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A b s t r a c t  : 

T h i s  paper  desc r ibes  a concept  f o r  a s o f t w a r e  
suppor t  system f o r  t h e  development o f  a i r b o r n e  
g raph ics  so f tware .  The advent o f  t h e  CRT i n  cock- 
p i t s  and t h e  c u r r e n t  t r e n d  toward complex p i c t o r i a l  
f o rma ts  has caused a s i g n i f i c a n t  i nc rease  i n  t h e  
amount o f  g raph ics  s o f t w a r e  on board t h e  a i r c r a f t .  
However, c u r r e n t  so f tware  development t o o l s  r e l y  on 
hand cod ing  and l i n e - b y - l i n e  genera t i on .  These 
techn iques  do n o t  l e n d  themselves t o  t h e  p i c t o r i a l  
o r  a r t i s t i c  n a t u r e  o f  d i g i t a l  g raph ics .  The s o f t -  
ware suppor t  system d i scussed  i n  t h i s  paper  
p r o v i d e s  seve ra l  key i tems.  F i r s t ,  an I n t e r a c t i v e  
Works ta t i on  a l l o w s  t h e  des igne r  t o  e s s e n t i a l l y  
"draw" t h e  d e s i r e d  image and s p e c i f y  t h e  dynamic 
a t t r i b u t e s .  A Code Genera t i on  System t h e n  c rea tes  
hardware independent source code. F i n a l l y ,  a 
T a r g e t t i n g  Compi ler  s e c t i o n  c rea tes  hardware 
s p e c i f i c  code and a l s o  m o d i f i e s  e x i s t i n g  system 
code t o  accept  t h e  new g raph ics  module. T h i s  
automated system concept n o t  o n l y  suppor ts  t h e  
i n i t i a l  g raph ics  so f tware  c r e a t i o n  b u t  a l s o  
suppor t s  t h e  s o f t w a r e  maintenance o f  f i e l d e d  
systems. The system a l l o w s  r a p i d  p r o d u c t i o n  o f  
s o f t w a r e  and s i g n i f i c a n t l y  reduces t h e  s o f t w a r e  
s k i l l s  r e q u i r e d  o f  t h e  use r .  

Background: 

A i r b o r n e  d i s p l a y  genera t i on  system r e q u i r e -  
ments a r e  becoming more and more complex and t h e  
need f o r  suppor t  systems has become ev iden t .  I n  
o r d e r  t o  des ign  such a suppor t  system, some 
assumptions and obse rva t i ons  must be made o f  
a i r b o r n e  systems and t h e i r  ope ra t i on .  

I n  t h e  s i m p l e s t  terms, t h e  f u n c t i o n  o f  a 
d i s p l a y  genera t i on  system i s  t o  accept  d a t a  f rom 
t h e  a i r c r a f t  system and d i s p l a y  it i n  a g r a p h i c a l  
r e p r e s e n t a t i o n .  Th is  g r a p h i c a l  r e p r e s e n t a t i o n  may 
be as s i m p l e  as an a lpha-numer ic  d i s p l a y  o f  t h e  
d a t a  o r  as complex as a p i c t o r i a l  image d i s t i l l e d  
f rom seve ra l  parameters. One aspect ,  however, i s  
t h a t  t h e  image ( s i m p l e  o r  complex) rep resen ts  a 
snap-shot o f  t h e  i n p u t  d a t a  such t h a t  any dynamics 
o f  t h e  d i s p l a y  a r e  e x p l i c i t l y  c o n t r o l l e d  by t h e  
i n p u t  d a t a  and a r e  n o t  imp l i ed ,  p r e d i c t e d  o r  
o t h e r w i s e  impar ted  by t h e  d i s p l a y  genera t i on  system 
autonomously. The s i g n i f i c a n c e  o f  t h i s  f a c t  i s  
t h a t ,  a l t hough  d i s p l a y  genera t i on  a r c h i t e c t u r e s  
( c u r r e n t  and f u t u r e )  may vary, t h e  i n t e r a c t i o n  o f  

t h e  d i s p l a y  genera t i on  system w i t h  t h e  r e s t  o f  t h e  
a v i o n i c s  system w i l l  f o l l o w  t h i s  same b a s i c  des ign  
p h i  1 osop hy . 

A t r e n d  i s  emerging i n  hardware a r c h i t e c t u r e s  
as w e l l .  The d i s p l a y  genera t i on  system i s  o f t e n  
composed o f  two f u n c t i o n a l  elements (see F i g u r e  1). 
The f i r s t  element i s  a genera l  purpose processor  
which a c t s  as t h e  i n t e r f a c e  t o  t h e  r e s t  o f  t h e  
a v i o n i c s  system o f t e n  v i a  a m u l t i p l e x  a v i o n i c s  bus 
as shown i n  F i g u r e  1. The genera l  purpose 
p rocesso r  a l s o  f u n c t i o n s  as a hos t  and c o n t r o l l e r  
f o r  t h e  second element -- t h e  g raph ics  engine. The 
p a r t i t i o n i n g  o f  t asks  between these  two elements 
may vary f rom system t o  system depending on 
hardware c a p a b i l i t i e s ,  t h e  b a s i c  a r c h i t e c t u r e  i s  
g e n e r a l l y  ev iden t .  The des ign  o f  t h e  so f tware  
suppor t  system i n  t h i s  paper  assumes these  
o p e r a t i o n a l  and hardware a r c h i t e c t u r e  ph i l osoph ies .  

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

The u l t i m a t e  purpose o f  a suppor t  system i s  t o  
produce s o f t w a r e  code t h a t ,  when executed on a 
d i s p l a y  genera t i on  system, produces t h e  des i  red 
image. S ta ted  even more s imp ly ,  t h e  t a s k  i s  t o  
encode an image i n  so f tware .  As such, t h e  c r e a t i v e  
aspects  o f  t h e  process a r e  a r t i s t i c  o r  p i c t o r i a l  i n  
na tu re .  Whether t h e  p i c t u r e  i s  a two d imensional  
image o r  a two d imensional  r e p r e s e n t a t i o n  o f  a 
t h r e e  d imensional  image, t h e  des ign  process dea ls  
w i t h  t h e  image and t h e  s p a t i a l  r e l a t i o n s h i p s  o f  t h e  
elements composing t h e  image. C l e a r l y ,  t h i s  i s  
much removed f rom t h e  s e q u e n t i a l  l i n e s  o f  code o f  
conven t iona l  programming methods. As a minimum, 
any image i s  a t  l e a s t  two-d imensional  whereas 
s o f t w a r e  cod ing  i s  one-dimensional. Furthermore, 
s e q u e n t i a l  c o d i n g ' s  s i n g l e  d imension can be mapped 
e a s i l y  t o  t i m e  b u t  no t  space. C l e a r l y ,  con- 
v e n t i o n a l  cod ing  techn iques  a r e  h i g h l y  i n e f f i c i e n t  
f o r  g raph ics  work y e t  c u r r e n t  systems r e q u i r e  t h e  
g raph ics  programmer t o  code i n  t h i s  s e r i a l  manner. 
The s p a t i a l  r e l a t i o n s  o f  t h e  o b j e c t s  must be 
t r a n s l a t e d  by t h e  programmer i n t o  numbers i n  a 
d i s p l a y  c o o r d i n a t e  system. Once coded i n t o  d i g i t s ,  
t h e  i n t u i t i v e  s p a t i a l  r e l a t i o n s h i p s  a r e  l o s t  and 
t h e  programmer must devo te  cons ide rab le  energy t o  
i n s u r i n g  t h a t  t h e  da ta  i s  c o r r e c t .  Compounding 
t h i s  problem i s  t h e  f a c t  t h a t  c o o r d i n a t e  systems 
can be changed d r a s t i c a l l y  e f f e c t i n g  t h e  r e s u l t i n g  
image. The b i g g e s t  problem o f  t h i s  process i s  t h a t  
t h e  f i n a l  image must be v i s u a l i z e d  i n  t h e  mind 
th rough  what amounts t o  m e n t a l l y  c o m p i l i n g  t h e  
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F i g u r e  1 

code. The programmer can n o t  a c t u a l l y  see t h e  
image as it evolves.  A b e t t e r  method must be 
p rov ided  t o  n o t  o n l y  a l l o w  t h e  programmer t o  see 
t h e  e v o l v i n g  image b u t  a l s o  t o  a u t o m a t i c a l l y  
generate code and v e r i f y  d a t a  thus l e a v i n g  t h e  u s e r  
f r e e  t o  devo te  a l l  energy t o  t h e  c r e a t i v e  aspects  
o f  t h e  task .  It i s  f o r  t h i s  reason t h a t  a c r i t i c a l  
aspect  o f  t h i s  proposed system i s  t o  p r o v i d e  a use r  
i n t e r f a c e  t a i l o r e d  t o  p i c t o r i a l  image des ign.  The 
des igne r  must see t h e  r e s u l t s  o f  h i s  i n p u t s  
p i c t o r i a l l y  and immediate ly .  W i thou t  such an 
i n t e r a c t i v e  i n t e r f a c e  d i s p l a y  s o f t w a r e  coding c o u l d  
be l i k e n e d  t o  p a i n t i n g  a p i c t u r e  i n  t h e  dark.  

The proposed system has been d i v i d e d  i n t o  
seve ra l  f u n c t i o n a l  modules. F i g u r e  2 i s  a b l o c k  
d iagram o f  t hese  modules and t h e i r  r e l a t i o n s h i p s .  
A l so  i n d i c a t e d  a r e  t h e  h i g h e r  l e v e l  f u n c t i o n a l  a rea  
groupings o f  t h e  system. These areas are:  t h e  
I n t e r a c t i v e  Works ta t i on  where a l l  u s e r  i n t e r a c t i o n  
takes  p lace,  t h e  Code Genera t i on  System p roduc ing  
source code f o r  t h e  g raph ics  eng ine  and t h e  hos t  
processor ,  and t h e  Ta rge t  Compi lers  c o n v e r t i n g  t h e  
source code t o  machine code f o r  t h e  s p e c i f i c  t a r g e t  
system. The f i n a l  p roduc ts  o f  t h e  system a r e  t h e  
t h r e e  s o f t w a r e  l o a d  modules ready t o  be loaded i n t o  
t h e  a i r c r a f t  systems. F o l l o w i n g  i s  a d e s c r i p t i o n  
o f  each a rea  and i t s  f u n c t i o n a l  elements. It 
shou ld  be no ted  t h a t  t h e  b l o c k  d iagram and t h e  
d i s c u s s i o n  a r e  based on a conceptual  f u n c t i o n a l  

p a r t i t i o n i n g .  The d iagram i s  i n tended  t o  i m p l y  a 
d e s i r e d  l e v e l  o f  autonomy among system elements. 
I n  r e a l i t y ,  t h e  a c t u a l  imp lemen ta t i on  o f  such a 
system would r e q u i r e  much more i n t e r a c t i o n  among 
processes as a p r a c t i c a l  ma t te r .  P a r t i c u l a r l y  i f  
r e a l - t i m e  o p e r a t i o n  i s  t o  be r e a l i z e d .  I n  t h i s  
sense t h e  d i s c u s s i o n  rep resen ts  t h e  i d e a l i z e d  goal  
f o r  which t o  s t r i v e .  

I n t e r a c t  i ve Works ta t i on  : 

The I n t e r a c t i v e  Works ta t i on  i s  where t h e  
des igne r  i n t e r a c t s  w i t h  t h e  system. The goal  o f  
t h i s  w o r k s t a t i o n  i s  t o  suppor t  t h e  image des ign  
process. As s t a t e d  e a r l i e r ,  t h e  des ign  process i s  
p i c t o r i a l  o r  s p a t i a l  i n  na tu re .  Acco rd ing l y ,  t h e  
method o f  i n t e r a c t i o n  a t  t h i s  w o r k s t a t i o n  i s  
s p a t i a l .  The des igne r  i s  p rov ided  w i t h  i n p u t  
dev i ces  such as j o y s t i c k s ,  d i g i t i z i n g  t a b l e t s ,  and 
m ice  f o r  s p a t i a l  i n p u t s  as w e l l  as a keyboard f o r  
s p e c i f i c  d a t a  o r  o t h e r  a lpha-numer ic  i n p u t s .  F o r  
feedback a CRT screen i s  p r o v i d e d  t o  d i s p l a y  t h e  
e v o l v i n g  image. It i s  c r i t i c a l  t h a t  t h i s  d i s p l a y  
be updated i n  r e a l  t i m e  as t h e  des ign  process 
progresses.  The d e s i g n e r  i s  o p e r a t i n g  with an 
image on t h e  screen and need n o t  g e t  i n v o l v e d  w i t h  
t h e  " l i n e s  o f  code" o f  more conven t iona l  s o f t w a r e  
development methods. 
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Since no code i s  p resen ted  d i r e c t l y  t o  t h e  
use r  a t  t h i s  p o i n t  it i s  n o t  necessary f o r  t h e  
f i n a l  source code t o  be generated d u r i n g  t h i s  
process o n l y  t h a t  t h e  e v o l v i n g  image be coded and 
s t o r e d  i n t e r n a l l y  i n  a fo rm e a s i l y  e d i t e d  as t h e  
des ign  progresses.  T h i s  approach a l l o w s  t h e  use r  
t o  d e s c r i b e  t h e  e n t i r e  image t o  t h e  suppor t  system 
b e f o r e  f i n a l  code i s  generated.  As such, t h e  code 
genera t i on  can t h e n  be o p t i m i z e d  acco rd ing l y .  

The i n t e r a c t i v e  suppor t  c a p a b i l i t i e s  o f  t h e  
w o r k s t a t i o n  must be robus t .  The system i s  des igned 
as an o b j e c t  o r i e n t e d  e d i t o r .  The u s e r  w i l l  be 
a b l e  t o  c r e a t e  o b j e c t s  on t h e  screen and t o  
assemble those  o b j e c t s  i n t o  t h e  f i n a l  image. The 
u s e r  w i l l  be a b l e  t o  n o t  o n l y  i n i t i a l l y  c r e a t e  t h e  
o b j e c t s  on t h e  screen b u t  w i l l  a l s o  be a b l e  t o  
e a s i l y  e d i t  o r  even d e l e t e  o b j e c t s  as des i red .  The 
system must accommodate t h i s  e d i t i n g  i n  a n a t u r a l  
manner and must no t  r e q u i r e  exac t  b a c k t r a c k i n g  o r  
r e q u i r e  t h e  f o l l o w i n g  o f  very  complex procedures. 
I n  sho r t ,  any o b j e c t  must be a b l e  t o  be e d i t e d  a t  
any t ime.  

The o b j e c t  o r i e n t e d  approach i s  v i t a l  t o  
e s t a b l i s h i n g  t h e  image dynamics. I n  t h i s  system 
t h e  u s e r  need o n l y  s p e c i f y  t h e  t o p  l e v e l  dynamic 
a c t i o n  ( r o t a t e ,  t r a n s l a t e ,  e t c . )  as a p p l i c a b l e  t o  
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t h e  o b j e c t  as a whole and i s  no t  r e q u i r e d  t o  
d i s s e c t  and supp ly  t h e  s p e c i f i c a t i o n s  t o  every 
p o i n t  o r  v e c t o r  p r i m i t i v e  composing t h e  o b j e c t .  
The a b i l i t y  t o  e d i t  i n  t h i s  manner w i l l  have a 
s t r o n g  i n f l u e n c e  on how t h e  w o r k s t a t i o n  so f tware  
s t o r e s  and manipulates t h e  image d e s c r i p t i o n .  

S ince  t h e  dynamics o f  t h e  d i s p l a y  a r e  very 
impor tan t ,  a separa te  f u n c t i o n a l  b l o c k  i s  shown i n  
f i g u r e  2 f o r  t h i s  process. As discussed e a r l i e r  
t h e  image dynamics a r e  d e f i n e d  a t  t h e  o b j e c t  l e v e l  
where s p e c i f i c  o b j e c t s  a r e  ass igned dynamic a c t i o n s  
r e l a t i v e  t o  t h e  r e s t  o f  t h e  image. Fo r  example, an 
o b j e c t  may be des igna ted  t o  move r i g h t  o r  l e f t  on 
t h e  screen. Fo r  t h e  dynamic a c t i o n  t o  have 
meaning, however, i t  must be commanded by an 
e x t e r n a l  i n p u t .  The re fo re ,  t o  complete t h e  
s p e c i f i c a t i o n ,  t h e  dynamic a c t i o n  must be l i n k e d  o r  
"hooked" t o  parameters t o  be i n p u t  f rom t h e  
a i r c r a f t  system v i a  t h e  m i s s i o n  so f tware .  T h i s  
l i n k i n g  i s  c r i t i c a l  because, as s t a t e d  e a r l i e r ,  a l l  
dynamics a r e  e x p l i c i t l y  c o n t r o l l e d  by system 
parameters and none a r e  impar ted  by t h e  d i s p l a y  
system autonomously. As such, t h e  dynamic 
i n t e r a c t i o n  f u n c t i o n  o f  t h e  w o r k s t a t i o n  c o n s i s t s  o f  
two  opera t i ons .  I n  t h e  f i r s t  s tep,  t h e  use r  
s p e c i f i e s  t h e  d e s i r e d  a c t i o n  o f  t h e  o b j e c t  
i n c l u d i n g  l i m i t s  o f  t r a v e l ,  o r i g i n s ,  c a l i b r a t i o n  



p o i n t s  and any o t h e r  c o n s t r a i n t s  necessary. I n  t h e  
second step,  t h e  u s e r  s p e c i f i e s  t h e  system d a t a  t o  
be used i n c l u d i n g  i n f o r m a t i o n  such as range l i m i t s  
o f  da ta  and any f u n c t i o n a l  ope ra t i ons  r e q u i r e d  such 
as s c a l i n g  o r  n o r m a l i z a t i o n .  T h i s  second s t e p  
a c t u a l l y  depar t s  from t h e  s p a t i a l  o r  a r t i s t i c  
ope ra t i ons  o f  t h e  d i s p l a y  des ign  process b u t  shou ld  
be suppor ted by t h e  same w o r k s t a t i o n  hardware and 
i s  cons ide red  an i n t e g r a l  p a r t  o f  t h e  d i s p l a y  
des ign  process. The r e s u l t  o f  t h e s e  o p e r a t i o n s  i s  
a dynamic v a r i a b l e  s p e c i f i c a t i o n  b l o c k  o r  f i l e .  
T h i s  i s  separa te  f rom t h e  image f i l e  s i n c e  t h e  
d i s p l a y  genera t i on  h o s t  p rocesso r  must be i n v o l v e d  
w i th  t h e  dynamics. 

The da ta  rece ived  f rom m i s s i o n  so f tware  i s  n o t  
l i m i t e d  t o  numer ica l  va lues.  Q u i t e  o f t e n  an o b j e c t  
i n  a d i s p l a y  i s  e i t h e r  a c t i v a t e d  ( v i s i b l e )  o r  
d e a c t i v a t e d  ( i n v i s i b l e )  acco rd ing  t o  s p e c i f i c  
m i s s i o n  s o f t w a r e  modes o r  c o n d i t i o n s .  The 
v i s i b i l i t y  o f  an o b j e c t  can be cons ide red  a dynamic 
a t t r i b u t e  and i s  t h u s  s p e c i f i e d  f r o m  t h e  
w o r k s t a t i o n  and mapped t o  l o g i c a l  v a r i a b l e s  o r  
f l a g s .  The s p e c i f i c a t i o n s  f o r  such l o g i c a l  
v a r i a b l e s  a r e  i n c l u d e d  i n  t h e  dynamic v a r i a b l e  
s p e c i f i c a t i o n  b lock .  

As d i scussed  e a r l i e r ,  t h e  problem w i t h  
deve lop ing  g raph ics  code i n  t h e  conven t iona l  l i n e -  
b y - l i n e  method i s  t h a t  t h e  r e s u l t i n g  image i s  n o t  
immediate ly  ev iden t .  The same s o r t  o f  problem 
e x i s t s  when image dynamics a r e  s p e c i f i e d .  The 
des igne r  must m e n t a l l y  r e c o n c i l e  t h e  d e s i r e d  image 
movement w i t h  t h e  s p e c i f i c a t i o n s  f o r  t h e  i n p u t s  
from m i s s i o n  sof tware.  To overcome t h i s  problem 
t h e  suppor t  system should i n c l u d e  t h e  a b i l i t y  t o  
e x e r c i s e  t h e  dynamics f rom t h e  w o r k s t a t i o n .  F o r  
example, t h e  p e r i p h e r a l s  such as t h e  j o y s t i c k  
n o r m a l l y  used f o r  s p a t i a l  i n p u t s  can be 
reprogrammed t o  emulate dynamic parameters. 
Ext remely complex image movements i n v o l v i n g  seve ra l  
v a r i a b l e s  a t  once may n o t  be p r a c t i c a l  b u t  
s e l e c t i v e l y  e x e r c i s i n g  i n p u t s  w i l l  p rove  v a l u a b l e  
t o  t h e  des igne r  i n  v e r i f y i n g  t h e  s p e c i f i c a t i o n s .  

The r e s u l t s  o f  t h e  u s e r  i n t e r a c t i o n  c o n s i s t s  
o f  two  f i l e s  which a r e  t h e n  melded i n t o  one f i l e  
f o r  f i n a l  ou tpu t .  The g r a p h i c a l  i n t e r a c t i o n  
f u n c t i o n  produces t h e  S t a t i c  Image D e s c r i p t i o n  f i l e  
and t h e  dynamics i n t e r a c t i o n  f u n c t i o n  produces t h e  
Image Dynamics D e f i n i t i o n  f i l e .  When combined t h e  
two f i l e s  fo rm t h e  Dynamic Image D e s c r i p t i o n  f i l e  
which i n c l u d e s  t h e  m i s s i o n  s o f t w a r e  d a t a  
requi rements s p e c i f i c a t i o n .  The w o r k s t a t i o n  
so f tware  may c r e a t e  a l l  t h e s e  f i l e s  as separa te  and 
autonomous f i l e s  o r  a t i g h t  c r o s s - l i n k i n g  ( t h u s  a 
b l u r r i n g  o f  t h e  p a r t i t i o n i n g )  may be r e q u i r e d  f o r  
e f f i c i e n c y .  However, s i n c e  t h e  f i l e s  would n o t  be 
accessed by t h e  use r  d i r e c t l y  t h i s  would n o t  cause 
a problem. 

Al though t h e  o u t p u t  o f  t h e  g r a p h i c a l  
i n t e r a c t i o n  f u n c t i o n  i s  r e f e r r e d  t o  as a " s t a t i c "  
image d e s c r i p t i o n ,  some s p e c i a l  s t r u c t u r i n g  i s  
r e q u i r e d  t o  e v e n t u a l l y  accommodate t h e  dynamic 
hooks. I n  t h e  normal sequence o f  events  t h e  u s e r  
f i r s t  s p e c i f i e s  t h e  o b j e c t  t h e n  d e f i n e s  t h e  
dynamics. I n  f a c t  t h e  e n t i r e  d i s p l a y  may be 
des igned b e f o r e  any dynamics a r e  s p e c i f i e d .  

Fur thermore,  t h e  w o r k s t a t i o n  w i l l  a l s o  suppor t  
e d i t i n g  an e x i s t i n g  image e i t h e r  g r a p h i c a l l y  o r  
dynamica l l y .  Therefore,  t h e  s t a t i c  image 
d e s c r i p t i o n  must have t h e  p r o v i s i o n s  i n  p l a c e  f o r  
dynamic hooks on a l l  o b j e c t s .  I f  an o b j e c t  i s  n o t  
e v e n t u a l l y  ass igned dynamics t h e  system would 
mere l y  l o a d  cons tan t  va lues i n  p l a c e  o f  t h e  m i s s i n g  
v a r i a b l e s .  O f  course, i t  would n o t  be e f f i c i e n t  t o  
have a l l  o f  t h e s e  unused hooks i n  t h e  f i n a l  
a i r b o r n e  s o f t w a r e  b u t  a t  t h i s  s tage  i t  would pose 
no problems. To accommodate a l l  o f  t h e  p o t e n t i a l  
dynamics i m p l i e s  c r e a t i n g ,  as p a r t  o f  t h e  o b j e c t  
d e f i n i t i o n ,  a s e t  o f  v a r i a b l e s  c o n t r o l l i n g  a l l  
p o s s i b l e  dynamic a c t i o n s .  A t  f i r s t  t h i s  may seem 
i m p r a c t i c a l  bu t ,  i n  f a c t ,  even complex dynamic 
a c t i o n s  can be desc r ibed  w i t h  a combinat ion o f  o n l y  
a few b a s i c  a c t i o n s .  I n i t i a l l y ,  d e f i n i n g  o b j e c t s  
w i t h  a l l  o f  t h e s e  b a s i c  hooks would n o t  be 
unreasonable. I f  t h e  S t a t i c  Image F i l e  i s  c r e a t e d  
w i th  t h i s  s t r u c t u r e  t h e n  l i n k i n g  t h e  Dynamic 
D e f i n i t i o n  F i l e  i s  a s t r a i g h t  f o rward  task .  The 
unused hooks can be f l a g g e d  f o r  l a t e r  removal by 
t h e  Code Genera t i on  System. 

The f i n a l  o u t p u t s  o f  t h e  w o r k s t a t i o n  would b e  
two f i l e s :  t h e  Dynamic Image D e s c r i p t i o n  f i l e  and 
t h e  Dynamic V a r i a b l e  S p e c i f i c a t i o n  f i l e .  The 
dynamic image f i l e  i s  a f i l e  o f  g raph ics  code f o r  
t h e  newly c r e a t e d  image. The format  need n o t  be 
human readab le  a t  t h i s  p o i n t  a l t hough  t h a t  would be 
p r e f e r r e d .  The code w i l l  have a l l  t h e  dynamic 
v a r i a b l e  l i n k s  i n  p l a c e  a l o n g  with f l a g s  on t h e  
unused v a r i a b l e s .  The f i l e  :auld a l s o  c o n t a i n  a 
common b l o c k  o r  "compool d e f i n i t i o n  f o r  t h e  
dynamic v a r i  ab1 es . 

The Dynamic V a r i a b l e  S p e c i f i c a t i o n  f i l e  would 
c o n t a i n  a d e s c r i p t i o n  o r  d e f i n i t i o n  o f  a l l  
v a r i a b l e s  r e q u i r e d  by  t h e  image f i l e .  The f i l e  
would c o n t a i n  a d u p l i c a t e  o f  t h e  v a r i a b l e  common 
b l o c k  con ta ined  i n  t h e  image f i l e .  The f i l e  would 
a l s o  s p e c i f y  t h e  source o f  a l l  parameters and any 
r e q u i r e d  f u n c t i o n a l  o r  l o g i c a l  d e r i v a t i o n s  o f  t h e  
parameters. These f u n c t i o n s  may be as s imp le  as 
s c a l i n g  o r  n o r m a l i z a t i o n  o r  may be complex 
f u n c t i o n s  c o n t a i n i n g  seve ra l  i n p u t  parameters. 
L o g i c a l  f u n c t i o n s  o f t e n  used f o r  such t h i n g s  as 
d i s p l a y  mode changes would be d e f i n e d  h e r e  as w e l l .  
The Dynamic V a r i a b l e  S p e c i f i c a t i o n  would c o n t a i n  
a l l  i n f o r m a t i o n  r e q u i r e d  t o  man ipu la te  and c o n t r o l  
t h e  image. When p a i r e d  w i t h  t h e  Dynamic Image 
D e s c r i p t i o n  f i l e  t h e  two  f i l e s  would c o n t a i n  a l l  
t h e  i n f o r m a t i o n  necessary t o  s p e c i f y  t h e  image and 
i t s  ope ra t i on .  

S ince  t h e  Dynamic Image D e s c r i p t i o n  f i l e  and 
t h e  Dynamic V a r i a b l e  S p e c i f i c a t i o n  f i l e  f o rm t h e  
i n p u t s  t o  t h e  nex t  s e c t i o n  o f  t h e  system ( t h e  Code 
Genera to r )  t h i s  i s  des igna ted  as an i n t e r f a c e  
c o n t r o l  p o i n t .  A s t r i c t  i n t e r f a c e  s p e c i f i c a t i o n  
must be e s t a b l i s h e d  and r i g i d l y  fo l l owed .  If 
i n t e r f a c e  c o n t r o l  i s  n o t  es tab l i shed ,  f u t u r e  
enhancements such as new hardware systems would 
r e q u i r e  e x t e n s i v e  s o f t w a r e  m o d i f i c a t i o n  and may be 
i n c o m p a t i b l e  w i t h  s o f t w a r e  p r e v i o u s l y  generated by 
t h e  suppor t  system. I n t e r f a c e  c o n t r o l  cannot be 
o v e r  emphasized. 
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Code Genera t i on  System: 

The f u n c t i o n  o f  t h e  code genera t i on  system i s  
t o  conver t  t h e  o u t p u t  f i l e s  f rom t h e  w o r k s t a t i o n  
i n t o  machine independent source code. T h i s  source 
code would a l s o  be human readable.  I t  i s  a t  t h i s  
p o i n t  t h a t  language standards would be a p p l i e d .  
F o r  t h e  g raph ics  code t h e  Programmers H i e r a r c h i c a l  
I n t e r a c t i v e  Graphics System (PHIGS) s tandard  i s  
s e l e c t e d  f o r  t h i s  d i scuss ion .  P H I G S  i s  n o t  a 
s tand -a lone  language b u t  i s ,  i ns tead ,  a g r a p h i c a l  
language s t r u c t u r e  s p e c i f y i n g  t ypes  o f  commands and 
t h e i r  i n t e r r e l a t i o n s h i p s .  To complete t h e  
s p e c i f i c a t i o n  t h e  PHIGS d e f i n i t i o n  must be 
implemented o r  "bound" w i t h  a h i g h e r  o r d e r  language 
(HOL). I n  t h i s  system t h e  HOL chosen i s  Ada. Bo th  
s tandards must be implemented comp le te l y  and 
n e i t h e r  w i l l  be v i o l a t e d  i n  any way. 

Such a b o l d  s tatement  p robab ly  r e q u i r e s  some 
exp lana t ion .  On t h e  one s ide ,  PHIGS and Ada a r e  
s tandards which shou ld  n o t  be compromised. On t h e  
o t h e r  s i d e ,  t h e  purpose o f  t h e  suppor t  system i s  
t h e  genera t i on  o f  r e a l - t i m e  g raph ics .  As such, t h e  
s tandards shou ld  be implemented comp le te l y  b u t ,  i n  
most cases, o n l y  a subset  w i l l  a c t u a l l y  end up 
b e i n g  used i n  t h e  f i n a l  code. Fo r  example, PHIGS 
has f u n c t i o n s  f o r  t h e  suppor t  CAD/CAM systems and 
m u l t i p l e  w o r k s t a t i o n  env i ronments which do n o t  
e x i s t  on a i r c r a f t .  Fur thermore,  as shown i n  F i g u r e  
1, t h e  d i s p l a y  system i s  an o u t p u t  o n l y  channel 
w i t h  no i n p u t s  back t o  t h e  a i r c r a f t  system. These 
f a c t o r s  g r e a t l y  s i m p l i f y  t h e  requi rements and can 
a i d  i n  t h e  suppor t  r e a l - t i m e  opera t i on .  S i m i l a r l y ,  
some f u n c t i o n s  o f  Ada may n o t  be h e a v i l y  used f o r  
g raph ics  code and t h e  g raph ics  engine,  a l t hough  
capable of execu t ing  t h e s e  func t i ons ,  need no t  be 
e f f i c i e n t  a t  do ing  so. The o v e r r i d i n g  cons id -  
e r a t i o n  i s  r e a l - t i m e  opera t i on .  

The a r c h i t e c t u r e  o f  t h e  code genera t i on  system 
i s  d r i v e n  by t h e  a i r c r a f t  system a r c h i t e c t u r e  as 
d i scussed  e a r l i e r .  As mentioned, t h e  assumption i s  
made t h a t  t h e  a i r c r a f t ' s  d i s p l a y  genera t i on  system 
c o n s i s t s  o f  a d i s p l a y  genera to r  ( t h e  g raph ics  
eng ine )  and a d i s p l a y  genera to r  hos t  (a  genera l  
purpose p rocesso r  such as a MIL-STD-1750A). 
Acco rd ing l y ,  t h e  o p e r a t i o n  o f  t h e  code genera to r  
accommodates t h e  p a r t i t i o n i n g  o f  t h e s e  f u n c t i o n s  by 
d i v i d i n g  t h e  code genera t i on  t a s k  i n t o  two  p a r a l l e l  
ope ra t i ons .  The f i r s t  p a t h  implements t h e  image 
d e s c r i p t i o n  f o r  t h e  g raph ics  engine and t h e  second 
p a t h  codes t h e  dynamics and c o n t r o l  f u n c t i o n s  f o r  
t h e  d i s p l a y  genera t i on  hos t .  

The f i r s t  t a s k  o f  t h e  code genera to r  would be 
t o  conver t  t h e  Dynamic Image F i l e  i n t o  a PHIGS 
d e s c r i p t i o n .  T h i s  would a c t u a l l y  be a pseudo-code 
and, as such, c o u l d  n o t  be compi led d i r e c t l y .  The 
PHIGS f i l e  i s ,  however, a complete d e s c r i p t i o n  o f  
t h e  image i n  an o b j e c t  o r i e n t e d  s t r u c t u r e  and 
i n c l u d e s  i d e n t i f i c a t i o n  o f  a l l  t h e  dynamic v a r i a b l e  
i n p u t s .  T h i s  would be t h e  f i r s t  generated f i l e  
t h a t  i s  human readable.  The PHIGS f i l e  i s  t h e  
i n p u t  t o  t h e  Ada/PHIGS code genera to r .  

The Ada/PHIGS code genera to r  would c r e a t e  
g raph ics  source code acco rd ing  t o  t h e  Ada/PHIGS 
combined s tandard,  The code would be complete and 

s y n t a c t i c a l l y  c o r r e c t .  Parameter common b l o c k s  a r e  
i n c l u d e d  commensurate w i t h  t h e  dynamic v a r i a b l e  
s p e c i f i c a t i o n .  The code would a l s o  i n c l u d e  
use r  comments i f  des i red .  

Along t h e  p a r a l l e l  pa th ,  t h e  dynamic v a r i a b l e  
s p e c i f i c a t i o n  and common b l o c k  s t r u c t u r e  a r e  i n p u t  
t o  t h e  Ada code genera to r  f o r  t a r g e t t i n g  t o  t h e  
d i s p l a y  genera to r  hos t .  The dynamic v a r i a b l e  
s p e c i f i c a t i o n  may t a k e  t h e  form o f  a l g e b r a i c  
equat ions,  s t a t e  d iagram d e s c r i p t i o n s ,  o r  r u l e s  o f  
o p e r a t i o n  (e.g. mode s e l e c t i o n s ) .  Because o f  t h i s  
comp lex i t y ,  t h e  Ada code genera t i on  may r e q u i r e  
u s e r  i n t e r v e n t i o n  and dec i s ions .  The system must, 
however, a u t o m a t i c a l l y  t a k e  ca re  o f  d e t a i l s  such as 
code syn tax  e tc .  t hus  r e q u i r i n g  o n l y  h i g h  l e v e l  
i n p u t s  f rom t h e  user .  

I f  t h e  Ada/PHIGS and Ada code were generated 
by hand, t h e  programmer would f o l l o w  many r u l e s  i n  
t h e  process. Besides t h e  r u l e s  o f  good so f tware  
coding,  t h e r e  would l i k e l y  be r u l e s  o r  g u i d e l i n e s  
gove rn ing  t h e  p a r t i t i o n i n g  o f  t a s k s  between t h e  
g raph ics  eng ine  and t h e  hos t  processor .  These 
r u l e s  would be d i f f e r e n t  f o r  d i f f e r e n t  t a r g e t  
systems depending on s p e c i f i c  a r c h i t e c t u r e s  and 
c a p a b i l i t i e s .  S i m i l a r l y ,  t h e  au tomat i c  code 
genera to rs  must f o l l o w  t h e  same r u l e s .  Th is  does 
n o t  n e c e s s a r i l y  imp ly  an e x p e r t  system p e r  se, o n l y  
t h a t  a r u l e  base i s  necessary. I n  keeping w i t h  t h e  
modular concept  o f  t h e  system t h e  r u l e  bases w i l l  
be a separa te  module such t h a t  a d i f f e r e n t  t a r g e t  
d i s p l a y  system can be accommodated w i t h  o n l y  a da ta  
base change. Such a database i s  o f t e n  r e f e r r e d  t o  
as " p e r s o n a l i t y  module". I n  t h e  i d e a l  case, a l l  
t a r g e t  system p e r s o n a l i t y  would be accommodated i n  
t h e  Ta rge t  Compi ler  s e c t i o n  l e a v i n g  t h e  Code 
Generator  t o  be comp le te l y  hardware independent. 
However, as a p r a c t i c a l  m a t t e r ,  t h e  t a r g e t  system's 
c a p a b i l i t i e s  must be known t o  e f f i c i e n t l y  p a r t i t i o n  
t h e  t a s k s  between t h e  hos t  and t h e  g raph ics  engine. 

The p r i m a r y  ou tpu ts  o f  t h e  code genera t i on  
system a r e  two  source code f i l e s .  A l though t h e  
s t r u c t u r e  and r e l a t i v e  p a r t i t i o n i n g  o f  t h e s e  f i l e s  
has been i n f l u e n c e d  by t h e  t a r g e t  system, t h e  f i l e s  
a r e  s t i l l ,  nonetheless,  machine independent a t  t h i s  
p o i n t .  The f i l e s  conform t o  language standards 
s e r v i n g  as ano the r  i n t e r f a c e  c o n t r o l  s p e c i f i -  
c a t i o n s .  T h i s  f e a t u r e  would p r o v i d e  f o r  s o f t w a r e  
t r a n s p o r t a b i l i t y .  

S ince  t h e  d i s p l a y  genera t i on  system must 
ope ra te  i n  response t o  i n p u t s  f rom t h e  o t h e r  
a i r c r a f t  systems, an i n t e r f a c e  s p e c i f i c a t i o n  i s  
r e q u i r e d  t o  d e f i n e  t h i s  communication. A t h i r d  
f i l e  must be c r e a t e d  by t h e  code genera t i on  system 
d e f i n i n g  a message t o  be implemented i n  t h e  m i s s i o n  
so f tware .  I f  i t  i s  assumed, f o r  t h e  sake o f  
d i scuss ion ,  t h a t  t h e  d i s p l a y  genera t i on  system i s  
i n t e r f a c e d  v i a  a MIL-STD-1553B a v i o n i c s  bus, t hen  
t h e  message s p e c i f i c a t i o n  would d e f i n e  a 1553 
message format  i n c l u d i n g  i tems such as t h e  r e q u i r e d  
parameters, r e p e t i t i o n  r a t e ,  remote t e r m i n a l  
address and subaddresses e tc .  T h i s  message 
s p e c i f i c a t i o n  f i l e  would be fo rma t ted  so as t o  be 
i n p u t  t o  a m i s s i o n  s o f t w a r e  t o o l  se t .  The t o o l  s e t  
would combine t h e  new message requi rement  w i t h  t h e  
e x i s t i n g  m i s s i o n  s o f t w a r e  and would c r e a t e  a new 
s o f t w a r e  l oad .  O f  course, t h i s  t o o l  s e t  i s  f a r  
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f r om a t r i v i a l  c a p a b i l i t y  and, as such, i s  n o t  
w i t h i n  t h e  scope o f  t h i s  d i scuss ion .  S u f f i c e  t o  
say, i f  t h e  suppor t  t o o l s  a r e  n o t  a v a i l a b l e ,  t h e  
changes t o  m i s s i o n  s o f t w a r e  would be made by hand 
suppor ted by a s p e c i f i c a t i o n  f i l e  produced by t h e  
Code Genera t i on  System. I n  e i t h e r  case t h e  
i n t e r f a c e  t o  t h e  m iss ion  s o f t w a r e  i s  another  p o i n t  
f o r  an i n t e r f a c e  c o n t r o l  s p e c i f i c a t i o n .  Such 
c o n t r o l s  would be accommodated v i a  r u l e  bases 
gove rn ing  t h e  dynamic v a r i a b l e  coding even as f a r  
back as t h e  w o r k s t a t i o n .  

T a r g e t t i n g  Compilers: 

The f i n a l  s e c t i o n  o f  t h i s  system i s  t h e  
T a r g e t t i n g  Compi lers .  The f i r s t  o f  t h e s e  would be 
a comp i le r  t o  t a r g e t  Ada/PHIGS t o  t h e  g raph ics  
engine. The c r i t i c a l  f a c t o r  i s  e f f i c i e n c y .  Both 
Ada and PHIGS a r e  power fu l  and complex languages, 
hence, comp i le rs  can e a s i l y  become i n e f f i c i e n t  and 
produce code t h a t  w i l l  n o t  execute i n  r e a l  t ime .  
The des ign  o f  t h e  comp i le r  must cons ide r  t h e  
execu t ion  speed o f  t h e  generated code as t h e  
h i g h e s t  p r i o r i t y .  It i s  r e q u i r e d  t h a t  t h e  c o m p i l e r  
suppor t  f u l l  Ada and PHIGS code bu t ,  as d i scussed  
e a r l i a r ,  t h e  i d e n t i f i c a t i o n  o f  a " r e a l  t i m e  subset"  
may be i n  o rde r .  As hardware c a p a b i l i t i e s  improve, 
more o f  Ada and P H I G S  can be i n c l u d e d  i n  t h e  r e a l -  
t i m e  subset .  

I n  a l i k e  manner, t h e  d i s p l a y  genera to r  hos t  
p rocesso r  must be suppor ted by an Ada comp i le r .  
A l l  t h e  concerns f o r  speed and e f f i c i e n c y  app ly  
he re  as w e l l .  The hos t  must n o t  o n l y  process t h e  
da ta  i n  r e a l  t i m e  b u t  must be a b l e  t o  communicate 
w i t h  t h e  system bus and t h e  g raph ics  engine 
e f f i c i e n t l y  as w e l l .  I n  t h i s  case t h e  speed i s  n o t  
so  much l i m i t e d  by t h e  t h e  use o f  Ada as by t h e  
s p e c i f i c  hardware i n t e r f a c e  design. 

I n  t h i s  d i s c u s s i o n  t h e  t e r m  " c o m p i l e r "  r e f e r s  
t o  more t h a n  a s t r i c t  d e f i n i t i o n  m igh t  imp ly .  
Graphics system a r c h i t e c t u r e s  vary g r e a t l y .  A s  
such, t h e  most e f f i c i e n t  programming commands vary 
as w e l l .  The Ta rge t  Compi ler  s e c t i o n  i s  env i s ioned  
t o  c o n t a i n  o p t i m i z a t i o n  r o u t i n e s  t o  accommodate t h e  
hardware v a r i a t i o n s .  These v a r i a t i o n s  may r e q u i r e  
seve ra l  passes t o  ach ieve  o p t i m i z a t i o n  b u t  s i n c e  
t h i s  i s  an o f f - l i n e  t a s k  it does n o t  cause a 
problem. U n f o r t u n a t e l y ,  o p t i m i z a t i o n  i s  more 
e a s i l y  desc r ibed  t h a n  implemented and w i l l  r e q u i r e  
e x t e n s i v e  development e f f o r t s .  

The f i n a l  ou tpu ts  o f  t h e  comp i le rs  and t h e  
o v e r a l l  system a r e  t h r e e  so f tware  l o a d  modules. 
The f i r s t  module i s  loaded i n t o  t h e  g raph ics  en- 
g ine,  t h e  second i s  loaded i n t o  t h e  g raph ics  hos t .  
The t h i r d  l o a d  module i s  t h e  updated m i s s i o n  
so f tware  f o r  t h e  a v i o n i c s  f l i g h t  processors.  

Summa ry : 

I n  recen t  yea rs  t h e  c a p a b i l i t i e s  o f  d i g i t a l  
g raph ics  systems have inc reased  d r a m a t i c a l l y .  
F u t u r e  a i r c r a f t  systems w i l l  t a k e  advantage o f  
t hese  techno logy  advances by employ ing more complex 
d i s p l a y s  t o  improve t h e  p i l o t s  s i t u a t i o n  awareness 
and hence performance. These improved systems 
w i l l ,  however, p l a c e  an e v e r  i n c r e a s i n g  burden on 
development and suppor t  systems. The o b j e c t i v e  o f  
t h i s  proposed system i s  t o  p r o v i d e  t h e  needed 
suppor t  i n  an e f f i c i e n t  manner. I n  t h e  pas t  
g raph ics  s o f t w a r e  was generated by hand and 
r e q u i r e d  ve ry  s p e c i a l i z e d  s k i l l s .  Furthermore, t h e  
image cou ld  o n l y  be i n t u i t i v e l y  v i s u a l i z e d  d u r i n g  
t h e  development. T h i s  system p r o v i d e s  an 
i n t e r a c t i v e  i n t e r f a c e  where a des igne r  can 
a r t  i s t i c a l l  y o r  p i  c t  o r i  a 1 1 y des i gn t h e  d i s p l  ays . 
The system a l s o  p r o v i d e s  a s i m i l a r  i n t e r f a c e  f o r  
t h e  des igne r  t o  s p e c i f y  t h e  o p e r a t i o n  o f  t h e  
d i s p l a y .  The remainder  o f  t h e  development process 
i s  automated t h u s  e l i m i n a t i n g  t h e  requi rement  f o r  
s p e c i a l i z e d  programming s k i l l s .  The system n o t  
o n l y  p rov ides  an env i ronment  t a i l o r e d  t o  t h e  des ign  
process,  b u t  a l s o  produces r e s u l t s  o rde rs  o f  
magnitude f a s t e r  t h a n  be fo re .  T h i s  c a p a b i l i t y  w i l l  
be v a l u a b l e  as a system suppor t  t o o l  f o r  
o p e r a t i o n a l  systems as w e l l .  The des ign  o f  t h e  
suppor t  system i s  modular and ex tendab le  t o  a v o i d  
obsolecence as new hardware system evolve.  
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