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ABSTRACT 
C u r r e n t  Ada  l a n g u a g e  

i m p l e m e n t a t i o n s  a n d  r u n t i m e  
e n v i r o n m e n t s  a r e  i m m a t u r e ,  
u n p r o v e n  and  a r e  a key  r i s k  
a r e a  f o r  rea l - t ime embedded 
c o m p u t e r  sys t ems  (ECS). T h i s  
s t u d y  p r o v i d e s  a t e s t - c a s e  
e n v i r o n m e n t  i n  w h i c h  t h e  
c o n c e r n s  of t h e  r e a l - t i m e ,  ECS 
c o m m u n i t y  a r e  a d d r e s s e d .  A 
p r i o r i t y  d r i v e n  execut ive  is 
s e l e c t e d  t o  be implemented i n  
t h e  Ada programming l anguage .  
T h e  m o d e l  s e l e c t e d  i s  
r e p r e s e n t a t i v e  of r e a l - t i m e  
e x e c u t i v e s  t a i l o r e d  f o r  
e m b e d d e d  s y s t e m s  u s e d  i n  
m i s s i l e ,  s p a c e c r a f t ,  a n d  
a v i o n i c s  a p p l i c a t i o n s .  An 
Ada-based  d e s i g n  methodology 
is u t i l i z e d ,  and  two d e s i g n s  
a r e  c o n s i d e r e d .  T h e  f i r s t  of 
these d e s i g n s  r e q u i r e s  t h e  use 
of vendor  s u p p l i e d  runt ime and 
t a s k i n g  s u p p o r t .  An a l t e r n a t -  
i v e  h i g h - l e v e l  d e s i g n  is a l s o  
c o n s i d e r e d  f o r  an implementa t -  
i o n  r e q u i r i n g  n o  v e n d o r  
s u p p l i e d  run t ime  o r  t a s k i n g  
s u p p o r t .  The former  approach  
i s  c a r r i e d  t h r o u g h  t o  impleme- 
n t a t i o n .  

A d a  i s  a R e g i s t e r e d  
Trademark  of t h e  U.S. Govern- 
ment ( A J P O )  

* 

S i n c e  t h e  i n c e p t i o n  of 
t h e  common DoD H i g h  O r d e r  
L a n g u a g e  ( H O L )  e f f o r t  i n  t h c  
m i d - 7 0 1 s ,  t h e  Ada programming 
l a n g u a g e  h a s  r e m a i n e d  ir 
c o r n e r s t o n e  of t h e  government 
e f f o r t  a t  p r o d u c i n g  sof t w d t  c‘ 

i n  a c o s t - e f f e c t i v e  m a n n c i .  
V a l i d a t e d  Ada c o m p i l e r s  a r e  
b e c o m i n g  a v a i l a b l e  o n  J 

va r i e  t y  of d i  f f e  r e n t  conipu t t‘ 1 :> 
w i t h  a t  l e a s t  1 7  v a l i d a t e d  
c o m p i l e r s  now a v a i l a b l e  a n d  
m o r e  s l a t e d  f o r  v a l i d a t i o n  
d u r i n g  t h e  c u r r e n t  Y C J I .  
T h e r e  a r e  c u r r e n t l } .  3 7  
d i f f e r e n t  a , - f e n s e  ~ L O C J K J ~ I ~ ,  
u s i n g  Ada, and this number 1 2  
a n t i c i p a t e d  t o  e x c e e d  1 7 0  
d u r i n g  t h e  n e x t  fou r  y c ~ ~ s  . 
W h i l e  t h i s  p r o g r e s : ,  I .  
e n c o u r a g i n g ,  t h e  s u c c e s s  ( 1 1  

t h e  Ada l a n g u a g e  i n  mect I I I ~ I  
t h e  n e e d s  of s p e c i f i c  appl  ii-Ll-- 

t i o n s  w i l l  h i n g e  o n  t t , t  

c o n s i d e r a t i o n  of t h e  p o t e n t  i , t I  
r i s k s  t h a t  f a c e  t h e  i r i ip1c111~11- 
t o r s  of  a g i v e n  system. 

1 

T h i s  p r o c e s s  of r i s k  i d e n t i f i -  
c a t i o n  s h o u l d  be f o l l o w e d  L y  
d e v e l o p m e n t  of  r i s k  m i n i n i i -  
z a t i o n  a n d  a v o i d a n c e  s t r a t c -  
g i e s  t a i l o r e d  t o  m e e t  t h e  
n e e d s  of t h e  s y s t e m .  T h e  
e m p h a s i s  o f  t h i s  pape r  i F  iri 
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t h e  a r e a  . o f  t e c h n i c a l  r i s k  
i d e n t i f i c a t i o n  and r e s o l u t i o n  
f o r  r e a l - t i m e  E C S  
a p p l i c a t i o n s .  W h i l e  t h e  Ada 
p r o g r a m m i n g  l a n g u a g e  i s  
i n t e n d e d  f o r  r e a l - t i m e  
a p p l i c a t i o n s ,  c u r r e n t  compi l -  
e r s  a n d  r u n t i m e  systems a r e  
u n p r o v e n  f o r  t h e s e  t y p e s  o f  
p r o g r a m m i n g  e f f o r t s .  
C o n s e q u e n t l y ,  t h e  impact  and 
i m p l i c a t i o n s  of  u s i n g  t h e  Ada 
l a n g u a g e  a n d  A d a - o r i e n t e d  
m e t h o d o l o g i e s  i n  e m b e d d e d  
r e a l - t i m e  development  e f f o r t s  
s h o u l d  b e  a s s e s s e d .  While i t  
is n e c e s s a r y  t o  examine how 
wel l  a n d  t o  wha t  e x t e n t  t h e  
b u i l t - i n  real-time f e a t u r e s  of 
t h e  l a n g u a g e  meet t h e  n e e d s  of 
E C S  a p p l i c a t i o n s ,  
a d d i t i o n a l l y ,  we m u s t  r e - e v a l -  
u a t e  t h e  s t a n d a r d  approaches  
t o  s o l v i n g  r e a l - t i m e  problems 
i n  l i g h t  of  t h e  new c a p a b i l i -  
t i e s  and assess t h e  impac t ,  i f  
a n y ,  on t h e  way w e  d e s i g n  and 
i m p l e m e n t  t h e s e  s o l u t i o n s  i n  
s o f t w a r e .  

P e r h a p s  t h e  m a j o r  
c o n s i d e r a t i o n  w i t h  r e g a r d  t o  
the use of t h e  Ada programming 
l a n g u a g e  f o r  r e a l - t i m e  ECS 
a p p l i c a t i o n s  is t h e  cos t  o f  
d o i n g  so  i n  t e r m s  of memory 
dnd p r o c e s s i n g  ove rhead .  T h e  
r e l a t i v e  c o s t s  a s s o c i a t e d  w i t h  
t h e  u s e  o f  A d a  a n d  i t s  
r e a l - t i m e  f e a t u r e s  is espe -  
c l a l l y  r e l e v a n t  t o  s m a l l  
r! 111 b e d d e d  compu t e r s y s  t em 
< 1 p p 1  i c a t i o n s  g i v e n  t h e  
p h y s i c a l  a n d  t e m p o r a l  con- 
s t r a i n t s  i m p o s e d  on t h e s e  
t y p e s  o f  a p p l i c a t i o n s .  T h e  
c l c t c r m i n i n g  f a c t o r  i n  t h e  
O ( t c i s i o n  t o  u t i l i z e  a p a r t i -  
c u l a r  h i g h  o r d e r  l a n g u a g e  
( i ! O I , )  f e a t u r e  is o f t e n  t h e  

e f f i c i e n c y  o f  i t s  implemen-  
t a t i o n .  I t  is i m p o r t a n t  t o  
know wha t  t h e  u t i l i z a t i o n  of 
Ada w i t h  i t s  r e a l - t i m e  t a s k i n g  
p r i m i t i v e s ,  r e p r e s e n t a t i o n  
s p e c i f i c a t i o n s ,  e x c e p t i o n  
h a n d l i n g ,  a n d  v a r i o u s  o t h e r  
f e a t u r e s  t r a n s l a t e s  t o  i n  
t e r m s  of program s i z e ,  s p e e d ,  
a n d  e f f i c i e n c y .  T h e  a b i l i t y  
t o  s e l e c t i v e l y  i n c l u d e  r u n t i m e  
s u p p o r t  a n d  i t s  r e s u l t a n t  
ove rhead  f o r  these f e a t u r e s  an 
a n  ' a s  n e e d e d "  b a s i s  i s  
a n o t h e r  i m p o r t a n t  c o n s i d e r -  
a t i o n .  D u r i n g  t h e  c o u r s e  of 
t h i s  i n v e s t i g a t i o n ,  answers  t o  
f u n d a m e n t a l  q u e s t i o n s  s u c h  a s  
t h e s e  were s o u g h t .  

I t  i s  i m p o r t a n t  t o  s t r e s s  
t h e  s i g n i f i c a n t  c o n c e p t u a l  
d i f f e r e n c e s  between t h c  two 
a p p r o a c h e s  invest i g a t e d  w i t h  
r e g a r d  t o  t h i s  c a s e  s t . u d y  
i m p l e m e n t a t i o n  o f  a p r i o r i t y  
d r i v e n  Ada e x e c u t i v e .  F i q u r e  
1 s e r v e s  t o  i l l u s t r a t e  t h e  
a l t e r n a t i v e  a p p r o a c h e s  a n d  
c o n c e p t s  and  t h e i r  i m p l i c a -  
t i o n s  f o r  t h e  d e v e l o p e r  of a n  
Ada executive.  

T h e  t e r m s  O.S., execu-  
t i v e ,  and  r u n t i m e  s u p p o r t  o r  
s y s t e m  ( R T S )  a r e  o f t e n  u s e t i  
r a t h e r  l o o s e l y  when E C S  t o p i c s  
a r e  d i s c u s s e d .  T h e  ambigu i ty  
of t h i s  t e r m i n o l o g y  i n  t h e  ECS 
e n v i r o n m e n t  is p r i m a r i l y  d u e  
t o  t h e  o v e r l a p  i n  f u n c t i u n -  
a l i t y  p r o v i d e d  by  d i f f e r e n t  
i m p l e m e n t a t i o n s  f o r  d i f  f e r c n t  
a p p l i c a t i o n s .  A n  a p p l i c a t i o n  
r e s i d i n g  on a b a r e  machine may 
i n t e r f a c e  w i t h  s o f t w a r e  
p r o v i d i n g  m i n i m a l  e c h e d u l i n g  
a n d  memory mnnagement.  This 
s o f t w a r e  is o f t e n  r e f e r r e d  t o  
a 5  an "executive" o r  run t ime  
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FIGURE 1 
RUNTIME SUPPORT (RTS)  
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k e r n e l  w h e r e a s  t h e  s a m e  
s e r v i c e s  p r o v i d e d  on a n o t h e r  
s y s t e m  may be  o b t a i n e d  f rom 
s o f t w a r e  r e f e r r e d  t o  a s  a n  
O.S. T h e  p r i m a r y  d i f f e r e n c e  
i n  t e rmino logy  is a t t r i b u t a b l e  
t o  t h e  v a r i e t y  and n a t u r e  of 
t h e  s e r v i c e s  p r o v i d e d  by t h e  
s u p p o r t  s o f t w a r e  i n  q u e s t i o n .  
T h e  more m i n i m a l  t h e  R e r v i c e s  
p r o v i d e d ,  t h e  more l i k e l y  t h a t  
t h e  t e r m s  r u n t i m e  s u p p o r t ,  
r u n t i m e  k e r n e l  , o r  execut ive 
w i l l  b e  a p p l i e d .  T r u e  
o p e r a t i n g  s y s t e m s  i n  t h e  
s t r i c t  sense a r e  d i s t i n g u i s h e d  
by two m a j o r  f a c t o r s .  T h e y  
a r e  t y p i c a l l y  d e v e l o p e d  
i n d e p e n d e n t l y  of a n y  c o m p i l e r -  
/ a p p l i c a t i o n s  s o f t w a r e  and a r e  
a c q u i r e d  i n d e p e n d e n t l y  r a t h e r  
t h a n  a s  a p a r t  o f  il g i v e n  
c o m p i l e r  sys tem o r  p a c k a g e .  

The o t h e r  major  d i s t i n c t i o n  is 
i n  t h e  c o m p r e h e n s i v e n e s s  o f  
t h e  s e r v i c e s  p r o v i d e d  by a n  
O . S .  f o r  t h e  t a r g e t  machine ;  
s e r v i c e s  t h a t  may be t a r g e t e d  
a n d  u t i l i z e d  by a v a r i e t y  of 
d i f f e r i n g  a p p l i c a t i o n s  a n d  
t o o l s  a s  wel l  a s  many d i f f -  
e r e n t  c o m p i l e r  s y s t e m s .  T h e  
m i n i m a l  r u n t i m e  s u p p o r t  f o r  
a p p l i c a t i o n s  deve loped  under  il 
s i n g l e  c o m p i l e r  s y s t e m  ma;' 
i n t e r f a c e  t o ,  and u t i l i z e ,  ttre 
c o m p r e h e n s i v e  s e r  v i C C L  

p r o v i d e d  by a n  0,s. Ther l : -  
f o r e ,  t h e  RTS €or an ECS C A I )  
be t h o u g h t  of as p r o v i d i n q  til<* 
m i n i m a l  r e q u i r e d  s u b s e t  I . ) ! .  

0,s. s e r v i c e s  n e e d e d  f o r  .I 

g i v e n  a p p l i c a t i o n .  A S  s t i l t ec! ,  
t h i s  m i n i m a l  s u b s e t  c a n  til' 
prov ided  by d i r e c t  a c c e s s  t (.) 

t h e  u n d e r l y i n g  m a c h i n e  U I  

t h r o u g h  t h e  u t i l i z a t i o n  of t t t r ,  
s e r v i c e s  p r o v i d e d  b y  ~ I I  

u n d e r l y i n c j  comprehens ive  0 . 5 .  
The f o r m e r  c a s e  is t h e  m u s t  
t y p i c a l  f o r  embedded cornputc  I 

s y s t e m s .  The t e r m  "execu t  ivt:" 
i s  most o f t e n  used  t o  r e f t r  t o  
t h a t  p a r t  o f  t h e  HTS t i 1 , 1 1  
p e r f o r m s  t h e  b a s i c  s chedu l  I I!$; 

and memory management. ilt: t l q : !  

p o r t  i o n s  o f  t h e  R T S  I I I ~ I ' :  

i n c l u d e  1/0 c o n t r o l ,  t i m e [ , ' -  
c l o c k  m a n a g e m e n t ,  a n d  , I  
c e r t a i n  a m o u n t  o f  s y s t ~ :  
l e v e l  r u n t i m e  e r r o L  , I I : ( ~  

i 11 t e r r up t  t r a p p i  n y  . 
T h e  R T S  o f  a n  I t .  

s u p p o r t s  t h e  e x e c u t  l o t 1  I I 
a p p l i c a t i o n  p r o g r a m s  and  I tit. 
programming language  f e a t  U I  I . :  
u t i l i z e d  t o  d e v e l o p  ~ I ~ L J . , I  

p r o g r a m s .  As i l l u s t r a t 1 , t l  1 1 1  

F i a u r e  1, t h i s  s u p p o r t  c a n  l J <  
i m p l e m e n t e d  i n  h a r d w a r t . ,  
m i c r o c o d e ,  t h r o u a h  d i t t : ( . t  
c a l l 8  t o  an  O.S., t h rouqh  t i l l -  
u s e  o f  r u n t i m e  B U ~ P O I  I 
l i b r a r i e s ,  o r  b y  cornp1 I l . ~  
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g e n e r a t e d  ( i n - l i n e )  code .  The 
o p e r a t i n g  sys t em and RTS n e e d s  
o f  s m a l l  e m b e d d e d  computer 
s y s t e m s  a re  t y p i c a l l y  modest.  
A l l  t h a t  s u c h  a m a l l  ECS 
t a r g e t s  u s u a l l y  require is cn 
" e x e c u t i v e "  c o n s i s t i n g  of 
l i t t l e  m o r e  t h a n  a b a s i c  
s c h e d u l e r ,  memory manager and 
some t y p e  o f  I / O  manage r  o r  
c o n t r o l l e r .  O b v i o u s l y ,  
d i f f e r e n t  a p p l i c a t i o n s  may 
h a v e  s p e c i f i c  n e e d s  r e l a t i v e  
t o  memory management, I/O, o r  
c l o c k  s e r v i c e s  wkich w i l l  be 
r e f l e c t e d  i n  t h e  " e x e c u t i v e / -  
0 . S "  s o f t w a r e .  

APPROACB 
T h i s  pape r  a d d r e s s e s  two 

basic  o p t i o n s  o r  approaches  t o  
t h e  i m p l e m e n t a t i o n  of an  Ada 
e x e c u t i v e  and b r i e f l y  d i s c u s -  
s e s  o n g o i n g  a s  w e l l  a s  
p roposed  work i n  a t h i r d  a r e a  
of r e l a t e d  i n v e s t i g a t i o n .  T h e  
f i r s t  o f  t h e s e  a p p r o a c h e s  is 
e x p l c r e d  i n  d e p t h  ( t h r o u g h  t o  
i m p l e m e n t a t i o n )  a n d  c o n s i s t s  
Jf a combina t ion  of a "pseudo 
e x e c u t i v e "  o r  s c h e d u l e r  a t  t h e  
a p p l i c a t i o n s  l a y e r  i n  c o n c e r t  
w i t h  vendor  s u p p l i e d  e x e c u t i v e  
s o f t w a r e  a t  t h e  run t ime  s y s t e m  
l e v e l .  T h e  o b v i o u s  b e n e f i t s  o t  
such  a n  approach  - i m p o s i n g  an  
a d d i t i o n a l  l a y e r  of  c o n t r o l  
u p o n  t h e  r u n t i m e  s y s t e m  
s c h e d u l i n q  mechanism - i n c l u d e  
e a s e  o f  p o r t a b i l i t y ,  a n d  
r e l a t i v e  t a r g e t  i ndependence  
w i t h  r e s p e c t  t o  t h e  u n d e r l y i n g  
: i c h e d u l i n g  a l g o r i t h m  a t  t h e  
N'rS layer. T h e s e  b e n e f i t s  as 
w r : l l  a s  t h e  t r a d e o f f s  i n  
o ~ ( : r h e a d  and consis tency from 
~ m p l c r n c n t a t i o n  t o  implemen- 
t , l t i o n  w i l l  be d i s c u s s e d  i n  

T h e  s e c o n d  o p t i o n  is 
e x p l o r e d  a t  a h i g h  l e v e l  
o n l y .  T h i s  a l t e r n a t i v e ,  
t e r m e d  t h e  b a r e  m a c h i n e  
a p p r o a c h ,  i s  cons i s t en t  w i t h  
t h e  t r a d i t i o n a l  a p p r o a c h  t o  
a v i o n i c s - b a s e d  e x e c u t i v e s  and 
is c o n s i d e r a b l y  mote l i m i t e d  
i n  scope t h a n  t h e  f i r s t  i n  t h e  
s e n s e  t h a t  i t  a s s u m e s  rio 
u n d e r l y i n g  v e n d o r  s u p p l  i e d  
r r n t i m e  s u p p o r t .  T h i s  
e x e c u t i v e  p e r f o r m s  a l l  
n e c e s s a r y  s u p p o r t  f o r  t h e  
e x e c u t i o n  o f  u s e r  j o b s  o r  
" t a s k s n .  ! ? o w e v e r ,  t h i p  
approach  is s i g n i f i c a n t l y  morL 
r e s t r i c t i v e  t h a n  t h e  f i r s t  
w i t h  r e s p e c t  t o  t h e  n a t u r e  o f  
what  c o n s t i t u t e s  a " t a sk"  a s  
well a s  t o  t h e  use of c e r t a i n  
Ada l a n g u a g e  f e a t u r e s  i n \  91- 
v i n g  b o t h  t h e  Ada t a s k i n g  
m o d e l  a n d  d y n a m i c  m e m o r y  
management  a n d  c e r t a i n  o t h e r  
r e a l - t i m e  a s p e c t s  o f  t h e  
l anguage .  

T h e  t h i r d  o p t i o n  i s  
c o n s i d e r e d  o n l y  i n  t e r m s  c f  
c u r r e n t  and  o n g o i n g  i n v e s t i -  
g a t i v e  w o r k  a n d  p r o p o s e d  
f u t u r e  s t u d i e s  based upon t h e  
r e s u l t s  o f  p a s t  i n v e s t i -  
g a t i o n s .  T h i s  a p p r o a c h  
d i v e r g e s  f rom t n e  o t h e r s  i n  
t h a t  i t  p r o p o s e s  a m i g r a t i o n  
t o  t h e  run t ime  s y s t e m  l a y e r  i n  
o r d e r  t o  p r o b e  t h e  issues of 
e f f i c i e n c y  and c i s k  r e d u c t  i on  
f o r  r e a l - t i m e  Ada a p p l i c a -  
t i o n s .  T h i s  o p t i o n  emphas izes  
t h e  t a i l o r i n g  and o p t i m i z a t i o n  
of  t h e  e x e c u t i v e  f u n c t i o n s  
p r o v i d e d  a t  t h e  RTS l a y e r .  

A m u l t i - p h a s e d  a p p r o a c h  
b e g i n n i n g  w i t h  a r e q u i r e m e n t s  
s p e c i f i c a t i o n  was u t i l i z e d  f O K  
t h e  d e s i g n  and development  of 
t h e  p r i o r i t y  d r i v e n  execu-  
t i v e .  The  f u n c t i o n a l  c a p a b i l -  
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i t i e s  t h a t ’ w e r e  t o  be p r o v i d e d  
w e r e  e x t r a c t e d  f r o m  a n  
e x i s t i n g  a v i o n i c s  execut ive  
implemented i n  a c o m b i n a t i o n  
of F O R T R A N  a n d  A s s e m b l y  
l a n g u a g e .  I t  was d e t e r m i n e d  
t h a t  t h e s e  Barn6 f u n c t i o n a l  
c a p a b i l i t i e s  would be p r o v i d e d  
w i t h i n  t h e  e x e c u t i v e  b e i n g  
i m p l e m e n t e d  i n  t h e  A d a  
l a n g u a g e .  

W h i l e  p r o v i d i n g  s u b s t a n -  
t i a l l y  t h e  same f u n c t i o n a l i t y ,  
t h e  Ada e q u i v a l e n t  c o n s t i t u t e d  
a c o m p l e t e  r e -des iqn  u t i l i z i n g  
Ada  c o n c e p t s  a n d  f e a t u r e s  
w h e r e  p o s s i b l e .  For t h i s  
r e a s o n ,  t h e  Ada e x e c u t i v e  
p o s e d  some u n i q u e  p r o b l e m s  
from t h e  o u t s e t  w i t h  respect 
t o  use of t h e  new Ada c o n c e p t s  
a n d  f e a t u r e s  s u c h  as t h e  Ada 
t a s k i n g  m o d e l .  T h e s e  issues 
a r e  a d d r e s s e d  i n  t h e  RESULTS 
s e c t i o n  of t h i s  p a p e r .  

T h e  Ada p r i o r i t y  d r i v e n  
e x e c u t i v e  w a s  t o  p r o v i d e  
f a c i l i t i e s  f o r  t h e  c r e a t i o n  of 
a c t i v e  t a s k s  v i a  a s c h e d u l i n g  
m e c h a n i s m .  T h e  s c h e d u l i n g  
m e c h a n i s m  w o u l d  p r o v i d e  
t i me - d e p e n d e n t  s c h e d u l i n g  
c a p a b i l i t i e s ,  p r e c i s i o n  t i m i n g  
of t a s k  a c t i v a t i o n  as  measured 
b y  t ime b a s e  g e n e r a t e d  (TBG)  
e p o c h s ,  a n d  s i g n a l  dependent  
s c  h e d u  1 i n g  capa b i  1 i t  i e s  . T h e  
Ada p r i o r i t y  d r i v e n  e x e c u t i v e  
w o u l d  p e r f o r m  p r i o r i t i z e d  
t a s k i n g  a n d  would  h a v e  t h e  
o p t  i o n  o f  e n a b l i n q  a n d  
d i s a b l i n q  i n t e r r u p t s .  T h e  
. a p a b i l i t y  t o  d i r e c t l y  c o n n e c t  
t o  a r e a l - t i m e  c l o c k  i n t e r r u p t  
w o u l d  be p r o v i d e d .  I n  t h e  
a b s e n c e  of s u c h  a f a c i l i t y ,  
t h e  r e a l - t i m e  c l o c k  i n t e r r u p t  
would  be s i m u l a t e d  w i t h  t h c  
s m a l l e s t  g r a n u l a r i t y  p o s -  
s i b l e .  I n  s h o r t ,  t h e  Ada 

p r i o r i t y  d r i v e n  executive was 
r e q u i r e d  t o  be a r e a l - t i m e ,  
m u 1  t i - t a s k i n g  p r o c e s s  manager 
w i t h  i n t e r r u p t  h a n d l i n g  a n d  
b o t h  c y c l i c  a n d  a s y n c h r o n o u s  
s c h e d u l i n g  c a p a b i l i t y .  

I n t e g r a l  t o  t h e  d e s i g n  of 
t h e  A d a  p r i o r i t y  d r i v e n  
e x e c u t i v e  was t h e  s e l e c t i o n  
and a p p l i c a t i o n  of a s t a t e - o f -  
- t h e - a r t ,  A d a - b a s e d  d e s i g n  
methodology.  A somewhat n o v e l  
d e s i g n  a p p r o a c h  was s e l e c t e d  
t h a t  was  b a s e  upon O b j e c t  
O r i e n t e d  De6ignB w i t h  enhance -  
m e n t s  a n d  m o d i f i c a t i o n s  
s p e c i f i c  f o r  r e a l - t i m e  
e m b e d d e d  s y s t e m s 4 .  T h e  
methodology d e r i v e d  was termed 
R e a l - T i m e  O b j e c t  O r i e n t e d  
D e s i g n  ( R T O O D )  and drew upon 
a n o  t h e  r r e a  1 - t ime , s y s  t enis - 
- b a s e d  d e s i g n  m e t h o d o l o g y  
c a l l e d  D e s i g n  A p p r o a c h  
Real-Time S y s t e m s  (DARTS) . 
T h e  s t e p s  u t i l i z e d  i n  this 
h y b r i d  m e t h o d o l o g y  a r c  
o u t l i n e d  j i  F i g u r e  2 .  
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Similarly, a high level 
design was developed for the 
alternate approach - termed 
h e r e  * t h e  b a r e  m a c h i n e  
approach* - t o  the development 
o f  a n  A d a  executive. T h e  
"bare machine" model imple- 
m e n t s  i t s  o w n  c o n c u r r e n c y  
through the executive while 
disallowinq the use of the Ada 
tasking model per se as well 
as any difficult, and poten- 
t i a l l y  risk-prone, dynamic 
s t o r a g e  m a n a g e m e n t .  T h e  
potential benefits and risks 
of each of these approaches 
was examined with the former 
approach being carried through 
to implementation and limited 
utilization. 

RESLlLTS 
L A D A  EX ECUTIVE WITB VENDOR 0 RUNTIHE S O P P O ~  

T h e  capabilities of the 
F O  R'I'RA N/A s s e m b l  y 1 a n g  ua g e 
i m p l e m e n t a t i o n  and the Ada 
language implementation are 
summarized in Table 1. The 
Ada language version consists 
cf two major components - the 
p r o g r a m  code a n d  t h e  v e n d o r  
supplied runtime system. In 
b o t h  i m p l e m e n t a t i o n s  t h e  
s c h e d u l i n g  p r i m i t i v e s  a r e  
I J r O v  ided by the executive, but 
t h e  ultimate responsibility 
f o r  c y c l i c / a c y c l i c  t a s k  
~cheduling lies with the user 
(application) tasks. Note, 
h o w e v e r ,  t h a t  t h e  t a s k  
interleaving and task waiting 
l n  t5e Ada language version is 
strictly under the control of 
the Ada runtime system and not 
~ n d e r  t h e  c o n t r o l  of t h e  
cxccutive as in the FORTRAN/-  
A S  I; e m  bl y i m p l  e m e n  t a t i o n .  
Furthermore, although tasking 
could be prioritized dynam- 

i c a l l y  ( c h a n g e d )  i n  t h e  
P O R T R A N / A a s e m b l y  implemen- 
t a t i o n ,  p r i o r i t i e s  a t  t h e  
r u n t i m e  s y s t e m  l e v e l  a r e  
s t a t i c  in t h e  Ada language 
version. - 
P i q u r e  3 d e p i c t s  the major 
functional components of the 
A d a  e q u i v a l e n t  p r o t o t y p e  
developed for the case study 
i n v e s t i g a t i o n .  T h e  m a j o r  
distinction between the Ada 
implementation and the 
F O R T R A N / A s s e m b l y  m o d e l  
depicted in Figure 4 involves 
t h e  interaction of the Ada 
r u n t i m e  s y s t e m  w i t h  t h e  
p r i o r i t y  d r i v e n  e x e c u t i v e  
functions. 

I - I- m- I,, 

W h  i le the FORTRAN/Asse,d- 
b l y  model managed a l l  state 
t r a n s i t i o n s  for user tasks 
from inactive to executing a n d  
all information associated 
with these state transit ions, 
t h e  A d a  i m p l e m e n t a t i o n  
u t i l i z e s  t h e  A d a  r u n t i m e  
s u p p o r t  s y s t e m  ( f o r  t h e  
tasking model) to manage the 
active processing phase of any 
user task as well as the body 
of information associated with 
a tasks' a c t i v e  executian. 
Specifically, the Ada runtime 
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F I G U R E  3 
ADA P R I O R I T Y  DRIVEN 

EXECUTIVE FUNCTIONAL 
SCHEMATIC 

s y s t e m  m a n a g e s  t h e  i n t - r -  
l e a v i n g  o r  t i m e - s l i c i n g  o f  
c o n c u r r e n t l y  e x e c u t i n g  u s e r  
t a s k s  a n d  is r e s p o n s i b l e  f o r  
management  of t h e  a s s o c i a t e d  
t a s k  a c t i v a t i o n  i n f o r m a t i o n .  
The s t a r t  of  a u s e r  t a s k s '  
s c h e d u l e d  e x e c u t i o n  phase is 
s t r i c t l y  under  t h e  c o n t r o l  of 
t h e  A d a  p r i o r i t y  d r i v e n  
e x e c u t i v e  a t  t h e  a p p l i c a t i o n s  
l a y e r ,  y e t ,  t h e  management of 
t h e  t r a n s f e r  o f  c o n t r o l  
b e t w e e n  any  number of concur -  
r e n t l y  e x e c u t i n g  u s e r  t a s k s  i s  
b y  d e f i n i t i o n  u n d e r  t h e  
c o n t r o l  of t h e  vendor  s u p p l i e d  
Ada run t ime  sys tem.  

T o  s a t i s f y  t h e  r e q u i r e -  
ment f o r  a cyc l i c  c a p a b i l i t y ,  
t h e  e x e c u t i v e  was r e q u i r e d  t o  
have some methQd f o r  s p e c i f y -  
i n g  f i x e d - r a t e  s c h e d u l i n g .  
T h i s  w a s  p r o v i d e d  o n  t w o  
l e v e l s .  I n  k e e p i n g  w i t h  t h e  
s c h e m e  u t i l i z e d  i n  t h e  
o r i g i n a l  m o d e l ,  t h e  f a c i l i t y  
f o r  s c h e d u l i n g  a t a s k  f o r  
e x e c u t i o n  i s  p r o v i d e d .  A c t i v e  

FIGURE 4 

EXECUTIVE Fr 'YCTIONAL 
FORTRA N/AS SEMBLY 

SCHEMA1 I C  

t a s k s  c u r r e n t l y  e x e c u t i n u  mcl;,' 

t h e r e f o r e  u t i l i z e  t h 1 s 
f a c i l i t y  t o  r e - i n s e r t  t h e n -  
s e l v e s  i n t o  t h e  s c h e d u l e  f o r  
f u t u r e  e x e c u t i o n ,  o r  t h i s  n l ~ l '  

be d o n e  by some o t h e r  a c : t 1 j S c  
user t a s k .  

I n  t h e  o r i g i n a l  model ~l 

v o l u n t a r y ,  n o n  p r e - e m p t i - c  
s c h e d u l i n g  scheme was u t i l i z e d  
among  t h e  u s e r  t a s k s  t h i i t  
e n f o r c e d  t h e  n o t i o n  t h a t  
t r a n s f e r  of c o n t r o l  o r  c o n t e x t  
s w i t c h i n g  among t a s k s  C C I : ; ! , I  
o c c u r  u n e x p e c t e d l y .  B c ~ t  1 1 ) ~ ;  

i n  m i n d  t h a t  h i t h i n  a i )  i t i i . 1  

e n v i r o n m e n t  t h e  u n d e r l )  1 '  I 
o p e r a t i n g  o r  r u n t i m e  s) : ; t t  
u t i l i z e s  a n o t h e r  l e v c l  I 

s c h e d u l i n g  f o r  t h e  i n t t : t  
l e a v i n g  of  c u r r e n t l y  ; I L . C I  , \  

t a s k s ,  a t a s k  p c i o r i t i z d t ~ ~ ~ l l  
scheme among t h e s e  tasks I . ,  
t h e n  r e q u i r e d  t o  e n f o r c e  t 
n o t i o n  t h a t  a p a r t i c u l a r  t I l : ,h 

is i n c a p a b l e  of  h a v i n q  l t : ;  
s c h e d u l e d  e x e c u t i o n  i n t c ~  - 
r u p t e d  once i t  b e g i n s .  

D.3.5.7 



I n  s'hort, w e  h a v e  a 
scheduling scheme at the user 
task level to specify fixed- 
rate triggering of a task8' 
processing and the Ada pragma 
"PRIORITY" enforced at the 
u n d e r l y i n g  o p e r a t i n g  o r  
runtime system level to ensure 
uninterrupted c m p l e t i o n  of 
that processing. 

The major potential point 
o f  failure with respect to 
this type of approach to task 
schedulinq at the applications 
level is at the underlying 
runtime system level. The 
issue is one of consistency 
f r o m  i m p l e m e n t a t i o n  t o  
implementation with respect to 
time slicing of concurrently 
executing processes of equal 
priority. While fixed rate 
triggering of task execution 
c a n  be g u a r a n t e e d  v i a  a 
combination of algorithmic 
control, prioritization, and 
interrupt handlinq through the 
"psuedo executive", no such 
auarantee can be made with 
iespect to the method of time 
s l i c i n g  u t i l i z e d  by t h e  
underlying runtime support for 
concurrent tasks of equal 
priority. This will vary  from 
implementation to implemen- 
tation althouqh adhering to 
t h e  59-called "FAIR" require- 
n4clnr dictated by the language 
s I c i f i cation. Gilten the 

I ~ n q e n t  nature of typical 
I 1 :i performance and reliabil- 
. t y r e q u i r e m e n t s ,  t h i s  

i o t c : n t i a l  i n c o n s i s t e n t  
I t:t:avlor across i m p l e m e n -  

# ~ t  loris could pose a signi- 
! * i n t  r i s k .  

0 

handling eince external events 
o f t e n  d i c t a t e  a n e e d  t o  
dynamically chanqe priori- 
ties. The Ada rendezvous 
occuri in a first in, f i r s t  
o u t  m a n n e r  u s i n g  a queue 
structure for multiple eptry 
calls issued for a n y  given 
t a s k  e n t r y  1 oint ( A C C E P T  
state.nent). There is no way 
to reoider and influence the 
position a calling task m a y  
occupy in euch a queue. It is 
possible that with dynsmic 
task prioritization this could 
bc programmer controlled 

f i c i m v r  Smce The 
FORTRAN/ Assembly language 
implementation used as a model 
in this case study was coded 
in a little over 1 K (bytes) 
of memory and accounted f o r  
somewhat less than two percent 
of the entire system. While 
the entire Ada system congis- 
ted of just over 700 lines of 
code, the space requirements 
varied with respect to t h e  
host machine. The Ada version 
required anywhere from 27 K to 
38 K bytes of memory for thc 
applications code alone . T h c  
runtime kernel on one machine 
imposed an additional penalty 
of 200 K bytes to utilize the 
Ada tasking model. I t  should 
be noted, however, t h a t  t h e  
executive wau developed f o r  
functional realism and was not 
optimized €or minimal p t o q t a n ~  
size. The runtime k e t r i c l t :  
were larqt?, a e  much a 8  200K 
bytes, but the runtime kcrnclt,  
were intended for a rnain-frame- 
environment, not a typical ECS 
ap?l icnt ion. 

Static prioritization of T h e  sign i € ican t 1 eeuonti 
A f I d  t a s k s  may be a problem in learned were in what optionu 
' , o r i r :  i n s t a n c e s  of t a s k  were available to optimize the 
: c h r : d u l  i n g  o r  interru1)l: size a n d  speed of -the exccu- 
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t a b l e  image .  S i g n i f i c a n t  
s av ings  - approximately l O O K  = 
were a v a i l a b l e  via a eelect- 
i v e l y  loadab le  t a s k i n g  kernel 
in a t  l ea s t  one implementation 
w h i l e  o t h e r  o p t i o n s  r e s u l t i n g  
i n  s a v i n g s  were no  runt ime 
c h e c k i n g  (1-2K s a v i n g s ) ,  and 
no debugg ing  ins t rumenta t ion  
(SK r a v i n g s ) .  I n  one p a r t i -  
c u l a  r imp lemen ta t  i o n ,  t h e  
o p t i o n  f o r  space op t imiza t ion  
was o f f e r e d  y e t  y i e l d e d  no 
a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  
s ize  of t h e  execu tab le  image. 

W h i l e  t h e r e  is no s t r i c t  
l i n e a r  r e l a t i o n s h i p  w i t h  
r e s p e c t  t o  o v e r h e a d  between 
hos t  and ECS environments ,  t h e  
s i g n i f i c a n t  s a v i n g s  r e a l i z e d  
through c o n f i g u r a b i l i t y  w i t h i n  
t h e  h o s t  e n v i r o n m e n t s  h a s  
u i g n i f i c a n t  p o s i t i v e  i m p l i -  
c a t i o n s  f o r  ECS environments  
where e f f i c i e n c y  c o n s t r a i n t s  
a r e  paramount. 

I t  was f o u n d  t h a t  t h e  
t o t a l  s t o r a g e  p e n a l t y  t o  
i n c l u d e  a minimal  e x c e p t i o n  
h a n d l i n g  c a p a b i l i t y  w i t h i n  
e a c h  Ada program u n i t  was on 
t h e  o r d e r  of 4-5  p e r c e n t  of 
t h e  t o t a l  p r o g r a m  s t o r a g e  
w h i l e  t h e  c p u  o v e r h e a d  t o  
i n v o k e  an e x c e p t i o n  h a n d l e r  
r a n g e d  f r o m  3 0 - 5 0 0  m i c r o -  
s e c o n d s .  T h i s  r e p r e s e n t s  an 
a c c e p t a b l e  c o s t  i n  e i t h e r  a 
h o g t  m a i n f  came o r  embedded 
envircinment . 

The overh-ad i n  terms of 
time t o  u t i l r z r  t h e  rendezvous 
m e c h a n i s m  w i t h i n  t h e  h o s t  
env i ron ,nen t  was r a t h e r  h i g h ,  
b e i n g  a p p r o x i m a t e l y  1 1 - 1 2  
m i l l i s e c o n d s .  G i v e n  t h e  
r e l a t i v e l y  r a p i d  frame times 
of many rca l - t ime a p p l i c a t i o n s  
( o n  t h e  o r d e r  o f  4 0 - 1 0 0  

m i l l i s e c o n d s ) ,  a f e a t u r e  t h a t  
uaes  a p p r o x i m a t e l y  one t e n t h  
a t  t h e  f r  me t i m e  p o s e u  

However, based 
upon  c u r r e n t  i n v e s t i g a t i o n s  
w i t h  Ada f o r  embedded 1 6  and 
32 b i t  t a r g e t s ,  the  c a s e  can 
be made t h a t  t h i s  i a  a problem 
s o m e w h a t  l o c a l i z e d  t o  t h e  
mainframe environment.  

s e r i o u s  r i s k  9 

T h e  a l t e r n a t e  d e s i g n  
a p p r o a c h  p r o p o s e d  i n  t h i s  
s t u d y  f o r  t h e  Ada p r i o r i t y  
d r i v e n  e x e c u t i v e  ( s e e  F i g u r e  
5 )  i8 i n t e n d e d  f o r  a b a r e  
mach inc  env i ronmen t  w i t h  n o  
r e s i d e n t  o p e r a t i n g  system nor  
a n y  v e . i d o r  s u p p l i e d  A d a  
runkime s u p p o r t .  The des ign  
of s u c h  an e x e c u t i v e  r a i s e s  
some i m p o r t a n t  i ssues  w i t h  
r e s p e c t  t o  v a l i d a t i o n  when 
c o n s i d e r i n g  w h a t  m u s t  be  
p r o v i d e d  t o  s u p p o r t  t h e  
e x e c u t i o n  o f  an  Ada a p p l i -  
c a t i o n  on s u c h  a bare t a r g e t .  
The  i m p l i c a t i o n s  of t h e  t r a d i -  
t i o n a l  model of an execu t i ve  , 
s u c h  a s  t h e  o r i g i n a l  
fORTRAN/Assembl y 1 a n g  u a y c  
implementation used a s  a basis 
f o r  t h i s  s ' u d y ,  a r e  c o n s i -  
de  red 

T h i s  a p p r o a c h  d i f f c t s  
g r e a t l y  f r o m  t h a t  whic.ti 
u t i l i z e s  an u n d e r l y i n g  r u n t i m c  
s y s t e m ,  T h i s  approach implies 
t h a t  beyond t h e  gene ra t ion  u f  
n a t i v e  machine i n s t r u c t  i o n : ;  
from t h e  HOL by some g c n e r i c  
t r a n s l a t o r  o r  c o m p i l e r ,  i t  
becomes n e c e s s a r y  t o  p r o v i d c  
programmer s u p p l i e d  s u p p o r t  
f o r  any HOL language f e a t u t c e  
n o t  d i r e c t l y  i m p l e m c n t a b i c  
throlrqb p r i m i t i v c e  on t h e  b a l e  
t i d r d w a r e .  I t  t h e r e f o r c  
b e c o m e s  t h c .  t a s k  o f  t h e  



r u n t i m e  supe rv i so r  or  execu- 
t i v e  software t o  p r o v i d e  t h i s  
u n d e r l y i n g  support f o r  t h i n g s  
s u c h  a s  c o n c u r r e n c y  o r  
m u l t i - t a s k i n g ,  I / O ,  d y n a m i c  
s t o r a g e  and  memory management 
t o  name a few.  I n  a d d i t i o n ,  
t h i s  e x e c u t i v e  m u s t  n o t ,  i n  
t u r n ,  r e l y  on  some u n d e r l y i n g  
s u p p o r t  f o r  i ts  own e x e c u t i o n .  

V a l i d a t i o n  is c e r t a i n l y  
an  issue w i t h  respect t o  t h i s  
k i n d  o f  s u b s e t  Ada approach .  
W h i l e  r e c o g n i z i n g  t h e  incom- 
p a t i b i l i t y  o f  t h i s  a p p r o a c h  
w i t h  t h e  n o t i o n  of v a l i d a t i o n ,  
we c h o o s e  n o t  t o  a d d r e s s  t h e  
t o p i c  i n  any  d e t a i l  o t h e r  t h a n  
t o  a c k n o w l e d g e  t h e  c o n f l i c t .  
Our f o c u s  is on t e c h n i c a l  r i s k  
i d e n t i f i c a t i o n  a n d  m i n i m i -  
za t i o n .  

T h e  d e s i g n  o f  t h i s  b a r e  
m a c h i n e  e x e c u t i v e  was p u r e l y  
h y p o t h e t i c a l  a n d  no s p e c i f i c  
e m b e d d e d  t a r g e t  was s e l e c -  
t e d .  F o r  t h a t  r e a s o n ,  o n l y  a 
h i g h - l e v e l  d e s i g n  was i t e r -  
a t e d .  C u r r e n t l y ,  t y p i c a l  
v e n d o r  s u p p l i e d  Ada r u n t i m e  
support p a c k a g e s  f a c i l i t a t e  
t h i n g s  s u c h  a s t  s y s t e m  
e l  abora t ion  o r  i n i t i a l i z a t i o n  , 
t a s k  c o m m u n i c a t i o n  a n d  
: . c h e d u l i n g ,  e x c e p t i o n  h a n -  
r i 1  i n q ,  i n t e r r u p t ,  I / O ,  a n d  
t v p e  s u p p o r t .  T h e  amount of 
o v e r h e a d  v a r i e s  w i t h  e a c h  
vr:ndor I s  imp lemen ta t ion .  T h e  
d c s i q n  p roposed  is f o r  an Ada 
l ! x r _ . c u t i v e  f u n c t i o n  t h a t  would 
n l i n 1 m a l l y  s u p p o r t  t h e  execu- 
t . lcJn o f  o t h e r  Ada s o f t w a r e  
c o n s t i t u t i n g  j o b s  o r  
' ' t c l s k s " .  H o w e v e r ,  t h e  Ada 
t a s k i n g  model is no t  s u p p o r t e d  

t h e  p r o p o s e d  s u b s e t  Ada 

A 8  i n  t h e  t r a d i t i o n a l  
model,  concur  r ancy  is a c h i e v e d  
v i a  t h e  e x e c u t i v e  u t i l i z i n g  a 
n o n  p r e - e m p t i v e ,  v o l u n t a r y  
c o n t e x t  swi t c h  i n g  mechanism. 
C o n t r o l  o v e r  s c h e d u l i n g  i s  
t h e r e f o r e  e x p l i c i t  and known 
t o  t h e  p r o q r a m m e r .  I n  
a d d i t i o n ,  any  dynamic d a t a  o r  
s t o r a g e  management is r e s t r i c -  
t e d  t o  t h a t  w h i c h  s u p p o r t s  t h e  
e x e c u t i o n  of  t h e  e x e c u t i v e  
f u n c t i o n s  o n l y .  

I t  m u s t  be noted t h a t  t h e  
n o t i o n  o f  a n  " a l l  Ada execu- 
t i v e "  a t  t h i s  l e v e l  is 
f a l l a c i o u s .  A c e r t a i n  amount 
o f  p r i v i l e g e d  a c c e s s i n g  of 
r e g i s t e r  and s t a c k  con ten t s  by 
t h e  e x e c u t i v z  f u n c t i o n s  t o  
f a c i l i t a t e  t h e  b a s i c  c o n t e x t  
s w i t c h i n g  a n d  memory manage- 
ment would be r e q u i r e d .  T h i s  
is n o t  d i r e c t l y  a c h i e v a b l e  
from w i t h i n  t h e  Ada l anguage .  
T h e r e f o r e ,  a component of t h e  
e x e c u t i v e  s o f t w a r e  ( e .g .  t h e  
C o n t r o l - T r a n s f e r - P a c k a g e )  
would  by n e c e s s i t y  be imple-  
m e n t e d  i n  a l o w e r  l e v e l  
p r o g r a m m i n g  l a n g u a g e .  I n  
c u r r e n t  commerc ia l  Ada run t ime  
s y s t e m s  f o r  embedded t a r g e t s  
s u c h  a s  t h e  1 7 5 Q A ,  t h i s  
a c c o u n t s  f o r  a p p r o x i m a t e l y  two 
p e r c e n t  of t h e  vendor  s u p p l i e d  
r u n t i m e  s u p p o r t .  Ada packaq-  
i n g  c o n c e p t s  f a c i l i t a t e  t h e  
e n c a p s u l a t i o n  and i s o l a t i o n  of 
s u c h  machine con t e x t  s e n s i t i v e  
Component E!. 

T h e  r a t i o n a l e  f o r  t h c  
a p p r o a c h  t o  c o n c u r r e n c y  
p r e s  e n  t ed i 8 s t r a i q h  t f o I wa rd . 
W h i 1 e c o n  t c x t 
s w i t c h i n g  c a n  be c o n c l i d e r e d  
r i s k y ,  i t  h a s  c e r t a i n  p o t e n -  
t i a l  b e n e f i t s .  I t  a v o i d s  the 
necessity of excessive l o c k i n q  
s i n c u  t h e  p r o g r a m m e r  knows 

e x p l  i c i t 
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e x a c t l y  when c o n t e x t  s w i t c h e e  
a r e  t o  be per formed.  Another  
b e n e f i t  is r e a l i z e d  when a 
h i g h  p r i o r i t y  e v e n t  occurs  
t h a t  m u s t  be h a n d l e d  r a p i d l y  
a s  i s  t h e  c a s e  i n  m a n y  
r e a l - t i m e  s y s t e m s ,  W h i l e  
h a n d l i n g  such  a n  e v e n t ,  i t  may 
be d e l e t e r i o u s  t o  r e l e a s e  t h e  
p r o c e s s o r .  F i n a l l y ,  t h e  
a v o i d a n c e  o f  u n n e c e s s a r y  
c o n t e x t  s w i t c h e s  a n d / o r  
c h e c k i n g  Q e s u l t s  i n  g r e a t e r  
e f f i c i e n c y  . 

A d m i t t e d l y ,  h o w e v e r ,  i t  
is r e a s o n a b l e  t o  q u e s t i o n  t h e  
f e a s i b i l i t y  and a d v a n t a g e s  of 
u s i n g  Ada w i t h o u t  i t s  t a s k i n g  
f e a t u r e s  and  o t h e r  r e a l - t i m e  
c o m p o n e n t s  v e r s u s  u s i n g  a n y  
o t h e r  h i g h - l e v e l  programming 
l a n g u a g e .  I t  s h o u l d  a l s o  be 
n o t e d  t h a t ,  w i t h  s o m e  
r e - w o r k i n g  o f  t h e  d e s i g n ,  
t h e r e  is n o t h i n g  t o  e x p l i c i t l y  
p r e v e n t  t h e  use of t h e  Ada 
t a s k i n g  moCel and  rendezvous  
c o n c e p t ,  p r o v i d e d  t h a t  t h e  
n e c e s s a r y  r u n t i m e  s u p p o r t  is 
s u p p l i e d  a t  a n  a c c e p t a b l e  c o s t  
i n  m e m o r y  o v e r h e a d  a n d  
e x e c u t i o n  e f f i c i e n c y .  T h i s  is 
t h e  m o t i v a t i n g  concept d r i v i n g  
o u r  c u r r e n t  a n d  f u t u r e  
i n v e s t i g a t i o n s  w i t h  r e s p e c t  t o  
Ada r e a l - t i m e  sys t ems  and w i l l  
be d i s c u s s e d  i n  t h e  f o l l o w i n g  
s ec t  ion .  

F u t u r e  I n v e a t i  - 
g a t i o n q  T h e  r a t i o n a l e  f o r  an 
a p p r o a c h  s u c h  a s  t h e  b t , r e  
m a c h i n e  o p t i o n  is t h a t  g i v e n  
t h e  p r e s e n t  s t a t e  of tacking 
s u p p o r t  i n  an  envi ronment  t h a t  
s u p p o r t s  f u : l  Ada t a s k i n g ,  
e x c e p t  i o n  h a n d 1  i n g  and o t h e r  
f ioL  f e a t u r e s ,  t h e  r e s u l t a n t  
program s i z e  may be u n s u i t a b l y  
l a r g e  f o r  a n  embedded a p p l i -  
c a t i o n .  W h i l e  t h e  a p p l i c o -  

t i o n s  l e v e l  s t r a t e g y  and tire 
b a r e  m a c h i n e  a p p r o a c h  r e p r e -  
s e n t  two a v a i l a b l e  o p t i o n s ,  a n  
a d d i t i o n a l  a l t e r n a t i v e  e x i s t s  
t h a t  h o l d s  some p r o m i s e  f o r  
t h e  d e s i g n  o f  c o m p a c t ,  
e f f i c i e n t  r e a l - t i m e  systerris 
a n d  is t h e  f o c u s  o f  o u r  
c u r r e n t  and  f u t u r e  i n v e s t i -  
g a t i v e  work. T h i s  c o n s i s t s  o f  
a m i g r a t i o n  t o  t h e  HTS l a y c r  
i n  p u r s u i t  of o p t i m i z a t i o n  and  
r i s k  r e d u c t i o n  a t  t h i s  l eve l  
w h i l e  m a i n t a i n i n g  t h e  c o m p l e t e  
(or n e a r l y  c o m p l e t e )  f u n c t i o n -  
a l i t y  of  t h e  l a n g u a g e .  T h e  
f o c u s  i s  o n  t a i l o r a b l e ,  
c o n f i g u r a b l e  r u n t i m e  s u p p o r t  
f o r  t h e  d e s i g n  of  e f f i c i e n t  
r e a l - t i m e  sys t ems  i n  Ada. 

I t  is h i g h l y  l i k e l y  tt 
t h e  f u l l  f u n c t i o n a l i t y  of t taL 
t r a d i t i o n a l  m o d e l  o f  a 
p r i o r i t y  d r i v e n  e x e c u t i v e  curl 
be a c h i e v e d  i n  t h i s  manner tJy 
m i n i m i z i n g  t h e  r o l e  of a 
programmer s u p p l i e d  execu t  i v c  
a n d  r e l y i n g  on t h e  e f f i c i e n t  
i m p l e m e n t a t i o n  o f  t h e  A d a  
t a s k i n g  model a t  t h e  o p e r a t  i n c :  
o r  r u n t i m e  s y s t e m  l e v e l .  
W h i l e  i t  may s t i l l  be neces- 
s a r y  t o  p r o v i d e  c u s t o m r z c d  
r u n t i m e / e x e c u t i v e  s u p p o r t ,  
t h i s  caii be p r o v i d e d  p r i u n a r i l y  
t h r o u g h  t a i l o r i n g  of e x i s t i n l j  
S y s t e m 6  a t  t h e  RTS l e v e l  t u  
mee t  s p e c i f i c  p e r f o r m a n c c  
r e q u  i r c m e n  t s t t l c l n  

e x e r t i n g  a d d i t i o n a l  c o n t r o l  \ ~ t  
t h e  a p p l i c a t i o n s  l d y e r .  

r a t  h e  r 

Our c u r r e n t  e f f o t t s  c ~ ~ c  
f o c u s e d  f o r e m o s t  on proof  ( I !  
c o n c e p t  - t h a t  we can  d e s l y n  
a n d  i m p l e m e n t  f a s t ,  compac t ,  
e f f i c i e n t ,  r e a l - t i m e  sys t c~ l lu  
i n  Ada - w i t h  a s e c o n c l a l ) .  
e m p h a s i s  on  t h e  v a l i d a t i o n  
i s e u e s .  T h e  s t e p s  w e  h a v e  
i d e n t i f i e d  as  b e i n g  ncccss i l ry  



t o  t h e  success o f  t h i s  e f f o r t  
i n c l u d e  : 

0 O b t a i n  V a l i d e d  Vendor  

0 M a i n t a i n  S t a b l e  R T S  

S u p p l i e d  RTS 

I n t e r f a c e  

0 Modify I n t e r n a l s  t o  g a i n  

0 A d d r e s s  (Re) V a l i d a t i o n  

R e q u i r e d  Per formance  

issues  

CONCLUSION 

A l t h o u g h  s e v e r a l  of t h e  
issues t h a t  f a c e  d e v e l o p e r s  of 
r e a l - t i m e  ECS a p p l i c a t i o n s  i n  
Ada  a r e  d e s i g n  i s s u e s  o r  
p r i m a r i l y  r e s o l v e d  t h r o u g h  
e d u c a t i o n ,  t r a i n i n g  and good 
p r o g r a m m i n g  t e c h n i q u e ,  many 
i s s u e s  remain t h a t  pose  r i s k  0 t o  t h e  d e v e l o p m e n t  o f  
r e a l - t i m e  s y s t e m s  i n  Ada. 

We h a v e  i d e n t i f i e d  a 
number of  key r i s k  a r e a s  and 
i s s u e s  f o r  r e a l - t i m e  E C S  
a p p l i c a t i o n s  and have e x p l o r e d  
t h e s e  i s s u e s ,  and  s o l u t i o n s ,  
w i t h i n  t h e  c o n t e x t  o f  a 
s p e c i f i c  Ada l a n g u a g e  a p p l i -  
c a t i o n .  W i t h  r e s p e c t  t o  t h e  
i s s u e s  t h a t  were s u c c e s s f u l l y  
a d d r e s s e d  w i t h i n  t h e  s cope  of 
t h i s  c a s e  s t u d y ,  t h e  f o l l o w i n g  
c o n c l u s i o n s  can  be made. 

Many i s s u e s  of  c o n c e r n  
e x i s t  d u e  t o  t h e  i m m a t u r i t y  
a n d  q u a l i t y  o f  Ada l a n g u a g e  
i rnp 1 emen t a t  i o n s  and unce r t a  i n  - 
t i e s  r e g a r d i n g  p e r f o r m a n c e .  
The p e r f o r m a n c e  o f  t h e  c o d e  
g e n e r a t e d  by  e a r l y  c o m p i l e r s  
may be poor and may r e s u l t  i n  
p o o r  s y s t e m  per formance .  How- 
e v e r ,  a s  Ada l anguage  Systems 
mature  and c u r r e n t l y ~  a v a i l a b l e  

0 - - .  

0 

0 
e 

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

m e m o r y  u t i l i z a t i o n  a n d  
e x e c u t i o n  s p e e d  s h o u l d  
c e r t a i n l y  become l e s s  o f  a n  
i s sue .  T h i s  i s  i n  f a c t  t h e  
c a s e  w i t h  some o f  t h e  Ada 
l a n g u a g e  s y s t e m s  c u r r e n t l y  
under  development  . 

C u r  r e n t  i n v e s t i g a t i o n s  
w i t h  a v a r i e t y  o f  d i f f e r i n g  
c o m p i l e r  s y s t e m s  and run t ime  
env i ronmen t s  f o r  1 6  and  32 b i t  
embedded t a r g e t s  have  r e v e a l e d  
t h a t  k e r n e l  r u n t i m e  s y s t e m s  
c u r r e n t l y  e x i s t  t h a t  a p p e a r  t o  
b e  p r o v i d i n g  t h e  m i n i m a l ,  
c o n f i g u r a b l e  s u p p o r t  n e c e s s a r y  
t o  accommodate  Ada l a n g u a g e  
f e a t u r e s  i n  a t i m e l y  a n d  
ef f i c i e n t  manner .  S t a n d a r d -  
i z e d  k e r n e l  run t ime  s u p p o r t  on 
t h e  o r d e r  o f  2K p r o v i d e d  b y  
m i n i m a l  s y s t e m  s e r v i c e  
i n t e r f a c e s  i s  c u r r e n t l y  
a v a i l a b l e  (e .9 .  VRTX) and can 
b e  t a r g e t e d  a n d  u t i l i z e d  
e f f i c i e n t l y  by  Ada c o m p i l e r  
s y s t e m s  f o r  a v a r i e t y  o f  
embedded t a r g e t s .  

P l o b l e m s  remain w i t h  t h e  
n o n - s u p p o r t  among many Ada 
i m p l e m e n t a t i o n s  o f  c e r t a i n  
r e a l - t i m e  f e a t u r e s  of t h e  Ada 
l a n g u a g e .  A c a s e  i n  p o i n t  is 
t h e  v e c t o r i n g  of  i n t e r r u p t s  t o  
t a s k  e n t r i e s  v i a  t h e  Ada 
r e p r e s e n t a t i o n  s p e c i f i c a t i o n .  
T h i s  c o n t i n u e s  t o  be a conce rn  
t o  t h e  r e a l - t i m e  a p p l i c a t i o n s  
c o m m u n i t y  a l t h o u g h  i t  i s  
s o m e w h a t  l o c a l i z e d  t o  t h e  
ma i n f  f a m e  e n v i r o n m e n t  . 
A d d i t i o n a l  problems a r e  r o o t e d  
i n  t h e  l anguage  s p e c i f i c a t i o n  
i t s e l f  ( M I L  STD 1815A) w h i c h  
f a i l s  t o  p r o v i d e  c e r t a i n  
f e a t u r e s  d e s i r a b l e  i n  t y p i c a l  
r e a l - t i m e  systems. 
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While'alternatives exist, 
this lack of certain explicit 
l a n g u a g e  p r i m i t i v e s  poses 
unique problems for many type8 
of real-time applications. 
S p e c i f i c a l l y ,  t h e  lack of 
explicit language pr imitives 
t o  a l l o w  dynamic "discon- 
nection" and "connection" to 
i n t e r r u p t s  w i t h o u t  t h e  
termination or creation of a 
program u n i t  (task) and the 
inability to utilize dynamic 
task prioritization are of 
major concern to ECS devel- 
opers. Furthermore, the lack 
of precision in the specifi- 
cation of exact delays as well 
as the lack of alternatives or 
a b i l i t y  t o  time-out during 
initiated rendezvous' may be 
an impediment to the develop- 
ment of efficient, reliable 
real-time systems in Ada. 

T h e r e  is a continuinq 
need for a clear, c o n c i s e  
d e s i q n  m e t h o d o l o q y  f o r  
r e a l - t i m e  e m b e d d e d  A d a  
applications that includes a 
criteria for the identifi- 
cation of concurrency and a 
g r a p h i c  means of depicting 
concur rent relationships with 
t i m i n g  and synchronization 
information at any given point 
in the system. While helpful, 
t h e  hybrid method utilized 
during this case study f a l l s  
short o f  f u l f i l l i n g  such a 
broad requirement. 

We are currently contin- 
uinq our real-time investi- 
g a t i o n s  t o  e v a l u a t e  t h e  
effectiveness of Ada language 
systems f o r  real-time embedded 
applications within realistic 
host and target environments. 
This work is being carried out 
with a focus on the 1750A and 
68000 compiler a n d  runtime 

e nv i r o nme n t 8 . 
The focue of our in i t i a l  

case etudy waa at the appli- 
c a t i o n s  l evel although o n  
alternative was proposed f o r  a 
prohibitively restrictive Ada 
e x e c u t i v e  t h a t  f u l f i l l e d  CI 

subset of the runtime r e s p o n -  
s i b i l i t i e s  t o  support t h e  
execution of concurrent ~ d a  
programs. The current approach 
calla for migration to the RTS 
level to investigate optiml- 
z a t i o n  a n d  t a i l o r i n g  o f  
e x i s t i n g  s y s t e m s  to a l l o \ r  
e f f i c i e n t  u s e  of the A d a  
t a s k i n g  m o d e l  and o t h e r  
r e a l - t i m e  features within 
r e a l i s t i c  target e n v i r o n -  
ments. I t  is in this manner 
t h a t  w e  w i l l  a t t e m p t  t o  
address and seek additional 
information and solutions to 
those issues left unanswered 
i n  o u r  p r e l i m i n a r y  A d a  
r ea1 -t ime inves t i qa t i  ons . 

O p t i o n s  f o r  f u t u r e  
e f f i c i e n c y  improvement a n d  
r isk-reduct ion include : 

0 H i g h l y  C o n f i g u r a b l c  
Runtime Support S y s t e m s  

0 S t a n d a r d i z e d  R u n t  1 1 1  t 
Suppoc t Systcnis 

0 Support in Silicon 

0 C u s t o m  RTS C o n i y o n ( * r l t  : 
Libraries 

T h e  a u t h o r 5  w i s t t  t i l  
acknowledqc thc support , l t l i i  

a d v i c e  o f  t h e  yeroonncl ;It 
I n t e r m e t r i c s ,  I n c .  i n  t t l v  
preparat i o n  of t h i s  m , \ n i i -  

script . 
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