ada p r o v i d e s  
a n a t u r a l  v e h i c l e  f o r  encour-  
a g i n g  s o f t w a r e  e n g i n e e r i n g  
reuse, t h e  same t e c h n i c a l  and 
p o l i t i c a l  o b s t r u c t i o n s  t h a t  
have l i m i t e d  reuse i n  t h e  p a s t  
a r e  l i k e l y  t o  o n c e  a g a i n  
impede t h e  s h a r i n g  of s o f t w a r e  
e n g i n e e r i n g  p r o d u c t s  a c r o s s  
p r o j e c t s .  T h e  S o f t w a r e  
T e c h n o l o g y  D e p a r t m e n t  w i t h i n  
I n t e r m e t r i c s  i s  a c t i v e l y  
i n v e s t i g a t i n g  t h e  p r o b l e m s  
t h a t  h i n d e r  r e u s e .  We a r e  
d e t e r m i n e d  t o  f i n d  s o l u t i o n s  
t o  t h e s e  p r o b l e m s  a n d  t o  
c o l l e c t  a n d  reuse Ada pack- 
ages. 

A l o n g  t h e s e  l i n e s ,  w e  
have d e f i n e d  a phased approach  
t o  t h e  d e v e l o p m e n t  o f  a 
r e u s a b l e  p a c k a g e  l i b r a r y  
s u i t a b l e  f o r  u s e  on l a r g e  Ada 
a p p l i c a t i o n s  projects.  R a t h e r  
t h a n  d e f i n e  a n  e l a b o r a t e  reuse 
f a c i l i t y  a n d  i m p l e m e n t  t h e  
l i b r a r y  i n  a s i n g l e  s t e p ,  w e  
a r e  c u r r e n t l y  p r o t o t y p i n g  
p a r t s  o f  t h i s  f a c i l i t y  t o  
i n v e s t i g a t e  t h e  p o t e n t i a l  

REUSE U 
F i g u r e  1. R e u s e  p r o c e s s  

ove r v  i e w  . 
u t i l i t y  of o u r  a p p r o a c h .  A 
c o m p l e t e  d e s c r i p t i o n  of t h i s  
p h a s e d  d e v e l o p m e n t  p l a n  i s  
o f f e r e d  i n  [BURTON85]. The 
i n i t i a l  e f f o r t  on t h i s  p r o j e c t  
h a s  b e e n  f o c u s e d  o n  t h e  
c r e a t i o n  o f  a n  Ada S o f t w a r e  
CATalog (ASCAT) . 

An overview of  t h e  ASCAT 
p o r t i o n  o f  t h e  Ada p a c k a g e  
r e u s e  s y s t e m  is s h o w n  i n  
F i g u r e  1. The sys tem h a s  besn 
i m p l e m e n t e d  u s i n q  B y r o n  , 
I n t e r m e t r i c s '  A d a - b a s e d  
program d e s i g n  l a n g u a g e ,  and a 
commercial  r e l a t i o n a l  d a t a b a s e  
management system. C e n t r a l  t o  
t h e  s y s t e m  is t h e  a b i l i t y  of 
Byron t o  s u p p o r t  d e f i n i t i o n  
a n d  u s e  o f  u s e r - d e f i n e d  
keywords. 

Software Classification and 
Data Element Selection 

One key t o  t h e  success of  
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any r e u s e  scheme i s  t h e  t y p e s  
of c l a s s i f i c a t i o n s  a s s i g n e d  t o  
e n t r i e s .  T h e  p r imary  pu rpose  
of  t h e s e  c l a s s i f i c a t i o n s  is  t o  
f a c i l i t a t e  r e t r i e v a l ,  b u t  t h e y  
may a l s o  be used t o  assist i n  
d e f i n i n g  s t o r a g e  s t ra teg ies  as  
w e l l  . 

S e l e c t i n g  t h e  c l a s s i f i -  
c a t i o n s  t o  be used  is r e a l l y  a 
s u b s e t  o f  a l a r g e r  
q u e s t i o n :  w h a t  d a t a  elements 
d o  w e  w a n t  t o  be a b l e  t o  
r e t r i e v e  a b o u t  a p a r t i c u l a r  
e n t r y ?  The l i s t  of s t o r a b l e  
e l e m e n t s  seems i n  ou r  o p i n i o n  
t o  be h i g h l y  i n f l u e n c e d  by t h e  
s i z e  of t h e  l i b r a r y  (number of 
program u n i t s  s t o r e d )  and t h e  
d e g r e e  o f  c o o p e r a t i o n  ( o r  
p o t e n t i a l  a n t a g o n i s m )  among 
t h e  users  of  t h e  l i b r a r y .  An 
i n i t i a l  c u t  a t  s u c h  a l i s t  was 
prepared [BROID085] from t h e  
p e r s p e c t i v e  o f  o u r  u l t i m a t e  
( m u l t i p l e  s i t e s ,  m u l t i p l e  
o r g a n i z a t i o n s ,  m u l t i p l e  usage  
t y p e s )  system. Over 60  items 
which c o u l d  p o t e n t i a l l y  affect  
t h e  s u i t a b i l i t y  of  a n  e n t r y  
were named i n  s e v e n  m a j o r  
c a t e g o r i e s :  i d e n t i f i c a t i o n  ( 3  
i t e m s )  , d e s c r i p t i o n  ( 1 6  
i t ems) ,  component pa r t s  ( 2 0 ) ,  
e n v i r o n m e n t / u s a g e  ( 9 )  8 

o r d e r i n g  i n f o r m a t i o n  ( 7 ) ,  'and 
r e v i s i o n  h i s t o r y  (11) . Even 
a t  t h i s  l e n g t h ,  we r e c o g n i z e  
t h a t  t h e r e  a r e  u n d o u b t e d l y  
many o t h e r  items which c o u l d  
be added. 

T h i s  l i s t  was f a r  t o o  
large f o r  our  p r o t o t y p e ,  s o  w e  
examined t h e  c o n t e x t  i n  which 

* B y r o n  i s  a t r a d e m a r k  o f  
Intermetrics,  I n c .  

t h e  p r o t o t y p e  would o p e r a t e .  
We c h a r a c t e r i z e d  our i n i t i a l  
envi ronment  as f o l l o w s :  

0 

0 

0 

0 

A l l  t h e  u se r s  would be 
f r o m  t h e  same company,  
a l t h o u g h  t h e r e  would be 
s e v e r a l  d i v i s i o n s  u s i n g  
t h e  c o m m o n  l i b r a r y .  
T h u s ,  no r e s t r i c t i o n s  on 
access  would need  t o  be 
s u p p o r t e d .  

A l l  i n i t i a l  e n t r i e s  would 
be w r i t t e n  (when  pos- 
s i b l e )  i n  m a c h i n e - i n d e -  
p e n d e n t  A d a ,  s o  t h e  
c o m p i l a t i o n  and e x e c u t i o n  
e n v i r o n m e n t s  w o u l d  be 
we l l -de f ined .  

S o u r c e  code would. a lways  
be a v a i l a b l e ,  s o  u se r s  
c o u l d  d o  t h e i r  o w n  
t a i l o r i n g  ( n o  " b l a c k  
b o x e s " ) .  Suppor t  i n  t h e  
f o r m  o f  c o r r e c t i o n s  and 
t r a i n i n g  ( o t h e r  t h a n  b\ 
r e a d i n g  t h e  s o u r c e  c o d e )  
would n o t  be p rov ided .  

E m p h a s i s  was c e n t e r e d  
a r o u n d  t h e  c o l l e c t i o n  of 
r e u s a b l e  Ada p a c k a g e s  
r a t h e r  t h a n  c o m p l e t e  
p r o g r a m s .  Two f a c t o r s  
i n f l u e n c e d  t h i s  d e c i -  
s i o n .  The f i r s t  is t h a t  
mos t  of  t h e  p a c k a g e s  w e  
wanted t o  i n c l u d e  a l r e a d y  
e x i s t e d  p r i o r  t o  t h e  
s t a r t  of ou r  e f f o r t s ,  and 
c o h e r e n t  d e s i g n  documents 
were n o t  a l w a y s  a v a i l -  
ab l e .  The second f a c t o r  
was t h e  w i d e l y  d i s t i n c t  
s e t  o f  u s e r s  we were 
a d d r e s s i n g ;  t h e y  do n o t  
sha re  t h e  commonality of 
p u r p o s e  w h i c h  m a k e s  
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d o m a i n  a n a l y s i s  a n  
e f f e c t i v e  t o p - d o w n  
a p p r o a c h  . T h e  d e c i s i o n  
t o  c e n t e r  o u r  d e s i g n  on 
p a c k a g e s  e n a b l e d  u s  t o  
d e f i n e  a s t a n d a r d  header  
f o r  e a c h  p a c k a g e ,  based 
on  t h e  r e q u i r e m e n t s  of  
o u r  B y r o n  p r o g r a m  
p r o d u c t .  F o r m a l i z e d  
r e q u i r e m e n t s  and d e s i g n  
documen  t a t  i o n  were n o t  
r e q u i r e d .  

T h i s  d e c i s i o n  causes  t h e  
l i b r a r y  t o  b e  m o r e  
s u p p o r t i v e  of "bottom up" 
s o f t w a r e  c o n s t r u c t i o n  
t e c h n i q u e s  t h a n  most of 
t o d a y ' s  t o p - d o w n  
m e t h o d s .  T h e  top-down 
m e t h o d s  r e f l e c t  a n  
a t t i t u d e  of d e f i n i n g  what 
would be a p e r f e c t  system 
a n d  d o  n o t  a d e q u a t e l y  
r e c o g n i z e  t h e  i n f l u e n c e  
o f  e x i s t i n g  t o o l s  
( i n c l u d i n g  c o d e )  s h o u l d  
h a v e  o n  r e q u i r e m e n t s  
f o r m u l a t i o n  i n  t h e  
p r e s e n c e  o f  r e a l  c o s t  
c o n s t r a i n t s .  (Note t h a t  
t h e  " o b j e c t  o r i e n t e d  
d e s i g n "  s t r a t e g i e s  t h a t  
a r e  e m e r g i n g  w i t h  Ada 
r e f l e c t  a t e n d e n c y  away 
f rom s t r i c t  t o p - d o w n  
methods.)  

o No a p r i o r i  n a m i n g  
c o n v e n t i o n s  were e s t a -  
b l i s h e d ,  a l t h o u g h  a n  
i n f o r m a l  g u i d e l i n e  was 
prompted by t h e  technica l  
m o n i t o r  o f  o n e  o f  t h e  
c o n t r i b u t i n g  programs. 

o C o n f i g u r a t i o n  management 
was n o t  r i g i d l y  e n f o r c e d ,  
e x c e p t  w i t h i n  t h e  rules 

i m p o s e d  b y  A d a .  I n  
p a r t i c u l a r ,  no computer- 
i z e d  l i s t  of o u t s t a n d i n g  
u s e r s  ( p e o p l e  o r  p r o -  
g r a m s )  o f  t h e  l i b r a r y  
r o u t i n e s  was ma in ta ined .  

o T h e  p r o g r a m s  w h i c h  were 
i n t e n d i n g  t o  t a k e  
a d v a n t a g e  of t h e  l i b r a r y  
p r o v i d e d  n o  e x p l i c i t  
f u n d i n g  f o r  t o o l  s u p p o r t  
o r  t o  e n s u r e  t h a t  any new 
p a c k a g e s  c r e a t e d  w e r e  
g e n e r a l i z e d  and o t h e r w i s e  
s u i t a b l e  f o r  f u t u r e  
reuse.  Package  h e a d e r s  
a n d o t h e  r p r o g  r a m m e  r - 
s u p p l i e d  i n f o r m a t i o n  had 
t o  be e a s y  ( i n  bo th  time 
and  d i f f i c u l t y )  f o r  t h e  
programmers t o  supp ly .  

o V a r i o u s  s t a n d a r d s  were 
e s t a b l i s h e d  f o r  t h e  d a t a  
items we would c o l l e c t .  
S i n c e  we were a t t e m p t i n g  
t o  c a t a l o g  packages which  
h a d  b e e n  p r e v i o u s l y  
c r e a t e d  t o  s u p p o r t  
s e v e r a l  d i f f e r e n t  
p r o j e c t s ,  I t  w a s  
n e c e s s a r y  t o  r e t r o f i t  
m a n y  o f  t h e  s e l e c t e d  
p a c k a g e s  t o  i n c l u d e  t h e  
r e q u i r e d  Byron comments. 
P a r t  o f  our e v a l u a t i o n  
w i l l  b e  t o  t r y  t o  
i d e n t i f y  t h e  d i f f i c u l t i e s  
c a u s e d  b y  " l o o s e "  
d e f i n i t i o n s  o f  e s s e n -  
t i a l l y  n a r r a t i v e  f i e l d s  
( e . g .  , o v e r v i e w s ) .  I n  
a d d i t i o n ,  n o  common 
m e t h o d o l o g y  h a d  b e e n  
e s t a b l i s h e d ,  s o  t h e  
d e g r e e  of  f o r m a l i t y  and 
t h e  l i s t  o f  a v a i l a b l e  
s u p p o r t  items ( r e p e a t a b l e  
t e s t  c a s e s  , p r e v i o u s  
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s a m p l e  o u t p u t ,  u s e r  
documenta t ion ,  e tc . )  a l s o  
v a r i e d  c o n s i d e r a b l y  . 
We f i l t e r e d  t h e  o r i g i n a l  

l i s t  down t o  t h e  f o l l o w i n g  
d a t a  items f o r  t h e  d a t a b a s e  
( o t h e r s ,  s u c h  as  t h e  c a l l i n g  
c o n v e n t i o n s  and  p a r a m e t e r s  , 
would be a v a i l a b l e  f r o m  t h e  
s o u r c e  c o d e  i f  n o t  g i v e n  i n  
t h e  overv iew)  : 

1. 
2. 
3 .  
4 .  
5. 
6. 
7. 

8. 
9 .  

1 0 .  

11 . 
12.  

13.  

1 4 .  

Uni t  name 
Author 
Uni t  s i z e  
Source  language  
Date c r e a t e d  
Date l a s t  updated  
C a t e g o r y  c o d e  (see 

below) 
Ove r v  i ew 
Algo  r i t  hm descr ip- 

t i o n  
E E  r o  r s / e x c e p t  i o n s  

g e n e r a t e d  
Up t o  5 k e y w o r d s  

( f o r  r e t  r i e v a l  ) 
Machine dependenc ie s  
( i f  a n y )  
Program dependenc ie s  
( i f  a n y )  
Notes 

O u r  r e t r i e v a l  s t r a t e g y  
was b a s e d  upon a combina t ion  
o f  two a l t e r n a t e  mechanisms. 
The  f i r s t  mechanism was t h e  
a s s i g n m e n t  o f  a h i e r a r c h i c a l  
c a t e g o r y  c o d e ,  w i t h  t h e  
h i e r a r c h y  d e f i n e d  a h e a d  o f  
time a n d  c h a n g e a b l e  o n l y  a t  
w e l l  s e p a r a t e d  t i m e  i n t e r -  
v a l s .  T h i s  scheme is similar 
i n  c o n c e p t  t o  t h e  ones  used by 
Cornputins Reviews [ACM85 J and 
t h e  I M S L  l i b r a r y  [IMSL76]. 
B u t  it was n e c e s s a r y  t o  i n v e n t  
o u r  own c l a s s i f i c a t i o n  scheme 
s i n c e  n e i t h e r  of t h o s e  two was 

s u i t a b l e  t o  our  p u r p o s e s .  Our 
scheme has  t h e  advan tage  t h a t  
eve ryone  knows w h a t  t h e  c o d e s  
a r e  and can  use a n  e f f e c t i v e l y  
f i n i t e  p rocedure  f o r  s e a r c h i n g  
t h e  e n t r i e s .  D i s a d v a n t a g e s  
i n c l u d e  a g r o w i n g  l i s t  o f  
v a s t l y  d i s s i m i l a r  "misce l -  
l a n e o u s "  e n t r i e s  a n d  t h e  
i n a b i l i t y  o f  t h e  o r i g i n a l  
h i e r a r c h y  d e s i g n e r s  t o  p r o v i d e  
s u f f i c i e n t l y  d i s c r i m i n a t o r y  
c a t e g o r i e s  t o  p r o v i d e  e f f e c -  
t i v e  r e t r i e v a l  ( n o t  t o o  many 
o r  t o o  few c a n d i d a t e s ) .  

For  t h e  second mechanism, 
w e  a l l o w e d  t h e  s u b m i t t e r s  t o  
s u p p l y  up t o  f i v e  keywords t o  
be a s s o c i a t e d  w i t h  e a c h  
package.  These keywords a r e  
n o t  a s s o c i a t e d  (as i m p l i c i t l y  
o c c u r s  w i t h i n  t h e  h i e r a r c h y  of 
c a t e g o r i e s )  8 a l l o w  f o r  
o v e r l a p p i n g  t o p i c s  ( t h e  
p a c k a g e s  d o  n o t  c o n v e n i e n t l y  
f a l l  i n t o  s t r i c t  t r e e  c l a s s i -  
f i c a t i o n s ) ,  a n d  c a n  g r o w  
( w i t h o u t  reprogramming o r  an  
a l l - k n o w i n g  d a t a b a s e  admin i s -  
t r a t o r )  w i t h  t h e  needs  of t h e  
p r o j e c t s  t h e y  a r e  c r e a t e d  
f o r .  A scheme s imilar  t o  t h i s  
h a s  been  employed  o n  N A S A ' s  
C O S M I C  ( C o m p u t e r  S o f t w a r e  
Management I n f o r m a t i o n  C e n t e r )  
s y s t e m  on c o m p l e t e  programs,  
a l t h o u g h  t h e  keywords a l lowed  
a r e  s u g g e s t e d  by t h e  program 
a u t h o r s  a n d  f i l t e r e d  by  a n  
a c c e p t a n c e  team. 

One of t h e  a u t h o r s  is a 
member of  t h e  A p p l i c a t i o n s  
P a n e l  o f  t h e  D e p a r t m e n t  o f  
D e f e n s e ' s  S o f t w a r e  Technology 
f o r  A d a p t a b l e  , R e l i a b l e  
S y s t e m s  ( S T A R S )  Program. An 
i m p o r t a n t  o p e n  i s s u e  s u r -  
r o u n d i n g  t h e  f o r m a t i o n  o f  a 
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p o t e n t i a l  Ada package l i b r a r y  
t o  b e  a v a i l a b l e  a s  G F E  
m a t e r i a l s  f o r  DoD c o n t r a c t s  is 
d e f i n i n g  t h e  q u a l i t y  of  t h e  
e n t r i e s .  On t h e  o n e  h a n d ,  
some peop le  a d v o c a t e  i n c l u d i n g  
o n l y  i t e m s  o f  t h e  h i g h e s t  
q u a l i t y ,  w i t h  f u l l  DoD 
s t a n d a r d  d o c u m e n t a t i o n  a n d  
e v e n  f o r m a l  i n d e p e n d e n t  
v a l i d a t i o n  and  v e r i f i c a t i o n  
( I V & V )  r e q u i r e d  o n  n e w  
en t r i e s .  G t h e r s  p r e f e r  t o  l e t  
a more f l e x i b l e  scheme a p p l y ,  
w i t h  a " t r u s t  l e v e l "  a s s o c i -  
a t e d  w i t h  e n t r i e s .  T h i s  
l a t t e r  s c h e m e  e n c o u r a g e s  
" p r o m o t i o n "  o f  e x i s t i n g  
e n t r i e s  from "buyer  beware" t o  
h i g h e r  t r u s t  l e v e l s ;  a f t e r  
a l l ,  u s i n g  i n f o r m a l l y  qual i -  
f i e d  d e s i g n s  and code and t h e n  
a d d i n g  f o r m a l  t e s t i n g  a n d  
d o c u m e n t a t i o n  c a n  s t i l l  take  
l e s s  t ime  ( a n d  o f t e n  r i s k )  
t h a n  i n v e n t i n g  from s c r a t c h .  
For  t h e  p r o t o t y p e ,  we dec ided  
t o  l e t  a l l  s u b m i t t e d  e n t r i e s  
be a c c e p t e d  and t h e n  e v a l u a t e  
t h e  impact  of t h i s  d e c i s i o n .  

Reuse Information Extraction 
Hechan i sm 

Another  c r i t i c a l  phase  i n  
t h e  d e v e l o p m e n t  o f  a n  Ad'a 
package l i b r a r y  involves  the 
e x t r a c t i o n  mechanism used t o  
c o l l e c t  r e u s e - o r i e n t e d  
i n f o r m a t i o n .  The e x t r a c t i o n  
mechanism u t i l i z e d  i n  a n  Ada 
p a c k a g e  l i b r a r y  m u s t  even-  
t u a l l y  p r o v i d e  s e v e r a l  
d i f f e r e n t  c a p a b i l i t i e s  t o  
i n s u r e  e f f i c i e n t  o p e r a t i o n .  
T h e s e  r e q u i r e d  c a p a b i l i t i e s  
i n c l u d e :  

o s u p p o r t  f o r  a u t o m a t i c  
data c o l l e c t  i o n ,  

o s u p p o r t  f o r  i n s u r i n g  
s t a n d a r d i z a t i o n  o f  d a t a  
e n t r i e s  , 

o s u p p o r t  f o r  a s s u r i n g  
c o n t i n u i t y  a n d  c o n s i s -  
t e n c y  o f  r e u s e  i n f o r -  
m a t i o n  a c r o s s  t h e  
S o f t w a r e  Development L i f e  
Cycle  (SDLC) 8 

o s u p p o r t  f o r  c h e c k i n g  
c o m p l e t e n e s s  and reason-  
a b l e n e s s  ( e . g .  , d a t e s ) ,  
and 

o s u p p o r t  f o r  r e u s e  
i n f o r m a t i o n  examina t ion .  

T h e  r e u s e  i n f o r m a t i o n  
e x t r a c t i o n  a p p r o a c h  u t i l i z e d  
i n  ou r  Ada package l i b r a r y  is  
d e t a i l e d  i n  F i g u r e  2 .  An 
a n a l y s i s  o f  t h i s  f i g u r e  
r e v e a l s  t h a t  e a c h  o f  t h e  
e l e m e n t s  p r e v i o u s l y  i d e n t i f i e d  
f o r  d a t a  c o l l e c t i o n  h a s  been 
m a p p e d  i n t o  p r e d e f i n e d  o r  
u s e r - d e f i n e d  keywords f o r  t h e  
Byron d e s i g n  t o o l .  A Byron 
t e m p l a t e  p r o g r a m  was s u b s e -  
q u e n t l y  d e v e l o p e d  t o  au tom-  
a t i c a l l y  e x t r a c t  t h e  
r e u s e - o  r i e n t e d  i n f o r m a t  i o n .  
T h i s  i n f o r m a t i o n  i s  p l a c e d  
i n t o  a f i l e  t h a t  c a n  b e  
d i r e c t l y  p r o c e s s e d  i n t o  t h e  
ASCAT da ta  base. 

-In- 
ADA 

PACKAQES 

F i g u r e  2. E x t r a c t i o n  mechanism 
overv iew 
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T h e  u s e  o f  a 
B y r o n - o r i e n t e d  reuse i n f o r -  
m a t i o n  e x t r a c t i o n  m e c h a n i s m  
p r o v i d e s  most of t h e  r e q u i r e d  
c a p a b i l i t i e s  e n u m e r a t e d  
above.  T h i s  approach  p r o v i d e s  
a m e a n s  f o r  a u t o m a t i c  c o l -  
l e c t i o n  of d a t a  s t a n d a r d i z e d  
i n  f i e l d  name  a n d  f o r m a t .  
S i n c e  t h e  Byron d e s i g n  f i l e  is  
i n t e n d e d  t o  t r a n s i t i o n  i n t o  
t h e  implementa t ion  w i t h  r e u s e  
d a t a  i n t a c t ,  s u p p o r t  i s  
o f f e r e d  t o  assure i n f o r m a t i o n  
c o n t i n u i t y  a c r o s s  m u l t i p l e  
phases  of t h e  SDLC. 

W h i l e  t h i s  e x t r a c t i o n  
a p p r o a c h  h a s  many p o s i t i v e  
f e a t u r e s ,  i t  i s  n o t  w i t h o u t  
i t s  shor tcomings .  The lack of 
p r e d e f i n e d  reuse a t t r i b u t e s  
w i t h i n  Byron f a i l s  t o  s u p p o r t  
d i r e c t  e x a m i n a t i o n  of reuse  
d a t a  i tems for c o m p l e t e n e s s ,  
c o n s i s t e n c y ,  a n d  r e a s o n -  
a b l e n e s s .  The i n c l u s i o n  o f  
r e u s e - o r i e n t e d  i n f o r m a t i o n  
i n t o  t h e  B y r o n - p r o d u c e d  
p r o g r a m  l i b r a r y  r e p r e s e n t s  a 
s i m p l e  p o t e n t i a l  improvement 
t o  ou r  approach  t h a t  c o u l d  a i d  
i n  t h e  e x a m i n a t i o n  o f  t h e  
reuse data  items. 

Software Ca t a l o a  I m D l e m e n -  
tation 

The s o f t w a r e  c a t a l o g  f o r  
t h e  reusable  p a c k a g e  l i b r a r y  
was i m p l e m e n t e d  t h r o u g h  t h e  
use of a commercial  r e l a t i o n a l  
d a t a  base management package. 
The d a t a  d e f i n i t i o n  c a p a b i l i t y  
used f o r  f i e l d  d e f i n i t i o n  and 
t h e  b u i l t - i n  d a t a  b a s e  
p rogramming  l a n g u a g e  f a c i l i -  
t a t e d  t h e  examina t ion  of reuse 
d a t a  f o r  l i m i t e d  c o r r e c t n e s s  
and c o n s i s t e n c y  checking .  The 

u s e  of a d a t a  base a l s o  a i d e d  
i n  t h e  r a p i d  development  of an 
i n t e r f a c e  between t h e  s o f t w a r e  
c a t a l o g  a n d  p o t e n t i a l  Ada 
p a c k a g e  u s e r s  t h r o u g h  t h e  
u t i l i z a t i o n  o f  p r e d e f i n e d  
r e p o r t s  and s u p p o r t  f o r  ad hoc 
u s e r  q u e r i e s .  N o n e t h e l e s s ,  
t h e  user i n t e r f a c e  r e p r e s e n t s  
a w e a k  l i n k  i n  o u r  p r o t o t y p e  
package  l i b r a r y .  The p r e s e n t  
i n t e r f a c e  i s  v e r y  l i m i t e d  i n  
t h e  s e n s e  t h a t  i t  o f f e r s  no  
c o n t e x t - s p e c i f i c  s u p p o r t  f o r  
c o m m u n i c a t i o n  b e t w e e n  t h e  
reuse system and i t s  u s e r s .  

T h e  p r e s e n t  s o f t w a r e  
c a t a l o g  i s  l i m i t e d  i n  i t s  
i n t e r a c t i o n  w i t h  t h e  u se r .  
F o r  e x a m p l e ,  c o n s i d e r  t h e  
s c e n a r i o  o f  a s o f t w a r e  
e n g i n e e r  p e r f o r m i n g  a n  
a p p l i c a t i o n  s o f t w a r e  d e s i g n  of 
a r o u t i n e  t h a t  r e q u i r e s  a 
s o r t i n g  p a c k a g e .  I n  t h e  
p r e s e n t  s y s t e m ,  t h e  s o f t w a r e  
e n g i n e e r  w o u l d  n e e d  t o :  1) 
e x i t  t h e  e d i t o r ,  2 )  e n t e r  t h e  
s o f t w a r e  c a t a l o g  d a t a  base  
s y s t e m ,  3 )  e n t e r  a q u e r y  t o  
i d e n t i f y  t h e  a v a i l a b l e  s o r t i n g  
p a c k a g e s ,  4 )  s e l e c t  t h e  
d e s i r e d  p a c k a g e ,  a n d  5 )  
r e - e n t e r  t h e  e d i t o r  and issue 
t h e  n e c e s s a r y  commands t o  draw 
t h e  d e s i r e d  package (des ign / -  
c o d e )  i n t o  t h e  a p p l i c a t i o n s  
program d e s i g n .  

T h i s  i n i t i a l  p r o t o t y p e  
s o f t w a r e  c a t a l o g  can r e a d i l y  
be improved t o  enhance t h e  way 
i n  w h i c h  i t  i n t e r a c t s  w i t h  
u s e r .  I n  F i g u r e  3 ,  t h e  
p r e s e n t  mode of  i n t e r a c t i o n  is  
d e p i c t e d .  I n  F i g u r e  4 ,  
a n o t h e r  p o t e n t i a l  s c e n a r i o  is  
shown. I n  t h i s  s c e n a r i o ,  a 
multi-window envi ronment  
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i s  u s e d  w h e r e  t h e  user  may 
p e r f o r m  t h e  s o f t w a r e  c a t a l o g  
i n q u i r y  a n d  c o n c u r r e n t l y  
e x a m i n e  s e v e r a l  p r o m i s i n g  
p a c k a g e s  w i t h o u t  e x i t i n g  t h e  
e d i t o r  . 

A t h i r d  p o s s i b l e  ope ra -  
t i o n a l  s c e n a r i o  o f  t h e  
s o f t w a r e  c a t a l o g  i s  n o t  
p i c t u r e d .  I n  t h i s  t h i r d  
approach ,  t h e  data  base que ry  
language  would be r e p l a c e d  by 
a n a t u r a l  l anguage  f ron t - end ,  
t h e  s o f t w a r e  c a t a l o g  search 
would be a s s i s t e d  by an  e x p e r t  
sys t em,  and t h e  multi-window 

A ronmg rouliru m 
rwuuw. ~ a m o  
waor. I~VOLUIIU 
ASCAT dea b.u 
sys~om and antw 
.ppropnato quwy. 

swrF4ckalpmu 
n*lllno&or. uu 
odmormu-uso-, 

p.dugr-. 
W h '  and cab IO 

F i g u r e  3 .  C u r r e n t  ASCAT 
o p e r a t i o n a l  
s c e n a r i o  

approach  would be s u p p o r t e d  by 
a language-  and c o n t e x t - s e n s i -  
t i v e  e d i t o r .  T h e  t h i r d  
a p p r o a c h  i s  f e a s i b l e  w i t h  
i n v e s t i g a t i o n  i n t o  i t s  
i m p l e m e n t a t i o n  o c c u r r i n g  i n  
s e v e r a l  c u r r e n t  p r o j e c t s  

[ANDERSON851 . 
Intermetr ics  is  c u r r e n t l y  

i n v e s t i g a t i n g  t h e  implemen- 
t a t i o n  o f  t h i s  t h i r d  a p p -  
r o a c h .  We a r e  i n t e g r a t i n s  a 
c o m m e r c i a l  n a t u r a l  l a n g u a g e  
l a n g u a g e  f r o n t - e n d  on o u r  
r e u s e  d a t a b a s e  a n d  a r e  
d e s i g n i n g  a n  e x p e r t  sys tem t o  
f a c i l i t a t e  e v a l u a t i o n  a n d  
s e l e c t i o n  o f  a l t e r n a t i v e  Ada 
p a c k a g e s .  A l t h o u g h  i t  i s  
p r e m a t u r e  f o r  s i g n i f i c a n t  
c o n c l u s i o n s  o n  o u r  e x p e r t  
s y s t e m  e f f o r t s ,  w e  have made 
s e v e r a l  o b s e r v a t i o n s  a b o u t  t h e  
a d v a n t a g e s  a n d  d i s a d v a n t a g e s  
o f  t h e  N a t u r a l  L a n g u a g e  
Front-End (NLFE) . 

O u r  p r e l i m i n a r y  f i n d i n g s  
on t h e  NLFE a r e  n o t  s u r p r i -  
s i n g .  A s  e x p e c t e d ,  w e  found 
t h e  NLFE t o  be s i g n i f i c a n t l y  
e a s i e r  t o  u s e  t h a n  t h e  
t r a d i t i o n a l  d a t a b a s e  q u e r y  
l a n g u a g e  s u p p l i e d  w i t h  o u r  
DBMS. On t h e  n e g a t i v e  s i d e ,  
w e  f o u n d  t h a t  t h e  n a t u r a l  
l a n g u a g e  i n t e r f a c e  w a s  
s u b s t a n t i a l l y  s lower  t h a n  our  
t r a d i t i o n a l  d a t a b a s e  q u e r y  
language .  O u r  i n i t i a l  f i g u r e s  
s h o w  a p e r f o r m a n c e  p e n a l t y  
a s s o c i a t e d  w i t h  t h e  NLFE which 
r a n g e d  from a f a c t o r  of f i v e  
f o r  r e l a t i v e l y  simple queries 
t o  a f a c t o r  of  t e n  f o r  f a i r l y  
complex queries. 

O u r  p r e l i m i n a r y  q u e r y  compo- 
s i t i o n  compar isons  and i n i t i a l  
p e r f o r m a n c e  e v a l u a t i o n s  show 
t h a t  t h e  NLFE a p p r o a c h  i s  a 
v i a b l e  a l t e r n a t i v e  t o  t r a d i -  
t i o n a l  da t abase  q u e r y  l a n g -  
u a g e s .  We a r e  c u r r e n t l y  
a d d r e s s i n g  t h e  p e r f o r m a n c e  
issues t h a t  p l ague  t h e  NLFE 
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F i g u r e  4. Improved ASCAT o p e r a t i o n a l  s c e n a r i o  

a p p r o a c h .  We f e e l  t h a t  t h e  
a p p l i c a t i o n  of  NLFE and e x p e r t  
s y s t e m  t e c h n o l o g y  t o  t h e  
s o f t w a r e  l i b r a r y  a r e a  w i l l  
s i g n i f i c a n t l y  s i m p l i f y  t h e  
o p e r a t i o n  o f  a s o f t w a r e  
l i b r a r y  a n d  s u b s t a n t i a l l y  
i m p r o v e  t h e  p r o d u c t i v i t y  o f  
t h e  s o f t w a r e  l i b r a r y  u s e r s .  

LESSONS LEARHE D 

The development ,  c o l l e c -  
t i o n ,  e v a l u a t i o n ,  and c a t a l o g -  
i n g  of r e u s a b l e  components and 
t o o l s  u n d e r t a k e n  i n  t h e  
development of a n  Ada package 
l i b r a r y  h a s  l e d  t o  s o m e  
i n t e r e s t i n g  o b s e r v a t i o n s  
c o n c e r n i n g  Ada package reuse. 
U n f o r t u n a t e l y ,  w e  do n o t  y e t  
have enough e x p e r i e n c e  t o  
e v a l u a t e  t h e  s e l e c t e d  c a t e g o r y  
scheme, keyword r e t r i e v a l  

c a p a b i l i t y ,  o r  t h e  l i s t  of  
c o l l e c t e d  d a t a  elements. 

During t h e  p a s t  y e a r ,  w e  
h a v e  d e v e l o p e d  a s e t  of t e s t  
and a n a l y s i s  t o o l s  w r i t t e n  i n  
A d a  a n d  i n t e n d e d  f o r  Ada 
s o f t w a r e  d e v e l o p m e n t  
e f f o r t s .  T h e  f i x e d - p r i c e  
n a t u r e  of  t h i s  c o n t r a c t  a n d  
t h e  f a c t  t h a t  i t  r e p r e s e n t e d  
t h e  f i r s t  m a j o r  Ada develop-  
m e n t  c o n t r a c t  w i t h i n  o u r  
d i v i s i o n  m o t i v a t e d  u s  t o  
e m p h a s i z e  reuse  of  e x i s t i n g  
Ada p a c k a g e s  a s  a c o s t  a n d  
r i s k  r e d u c t i o n  measure. Based 
o n  t h e  r e s u l t s  o f  t h a t  
c o n t r a c t  w e  found t h a t  reuse 
o f  e x i s t i n g  g e n e r i c  s u p p o r t  
p a c k a g e s  s i g n i f i c a n t l y  
i m p r o v e d  o u r  p r o d u c t i v i t y ,  
w i t h  o v e r  3 3 %  o f  t h e  c o d e  
compr ised  of r e u s e d  packages.  
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On t h e  n e g a t i v e  s i d e ,  w e  
f o u n d  t h a t  s e v e r a l  o f  t h e  
t o o l s  i n i t i a l l y  e x h i b i t e d  poor 
p e r f o r m a n c e .  I n  a l m o s t  e v e r y  
ins tance ,  we found t h e  g e n e r a l  
n a t u r e  of t h e  reused packages  
t o  c o n t r i b u t e  h e a v i l y  t o  t h e  
performance problems.  We a l s o  
f o u n d  t h a t  t h e  g e n e r i c  Ada 
p a c k a g e s  o f f e r e d  much  more 
f u n c t i o n a l i t y  than  required i n  
o u r  a p p l i c a t i o n .  The e x t r a  
f u n c t i o n a l i t y  r e s u l t e d  i n  a 
s i z e  p e n a l t y  w i t h  r e s p e c t  t o  
t h e  e x e c u t a b l e  code. The  use 
of  a performance a n a l y z e r  and 
t a i l o r i n g  o f  t h e  r eused  code 
f o r  t h e  c u r r e n t  a p p l i c a t i o n  
s u b s t a n t i a l l y  improved  t o o l  
per formance  IRATHGEBER861 . 

We a l s o  s t u d i e d  t h e  
problem of composing reusable 
a p p l i c a t i o n s  p a c k a g e s  f rom 
e x i s t i n g  r e u s a b l e  
components. A s  p a r t  of a n  A i r  
F o r c e  s t u d y ,  w e  compared t h e  
p e r f o r m a n c e  o f  two d i f f e r e n t  
i m p l e m e n t a t i o n s  of reusable  
Kalman f i l t e r  r o u t i n e s .  One of 
t h e  r o u t i n e s  was w r i t t e n  i n  
Ada : q e n e r  i c  Ada mathemat ics  
packages  were h e a v i l y  used i n  
i t s  d e v e l o p m e n t .  T h e  o t h e r  
r o u t i n e  was w r i t t e n  i n  FORTRAN 
a n d  s p e c i f i c a l l y  des igned  t o  
s o l v e  a s p e c i f i c  Kalman f i l t e r  
p r o b l e m .  A p e r f o r m a n c e  
compar i son  of t h e  g e n e r a l i z e d  
A d a  p a c k a g e  a g a i n s t  t h e  
c u s t o m - t  a i l o r  e d  F O R T R A N  
r o u t i n e s  showed t h e  FORTRAN 
r o u t i n e  t o  e x h i b i t  s i g n i f i c a n t  
speed  a d v a n t a g e s  ove r  i t s  Ada 
c o u n t e r pa r t . Th is pe r f o rmance 
d i f f e r e n c e  i s  p r o b a b l y  due  t o  
t h e  r e l a t i v e  immatu r i ty  of t h e  
Ada c o m p i l e r  u s e d  i n  t h i s  
s t u d y  and a l s o  t o  t h e  g e n e r a l -  
i z e d  n a t u r e  o f  t h e  A d a  

p a c k a g e s .  An i m p o r t a n t  
c o n c l u s i o n  o f  t h e  s t u d y  i s  
t h a t  t h e  per formance  problems 
a s s o c i a t e d  w i t h  i n c l u d i n g  a 
g e n e r a l i z e d  r e u s a b l e  Ada  
p a c k a g e  i n t o  a n  a p p l i c a t i o n s  
p r o g r a m  a r e  s u b s t a n t i a l l y  
c o m p o u n d e d  when a n  e n t i r e  
s y s t e m  i s  c o m p r i s e d  o f  
r e u s a b l e  components w h i c h  a l s o  
c o n s i s t  o f  r e u s a b l e  compo- 
n e n t s .  

A l t h o u g h  m a n y  o f  o u r  
l e s s o n s  l e a r n e d  have n e g a t i v e  
i m p l i c a t i o n s  f o r  t h e  use o f  
Ada reusable  p a c k a g e s ,  t h e r e  
i s  some l i g h t  a t  t h e  e n d  of 
t h e  t u n n e l .  R e u s e  was a b i g  
a i d  i n  i n c r e a s i n g  our produc-  
t i v i t y  i n  t h e  development  of 
Ada t e s t  a n d  a n a l y s i s  t o o l s .  
We a l s o  found  t h a t  reuse can  
be s u c c e s s f u l l y  employed  i n  
t h e  d e v e l o p m e n t  o f  e f f i c i e n t  
Ada  s y s t e m s  i f  s u f f i c i e n t  
t h o u g h t  i s  p u t  i n t o  how t h e  
packages a re  t o  be r eused  and  
i f  t h e  p r o p e r  t o o l s  a r e  
a v a i l a b l e  ( e . g . 8  s u c h  a s  a 
per formance  a n a l y z e r ) .  

CONCLUSIONS 

I n  a c c o r d a n c e  w i t h  o u r  
p r e v i o u s  p l a n ,  w e  h a v e  
completed a proto type  mech-  
a n i s m  f o r  e x t r a c t i n g  reuse  
i n f o r m a t i o n  f r o m  p a c k a g e s  
deve loped  i n  t h e  normal c o u r s e  
o f  b u s i n e s s .  W e  a l s o  have a 
p r i m i t i v e  m e c h a n i s m  f o r  
e n t e r i n g  t h a t  d a t a  i n  a 
c a t a l o g  a n d  s e a r c h i n g  t h e  
c a t a l o g  f o r  e n t r i e s  t h a t  are  
p o t e n t i a l l y  u s e f u l  o n  new 
p r o j e c t s ,  T h e  a p p r o a c h  
c e n t e r s  o n  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  phases,  s i n c e  
t h e s e  a r e  t h e  o n e s  t o  w h i c h  
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r e u s e  c o n c e p t s  may m o s t  
r e a d i l y  be a p p l i e d  i n  t h e  
g i v e n  envi ronments  . 

We h a v e  c o n f i r m e d  w i t h  
a c t u a l  experience our  e a r l i e r  
a s s e s s m e n t  t h a t  s u c c e s s f u l  
i m p l e m e n t a t i o n  o f  a r e u s e  
me thodo logy  r e q u i r e s  t h o u g h t ,  
a c t i o n  and  management d i r e c -  
t i o n  and  s u p p o r t  t h r o u g h o u t  
t h e  s o f t w a r e  l i f e  c y c l e .  
T h i s ,  h o w e v e r ,  may r e q u i r e  a 
managemen t  r e o r i e n t a t i o n  t o  
t h e  view of s o f t w a r e  deve lop-  
ment  a s  t h e  a c q u i s i t i o n  of a 
l o n g - l i v e d  c o r p o r a t e  a s s e t  
r a t h e r  t h a n  as o n l y  t h e  work 
r e q u i r e d  t o  p r o d u c e  t h e  
cur r e n t  d e l i v e r  ab le  [WEGNER8 4 ,  
Y E H 8 5  J . C o m p l e m e n t i n g  t h e  
reuse e f f o r t s  be ing  conducted  
by t h e  STARS o f f i c e ,  which  a r e  
t a r g e t e d  a t  l o n g  r a n g e  
o b j e c t i v e s ,  o u r  a p p r o a c h  
p r o v i d e s  u s e f u l  t o o l s  wh ich  
c a n  be u t i l i z e d  immedia te ly .  

We h a v e  a c h i e v e d  s o m e  
success  i n  a p p l y i n g  s o f t w a r e  
r e u s e .  E f f e c t i v e  u s e  of t h e  
p a c k a g e s  f o r c e d  u s  t o  d e f i n e  
s u b s e t s  o f  t hem which subse- 
q u e n t l y  r e q u i r e d  pe r fo rmance  
t u n i n g .  T h i s  p o i n t s  o u t  t h e  
v a l u e  of d e v e l o p i n g  a compre- 
h e n s i v e  r e u s e  m e t h o d o l o g y ,  
w i t h  adequate s u p p o r t  t o o l s  t o  
f a c i l i t a t e  t h e  development of 
e f f i c i e n t  s y s t e m s  comprised of 
r e u s a b l e  components. 

The Ada l anguage  and t h e  
m e t h o d o l o g i e s  g r o w i n g  u p  
around it p r o v i d e  a good s t a r t  
t o w a r d  a c h i e v i n g  l a r g e r  scale 
r e u s e  t h a n  w e  have a c h i e v e d  i n  
t h e  p a s t .  B u t  t h e y  a r e  n o t  
e n o u g h  by t h e m s e l v e s .  Even 
w i t h  A d a ,  t h e r e  a r e  s t i l l  

p l e n t y  of o b s t a c l e s  t o  r e u s e .  
A management  commitment  a n d  
d e s i r e  t o  improve p r o d u c t i v i t y  
when c o u p l e d  w i t h  a compre-  
h e n s i v e  reuse methodology and 
t h e  p r o p e r  t o o l s  o f f e r  
s u b s t a n t i a l  p r o m i s e  f o r  
improvement . 
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