
SOFTWARE ENGINEERING AND ADA. I N  DCSlGrl 

I Don O ' N e l l l  

IBH FSD 
March, 1986 

WADAS 

*Ada i s  a r e g i s t e r e d  t rademark o f  t h e  U.S. Governnent, M a  J o i n t  Program O f f i c e  

About  t h e  Au tho r  

Don O ' N e i l l  has been w i t h  IBH's Federa l  System 
D i v i s i o n  (FSD) f o r  t h e  p a s t  t w e n t y - s i x  yea rs .  He 
i s  p r e s e n t l y  t h e  Ada T e c h n i c a l  A s s i s t a n t  t o  t h e  FSD 
V i c e  P r e s i d e n t  f o r  Technology. As Manager o f  Sof t -  
ware E n g i n e e r i n g  f o r  FSD (1977-1979) .  Hr .  O ' N e i l l  
was r e s p o n s i b l e  f o r  t h e  o r i g i n a t i o n  o f  FSD s o f t w a r e  
s t r a t e g i e s  and the  p r e p a r a t i o n  o f  t h e  FSD s o f t w a r e  
E n g i n e e r i n g  P r a c t i c e s .  He r e c e i v e d  an IBM bt- 
s t a n d i n g  Achievement Award f o r  h i s  c o n t r i b u t i o n  t o  
t h i s  e f f o r t .  M r .  D ' N e i l l  has been a p p l y i n g  modern 
s o f t w a r e  e n g i n e e r i n g  on p r o d u c t i o n  s o f t w a r e  deve l -  
opment p r o j e c t s .  He has r e c e n t l y  been l e a d i n g  t h e  
a c t i v i t y  t o  p r e p a r e  FSD f o r  Ada use on p r o j e c t s .  

M r .  O ' N e l l l  i s  a member o f  t h e  E x e c u t i v e  Board 
o f  t h e  I E E E  Techn ica l  Committee on So f tware  Engi -  
n e e r i n g .  I n  a d d i t i o n ,  he has been a D i s t i n g u i s h e d  
V i s i t o r  o f  t h e  I E E E  S o c i e t y .  H r .  O ' N e i l l  a l s o  
s e r v e s  as a menber o f  t h e  A I A A  So f tware  Systems 
T e c h n i c a l  Committee. He r e c e i v e d  h i s  BS degree i n  
ma themat i cs  from O ick inson  Co l l ege  i n  C a r l i s l e .  
P e n n s y l v a n i a .  

PREFACE 

Modern s3f;rrare e n g i n e e r i n g  p r a n i s e s  s i g n i f i c a n t  
r e d u c t i o n s  i n  s o f t w a r e  c o s t s  and improvements i n  
s o f t w a r e  q u a l i t y .  The Ada language i s  t h e  focus 
f o r  t hese  s o f t w a r e  methodology and t o o l  improve- 
ments.  The c m m u n i t y  may have underes t ima ted  the  
p r e p a r a t i o n  f o r  M a .  i n c l u d i n g  c o m p i l e r  development 
and e d u c a t i o n .  More must be done. On the o t h e r  
hand, t h e  ccmnuni t y  may have underes t ima ted  t h e  
b e n e f i t s  o f  M a  p r o d u c t i v i t y  and q u a l i t y .  Perhaps 
e x p e c t a t i o n s  shou ld  be r a i s e d .  

So f tware  E n g i n e e r i n g  and Ada f o r  Des iqn  ove r -  
v lews  t h e  IBM FSD S o f  tware  F a c t o r y  approach, In- 
c l u d i n g  t h e  s o f t w a r e  e n g i n e e r i n g  - p r a c t i c e s  t h a t  
g u i d e  t h e  s y s t e m a t i c  d e s i g n  and deve lopnen t  o f  
s o f t w a r e  p r o d u c t s  and t h e  management o f  t h e  s o f t -  
w d r e  p rocess .  The r e v i s e d  Ada destgn language 
a d a p t a t i o n  i s  r e v e a l e d .  This f o u r  l e v e l  d e s l y n  
me thodo logy  i s  d e t a i l e d  --  i n c l u d i n g  t h e  purpose o f  
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each l e v e l ,  t h e  inanagenent s t r a t e g y  t h a t  i n t e g r a t e s  
t h e  s o f t w a r e  d e s i g n  a c t i v i t y  w i t h  program ! n i l e -  
s tones ,  and t h e  t e c h n i c a l  s t r a t e y y  t h a t  n a p s  thr? 
Ada c o n s t r u c t s  t o  each l e v e l  o f  d e s i g n .  A C G n P l e i C .  
d e s c r i p t i o n  o f  each d e s i g n  l a e l  i s  p r o v i d e d  diol!; 
w i t h  s p e c i f i c  d e s i g n  language r e c o r d i n g  gu ide1  ifierJ 
f o r  each l e v e l .  

F l n a l l y ,  some tes t imony  i s  o f f e r e d  on e d u c a t i o r  , 
t o o l s ,  a r c h i t e c t u r e ,  and m e t r i c s  r e s u l  t i n y  f r v -  
p r o j e c t  use o f  t h e  f o u r  l e v e l  Ada d e s l g n  lan<.JJ. , r  
a d a p t a t i o n .  

S e c t i o n  1 

INTRODUCTION 

S o f t w a r e  may be t h r o t t l  i n g  t h e  i n d u s t r i a l  de, , r l  - 
opnen t  o f  t h e  U n i t e d  S t a t e s .  As t he  i n f o n r j : ! . i - i  
s o c i e t y  takes  h o l d .  t h e  demands f o r  s o f t w a r e  d v r  
i n c r e a s i n g .  Fu r thennore ,  p u b l i c  e x p e c t a t i s i :  'I. 

i n c r e a s i n g  too;  peop le  want s o f t w a r e  t r a t  p r L ' i ;  
t h e  r i g h t  answers on t ime,  e v e r y t i m e ,  anNf o d e \  > 
i n  a u s e r - f r i e n d l y  manner. So f tware  i s  1ntenae.i :.> 

p r o v i d e  f o r  t h e  hannonious c o o p e r a t i o n  among c r ' . ' ;  l i .  
and machines.  People possess an i n f i n i t e  vdri.::, 
and machines do o n l y  what i s  i n s t r u c t e d ,  nut-i!n- 
s t a n d i n g  the  promise o f  a r t i f i c i a l  i n t e i  1 r y e x t . .  
AS a r e s u l t .  t h e  burden on s o f t w a r e  i s  S u S S t d r l ! ' J I  
indeed and i s  i n c r e a s i n g .  

R e c e n t l y ,  s o f t w a r e  e n g i n e e r i n g  has p r o v i o e d  f.ir 
t h e  s y s t e m a t i c  d e s i g n  and deve lopnen t  o f  s o f : - r r c  
p r o d u c t s  and the i i i dnagnen t  o f  t h e  SOfth.!l't' :\I < -  

ess .  The r e s u l t  shou ld  be q u a l i t y  s o f t - d r e  ; * - , z -  
u c t s  o b t a i n e d  th rough  d e s i g n ,  s u s t a i n e d  t n r u ~ , ; b  
deve lop i i en t ,  and iiiofii tored t h r o u g h  t e c h n i c d l  r e -  
v iews .  We have always known t h a t  good p r o j e c t s  d r ?  
ones w i t h  few err0i.s a t  t h e  end. We now knoh t n d t  
good p r o j e c t s  a r e  a l s o  ones w i t h  few e r r o r s  a t  thc 
b e g i n n i n g .  What may be needed now i s  a r e f i n w e n t  
o f  t hese  methods, e s p e c i a l l y  i n  the  r e q u i r e : : r ' r i t j  
and s p e c i f i c a t i o n  areds,  t h e i r  broad dpp l  i c d t i o n ,  
and p r e p d r a t i o n  of  adequate t o o l s  t h d t  r e - e n f c r c e  
and en fo rce  t h e i r  use w h i l e  a s s i s t i n g  i n  p r o d J c t r i -  
i t y  g a i n s .  

S e c t i o n  2 

SOFTWARE E N C I N C E R I N C  f A C T O R Y  

Sof tware e n g i n e e r i n g  p r o v i d e s  f o r  t h e  s y s t e n a t i c  
d e s i g n  and developi i icnt  o f  s o f t w a r e  p r o d u c t s  and t h e  
management o f  t h c  s o f t w a r e  p rocess .  S o f t w d r e  
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eng ineer ing  may be viewed i n  the form o f  a s t a t e  
machine c a p o s e d  o f  Inputs,  t r a n s i t i o n s ,  outputs,  

The Inpu.ts to the process i nc lude  the q u a l l f l e d  
people, l a b o r  saving too l s ,  and p r a c t l c a l  technol?- 
gy needed t o  app ly  modern design, developnent, and 
management p r a c t i c e s  i n  the  p roduc t i on  of  usab le  
and reusab le  so f tware  products o f  s u f f l c l e n t l y  h i g h  
q u a l i t y  t o  ensure l i f e  c y c l e  b e n e f i t s  and con f iden t  
customer ownership. People today a r e  requ i red  t o  
be highly q u a l l f l e d  and equipped wi th spec ia l i zed  
t r a i n i n g  I n  both software technoloyy and app l lca-  
t i o n s .  Testimony fran e a r l y  Ada users i nd i ca tes  
t h a t  the t r a i n l n g  needs may be subs tan t i a l .  Har lan 
M i l l s  observed t h a t  as we shape our too ls ,  wr 
t o o l s  may l a t e r  shape us. Too ls  represent  an 
I n s t l  t u t i o n a l l r e d  exper t  s y s t m .  knowledge base o f  
so f tware  methodology and s t y l e .  Tool investments 
o f t e n  l a g  behind t h e i r  need. P r a c t l c a l  technology 
r e q u i r e s  the a p p l i c a t i o n  o f  bas ic  p r i n c i p l e s  fron 
advanced technologies repackaged i n t o  i n t u i t i v e  
approaches and s i m p l i f i e d  f o r  use by i ndus t r y  
p r a c t i t i o n e r s  and acceptance by customers. lech-  
no logy  must employ an understandable Conceptual 
model t o  a s s i s t  the t r a n s i t i o n  fran user need t o  
usable product.  

The t r a n s l t i o n s  o f  the  software engineer ing 
s t a t e  machine are  governed by the software engl-  
neer ing  p r a c t i c e s  f o r  design, development, and 
management. app ly ing  across the f u l l  l i f e  cyc le .  
Software design inc ludes  methods f o r  producing and 

and re ta ined  da ta  (F igu re  2-1). 

INPUTS 

PEOPLE 

TECHNOLOGY 

TOOLS 

v e r i f y i n g  modular designs and s t r u c t u r e d  programs. 
Designs a r e  recorded us ing  a des ign  language baled 
on Add, i nc lud ing  both procedural  designs and data 
designs. Advanced design ensures semantic corre- 
spondence o f  s p e c i f i c a t i o n s  through da ta  dlCt lOndr-  
Ies .  Systematic design prov ides  f o r  funct ional  
a l l o c a t i o n  and decanpos i t ion  o f  procedures and 
data.  Sys tenat lc  p rogrmming inc ludes  the elabord- 
tlOn o f  p r o g r m  designs us ing  stepwlse r e f l n m e n t ,  
program design language, and cor rec tness  tech- 
nlques. Taxonay inc ludes  a proper p r o g r m  w i th  a 
s i n g l e  entry and s i n g l e  e x i t ,  a pr ime p r q r & q  
ccmposed o f  zero o r  one p red ica te  cons t ruc ts ,  inner 
syntax o f  data r e f l n m e n t  and opera t ions  and t e s t s .  
The Ada based deslgn language used t o  record de-  
s igns  a s s i s t s  the reasoning o f  the designer and h l s  
comnunication w i t h  o thers  i n  g e t t i n g  the  d e s i g n  
r i g h t ,  knowing i t , and conv inc ing  o the rs .  Softwdre 
development includes the methodology f o r  the  e a r l y  
tmp lmen ta t i on  and i n t e g r a t i o n  o f  d e t a i l e d  des igns  
i n t o  product increments represented a s  source code  
l i b r a r i e s ,  con f i gu ra t fon  con t ro l  l ed  through 1 i b r d r y  
h ie ra rch ies .  I n  a d d l t l o n  t o  incremental  r e l e a s e s ,  
the concepts o f  rap id  p ro to typ ing ,  s o f t w a r e  f i r s t ,  
and Component reuse are being r e f i n e d  f o r  r o d t i f i e  
use on p r o j e c t s  i n  the fu tu re .  Software mdnagernent 
assures the e f f e .  t i v e  a p p l i c a t i o n  o f  qual1 f1i.d 
people w i t h i n  a p r t d l c t a b l e  process to  o r i g i n a t e  a 
q u a l i t y  product t h a t  s a t i s f i e s  perfonndnce r e q J i r e -  
ments on schedule w i t h i n  cos t .  The use o f  S O f t l d r e  
Development Plans and techn ica l  reviews e n s j r r  6 n  

accurate view o f  s ta tus .  
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f i g u r e  2-1. Sof tware  t a c t o r y  

6 . 4 . 1 . 2  

OUTPUTS 

USABLE 
PRODUCTS 

QUALITY 
PRODUCTS 

LIFE CYCLE 
BENEFITS 

CONFIDENT 
PRODUCT 
OWNERSHIP 



;, ... ! ..,i , . I., , , . .. . . ,  

. 

The o u t p l t s  of  t h e  p rocess  i n c l u d e  u s a b l e  p rcd -  
ucts  o f  h i g h  q u a l i t y  t h a t  nay be r e u s a b l e  c a p a b l e  
o f  a s s u r i n g  c o n f i d e n t  c u s t a n e r  o m e r r h i p .  Usab le  
p r o d u c t s  are t h o s e  t h a t  o p e r a t e  h a r n o n i o u s l y  wi th in 
the user o r g a n l r a t i o n .  They are a d a p t a b l e  t o  new 
r e q u i r e m e n t s  and f e a t u r e  u s e r f r i e n d l y  i n t e r f a c e s .  
The reward  f o r  t h i s  may be f r i e n d l y  u s e r s .  Q u a l i t y  
p r o d u c t s  are t h o s e  t h a t  have few errors a t  t h e  end. 
These are the same ones t h a t  have few e r ro rs  a t  t h e  
beg inn ing .  A r e u s a b l e  p r o d u c t  i s  one t h a t  c o n t i n -  
ues t o  meet chang lng  r e q u i r e m e n t s  t h r o u g h  p r o d u c t  
enhdncenents. Fu the rno re ,  r e u s a b l e  p r o d u c t s  a r e  
t r a n s p o r t a b l e  t o  o t h e r  sys tens  f o r  s i m i l a r  uses. 
The M a  language p r a i s e s  t o  p r o v l d e  f o r  s o f t w a r e  
r e u s a b i l i t y .  Us ing  a r t i f l c i a l  i n t e l l i g e n c e ,  d 
canponents l i b r a r y  o f  s p e c i f i c a t i o n s  can  be i n t e r -  
r o g a t e d  f o r  s o f t w a r e  components needed f o r  new 
a p p l i c a t i o n s .  As t h e  i n d u s t r y  becanes s k i l l f u l  and 
e x p e r t  a t  m a t c h i n g  e x i s t i n g  p r o d u c t s  w i t h  new 
needs, t h e  s o f t w a r e  f a c t o r y  may becane a r e a l i t y .  

k c t l o n  3 

SYSTWATIC USE OF ADA AS A DESlGN LANGUAGE 
F l l r t i n g  w i t h  Ada? C a r e f u l .  She i s  more than  a 

p r o g r m l n g  language but l e s s  than  a c o m p i l e r  f o r  
In M a t r e n d s  John N a i S b l t t  p o i n t s  o u t  t h a t  ' 2 % s  are+* i k c  horses.  If you want t o  r i d e  them, 

I t  pays t o  go i n  the  same d i r e c t i o n  t h e  ho rse  i s  
a l r e a d y  t r a v e l l n g .  He a l s o  p o i n t s  o u t  t h a t  fads 
o r i g i n a t e  a t  t h e  top,  tend t o  peak. and then fade 
o u t .  On t h e  o t h e r  hand. t r e n d s  a r e  bo t tom up, 
possess b roader  s u p p o r t ,  and p e r s f s t .  

The use o f  Ma as a p r o g r a m i n g  language may 
co r respond  t o  N d i S b i t t ' S  c h a r a c t e r i r a t i o q  o f  a fad,  
t o p  down, perhaps e x p l a i n i n g  i t s  s l u g g i s h  beg in -  
n i n g .  f o r  Ma the  prog-mtn ing language. t h i s  i s  
t h e  awkward p e r i o d  between promise and d e l i v e r y .  
@I o t h e r  hand, t h e  use  o f  Ada dS a d e s i g n  language 
may be a t r e n d ,  a r i s i n g  fran t h e  bot to tn a s  a popu- 
l a r  c h o i c e .  I t  i s  happening today. 

A d e s i g n  language may be used f o r  a number o f  
reasons .  I t  p r o v i d e s  t h e  f a c i l i t y  t o  r e c o r d  d e s i g n  
d e c i s i o n s .  Once reco rded ,  these  d e s i g n  d e c i s i o n s  
can be shared w i t h  o t h e r s  forming t h e  c a m u n i c a t i o n  
b a s e l i n e  among system eng ineers ,  s o f t w a r e  eng i -  
n e e r s ,  and i n t e g r a t i o n  and t e s t  eng inee rs .  I t  
p r o v i d e s  t h e  b a s i s  f o r  t h e  d e s i g n e r  t o  be more 
c o n v i n c i n g  i n  t h e  de fense  o f  h i s  des ign .  I t  p ro -  
v i d e s  o t h e r s  w i t h  a r l e a r  r e f e r e n c e  p o i n t  t o  focus 
t h e i r  c r i t i c i s m s .  The r e s u l t  i s  a b e t t e r  des ign .  
The use o f  & a  a s  a d e s i g n  language encourages good 
s o f t w a r e  e n g l n e e r l n g  w h i l e  a t  t he  same t ime  p e n i t -  
t l n g  t h e  d e s i g n  t o  o b t a i n  r i g o r  I n  syn tax  and 
semant ics th rough  the  use o f  Ada c a n p l l e r  p r o d u c t  
t o o l s .  Ada a s  a d e s l g n  language p r o v l d e s  a p l a t -  
form f o r  systematically accompl l s h l n g  r a p l d  p r o t o -  
t y p i n g  t h r o u g h  use  o f  t h e  m e r g i n g  s o f t w a r e  d e s i g n  
and p r o d u c t  I t s e l f .  In  ways yet t o  u n f o l d ,  Pda 
d e s i g n  language may a l so  be a u s e f u l  b a s i s  f o r  
a s s i s t i n g  t h e  access o f  r e u s a b l e  c a p o n e n t s .  To be 
a b l e  t o  s u p p o r t  t hese  v a r i o u s  uses s y s t e m a t i c a l l y ,  
Ada a s  a d e s i g n  language needs t o  be I n t e g r a t e d  
f n t o  a s o f t w a r e  e n g i n e e r l n g  methodology.  

3 . 1  Four  L e v e l  Des ign  

An Ada based so f tware  d e s i g n  methodology has 
been dddpted fran the  So f tware  e n y l n e e r l n g  p rac -  

t i c e s  d i s c u s s e d  i n  advanced d e s i g n ,  S y s t H l d r l C  
des lgn ,  and s y s t r w a t i c  prayraimning. Th is  dddl1:d- 
t i o n  f e a t u r e s  f o u r  l e v e l s  o f  d e s i g n  suppor ted  111 d 
management s t r a t e g y  and d t e c h n i c a l  s t r a t e g y .  Thc 
management s t r a t c g y  maps t h e  f i r s t  two l e v e l :  o f  
d e s i g n  t o  t h e  s p c c i f i c a t i o n  p rocess  and 1 t S  r i l v I ( ' *  
and t h e  l a s t  two l e v e l s  o f  d e s i g n  t o  t h e  d e t a i l e d  
d e s i g n  p rocess  and I t s  r e v l e w .  The t e c h n l c . j l  
S t r a t e g y  p u r p o s e f u l l y  and r i g o r o u s l y  u t i 1  l i e s  t k  
e x p r e s s i v e  power o f  Ada a t  each l e v e l  o f  d e s i g n  b j  
mapping p a r t i c u l a r  Ad.? c o n s t r u c t s  f o r  use  a t  e d c h  
1 eve1 . 

The purpose o f  each l e v e l  o f  d e s i g n  ( F i g u r e  3 - 1 1  
c o n s l d e r s  the  expcc ted  aud ience  h i e r a r c h y  r t i  t h l r l  d 
p r o j e c t ,  r a n g i n g  f r a n  readers  t o  w r i t e r s  and I n -  
c l u d i n g  progranri iers, e n g l n e e r s ,  and inandqers . 
E a r l y  d e s i g n  l e v e l s  must  be I n t u i t i v e l y  u n d e r s t d n g -  
a b l e  b y  a l l  members o f  t h e  aud ience  and C d n r l ' J t  

depend on everyone be ing  f u l l y  Ada l l t e r d t e .  i o  
s u p p o r t  t h i s  need, Leve l  1 d e s i g n  i s  i n t e n d &  6 :  
t h e  u s e r  c o n t r a c t .  The u s e r  s h o u l d  be though t  u f  
a s  o t h e r  s o f t w a r e  p r o d u c t s  t h a t  m i g h t  u t i l i r e  o r  
i n t e r f a c e  w i t h  t h e  s o f t w a r e  b e i n g  d c s i q n c d  d s  
Opposed t o  t h e  end u s e r  o f  t h e  system. L e v e l  ? 
d e s l g n  p o r t r a y s  t h e  d e s i g n  p a r t s  dnd t h e l r  I t . :  :- 
t i o n s h i p s  b o t h  da ta  I n t e r f a c i n g  and  t a s k l n q .  , I , .< . !  
3 d e s i g n  C l d b O r d t C S  d d e t a i l e d  f u n c t i o n d l  I:, , I  

t h a t  i s  lndependcnt  o f  t h e  t a r g e t  o p e r d t i n l  ,I;. 
and i n s t r u c t i o n  st!t a r c h i t e c t u r e .  F i n d l  I ~ .  I..... : 
d e s i g n s  a r e  d e t d l l e d  des igns  t h a t  a r e  f " : ! , ,  ! : ,  - 
g e t e d  t o  the u p c r d t i n g  system a n d  IP * , IV  ,C I i , ! 
a r c h i t e c t u r e .  reJdy  f o r  i m p l e r i e n t a t i o n  r ~ n , , r  : .  ' '  , 
e f f i c i e n c y  and ccipcic i t y  cons t r a  i t i  t s  . 

FOUR LEVEL DESIGN 

M E T H O D O L O G Y  Tt lAT  R I G O R O U S L Y  UTILIZES TtjE E X P R E S \ l ' .  f 
P O W E R  OF A D A  POL A T  E A C H  LEVEL 

LEVEL 1 U S E R  C O N T R A C T  

LEVEL 2 D E S I G N  P A R T S  A N D  R E L A T I O N S H I P  

LEVEL 3 D E T A I L E D  F U N C T I O N A L  D E S I G N S  INDEPErdDE k l  o f  
T A R G E T  
- O P E R A T I N G  S V S T E M  
- I N S T R U C T I O N  SET ARCHITECTURE 

LEVEL 4 D E T A I L E D  D E S I G N S  FULLY T A R G E T E D  R E A D I  I . ' f '  
I M P L E M E N T A T I O N  

F i g u r e  3 - 1 .  Four  Leve l  Des ign  

3.2 MdndgRilent S t r a t e g y  

The management s t r a t e g  f o r  t h e  fs i r r  : c . , . '  
d e s i g n  approach  ( F i g u r e  3-23 maps l e v e l s  1 a n d  2 :: 
t h e  s p e c i f i c a t i o n  r e v i e w  m i l e s t o n e  and l e v e l s  .3'.: 

4 t o  t h e  d e s i g n  r e v i e w  m i l e s t o n e .  The s p e r i t  , : J -  

t i o n  r e v i e w  m l l e s t o n e  equates t o  the  P r e l  i : - , i r i r , ,  

Destgn Revlew (POR), t h e  des ign r e v i e w  m t l e s t o r , e  
equa tes  t o  t h e  C r i t l c a l  Des ign  Revlew (CDR). I n  
t h e  HiLSTD 2167 process l e v e l  1 and 2 d e s i g n s  j r c  
l n c l u d e d  f n  the  So f tware  Top Leve l  Des ign  D o c ~ r . 1 : ;  
l e v e l  3 and 4 des igns  a r e  l n c l u d e d  i n  t h e  Sof t* . i r e  
D e t a i l e d  Des ign  Document. 

Beg lnn lng  w i t h  Leve l  1, t h e  s p e c i f i c a t l v n  I S  
t n p u t  t o  the s o f t w a r e  d e s l g n  p r o c e s s .  A Level 1 
d e s i g n  I s  produced and reco rded  i n  t h e  fonn  o f  d q  
Ma PdCkdgc ~ p C C i f l C d L i O n .  The L e v e l  1 d C 5 l ~ j r l  d:!,j 
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SOFTWARE ENGINEERING AND ADA IN DESIGN 

LEVEL 1 LEVEL 2 LEVEL 3 
USER CONTRACT - PARTS DESIGN FUNC. DPSIGN - LEVEL 4 
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I 
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I 
I 
I 
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any r e u s e  c a n d i d a t e s  a r e  s u b j e c t e d  t o  a d e s i g n  
r e v i e w .  The d e s i g n  r e v i e w  lndy be coriducted e l e c -  
t r o n i c a l l y ,  or  l t  may be conducted th rough  a meet- 
i n g  o f  team members. P a r t i c i p a n t s  a r e  h i g h l y  
t r a i n e d  e x p e r t s  c m i  tted t o  r e v i e w i n g  t h e  d e s i g n  
f o r  canpl  e teness,  c o r r e c t n e s s ,  u r a h i  1 i t y  , p e r f o n n -  
ance, and o v e r a l l  u s e r  s a t i s f a c t i o n .  Each r e v i e w e r  
must  be p e r s o n a l l y  s a t i s f i e d  w i t h  e v e r y  aspec t  
b e f o r e  t h e  d e s i y n  r e v i e w  i s  concluded.  The a p p l i -  
c a t i o n  o f  modern s o f t w a r e  e n g i n e e r i n g  p r a c t i c e s  hnd 
t h e i r  e n f o r c e n e n t  t h r o u g h  a unanimous concensus o f  
t hese  h i g h l y  t r a i n e d  e x p e r t s  i s  expec ted  t o  p r o v i d e  
a p o w e r f u l  impetus t o  d r a m a t i c a l  l y  improved p r o d u c t  
qua l  i t y  . 

Once t h e  d e s i g n  I s  s a t i s f a c t o r y ,  t h e  m e t r i c s  
a s s o c l a t e d  w i th  t h e  s o f t w a r e  e n g i n e e r i n g  p rocess  
and the  s o f t w a r e  p r o d u c t  a r e  rev iewed  and expec- 
t a t i o n s  t e v l s e d .  Fo r  the s o f t w a r e  e n g l n e e r l n g  
p rocess  the  m e t r i c s  i n c l u d e  p r o d u c t i v i t y  and wall-  
t y  e x p e c t a t i o n s .  f o r  t h e  s o f t w a r e  p r o d u c t  t hese  
r n r t r l c s  i n c l u d e  c m p l e x i t y  measures, r e l i d b i l l t y ,  
dnd ccmputer  r e r o u r c e  l o a d i n g .  Iticse m e t r i c s  dfe 
r e v  iewed f o r  compl i a n c e  w i  th  budgets,  perhaps 
n e c e s s i t a t i n g  ad jus tmen ts  f n  t h e  d e s i g n  I n  an 
e f f o r t  t o  ach ieve  ccmp l iance .  The s p e c i f i c a t i o n  
itself may need t o  be reassessed and p a r t i t i o n e d  

l n t o  e s s e n t i a l  r e q u i r e n e n t s  and d e s i r a b l e  f e d t u r e s .  
C e r t a i n  d e s i r a b l e  f e a t u r e s  may need t o  be el i i n i -  
n a t e d  o r  reduced I n  o r d e r  t o  c a n p l y  w i t h  mdndgo.ient 
budge ts .  

A t  L e v e l  2, t he  d e s l g n  f o r  each canponent  p d r t  
i d e n t i f i e d  i n  l e v e l  1 I s  reco rded  b S  an Ada p a c k d g c  
s p e c i f i c a t i o n  and i t s  body. The Leve l  2 Ada p d c k -  
a3e s p e c i f i c a t i o n  and body a r e  e v d l u d t e d  f o r  reuse 
c a n d i d a t e s ,  c o n t i n u i n g  t h e  s y s t e m a t i c  e x p l o l  t a  t r o n  
o f  r e u s a b i l i t y .  The d e s i g n  r e v i e w  i s  conduc ted ,  a s  
i n  L e v e l  1. M e t r i c s  da ta  i s   ired and ana lyzed  
f o r  L e v e l  2 w i t h  t h e  d e s i g n  t o  c o s t  p rocedure  
f o l l o w e d  i f  necessary.  The So f tware  Top L e v e l  
Des ign  Document i s  t hen  s u b j e c t e d  t o  t h - ,  P r e l i m i -  
n a r y  Des ign  Review (PDR). Throughout  t h i s  p rocess ,  
s y s t a n s  eng ineers  and so f tware  e n g i n e e r s  work i n  d 
dependable r e l a t f o n s h l p  i n  shaping and f i t t l n ]  
d e s i g n s  t o  meet u s e r  needs. 

A t  I e v e l r  3 and 4 .  t h e  d e s i g n  f o r  e d c h  i d r n -  
t i f i td s u b u n i t  i s  reco rded  as an Ada procedure  1 ~ 1 t h  
i t s  accunpdnying i n t e n d e d  f u n c t i o n  ccninentary 
P rocedure  C A L L  semant ics and i n t e n d e d  f u n c t i o n  
carrncntary  a r e  e v a l u a t e d  f o r  reuse  c a n d i d d t e s ,  
a g a i n  c o n t i n u i n g  t h e  s y s t a n a t i c  e x p l o i t d t l o n  o f  
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r e u s a b i l i t y .  Design reviews a r e  conducted. ' Met- 
r i c s  da ta  i s  analyzed. The design t o  c o s t  proce- 
dure  cont inues t o  operate but w i t h  d lmin ishcd 
f l e x i b i l i t y  s ince the s p e c l f i c a t l o n  has been base- 
l i n e d  a t  PDR. 

3 . 3  Technical  S t ra teqy  
The Technical S t ra teyy  ( f i g u r e  3-3)  governs the 

mapping o f  Ada cons t ruc ts  t o  each l e v e l .  This 
mapping i s  intended t o  f o l l o w  the a r c h i t e c t u r a l  
l i n e  o f  t he  language. futhennore, t he  C O n S t N C t  
mapping by l e v e l  p rov ides  J na tu ra l  p a r t i t i o n i n g  
s u i t a b l e  f o r  educat ing bo th  readers and w r i t e r s  a 
l i t t l e  a t  a tiiiie. 

Ada cons t ruc ts  a r e  mapped t o  each l e v e l  f o r  
ou te r  and inne r  syntax. Duter syntax inc ludes  
organ iz ing  u n i t s  and con t ro l  s t ruc tu res ,  bo th  
sequent ia l  and asynchronous. The inne r  syntax 
prov ides  the format f o r  expressing data and the 
opera t ions  and t e s t s  on the  data. The cons t ruc ts  
a r e  assigned t o  each l e v e l  w i th  the o b j e c t i v e  o f  
s a t i s f y i n g  the purpose o f  t h a t  l e v e l .  Once as- 
signed t o  a l eve l ,  a cons t ruc t  i s  pe rm i t ted  t o  be 
used i n  subsequent l e v e l s .  

The Mi. product form f o r  Level 1 i s  the package 
s p e c i f i c a t i o n  used t o  express the  user  con t rac t .  
This c a l l s  f o r  an organ iz ing  ou ter  syntax along 
w i t h  Inner  syntax c m c n t a r y .  Level 1 i s  l i m i t e d  
t o  d few s e l f  ev ident  cons t ruc ts  needed t o  accoin- 
p l i s h  i t s  purpose. Those cons t ruc ts  a re  l i s t e d  i n  
F igure  3 - 4 .  They can be conven ien t ly  organized 
i n t o  a package s p e c i f i c a t i o n  template used t o  
govern the s t y l e  o f  the design record ing .  Other 
des iyn  record ing  gu ide l i nes  r,.ay be set f o r th ,  
i nc lud ing  naming convention, ca inentary  f o r  i n -  
tended func t ions ,  and key words i n  s t ruc tu red  
c m e n t a r y  use fu l  i n  encouraginy the use o f  the 
s t a t e  machine model. 

The product fonn f o r  Level  2 i s  the package 
s p e c i f i c a t i o n  and package body used t o  express the 
design pa r t s  and t h e i r  r e l a t i o n s h i p .  This c a l l s  
f o r  an od ter  syntax o f  s t r u c t u r i n g  and tasking 
cons t ruc ts .  The inne r  syntax may be expressed as 
Ada abs t rac t i ons .  i nc lud ing  abs t rac t  data types. 

( 

1 

Procedural e labo ra t i ons  a re  no t  c d r r l e d  out I n  
Levc l  2 but  instead are penn i t t ed  to  cppedr d S  
procedure C a l l s .  The a d d i t i o n a l  Level 2 L w S ? v c . r ? S  
are  show i n  F i yu re  3 - 4 .  Those too can be c;inren- 
i e n t l y  o y a n i r e d  i n t o  package s p e c i f i c d l  1 0 1  d n d  
prckaye body templates used t o  govern the S t y l e  o f  
the  des ign  record ing .  Design recordrng qu ide l  ines  
o f  Level  1 iliay be expanded to  inc lude the n t i s t r n c t  
data  types l r n n i s s i  b l e .  

The product form f o r  Level 3 i s  the procedure 
e l a b o r a t i o n  used t o  express a d e t a i l e d  func t i ond l  
desiyn.  This c a l l s  f o r  a f u l l  conplement o f  (J 'J te r  
syntax func t i on  expressions and inner  syntax d d  t d  

r e f i nenen t ,  i nc lud ing  predef ined data types and Add 
prhni t lVCS. The a d d i t i o n a l  Level 3 cons t ruc t5  dre 
shown I n  f i g u r e  3-4 .  Here too, procedures and t n 5 k  
templates are  used t o  gutde the s t y l e  o f  the design 
record ing .  Add i t i ona l  record ing  guide1 ines m y  be 
s ta ted .  Furthermore, t o  c o n t r o l  the q u a n t i t y  o f  
the  Ma POL being produced, Level 3 may be I i ! n i  ted 
to  the e labo ra t i on  o f  on l y  those procedures prri:ent 
I n  Level 2 as procedure ca l  Is. 

The product form f o r  Level 4 i s  the P r ' J L e J J r V  
e labo ra t i on ,  a s  we l l  as  f unc t i on  e labo ra t i ons  u:ed 
t o  express a f u l l y  targeted, d e t a l l e d  design. 1 J I I  
MIL-STD 1 0 1 5 A  i s  a v a i l a b l e  a t  Level 4 ( I C C  1 I ,  ,r 'c 
3 - 4 ) .  

Sect ion  4 

CONCLUS I ON 

So f twdreLny inee r ing  and Ada 1Q Des lqn  1 5  : # , :  .!'I 

e a r l y  mi les tone repo r t  on the s y s t w d t i c  u ' , c  I J ~  : . : I  
a s  a design language. F r a n  t h i s  e a p r r l e n i e ,  I !  1 5  
c l e a r  t h a t  the prepara t ion  f o r  the use o f  ;!o f i n s  

been undcrest i i i iated i n  several a r e d s .  i n c l d f j i n j  : . l d  
ca i i p i l e r  a c q u i s i t i o n ,  t oo l  i n t e y r d t i o n ,  dnd i ' : , : d -  

t i o n .  

The /\da ca i i p i l e r  a c q u i s i t i o n  d i f f i c u l r i c >  11: 

i ndus t r y  are we l l  known. The ne& f o r  Add V r L J s i i s  
dur ing  the design a c t i v i t y  has ,ece ivea l e s s  d : : ~ n -  
t i on .  It i s  n i c e  to  have an Ada f ron t -end ;roJ,ct 
f o r  seinantic and syntax ana lys i s  d u r i n g  1 e . e : ~  ! 

TECHNICAL STRATEGY 

- 
INNER SYNTAX 

PURPOSE SYNTAX FUNCTION DATA 

LEVEL 1 USER CONTRACT ORGANIZING COMMENTARY COMMENTARY 

LEVEL 2 DESIGN PARTS A N D  STRUCTURING. PROCEDURE CALLS ABSTRACT DATA 
RELATIONS HIPS TASKING TYPES 

OUTER .- I 

EXPRESSIONS PREDEFINED DATA LEVEL 3 DETAILED FUNCTIONAL - 
DE SI 0 NS INDEPENDENT 
OF TARGET 

TYPES, 
ADA PRIMITIVES 

LEVEL 4 DETAILED DESIGNS 
FULLY TARGETED 

REFINEMENT REFINEMENT 

F igu re  3-3. Technical Stra'teqy 
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PURPOSE 

LEVEL 1 USER CONTRACT 

LEVEL 2 DESIGN PARTS A N D  
RILATIONSHIPS 

LEVEL 1 DETAILED FUNCTIONAL 
DESIGNS INDEPENDENT OF 
TARGET OPERATINO 
SYSTEM A N D  INSTRUCTION 
SET ARCHITECTURE 

LEVEL 4 DETAILED DESIGNS 
FULLY TARGETED 
READY FOR 
IMPLEMENTATION 

OUTER 
SVNTAX 

PACKAGE SPECIFICATION 
PROCEDURE SPEC 
TASK SPEC 

WITlt. USE 

PACIlAOE ROOV 
IS  SL I 'A I IA I  E 
UCtIIN 
IF  T I K N  
CAST. 
LOOP (WItILE 

FUNCTION 
ACCEPT. DO 
SELECT 

ELSIF 
WHEN 

fO11. EXIT WHEN1 

INNER.SYNTAX 

DATA FUNCTION - 
COMMENTARY COMMENTARY 

AOSTRACT DATA 
W P t S  

P m c r n u i i A L  C A L L S  OENERIC INSTANTIATIONS OF 
TASK C N T I I V  CALLS ABSTRACT DATA STAUCTURfS 

PRIVATE DATA TVPES 
DERIVED DATA TYPES 
TASK TYPES 

:9.+ .-:.-.I ADA DATA TVPES 
REM. M O D  RECORD 
OR. AND. XOR. NOT ARRAY 
RANGE, ABS RANGE 
9 . .  -. < -. I 9  
TERMINATE CONSTANT 
DELAY SUBTYPE 
EXCEPTION. RAISE 

PRAGMA DELTA, DIGITS 
ABORT FOR. USE. AT 

ACCESS TVPE 

ADA CONSTRUCTS 

F i g u r e  3-4. Ada C o n s t r u c t s  

and 2. It i s  a n e c e . - i t y  tr, have t h i s  t o o l  a v a i l a -  
b l e  and r e a d y  f o r  use  d u r i n g  l e v e l s  3 and 4 .  
W i t h o u t  i t ,  the r e e n f o r c e m e n t  o f  Ada e d u c a t i o n  
t h r o u g h  t h e  d e s i g n  a c t i v i t y  i s  l o s t .  Fu r thennore ,  
t h e  e r r o r  d i s c o v e r y  o p p o r t u n i t y  i s  postponed t o  
downs t r e a i n .  The d e s i g n  i n s p e c t  ion  accai ipanying 
each  d e s i g n  l e v e l  needs t h e  o u t p u t  o f  t he  Ada 
f r o n t - e n d .  Where r a p i d  p r o t o t y p i n g  i s  i n t e n d e d ,  
t h e  Ma c o m p i l e r  i t s e l f  i s  needed to  p e n i i i t  code 
g e n e r a t i o n  and e x e c u t i o n .  

For  e a r l y  Ada p r o j e c t s .  t h e  e d u c a t i o n  o f  t h e  
p r o j c c  t tediii may need t o  be i n t . w j r d t c d  w i  t t i  t h e  
d e s i g n  a c t i v i t y .  One approach  t o  t h i s  i s  t o  t r a i n  
p e o p l e  i n  one d e s i g n  l e v e l  a t  a t i i i ie .  f u ' l o w c d  by  
t + e  pe r fo rmance  o f  t h e  d e s i g n  a c t i v i t y  and i t s  
r e v i e w .  In t h i s  w a y ,  t h e  t r a i n i n g  schedu le  can be 
d i s t r i b u t e d  t h r o u g h o u t  the  pe r fonndnce  p e r i o d ,  t h e  
t r a i n i n g  f o r  each l e v e l  can be r e f i n e d  based on the 
resu l t s  o f  t h e  p r e c e d i n g  d e s i y n  r e v i e w ,  aiid p r o j e c t  
p e o p l e  new t o  Ada can p r o y r e s s  t h r o u g h  the e x p e r i -  
ence s h a r i n g  p r o b l e n s  and o h t a i n i n y  a s s i s t a n c e  
w i t h i n  t h e  team. I n  t h e  f o u r  l e v e l  d e s i y n  ap- 
p roach .  L e v e l  1 r e p r e s e n t s  o n l y  f o u r  c o n s t r u c t s ,  
a l l  c o n t a i n e d  i n  a t e m p l a t e .  As a r e s u l t ,  t h e r e  i s  
an e a r l y  success f o r  t h e  new Ma PDL d e s i g n e r .  
L e v e l  2 adds more c o n s t r u c t s  and i s  a y a i n  g u l d e d  by  
t s n p l a t e s ,  a s s i s t i n g  success.  L e v e l  3, however, 
r e p r e s e n t s  t h e  f i r s t  t i m e  the  Ada PDL d e s i g n e r  must  
o p e r a t e  s u b s t a n t l a l l y  on h i s  orin w i th  a l a r g e  
number o f  Ada c o n s t r u c t s .  A t  Leve l  3, d e s l y n  
r e v i e w s  may r e s u l t  i n  a s u b s t a n t i d l  r e w o r k i n y  o f  
t h e  d e s i y n .  By L e v e l  4 ,  t h e  M a  e x p e r i e n c e  k y l n s  
t o  pay  o f f ,  and Ada POL d e s j g n e r s  a r e  c a n p l e t i n g  
t h e i r  d e s i g n s  w i t h  c o n f i d e n c e .  

I n  f o n n u l d t l n g  d r c h l t e c t u r e s  f o r  Ada s o f t w a r e  
d e s i g n s ,  new t h i n k i n g  may be ncctled. l l n p o r t a n t  

b e n e f i t s  a r e  p o s s i b l e  i n  k d  t h r o u y h  moder'r! s u f t -  
ware e n g i n e e r i n g .  To o b t a i n  these  b e n e f i t s ,  
s o f t w a r e  d e s i g n s  mus t  make t h e  t r a n s i t i o n  fro- 
des igns  thdt s i t n u l a t e  d a t a  f l o w  t o  d e s i g n s  t b d !  
e n c a p s u l a t e  d a t a  i n  ways n a t u r a l  t o  t h e  app l  i c ~ t i o r  
p r o v i d i n g  o n l y  as  much v i s i b i l i t y  a s  necessd ry  ~ I J  
a s  much i n f o n n a t i o n  h i d i n g  a s  p o s s i b l e .  h r t h e r -  
more, t o  o b t a i n  these b e n t - f i t s ,  t h e  Ada t d r i i n ;  
model needs t o  be e x p l o i t e d  a t  a p p r o p r i a t e  1 C b t ' l s  

i n  t h e  d e s i y n .  The i n t e r f a c e  w i t h  c o m e r c i J !  
s o f t w a r e  p r o d u c t s  needs t o  be aCCOMlOddted i n  d h d y  
t h a t  r e t a i n s  the  c o s t  b e n e f l t s  o f  t hese  produc!s ,  
but docs n o t  d u l l i n a t e  t h e  s o f t w a r e  d r c h l t e i t d r e .  
More work i s  needed i n  u n i f o r m  d e s i g n  mnrphdl , l , ic r  
f o r  MJ t o  p r o v i d e  u s e f u l  M a  a r c h i f e c t u r k n  ~ ~ . ~ ~ 2 t ~ l ~  
f o r  e a r l y  u s e r s .  a s  w e l l  a s  t he  framework f d r  

e x p l o i  L i n g  r e u s a b l e  canponents by a1 I u s e r , .  

Very  l i t t l e  i s  known abou t  Ada i i i e t r i c s .  As 3 
v e s u l t ,  t h e r e  a r e  many q u e s t i o n s  abou t  the  51:e o f  
Ada prograi i is and d e s i g n s ,  Ada p r o d u c t i v i  t j ,  d d  

q u a l i t y ,  and Ada per formance.  The e a r l y  e x p e r i r n i e  
w i t h  Mn PDL seems t o  show t h a t  a l o w  r d t i o  may 
e x i s t  between ma source  l i n e s  and Add Jcs1 jn  
l i n e s .  I t  may be 2 : l  o r  3:l. Where Ada is m t h  
t h e  t a r g e t  l anguaye  and t h e  d e s i g n  language,  t h e  
Add POL i s  p a r t  o f  the p r o d u c t .  I n  t h i s  c d s e ,  
ins ight  abou t  t h e  r a t l o  may a s s i s t  t h e  a l l o c J t i o n  
o f  e f f o r t  and schedu le  between the d e s i y n  and code 
a c t i v i t i e s .  The r e c e n t  e x p e r i e n c e  showed t h d t  t h e  
ca i i b ined  Leve l  1 and 2 r a t l o  wds about  2 5 :  I ,  Level 
1-3 a b o u t  1O:l. and L e v e l  1-4 l e s s  tnan 5 : 1 .  Not 
enough I s  known t o  use these  r e s u l t s  a s  m a n a y t w c i c  
budge ts .  

The r e v i s e d  I O M  FSD f o u r  l e v e l  Ada PDL i 8 e t h -  
o d o l o g y  hdS d e n o n s t r a t e d  sane i m p o r t a n t  b e n e f i t s  i n  
r e c e n t  use ( f i g u r e  4 -1) .  Expanding the alrdience o f  
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BENEFITS: FOUR LEVEL ADA PDL METHODOLOGY 

AUDIENCE - BOTH TECHNICAL AND NON-TECHNICAL 

PRODUCTIVITY - TEMPLATES AT LEVEL AND CONSTRUCT 

QUALITY - MINIMUM CYCLOMATIC COMPLEXITY 

PERFORMANCE - FOCUS ON TASKING AT LEVEL 2 

PORTABILITY - FULLY TARGET INDEPENDENT LFVEL 3 

REUSABIL!TY - LEVEL FORMAT PERMI1.S EFFCCTIVE 
ACCESS FROM COMPONENTS LIBRAR'I' 

8' ADA TRAINING - LEARNING AND USING ADA, A Ll7TLE AT A 
TIME, IS A N  EFFECTIVE APPROACH TO ADA 
TRAINING, ALONG ARCHITECTURE LINE 

MAINTAINABILITY - FOUR LEVELS PROVIDE A STAGED, LAYERED 
INTRODUCTION TO DESIGN AND 
IMPLEMENTATlON DETAILS 

PR ED ICTAB I L I N  -- MEETING COST AND SCHEDI'LE AS ASSISTED 
BY DESIGN TO COST FEATURE OF 
MANAGEMENT APPROACH 

F i g u r e  4-1.  B e n e f i t s :  Four  Leve l  Ada POL Methodalogy 

d e s i g n  r e v i e w e r s  f r a  t e c h n i c a l  t o  n o n - t e c h n i c a l  
p e r m i t s  u s e f u l  and needed use r  i n p u t  t u  the  conp le -  
t i o n  o f  t h e  s p e c i f i c a t i o n  and t o  e a r l y  d t c i g n  
d e c i s i o n s .  Th is  i s  made p o s s i b l e  by a t r a i n i n g  
program. p a t t e r n e d  a f t e r  t h e  f o u r  l e v e l s ,  t h a t  
teaches & a  a l i c t l e  a t  a t ime  a long  the  a r c h i t e c -  
t u r a l  l i n e  o f  t h e  language. Fu r thennore ,  t h e  
temp la tes  t h a t  gove rn  the p r o d u c t  s t y l e  a t  each 
l e v e l  p r o v l d e  a c r u t c h  for  t h e  e a r l y  Ada u s e r  both 
r e a d e r  and w r i t e r .  a boos t  t o  p r o d u c t i v i t y ,  and the  
assurance o f  u n i f o r m i t y  i r  d e s i g n  s t y l e .  P roduc t -  
i v i t y  may be g i v e n  a more S u b S t a n t i d l  boob: h e r ,  
reuse  o f  e x i s t i n g  Ada components can  be ob ta ined .  
The Leve l  1 t e m p l a t e  format  may a s s i s t  t h i s  canpo- 
n e n t  r e u s a b l l i t y  by p r o v i d i n g  t h e  renab!ics needed 
to  access a c m p n e n t s  l i b r a r y .  Managing and 
m e e t i n g  c o s t  acd schedule budgets I s  dSSfSt f?d  b y  
t h e  s y s t e m a t i c  use 3 f  t h e  d e s i g n  t o  c o s t  f e a t u r e  
embedded i n  r r c h  d e i l g n  l e v e l .  Once completed,  t h e  
f o u r  l e v e l s  o f  Pda PDL p r o v i d e  t h e  l a y e r e d  l n t r o -  

d u c t i o n  t o  d ~ s l l J l l  i l c ~ t a l l s  needed by thc l " J l f l ! ~ i l t ~ ~ ' '  

t o  l e a r n  d e s i g n  d e t d i l s  a s  needed and t d  cr1;in.i':' 
any r e q u i r e d  ~ I ' O ~ U L ~  a d a p t a t i o n s  w i t h  c o n f  ik!t,f I '  

Designs p r o d u c d  w i t h  the fou l -  l e v e l  Add 1'31 I C , ! '  . 
o d o l o q y  tend la bc t he  s i m p l i f i e d  J c s i g 1 i b  1 ' ~ ' .  
r e s u l t  frail itiodcvri s o f t w a r e  engineer in<; .  ;!! 
same ti-? these  d r s i g n s  c o n s i d e r  perfor:.idnct* rea- 
q u i r e a c n t s  and i i icrting r e a l  t i m e  deddl  \ ( :e>  t t m t v . i l  . '  
t h e  t a s k i n y  focus a t  L e v e l  L an6 t h r o u j q  t v e  '~e' . -  
r i c s  a t  e v e r y  : - v e l .  r i n a l l y  t he  t ' i e t ! idd .~ l , i ; ,  
s u p p o r t s  p o r t a b i l i t y  t h r o u g h  the  L e v e l  3 1.11 ; c z '  

independence o f  u l i c r ~ t i n g  s y s t e r  and i n s t r . . , c :  : \ '  

s e t  a r c h i t w t u r c .  

A1 though t r u e  t h a t  t h e  community h a 5  d n j c r -  
e s t i i n a t e d  t h e  p w p a r o t i o n  f o r  Ada, t h i s  p r e p d r j ! i . .  
has  been s t a r t e d  dnd i s  underway. I t  lady a l s a  !x 
t r u e  t h a t  t h e  c n u u n i t y  has u n d e r e s t i m a t e d  t-.: 
b e n e f i t 5  o f  Ma which a r e  s u b s t a n t i a l  and d r e  5 : : i I  

:e i n g  d i scovercd . 
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